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1. Transforming growth factor-betal promotes articular cartilage repair through
canonical Smad and Hippo pathways in bone mesenchymal stem cells.
2.  TGF-B dampens IL-6 signaling in articular chondrocytes by decreasing
IL-6 receptor expression.
3. Controlling joint instability after anterior cruciate ligament transection
inhibits transforming growth factor-beta-mediated osteophyte formation.
4.  Conclusion
SRS
#%1t % & B F (Transforming growth factor beta, TGF-B1) % —F& 4 & & K
F » TGF-B1 i#&# Smad #4& (Mothers against decapentaplegic pathway) & B 7~k
B 4 e B BEHE # s B8, (Bone marrow stem cell, BMSCs) 44t » {2 3k B 42 =
F- 548 o sbsh > TGF-B1 Fp) 3k B 48 e fe X i@ & Hippo 12 38 7% J fe XA | 49 &
3R o 48 TGF-B1 T lE 3k B 1648 fo B4 o G4)%-6 (Interleukin, [L-6) %142 X 4m
JO B F o IR FEMA R > TGF-P B4k IL-6R 49k iE > 4 mdph kB @i IL-
6 # 3 p-STAT3 F= T 4545 SOCS3 (Suppressor of cytokine signaling 3) ~ BCL3
(BCL3 Transcription Coactivator) ~ SAA1 (Serum Amyloid A1) % MMP1 (Matrix
metalloproteinase-1) #9433, > 2B~ 7 TGF-B TAEFR#)42 K 4 1L-6 4k 3 A HH4%
F A AR AT RAF A o AR ) A H M B K (Osteoarthritis, OA) £+ RE X
BB & Z— o Bl 09 RAR LA F BIRF G A B3 (Osteophyte) # A% > =T /2 i JiE
(Synovial membrane) w #15% %) 4 Je 35 £ e iF IR IE R o B sbIE A B B RAE T QT
& TGF-B1 F= Smad2/3 69k & > §4pH F @A £ > W THREF FOEHE
B9 R AR B A9 o 424 bk > TGF-Bl 7T MR IR F 69548 > Wl F @i
RE KA &I > LB IL-6 T 748 B B T 69 K3 > AR E BAGA B H 69 A& o
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%%‘1 % (Osteoarthritis, OA) ;2% R 89 Bt & 7% > R M AR > 8
B T £ RARE KT RL69R A Z— e TGF-B1 (Transforming growth factor-betal)
ARBEHROFER T TOUAGERE MG Afom REREF AP RES
Fo kG REEN AR o 5 TGF-Bl A S AR » TRHKIE ~ oF ARk
B g B E R S ERR > LR BRFA T 28 R H4EA (Chen et al.,
2019) o kB 418k F A T £ %48 Hippo 12 301% 5342 > 7 Hippo 1z 3814 5 %18
& B MST1/2 (Mammalian sterile 20-like kinase 1) F» LATSI1/2 (Large tumor
suppressor kinase 1/2) R #4513 & B -F YAP (Yes-associated protein 1) #F= TAZ
(Transcriptional coactivator with PDZ binding domain) 48 % > wm Lt F F £ 23 4%
WpIEIE ~ E > BA S bR 18 (Maeral.,2019) o Kk %3169 8 69 > K3t
TGF-B1 A3 9745 5 /2 & M 8 R Em IR R & o
— ~ Transforming growth factor-betal promotes articular cartilage
repair through canonical Smad and Hippo pathways in bone
mesenchymal stem cells. (Ying ef al., 2018)

st B A 52 TGF-B1 & JAA% 8 4k F B2 3R 1548 An 3 ) KB a0 e e K - T4 o
OA BFERLEHE > BATRENA M EHRERALERRFRE > Bt
MSC (Mesenchymal stem cells) ¥ E AR B 4G o KEARABIIER > &4
BATER > BN A 48 i (Bone marrow stem cell, BMSCs) -2 # & i 3R 35 P
%) SD (Sprague-Dawley) # /4 vgiB#k X R 2 %R IEF (Tibia) $2I > F A& H K
PBS (Phosphate buffered saline) ##t > & A 10 mL &2k > 3 & %& DMEM
(Dulbecco's modified eagle medium) > 4% F§ 200 mesh A% i J& 4~ &k 28 i > 1000 rpm &
S I o A8 10%69 B 2F &  (Fetal bovine serum, FBS) ~ 1% & 18 & 4k & >
i A 37°C Fo 5% CO2 F324 > # BMSCs 4t 4 i &4 F o sk b & > £
Trypsin -EDTA (Disodium ethylenediaminetetraacetic acid) 41t 4mfe > £ 3 90%
confluence » 3% & 451t 3] =X, - & A Lentivirus-EGFP (Enhanced green fluorescent
protein) #F= Lentivirus-TGF-B1-EGFP #% # (Transfected) » 45| #% 4 3] & = 4X 49
BMSCs > &3 & 72 DB R BMESIAE - A LR R R TRE E0h=
HEATER BB (&) - A4 (&8 Lentivirus-EGFP) #= TGF-B1 4%
(% Lentivirus-TGF-B1-EGFP ) o 178258 By > A SD 12 B#e it K & > AT
OA FHi#& » A= (—4 12 E5 3 A F&K 4 B4 8 #) : #£84 (Model
group) ~ BMSCs group » BMSCs + TGF-B1 group o 47 & ¥ 14 5 %] 74 % 4 i fo 8
BB ATR L > PR E R T4 S (Histology) ~ £k A 41t £ & &
(Immunohistochemistry) ~ & F & % 447 ~ Western blot analysis ~ #3547 ©
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& Fig. 1A T XL, 3] BMSCs/calcium alginate gel alone #57 & 69 15
Fig. 1B % 28 #5% T #, 2 BMSCs/calcium alginate gel alone. Fig. 2A 2 & #7888 1
fd 4 B 8 BRAEMBEEF > dARBREFHESE 4 B 8 BARFHRG
W R TS > £ BMSCs group & @ &4 kE > 12 B [ $27% 5 f BMSCs + TGF-1
group & T > BA RIFIEIE M o &4 Fig. 2B /& ICRS ( International cartilage
repair scores) 3F4~+ BMSCs + TGF-B1 group 4% 3 # Model group F= BMSCs
group > 98] BMSCs + TGF-B1 group B RIFHEAE M - &2 & Fig. 3 TGF-f1 & 4
BMSCs A B ATE S F S8 15 DL > Fig. 3A % T BL% tm Re 4 Ao L E 12 R B4R B9
%% > 4£ A ABH Antibody #F= IHC (Immunohistochemistry) ##&pz R i ~ 5 — &
R EGEA AT E > £ BMSCs + TGF-B1 group ¥ #% % B % (Glycosaminoglycan,
GAGs) Z %% % - Fig. 3B & Mankin 34 %k ~% 4 4% 8 # model group +t
BMSCs + TGF-B1 group i& & > /2 model group #= BMSCs group /% A B2 % £ £ >
Ba-~ BMSCs + TGF-B1 group $.E i $k & 41L&k & AR L o &2 ¥ Fig. 3C IHC $ &4
F A5 % R PBR & G £ model group F & RBAEE > 12 /&£ BMSCs + TGF-B1 group
% % 57 BMSCs group ; Fig. 3D %4# A PCR (Polymerase chain reaction) % 3 &
THRREIE IR B 44 F 89 ColRal A% — AR & G alphal 4> 4 £ & ¥ BMSCs
+ TGF-B1 group Col2al FH A Htbén 7] o & Fig. 4 S TURERZETLH
Lentivirus-TGF-B1-EGFP #% % /& TGF-Pl 4R #8149 Smad2/3 4238123 > 3%
BMSCs 48 L N 12 55 4% 3E 35 4 9 F o1t © Fig. 4A 41 & %7 38 % p-smad2 (Phospho-
Smad2) 55 4m e /2% 4 8 p-smad2 &3, KR BAEE > E F BMSCs group #5535 7% >
f& Lentivirus-TGF-B1-EGFP #RZg3% % - Fig. 4B 1% 8 % LB #4843 Lentivirus-
TGF-B1-EGFP # i ik 22 /2 % 4 #8 7% 2% 7& p-smad2-Fig. 4C #& & Lentivirus-TGF-
B1-EGFP +T3% 3% p-smad2 > ZA-~ TGF-Bl 3% &35 i F H &4 F 49 &K, > £ Fig.
3D 2 4 FARSF o AL SN E B > Western blot analysis %% %434 Lentivirus-TGF-
P1-EGFP % 43w p-smad2/3 #9453 551% 3% o & & Fig. 5 #£:38 TGF-B1 @i A #p
Hippo 13 4% 3 B48 2 & I #1 3F J2 K o Fig. SA ~ 5B 5 #745 % /74= Lentivirus-
TGF-B1-EGFP #% # 4 % YAP-1 (Yes-associated protein 1) ZA#35m > £ 37458 K
BB M 2 ie Runx2 ~ Coll0 9% 3R, o

LR LBE AR HEPHRY Lentivirus-TGF-B1-EGFP #% 4 49 BMSCs/calcium
alginate gel #&k#8 Smad2/3 1Z581% 3 B Hippo 13 514 & TIRE K F 448 A B4 ~
FpH e K dm Bl o
= ~» TGF-p dampens IL-6 signaling in articular chondrocytes by
decreasing IL-6 receptor expression. (Wiegertjes et al., 2019)



TGF-B1 #EFZ ¢ F48 T HE & > 48R4 IL-6 (Interleukin 6) £ —FE4E %
wRL B T RIRF S A M o LB AT RIKE e+ TGF-B1 #f IL-6 12 5844 38 &
Y& R o IL-6 5 % 4& #3242 (Classic signaling) F» R 48 32 344€ (Trans signaling) > IL-
6R (IL-6 receptor) 4% IL-6 #9ZhAE S Akt o # £ % OA B > o8 RRARFE
48 fe. > 3% & /£ DMEM/F12 (Dulbecco's modified eagle medium/nutrient mixture F-12)
medium % ¥4 1.5mg/ml Collagenase B /A1t & > # B ek 1x10° cells/cm?
% 44E 8 6-well plates FEATEGH KB > RAE 24-well plates £ 47 K F KX
B o fednm 10%069 f5 4 7% ~ 100 mg/L & EAEE ~ 100 U/ml # /¥ & #= 100 mg/mL
4 i & 4 DMEM/F12 32 % f£ 5% CO2 (v/v)>37°C>95% % & —3i& -G6 chondrocytes
B OA BEREAINZ B B > @B B AR ) SVA0 J& A B AT > Bk G6 3F
i 32°C T A& > 48 5% FCS o ¥ rhTGF-B1(Recombinant Human
Transforming Growth Factor beta 1) » rhIL-1B (Recombinant Human Interleukin-1
beta) ~ rhIL-6 (Recombinant Human Interleukin-6) & rhIL-6R (Recombinant Human
Interleukin-6 receptor) 4 A i3 2L 4B &4 MR X 2B 48 i Fe GO R F 4 B o A0 B 7
B 4# H 0.05% (v/v) DMSO (Dimethyl sulfoxide) 4£ %4 #1848 > 74 ALKS kinase
(Activin receptor-like kinase 5) ~ JAK (Janus kinase) #& IL-6R & > 4 SB-
505124 ~ Tofacitinib ~ Tocilizumab #p#| 7| o 41# A Luminex £ fij:& /7% G4 Bl £ >
Western blot ~ PCR (Polymerase chain reaction) ~ # 3t 547 ©

Fig. 6 TGF-B1 #|# /£ A G6 kB 4m e ik ik 359 IL-6 > 4# 1 qPCR 247 A H
4 i% o Fig. 6A A~ IL-6 BA#38/n ; Fig. 6B 4 TEZE Fig. A &% > £ 4B RF
AR S EE R AR @i > A XM > TGF-Bl BAZ 35 Ao » [L-6 T35 4 /) NBF3%
A 32 4% ~ 6 /NBFIE An T4 45 o Fig. 6C £ R G H 2% L —FFF Ll & % > TGF-
B1 i G6 3k F 4m e 1L-6 B2 %34 Hn 20 4% - Fig. 7 TGF-B1 % % 2 STAT3 (Signal
transducer and activator of transcription 3) #i &% 1t > Z Bz 7 IL-6R YA &R ALKS F=
JAK kinase &£ o Fig. TA % 7 A% TGF-B1 3569 IL-6 2 & 3% 8 5 ib1z 5%
% BE T IL-6R T3 514 % & G p-STAT3 #9482 X, » /£ TGF-B1 #|i%k G6 k&
mA ey 2 /Ao 4 ) BF p-STAT3 B BA 3 v o Fig. 7B % 7 )2 TGF-Bl 3% 5 ¢4 p-
STAT3 4# & % IL-6R 1R #814 > 1# A IL-6R 4937 %) | Tocilizumab & 178 &z > TGF-
B ¥ p-STAT3 #9345 &4k 4] o Fig. 7C £ —F 547482 TGF-Bl % IL-6 = p-
STAT3 1258 & G » ¥4 ALKS kinase % 3747 SB-505124 > 2 Ff A W i 26 £ 37 4] p-
Smad2/3 #= p-STAT3 - Fig. 7D 4% A JAK #p+#] 7] Tofacitinib 7] YA 7 2 ¥ 4] TGF-
Bl 3% % p-STAT3 o 5 A ¥} TGF-Bl %3 p-STAT3 Ak A IL-6R vA R ALKS-F=
JAK % # 7% % o Fig. 8 TGF-B1 FLET IL-6 /3 69 SOCS3 A [ & if it R 4] STAT3
Bt o & T B STAT3 #isi b 2 HFH A H#sk > AF STAT3 AARAR
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SOCS3 # mRNA > SOCS3 A% & IL-6 ¥ %H4= H F o Fig. 8A % T #F % TGF-B1
FEIL-6 89 Tk > A% GO k5 e /2474 | Tocilizumab 4] 1L-6 12 581%
# 5 it TGF-B1 #]i% > )% SOCS3 #9 % ix » TGF-P1 74 # ¥ he SOCS3 £ H 43R, >
12 BB 4% R 40 1L-6 ) igt3g Ae =12 SOCS3 A K k3, o iZ %% TGF-B1 fLEr T
IL-6 3% 49 SOCS3 K 43R  Fig. 8B % 7% F TGF-B1 #£% 494 L41 IL-6 1F
A > A TGF-Bl 475/ TA R 22 > Bt wm e R & A& TGF-Pl > A% A %% IL-
6 > STAT3 /274 & ¥ TGF-P1 # 394 - Fig. 8C TGF-B1 78 & 22 %, 2 3p4] SOCS3 o
g % 8 TGF-B1 MLEf IL-6 A~3% SOCS3 & B & 3 i FR 4] p-STAT3 - Fig. 9 TGF-B1
A AR GO KB 4 e R R IR F 4 e P IL-6R 49 /K-F o Fig. 9A #i.%% | TGF-B1
H] it 3% 3% TL-6R 42 vg /) B¥ Fo 5/ BE T 4 > Fig. 9B TGF-B1 #f IL-6R /£ R B 44 49
BRI F 4 fo 4L de 3k o Fig. 9C A k) izt 1L-6 & £ 69 KA F KA B & T AA &
IL-6R > 4 A IL-6 #3534 IL-1B (Interleukin-1 beta) » IL-1P BA %42 & 1L-6 > 2
TGF-B1 48 & IL-1B it & Ba 3% 28 IL-6R #9 %k 3R, o ko~ IL-6 R %2 IL-6R 4937
4% o Fig. 9D TGF-B1 #]:% G6 #% & 4m e 24 /N0 4% IL-6R A% > /o IL-1B F+ 7 = 4F
#£ IL-6R o iF 33 % B3 TGF-B1 M4% IL-6R o Fig. 10 TGF-B1 i@ i 44 IL-6R 49
K & FELET IL-6 49 R & o Fig. 10A TGF-Bl 488 6 /R 69 FA R 32 > F Ao 7T M4
IL-6R > p-STAT3 3 2% IL-6R 7|8 #m 3% w o Fig. 10B TGF-B1 #= IL-6R 48 T IL-6
¥ SOCS3 #9355 o H 4t IL-6 K& A& H MMP1 > BCL3 f= SAA1 # ki 4. % 3|48
Fl#93AEp o

4 2 TGF-Bl HEAM G B mheF 1L-6 69881 o £k ey IL-6 VLB 53k F
KT mfie Loy pE ek & 1L-6 R R84 &> B35 e W42 5% 35 /4 STAT3
B At o 8% > TGF-Pl 4% 7 2 B e £ IL-6R 49 k& i& > 3 8 STAT3 # 8k 1t % 3
MRk > 34k STAT3 RGP %A R (Fig. 11) e

g ~ Controlling joint instability after anterior cruciate ligament
transection inhibits transforming growth factor-beta-mediated
osteophyte formation. (Murata et al., 2019)

WHEAE OA FERBIEAEBTHEY > FHERAFBEF FE O RA
% & & TGF-B #9 Smad2/3 #54¢ F= BMP-2 (Bone morphogenetic protein-2) #9 Smad
1/5/8 %42 - Fig. 12 B B35 45 06 & 12 @ # Wistar 224 X R > 5% w4l : CAM
group ~ SHAM group - i 47 ACL (Anterior cruciate ligament) F#7 Fig. 12B » & &
4% CAM group % i & HE 48 R #p B 5L B p £2 & > F4& £48% SHAM group i i
RACHEFR GBI 80 CARE > 2R 2~ 4~ 8 BEAT Xeray ~ EE ST~ &
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48 4k AL B A7~ IR & X7 ~ ELISA (Enzyme-linked immunosorbent assays) ~ %,
HaHT e

Fig. 13 F15 /& Ml & F48 T2F 4 - Fig. 13A £ F4i7 44 2 ~ 4 ~ 8 M & £ 48 TaX
4147 B > SHAM group € & PR EA &) AT A 4% © Fig. 13B CAM group /& 2 ~ 4 A BRBA 7
) B2 B AT 3% R AE Z > % 8 8 SHAM Fu CAM group R H £ % o Fig. 14 =4 B &
FAERHER » EEIRE &b o Fig. 14A ABRAB RGOS ERFEE A > &
& %7 5845 ¥ B Pannus > 2 & %7 88 % Cluster cells » #7 %% 5] SHAM group /£ 4 ~ 8 i
;BB - k@MYL ; Fig. 14B 4# A Mankins ¢4 SHAM group /2 4 ~ 8 &
& 7~ CAM group » & 7~ ¥ 4 4% T Bl & 47 4] 3k B B4t > & @ 4 41t - Fig. 14C SHAM
group 4 & 41 B F Ba~ TGF-Bl &7 CAM group > 12 2 & % A8 SHAM group &
A& i Rk CAMgroup & 5 AL X T > W4 X 49 BMP-2 48 £ RBAZA - Fig. 15 B
Bp RAE R 2 3454 > BAom R R R AR RIS B < 394 0 /& Fig. 15A 4% A 3k K45
Fof 4t & > #2 SHAM group 48tk » CAM group 724 B A= 8 Bm B ¥ =% ) >
I A ) PF B AR AR A9 3G A 5 12 % Fig. 1SB A MMM RIEF SR ABE £ R > ML
TGF-B1 ~ BMP-2 % i£35 KPR 2 o Fig. 16 ELISA ## TGF-B1 ~ BMP-2 #% & %k
B, > Fig. 16A fir#% 8 A4 £ B & HTF & &K > #7- BMP-2 A3 » ZAA AT
BE R 2534 B BAE 09 £ R o Fig. 17 ¥4I BA #p 42 T a9 %) F % 49 % mk o Fig. 17A SHAM
group ¥ T FF 5B E 5% CAM group > Fig. 17B 1 F % 41 B 4 # & (Safranin
O/fast green stains) IS FHBELE > ZEFBAAHREWREFRFE LR o &
BB E 45 > CAM group B H 69 K ~ 885-% 3|44 o Fig. 18 % 2| 4& | M &5 47
H) # F 1t & (cartilage metaplasia) + 49 p-Smad2/3 #= p-Smad 1/5/8 % 3§, Fig. 18A
#2 CAM group #8 tt » SHAM group #5 k3% % K ; Fig. 18B % L ZE 4 £ F
W15 % 4 8 ~ % 8 B CAM group R F 4449164 > p-Smad2/3 & p-Smad 1/5/8
8RBz B4 o

R RAE A M B g AR B R B 8URAL ~ e K dm e e K dm LB e > £E R
&9 B 89 €3G Ao TGE-B1 ) B3 £k o

B~

1. 48 & Lentivirus-TGF-B1-EGFP # 432 sz YAP-1 #p 4] & k5% B # & 4m 2 Runx2+
Coll0 9%k iz -

2. TGF-B1 33 AR 8 2B e 1L-6 694858 > 474 p-STAT3 o

3. YRR EAE T > B e TGF-BI 4] F 3 £ s A e Kém e o
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Fig. 1. (A) Gross views of formed BMSCs/calcium alginate gels. (B) Microscopic

observation of one formed BMSCs/calcium alginate gel. Bar = 2 mm.

(Ying et al., 2018)
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Fig. 2. (A) Representative gross views of repaired cartilage defects at weeks 4 and 8 in
the black arrowheads. Defects were left untreated (model group) or treated with non-
transfected BMSCs/calcium alginate gel (BMSCs group) and Lentivirus-TGF-B1-
EGFP transfected BMSCs/calcium alginate gel (BMSCs +TGF-B1 group). (B)
Evaluation of ICRS macroscopic cartilage repair scores. *P <0.05 and *P < 0.05 versus
BMSCs + TGF-B1 group, **P < 0.01 and **P < 0.01 versus BMSCs +TGF-B1 group.

(Ying et al., 2018)
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Fig. 3. TGFPl1-transfected BMSCs effectively promote cartilage repairing. (A)
Histological sections of repaired cartilage defects stained using Alcian Blue
Hematoxylin/Orange G. Black arrowheads indicate repaired regions. Bar =3 mm; (B)
Mankin scores of histological repairing cartilages at defect sites; (C)
Immunohistochemistry (brown) of collagen type II in repaired regions. Black arrows
indicate repaired regions. Bar =1 mm; (D) Total RNA was extracted from repaired
tissues at weeks 4 and 8. In BMSCs + TGF-B1 group, expression of Col2al was
significantly increased at 4 and 8 weeks. Data are presented as means + SD. *P < 0.05
and AP < 0.05 versus BMSCs + TGF-B1 group, *P < 0.01 versus BMSCs group, **P <
0.01 versus BMSCs +TGF-B1 group and **P < 0.01 versus model group. (For
interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)

(Ying et al., 2018)
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Fig. 4. Overexpression of TGF-B1 promotes the phosphorylation of Smad2/3 in BMSCs
during the early repairing progress. (A) IHC of phospho-Smad2 (brown) in repaired
regions. Red arrowheads: phospho-Smad2-positive cells. Bar= 50 um; (B) BMSCs
were observed using microscopy with normal and EGFP under the same vision at day
3 following transfection with Lentivirus-TGF-f1-EGFP. Bar=1 mm; EGFP, enhanced
green fluorescent protein. (C) Positive cell ratio of phospho-Smad2 was significantly
increased in BMSCs +TGF-B1 group (week 4). (D) Western blot analysis demonstrated
that Lentivirus-TGF-B1-EGFP was successfully transfected into BMSCs and the
protein expression of pSmad2/3 was significantly increased in the BMSCs + TGF-1
group, compared with the control and vector groups. Data are presented as means + SD.
**P <0.01 versus BMSCs +TGF-B1 group. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

(Ying et al., 2018)
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Fig. 5. TGF-B1 decrease hypertrophic markers expression to inhibit chondrocyte
hypertrophy by increasing YAP-1 expression at week8. (A) IHC of YAP-1, Runx2 and
Col10 (brown) in repaired regions. (B) Positive cell ratio of YAP-1 was significantly
increased in BMSCs + TGF-B1 group (week 8). (C) The protein expression of YAP-1
was significantly increased in the BMSCs +TGF-B1 group in vitro, compared with the

control and vector groups; Bar= 50 um; Data are presented as means + SD. **P < 0.01

versus BMSCs +TGF-B1 group. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)
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Fig. 6. TGF-B1 stimulation of human chondrocytes rapidly induces IL-6. The
human G6 chondrocyte cell line and primary human chondrocytes of four donors were
stimulated in triplo with 1.0 ng/ml of thTGF-B1 for 2, 4 and 6 h to study TGF-B1-
induced IL6 gene expression using qPCR. (A) For G6 chondrocytes, the mean of three
separate experimental repeats is shown with corresponding 95% confidence interval
(CI). (B) For primary chondrocytes, the mean of four donors is shown with
corresponding 95% CI, and individual donors are plotted showing mean + SD of
technical replicates (C) G6 chondrocytes were stimulated with 1.0 ng/ml of thTGF-p1
for 24 h, after which the concentration of IL-6 in the supernatant was measured using
Luminex technology. The means of three separate experiments are shown with
corresponding 95% CI. * = P < 0.05; =P < 0.01, ™ =P < 0.001 as measured by
repeated measures ANOVA with Dunnett's post-test (A, B) or unpaired two-tailed ¢-
test (C).
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Fig. 7. TGF-B1 stimulation leads to STAT3 phosphorylation, dependent on the IL-
6R, as well as ALKS5- and JAK-kinase activity. (A) The human G6 chondrocyte cell
line and primary human chondrocytes of three donors were stimulated with 1.0 ng/ml
of thTGF-B1 for 5, 15, or 30 min and 1, 2, and 4 h, to study TGF-B1-induced STAT3
phosphorylation with Western Blot. (B) Tocilizumab (anti-IL-6R antibody) was used
to investigate if TGF-B1-induced STAT3 phosphorylation was dependent on IL-6R
signaling. G6 chondrocytes were pre-incubated with 1 mg/ml of Tocilizumab for 1 h,
and afterwards stimulated with 1 ng/ml of thTGF-B1 for 4 h. Small molecule inhibitors
for (C) TGF-P receptor kinase activity (SB-505124, 5 mM) and (D) JAK-kinase activity
(Tofacitanib, 1 uM) were used to investigate if TGF-Bl-induced STAT3
phosphorylation was dependent on ALKS5- or JAK kinase activity respectively. G6
chondrocytes were pre-incubated with inhibitors or vehicle for 1 h, and stimulated with
1 ng/ml of thTGF-B1 for indicated time points. Western Blots shown are representative
of at least three independent experiments. Toc: Tocilizumab; Med: medium; US:

unstimulated.

(Wiegertjes et al., 2019)
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Fig. 8. TGF-p1 blocks IL-6 mediated gene expression of SOCS3 and limits STAT3
phosphorylation. (A) To investigate the downstream effects of TGF-B1-induced IL-6
signaling, G6 chondrocytes were pre-incubated with 1 pg/ml of Tocilizumab to block
IL-6R signaling, and stimulated with TGF-B1 for 6 h. Expression level of the STAT3
target gene SOCS3 was measured as a read-out for IL-6-mediated gene expression. (B,
C) To study the effect of TGF-f1 on signaling of exogenous rhIL-6, human G6
chondrocytes were pre-stimulated with or without 1.0 ng/ml of thTGF-1 for 6 h, and
afterwards stimulated with rhIL-6 (10 ng/ml). The IL-6 response was measured by
induction of STAT3 phosphorylation after 30 min (B) or induction of SOCS3 mRNA
after 6 h (C). Western Blot is representative of three independent experiments. For gene
expression results, the means of three or four separate experimental repeates are plotted
with corresponding +95% CI. * =P < 0.05; ** =P < 0.01, ™ = P < 0.001 as measured
by repeated measurements ANOV A with Bonferroni's posttest.

US: unstimulated.

(Wiegertjes et al., 2019)
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Fig. 9. TGF-B1 potently decreases IL-6 receptor levels in both G6 and primary
chondrocytes. To investigate the effect of TGF-f1 on expression of the IL6R, G6
chondrocytes and primary human chondrocytes of four donors were stimulated in
triplicate with 1.0 ng/ml of thTGF-bl for 2, 4 or 6 h. (A) For G6 chondrocytes, the

mean of three separate experimental repeats is shown with corresponding 95% CI. (B)

(% compared to US)

4

relative IL6R signal intensity

For primary chondrocytes, the mean of four donors is shown with corresponding 95%
CI, and individual donors are plotted showing mean + SD of technical replicates. (C)
G6 chondrocytes were stimulated with 1.0 ng/ml of thTGF-$1 or 1.0 ng/ml of rhIL-1b
for 2, 4 or 6 h to study effects on IL6 and IL6R expression. Mean of four separate
experimental repeats is shown with corresponding 95% CI. (D) G6 chondrocytes were
stimulated with 1.0 ng/ml of thTGF-B1 or 1.0 ng/ml of rhIL-1b for 6 h and 24 h to
determine effects on IL-6R protein expression using Western Blot. Western blots are
representative of four independent experiments. Quantification of theWestern Blot was
performed by Image J. Quantitative values of IL6R protein intensity were first corrected
for GAPDH values, and then plotted as fold change (%) compared to US samples. * =
P < 0.05; ** = P < 0.01, ™ = P < 0.001 as measured by one-way ANOVA with
Dunnett's (A, B, C) or Bonferroni's (D) post-test. US: unstimulated.
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Fig. 10. TGF-p1-mediated inhibition of IL-6 signaling is dependent on decreased
IL-6R levels. To study the effect of TGF-B1 on IL-6 signaling with or without
recombinant IL-6R, human G6 chondrocytes were pre-stimulated with 10 ng/ml of
rthTGF-B1 for 6 h, and afterwards stimulated with rhIL-6 (10 ng/ml) alone or in
combination with rhIL-6R (1, 10 and 100 ng/ml). The IL-6 response was measured by
induction of p-STAT3 after 30 min of IL-6 stimulation (A) or induction of SOCS3,
MMPI1, BCL3 and SAA1 expression after 6 h (B). Western blots are representative of
three independent experiments. For gene expression studies, the means of four separate
experimental repeates are plotted with corresponding +95% CI.* =P < 0.05; =P <
0.01, ™ =P < 0.001 as measured by repeated measures ANOVA with Bonferroni's
post-test.
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Fig. 11. Schematic overview of TGF-p1-mediated regulation of IL-6 signaling in
chondrocytes. TGF-B1 induces the release of IL-6 in human articular chondrocytes.
Released IL-6 binds in an autocrine manner to membrane-bound IL-6 receptor on
chondrocytes and leads to phosphorylation of the intracellular signaling mediator
STATS3. Simultaneously, TGF-B1 decreases IL-6 receptor expression on chondrocytes,
resulting in limited STAT3 phosphorylation and inhibition of STAT3-responsive target

genes.
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Fig. 12. (A) Study design and timing of the analyses. (B) Schematic representation of

the surgical procedure. (C) Surgical protocols for the controlled abnormal joint
instability model (CAM group) and continued joint instability model (SHAM group).
The models use the same protocol for procedures (a)-(d), but differ in the final
procedure (e). Under anesthesia, the right knee joint is exposed via the medial capsule,
and the anterior cruciate ligament (ACL) is completely transected (a). After joint
instability confirmation, a bone tunnel is created in the anterior portion of the proximal
tibia (b). Subsequently, a nylon thread is passed through the tunnel (c) and secured to
the posterior aspect of the distal femur (d). To mitigate anterior translation of the tibia
on the femur in the CAM group, the nylon thread is placed in the same orientation as
the native ACL, providing a posteriorly directed traction force on the tibia that resists
anterior motion over the condyles of the femur. In the SHAM model, the 3-0 nylon is
loosely tied; therefore, the two models represent different joint instability. F: femur. T:
tibia.
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Fig. 13. Joint instability evaluation after surgery. (A) Soft radiographic images for joint
instability (sagittal view) evaluated at 2, 4, and 8 weeks after surgery. Anterior
translation of the tibia is increased in the SHAM group than in the CAM group. (B)
There was a significant main effect for time and group (time: P = 0.037, group: P <
0.001; non-parametric two-way analysis of variance (ANOVA)). At 2 weeks and 4
weeks, the CAM group has significantly inhibited anterior tibial instability compared
to the SHAM group (2 weeks, P =0.005; 4 weeks, P = 0.008; post-hoc Manne-Whitney
U test with Bonferroni-Holm correction); however no significant difference was
observed between the SHAM and CAM groups at 8 weeks after surgery (P = 0.534;
post-hoc Manne -Whitney U test with Bonferroni-Holm correction). The kappa
coefficient reliability of the two evaluators of joint instability (Y.O. and T.K.) was
0.695. Boxplots show boxes extending from the 25th and 75th percentiles containing
the median, with error bars down to the minimum and up to the maximum value. * <0.05,
T <0.01.
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Fig. 14. Controlled abnormal joint movement delayed cartilage degeneration. (A)
Histological sections of the cartilage stained with Mayer's hematoxylin and eosin.
White arrowheads indicate cartilage pannus and fabrication of the cartilage surface.
Black arrowheads indicate cartilage cell proliferation and/or cluster cells. (B) Mankin
scores for histological osteoarthritic findings. The CAM group (controlled joint
instability model) shows significantly lower score than the SHAM group (continued
joint instability model) for the tibia (4 weeks, P = 0.015; 8 weeks, P = 0.001; post-hoc
Manne-Whitney U test with Bonferroni-Holm correction). Boxplots show boxes
extending from the 25th and 75th percentiles containing the median, with error bars
down to the minimum and up to the maximum value. (C) The CAM section shows
decreased TGF-f, bone morphogenetic protein (BMP)-2, and collagen type 2 and type
1 for positive control in the articular cartilage compared to that in the SHAM section at
8 weeks after surgery. In TGF-p, the semi-quantitative score for the tibia is significantly
higher in the SHAM group than in the CAM group at 4 weeks (4 weeks, P = 0.004;
post-hoc Games-Howell test); however no significant difference was observed between
the SHAM and CAM groups at 8 weeks after surgery (P = 0.445; post-hoc Games-
Howell test). Data are presented as means and 95% Cls. FA, femur anterior; FP, femur
posterior; TA, tibia anterior; TP, tibia posterior; * <0.05, T <0.01.
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Fig. 15. Controlled abnormal joint movement shows inhibited synovial membrane
inflammation and synovial thickening, TGF-B and BMP-2 IHC staining. (A)
Histological sections of the synovial membrane stained using Mayer's hematoxylin and
eosin. (B) The histological synovial inflammation scores and IHC staining scores were
indicated. There was a significant main effect for group (P = 0.012; non-parametric
two-way ANOVA); however no significant difference was observed between the
SHAM and CAM groups at 4 weeks and 8 weeks after surgery (4 weeks, P = 0.093;
8weeks, P = 0.138; post-hoc Mann-Whitney U test with Bonferroni-Holm correction).
TGF-f scores were not significantly higher in the CAM model than in the SHAM model
(time, P = 0.819; group, P = 0.050; interaction, P = 0.819; non-parametric two-way
ANOVA). BMP-2 expression was not significant difference between the two groups at
4 weeks and 8 weeks (time, P = 0.149; group, P = 0.109; interaction, P = 0.343; non-
parametric two-way ANOVA). Boxplots show boxes extending from the 25th and 75th
percentiles containing the median, with error bars down to the minimum and up to the
maximum value. HE, hematoxylin and eosin; MM, medial meniscus; TGF-f,

transforming growth factor-beta.
(Murata et al., 2019)
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Fig. 16. ELISA results for TGF-f and BMP-2 expression levels in the synovial
membrane. At 2 weeks after surgery, TGF-B levels are lower in the SHAM group than
in the CAM group (n =5 in each group; 2 weeks, P = 0.046); however, at 4 weeks after
surgery, TGF-f levels are lower in the CAM group than in the SHAM group (n =5 in
each group; 4 weeks, P = 0.009). At 8 weeks after surgery no difference was found
between the SHAM and CAM groups (n = 5 in each group; 8 weeks, P = 0.131). For
BMP-2 levels, the groups show no significant difference at any time point (time, P =
0.190; group, P = 0.231, interaction, P = 0.149; two-way ANOVA). Data are presented
as means and 95% CIs. BMP-2, BMP; CI, confidence interval; TGF-, transforming
growth factor-beta.
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Fig. 17. Controlled abnormal joint movement inhibits osteophyte formation. (A) Soft
radiographic images of osteophyte formation (frontal view) in the CAM and SHAM
groups at 8 weeks after surgery. The semi-quantitative scores show significant increase
in the SHAM group than in the CAM group (8 weeks, P = 0.009; Mann-Whitney U
test). Boxplots show boxes extending from the 25th and 75th percentiles containing the
median, with error bars down to the minimum and up to the maximum value. (B)
Histological sections of the tibia posterior stained using Safranin O/fast green stains.
Black arrowheads indicate chondroid metaplasia and osteophyte formation in the
posterior tibia. Histological osteophyte formation scores. The CAM group shows
significantly inhibited osteophyte size score and total score compared to those in the
SHAM group (size score, P = 0.002; mature score, P < 0.001; total score, P < 0.001;
Welch's ¢ test). Data are presented as means and 95% Cls.
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Fig. 18. Controlled abnormal joint movement inhibits p-Smad2/3 expression in
cartilage metaplasia. (A) Immunofluorescence sections for anti-p-Smad2/3 and TGF-f3,
anti-p-Smad1/5/8 and BMP-2. The square area indicates the overexpression of p-
Smad2/3 in cartilage metaplasia. TGF-B is also expressed in the same area. (B)
Immunofluorescent density scores for p-Smad2/3, p-Smadl/5, and the nucleus. The
CAM group has a significantly inhibited cartilage metaplasia score compared to that in
the SHAM group at 4 and 8 weeks after surgery (4 weeks, P = 0.024; 8 weeks, P =
0.034; post-hoc Tukey test). p-Smad1/5 was markedly upregulated in the SHAM group
than in the CAM group (4 weeks, P =0.471; 8 weeks, P = 0.135; post-hoc Tukey test)
and 8 weeks after surgery. Data are presented as means and 95% Cls. CI, confidence

interval; TGF-B, transforming growth factor-beta.
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Fig. 19. Transforming growth factor-beta family and joint instability strategy for
osteoarthritis cartilage and osteophyte formation.
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Table 1
ICRS cartilage repair scores.

Standards Points Scores

Degree of defect repair In level with surrounding cartilage
75% repair of defect depth
50% repair of defect depth
25% repair of defect depth
no repair of defect depth
Integration to border Complete integration with surrounding
zone cartilage
Demarcating border < 1 mm
75% repair tissue integrated, 25% with an 2
evident border > 1 mm
50% repair tissue integrated, 25% with an 1
evident border > 1 mm
From no contact to 25% repair tissue 0
integrated with surrounding cartilage
Macroscopic Intact smooth surface
appearance Fibrillated surface
Small, scattered fissures or cracks
Several, small or few but large fissures
Total degeneration of defect area
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(Ying et al., 2018)
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Table 2
Primer name and sequences for PCR analysis.

Primer name Sequences

GAPDH forward 5’-GAACATCATCCCTGCATCCA-3’
GAPDH reverse 5-CCAGTGAGCTTCCCGTTCA-3’
Col2al forward 5’-TCCTAAGGGTGCCAATGGTGA-3’
Col2al reverse 5’-AGGA CCAACTTTGCCTTGAGGAC-3’

(Ying et al., 2018)



Table3

Template and sequence of the primers used in this study.

Gene Forward sequence (5= 3') Reverse sequence(5'= 3')
GAPDH ATCTTCTTTTGCGTCGCCAG TTCCCCATGGTGTCTGAGC
IL-6 AGCCCACCGGGAACGA GGACCGAAGGCGCTTGT
IL-6R GTACCACTGCCCACATTCCT CCACGTCTTCTTGAACCTCAGA
RPS27a GTTAAGCTGGCTGTCCTGAAA CATCAGAAGGGCACTCTCG
SOCS3 TCGGACCAGCGCCACTT CACTGGATGCGCAGGTTCT
SAA1 GTGATCAGCGATGCCAGAGA TCGGAAGTGATTGGGGTCTT
BCL3 GGAGGCCCGCAATTATGA CTTAATGTCCACTGCGTCGAT
MMP1 ACTGCCAAATGGGCTTGAAG TTCCCTTTGAAAAACCGGACTT
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