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Abstract

BACKGROUND: Osteoarthritis is a complex total joint disease. The main affected joint is the knee joint, followed by the hand and hip joints. Treatments for
osteoarthritis mainly focus on the relief of pain symptoms. Unfortunately, no drugs can stop the progression of the disease until now. Recently, an osteogenic
protein with the characteristics of promoting cartilage formation, anti-inflammatory, anti-fat, and vascularization. Nel-like molecule 1 (Nell-1) has attracted
researchers’ attentions. Because of its dual functional properties of promoting cartilage production and anti-inflammation, Nell-1 is expected to become a drug

for improving the condition of osteoarthritis.

OBJECTIVE: To review the pathogenesis of osteoarthritis, ability of Nell-1 to promote chondrogenesis and its molecular cascade signals, anti-inflammatory
effects of Nell-1 and its molecular mechanism, Nell-1's deficiencies in the treatment of osteoarthritis and the latest clinical application of Nell-1, thereby

providing new ideas for the treatment of osteoarthritis.

METHODS: CNKI and PubMed were retrieved for articles tightly related to Nell-1 and osteoarthritis with an impact factor > 3 using the keywords of “Nell-1 AND
Osteoarthritis,” and “Osteoarthritis” in Chinese and English, respectively. The time range for literature retrieval was from January 1995 to March 2020. Finally,

88 articles were included for review.

RESULTS AND CONCLUSION: With the aging of population and increasing of obesity, osteoarthritis is more common than it was a few decades ago, thus leading
to a heavier family and socioeconomic burden. Traditional analgesic methods cannot be used as curative treatments because they cannot reduce inflammation
and cartilage damage. It is helpful for a clinical orthopedist to develop a more effective treatment protocol by fully understanding the pathogenesis, disease
progression and outcome of osteoarthritis, and initiating multidisciplinary discussions involving biological technology, pharmacology, and molecular biology
related to genetic engineering and tissue construction. The ultimate goal of an effective treatment protocol is to relieve the suffering of osteoarthritis patients
and to reduce the financial burden of individuals and the society. Although the emerging role of Nell-1 in the pathogenesis of osteoarthritis is still in its infancy,
there are still some limitations, including a lack of the best route of administration, incomplete understanding of relevant molecular mechanisms, and no
optimal animal models. However, Nell-1 has a great potential in the treatment of osteoarthritis as a result of its dual effects of anti-inflammation and promoting
cartilage production. Future research should reveal detailed potential mechanisms, and optimize the dosage, regimen, and method of Nell-1 administration,
with an attempt to translate Nell-1’s therapeutic potential for osteoarthritis into clinical practice.
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Funding: China Postdoctoral Science Foundation, No. 2016M601449 (to LWM)

How to cite this article: TANG XK, LI WM. Potential of Nel-like molecule 1 to treat osteoarthritis by promoting cartilage formation and anti-inflammatory

effects. Zhongguo Zuzhi Gongcheng Yanjiu. 2021,25(14):2252-2258.

0 5|= Introduction

B R KR A E I BRI, T2 e AL
Pt B A B E T2 A AR F R ARl £ B %,
Elit, AR E XY A ¥meh EASK 2510, £ 60
B AR Y, KUK 5L 18% 69Kk f= 10% ¢4 F %
FFET RO Y, EX—REQNRARTFTT, KT
X K BEFRAAFRE L w657 P

Foi P RE MG HWE T F ik OIEI AL RAIELE
Bl K 25, 24 AR a2, FMRER 69 H B AEF A
BB, FCER BT ERXT KOG —MIER R
KO, mAE R BB K B A s H A ket R Y. B/
B, X SEE R AR AR FARE s T B sesh, R
R ERLENA. B, ShEhEMERANGSFRRER
B, BRI TENTXT KEonbn 7 iarEasERY
g2 P BAAKRBHR, BILMERIH KRR AEE £
RUR M KT KR8 FRIR 2 49 97 20 R 4 & R B34
AR AT KRR L) M E X ARG e B4 S T
TIEARTRGAR GG Tk, ARTHEZBARX LT AL
BB, MRETEFRETED KRG T ZRE M,

AT ARE AT ET BN ERRY, RHHF L
BRI ERERERACFE Y RS AT, H A K ERSCE
A KEF B, s R ARAE 1A A KA F (Nel-like molecule
1, Nell-1) &% %%, & % Nell-1 2 —F 37 9 4L 35 & o
F, RSN AR SRR T R 0 R B BT g R 4G 3 A
AR Rt U SR AR ) — AP AR KT BOR R 4 e s
EFHTF M, Nell-l KRG #AAERBRET B Eehb BT
FHR PR RETRE, AAHRTHR Y. b, Rk
F XA m AL ILT —AF 69 Nell-1 13 5 2834, Bp
Nfatcl->Runx3->IHH ™8, X 2f F Nell-1 4942 505 A 4 & 14 2

ST b

it £ 20 % HFF, ABFAR T Nell-1 £ F 0428
MR BT T REGAR W7, BB M KR b o3
JUME. Nell-1 69402508 A 66 ) B Ao F15 5 BBK. 30 k4%
BT A Nell-1 58 T8 K K06 7 69 R RZAL A
& Nell-1 7215 JR 5 ) 6 3% 37 dt R AT 4o F 433k

1 &RF1755% Data and methods

1.1 WM RMAFEEZRK @&+ E4 K. PubMed 3435

B, P XA RIEH “Nell-l, FEF L, XU LEH
“Osteoarthritis”  “Nell-1 AND Osteoarthritis” . # & i /4] &

B 1995 4 1 A £ 2020 %3 A,

1.2 WEAREAE EZAAFAET >3, 5 Nell-1l A28 %

TREREFNOLE, b5 Nell foF £ KEE—F A5

M R AR R 064 A B o B TR A AR HER AR SR

1.3 FREVEREUREVIREY »4 “Nell-1 AND Osteoarthritis”

A A E 3. A “Nell-1” 4 A& 4 99 &. v
“Osteoarthritis” # £A54#4 % ik 88 515 &, LA EH

B AAIRAE N AR GG A B e B, AL L Ay 2

HATI Y TRk, HER P ALK E LR, ARARTAH

F AR, RSN 88 B Lk AT R A,

2 Z5R Results

2.1 BUXTRELARINGEINFNE 7 X0 LT
XP KR, TERERNXRTHRE. RETHE. 7. XPE.
A D R B LA e s P, B R K89 B R SR
BN SRR EE, REFHIREX T )5
A e R . XA R Ao T X AL E A s 3R 18] 49
T | A —F LA SR, T RREFEPTRE

Chinese Journal of Tissue Engineering Research | Vol 25 | No.14 | May 2021 | 2253



Review

B BAT M TR SR R PTIE 04 AR R A P2

ERXTREAELRIEFY, RERSLERI, KE
Kk F AN P RE RS TG T AR AR, e
T EST I TR BRE, R R EIER®T, B
FAF R FIR GG BRE AR o R 6 RABALECE R ey K. ERKE
fEE i, RAGKT@ILERIE 2 FH06mENE, 24£
it A2 P o A KR EE = M Fa i K3 T, A AT 2RF
mALTh he R T, AR TARL AR, A A AT KR
KL, ¥EA GG I A B RAR K A, X —id AR A
pheRfedn g3 %, ARFTHEIRELRNE S, FRAX
TRERE, ERKET T HERIEE N, IAFTETEFEL
CEBRFTERRALNLEA X, REATUYREAT L
HRFZEBKHEADREAT A, RLZERFFXATENF
8%k P,

B R TR A —FFEA TR R
B, EAF AN KT AL R P HUNTER 4 250
HEEF KA RS, MAAE—FE kR, A
FILG B AT K B E AT ALK R R $ LB i 2 S 50F
XK, BRLREFAT KT KLREGNRT e 51 F
BASCME LT BB K AT KT KONFRRE. R
R AEARIR A T — sk B ik R R o R R 6L AR,
8.3 KIE a3 e WL A8 A B Ragtae kP me g B,
TEMA| TR E A, §E2it—FhiE,

2.2 Nell-1 BYEREBBEEENREESSREX

2.2.1 Nell-1 891840 A R e H 2B amlst T X0 30F s 4
. REDREFHREA ET2HR P REARRE—
AohAstymieitAr, X —itR QR AR mesR. REH
Rl gsh. HOF mie A R R U B R MR, X
SR A R T B A IR RS, IR R EAY
WIS IR AR T R F a9 B AL, ARAE KA F A tm iR
F 69T, Nell-1 X FHRA PRI G@ESEF ST, R
B AL —FF FT GG PR T T, ARSI AR 3 T R,
o B L AT IR 3G A . A Ae R 3 T, 4 Nell-1 g
13 S B SRR B m e AR B 4 B, AR A B R R T
2R IR A B B2 AAE PR Nell-1 8845 2K 1 3R 3
BB R 0 oA A K B Al dedt Nell-1 Ao A % BB 24 K
B RN BRI T, EAFH LK G RIFTRIKT
AR, SR B TAH Nel-l )it BMAARP R RET
BB FEA M 22 Nell-1 1545695 8519 8 T @it 7 .0 F
BREXPREFd B THOGEL Y., XEHFRABFIHELT
Nell-1 24 F MK F Fo s it F 09 F 2R 446 .

), OEGEMA % B 250 % AL 68 A2 £ 57 405
BRIFARRT R, B ABEE W 69 3R a0 e e A R F AR
Bk, UF " #—FARLINET N4 Nell-1 F25x 18
284 Nell KB RN RIRE-F 6 0945 B Y B35, £
Z09 2, Nell-1 530945 LEE 3K IF AR RE A 2 4935 9 4k
By, X e AT ALY K AR P LR Nell-1 ) 38069 518
FA, $LA Nell-l Al Fia7 B 2D LA Mg AL,

2254 | PERR{TEWR | 525% | 148 | 2021558

L4 BB I T A KB F Nell-1 49508 R A
BmiE T EESF S MALR b RA 2. Nell-1 itk K
SF B MmN AR R G G AR A P, #lde Nell-1 AR
RN REI BB N AT, FRES. KFRE. RAF
e B Y F 4 E Y, AR Nell-1 R SR R4
BEREE, WERLEH AL, KRN RES, RE
AR W, A X e R IAB T T Nell-1 72y RAKE 40 5
. it Fe B A idie b ey E2EA .

Nell-1 6942 8 T A A /) VA B K 90 808 e i A T8

R RIBFH TR, A Nell-l A —FH 09 EF %0 £
AR T T REM.
2.2.2 Nell-11R3E B AWM H T2 FEBE KM F “ a5 20
Runx2 B3R 3K E saf s, LA R G 3E R4 B 3.
R Runx2 fE 4% A48 5 IHH 2 3hF 25 A k)4 IHH-GIi i 55 1,
TR FGHF mIn LA AR5 5842 Y, {2 CHEN &
R4 R R T Runx2 6942 A #ir A A= DNA 458-3 fig R 2 AL it
A miseg . %oh, LEE 5 PR Nell-1 2 —Fb o ikt
W miest R ST, AT @It oA R AL b AR F
FAEVER . L EF P B R T Runx2 24 BAT a i Nell-
1 mRNA &) &3k K-FAL A WT 2T BRLREG—F. suob, ) REE
it B &k Runx2 Z & B % 43 Nell-1 mRNA ¢4 & i, 5
2 REF SRBME. £ RE Nell-1 £ B A 49 BT mie
Runx2 mRNA &4 & A RAF AL KT, X o2k R A F 4
f2 % Runx2 177 Nell-1 49 & A, f Nell-1 R % Runx2 &9 & ik,
& K Nell-1 89 £ 38 & AR # T Runx2, 42 Nell-1 9 37 48
AR FEAE Runx2 SR AP B4 8, RN T E BT TR
#9 Runx2->Nell-1 84z W 4549 5 26 &, 4552 Nell-1 £V 354
T AR T Runx2 4948 A A= DNA 4562 fe ol 5 — ik i3
AR BB BT AR

AR Nell-1 /2 i@ it 4] A i 12 48 3 2B x 09 72 4
Runx2 49 F 7 % #6985 B F Nell-1™, 2 % 4.i@ 3T IHH 13 5
WIEARAER, R AR AR, 2T HEA1X 2 A1
HEFeAR IR £ £ FE, YOSHIDA % Y a5 4k £ & 0,
JE& F V531 Runx2 2L B Sk bk s Rwa B8 (BB A= Ra B ) 69
HF A KA R A TR, A2vI Bk (A2 E . MER 2 d )
8 B I A IR AR PR, AR, Runx2 #= Runx3 49 33k
MRS BT R T ARA K g mie, s, Runx3
SR RAE R F ATAZ PR dn R ok A 1R, (2 # A
KABREFEF. XEINEEAYN, Runx3d ZHKF @m0 T4
At Fe B T E oG O sl F A RARE e IHH 49
FORAIE Runx2 SR AT A /1 S 3R Ak, T AL S8 I B ey
Runx2 F= Runx3 [ Bt G4 2h 4 o+ #em) R 5) *, X — £ Ik
B, M T Runx2 Z9F, Runx3 i+ VAR 38 5 508 @ e+
IHH 89 &34, Nell-1 4835 7 —448iE Runx2-IHH B 3) 44649
HRIESE, VAR IHH AZ 5 2 F a0 S .

AR Nell-1 5 Runx3 #9% 2 £ H A %R? Runx2 3R Rt
A& Nell-1 £ 2 520y F4F 482 Runx3 mRNA #F= Runx3 &
GAEFEDRRTIIAR ., KRG ELRZHIK, 42402



T Nell-1 RA3E A0 T s RARIKE ATDCS 288 % A=)y RRAREK
Tt F Runx3 89 &4, W HRHF T Runx2 g% RECE
mhef Runx3 12 5455, &3I4 Runx3 = Runx3 F e i R
Acan30 #94t & L, VAR Runx3 AR R 6438, b, Em
feuydm AR 3 69 Nell-1 i & X T3 T #7 4 Runx2 8k RRE
o Runx3 #9520 &, Ak, £V 4 Runx2 )y SAER &,
Runx3 #4444 Nell-1 64 Firde,s ™,

LA R AR I, Runx3 & Nell-1 835 88 7 sk it 42 F
e TR AR 2 — L5 P B g S T ik i 4 Nell-1>
Runx3 13 5 45§49 X 4245 B F, B A RNA TR Rt —
FIET X LI, B R ER RIIIE T EIAA Nell-1
HH A I A FERNS BT Loy A n b, SR
PRI MR F T FE EIESE T Nfatel £ 1542 Nell-1 A= Runx3
0 K AEAE KB F. Nfatel £ Nel-l FH R m e %, d@idh
Runx3-833-810 X 3% 6% & 3 T 4 43t M £ Runx3 #9 & i,
AT BE Runx3-IHH 12 556 5 805, 55308 m e b s k.
vz FRTiE, BT BA 69 Runx2>IHH 12 5 46 5 R 5 S 5
A R S, Nell-1 3£ i@ it Runx2->Nell-1->Nfatcl->Runx3—>
IHH 13 5 45§ 80535 - 207 ol s i, LB 1, M &I
PR X T IRF A4

Runle

IHH

B

Nell-1 ——— Nfatcl == Runx3

Bl BT SRR M AR B0 Runx2 BLIE45 4 IHH 3 30+
FEA R B A A IHH 3k, IHH E 3CE JE i B2 B Runx2 I
Runx3 IR 1k. [ ERLHT Sk R 1 Y BB 78 b i e 1 4518 Nell-1 fE
Runx2 ) RUER 1, i Nfatcl Al Runx3 5 IHH {2 5% %, H Runx3
AT Runx2 fRFRIA

1 | RER K EENERIER Runx2-IHH BT E

2.3 Nell-1 BIER RED FESHEK
23.1 Nel-l &9 k4R USSR MAELT KATRE R
T b Nell-1 89 Z A 4%, Nell-1 42k sh e RA B K A F +
TRARRERE, AR KR E FRKFE A, Xk
BB K e B F, iEamien& 1B, @i
I~E 6 AR IBIRLE F T AME R A ot Ik Y, AP R X
R E A AR E R FE W, XA K 0B F 4998 15 R
Vo TR EA LR miee AR . amiei g
1. G @ik 6 Fo g IR LE T a 2 F X9 Kt kit d
Pt tm o s b R ey 2R K m e BT ™. e @i F
1B FAL K B F T vAEARIN A F A TR B WL R AT AT
KH A F A, ALLEN F P EZ o E s iE £
& tafesE 1B 44 B3It & AR AR IE A X KA R,
H—F A TRK @LE T 55 X7 K4 K .

BB tm % ik Nell-1 69 sm ik B ™, 808 fm e oh 4%

KBT oI RA g (o K me R Foak)iFS, Kb
FEBATH IR R (B AP K ) s9# R, SHEN & Pad ik
WLE R AAER, E R KU Nell-l B 3 K450, Hagas
kAL AT E MBI F afed @ie/~% 6 K-F. LU
& U R — AR BT R R IEM G @IeE 1B Tl A
Nell-1 % % /s R % P bt BB L 8% F 04 K JE Fo 4k B 1B AL,
2 Nell-1 4% A SR A, sbih, 9NRM Nell-l BEREZT
2 B8 28 A= Nell-1 31 R X7 69 KB R A= X 4T 4045 .
i@ it AE A Nell-1 s SR, GEB T Nell-1 B2 7 837 &I
OGP A RAE R S, Tt —F AT EH KR, VA
TR RXFRE RZH XD KRR, ABRKT XXTHR
B AT K AFE o Nell-1 Z 10 4 42 i A8 %, Nell-1 4t 2 7T A
Huik Fahn EE K P KGR,

2z PRk, Nell-l £ VT A3 45428 mai-& 1B 5

F A B F R 5| AL 4G KB TR 4 S AR AR A K RURL
4 Nell-1 A5 50 F6 75 B RGANER, &4 4 HFfs
B REERT CHF R ENATRALT A B,
B b, M A Bk A, Nell-1 47 A B4k 4 —
ARG AA BTIR A E R KIS IRAE M AE S, AR
HRAE R KT ER M.
2.3.2 Nell-1 3w XKAF A a9 5-FHh Z| B AT AL, B TFEHREH
49 Nell-1 Tzl 229, #+ Nfatcl f= Nfatc2 89 #F R 2 & %
#). Nfatcl 4= Nfatc2 ZRk R I Ye 3300 B A2 B fa i) ) R M
FHEXT K5 EARAEEZMEA . Nfatc2 3Lk RAE 12-24
MR R AR R K, (2R LT 454 2 AL BT K F
KW RGFERE T, BT AR MBS 3B TSR
B LY, UBE LG mpNE 1B THEFRARRAX
AR e P Nfatcl #9 & A B, X Syl iRk R 5 R AT 4R E
# Nfatc o F #9304 % £46 8 1~ F . B 372+ Nfate & & &
X RF QRS RFE.

LI % P97 5 & 8 Nfatcl i it 4 7% IHH 42 5 @ %A §
Nell-1 123k B 4 P A2 & 24 A . Nfatcl #= Runxl 2 3B 48
food o 5L Nell-1 49 23 B . AINI S ® 55045 £ 2 7 Runxl
Fa Nfatcl £ % F K& FTAHRLLENAAPFEF. UF
# 5 T 48 % 89 Nfatcl 3L % /)N &, ATDC5 48 i, F= Runxl 3k (4
N R, ATDCS 2B fie kB, @it —F LI £L5FiL
ATDCS 4m AR ) 69 45 5] b, Nell-1 #4947 ¥ 4F B /& Nfatcl 34
N R ATDCS @m i AR 69; AR, Runxl &k & F JLF
FAHIRT Nell-1 42 ATDCS @i P g KA Mg, A9 A
VEH Nell-1 LT D RBEXDHE P4 Runxl &8, mAZ
B mitA~F 1B e ¥k, R % Nell-1 43R R 69 %
. 4 EATIR, X HIBEAY: Nell-l £ F e £id T
KAET AR Runxl 69 /-F R KB K AW E MG, WRE
NFATc1,

24 DM Nel-ll ENAFEXDTRETHNARAEZL %
— DAEZBREANELXT A EZHARNIERRE R A
TR KRG T B AR 2842, JE Nell-1 2 B F & JRZ AT,
F 23t Nell-1 69255 5. 7697 5 EVARL R Z AT —

Chinese Journal of Tissue Engineering Research | Vol 25 | No.14 | May 2021 | 2255



22 TS

FARAL. KWAK 5 2 7 & 9 Nell-1 24k R 69 F R 4 R A
5.5 h, BEMiEFE B L AE 69 ik % Bk Ae [ RALFAEAG (o
R =B AL ) RARY Nell-1 %% AR MEEH AL, Ktk
EERNGEYKS., H = BAHRINIEN T Nell-1 4
Runx2 Z I8 48 ZAE ) 69 2242 ME. R T Runx3->IHH i&#24h, #

F2 5B A 89 Runx2 = Nell-1 49 #4048 ZAE A AR K A2 E b
AR IREHE L B &R Nell-1 R4838 7 208 48 2 F Runx2 ¢4 &

ik, 42 Nell-1 2 T 8% Runx2 ¢980% B 1545, kb &)

LR HAE. BRIEHTEH) wnts( 44w wnt5a) i@ it G &G 1%
BRZARBLE D 0N A5 R ABORF 5T AT %, 42 wintSa 4
ST VAR 1R ARG BLILES 3 B / & & B B f AL B 4 4 2k
Fmple XA . EREHARIAIE T, Runx2 42 LA Ffo
A Wit @350 XS T, RTELERFH RN EREE
PR S oMz 5B KA LA . 5T Nell-1 ©A0AH R 2
A Wnt 12 58 3% A2 R B A2 P o — AP e oE A ©Y, dem)
Nell-1 2845 Runx2 T 3558 T &, F 64 4F ) 4L+ 48 & 38 1T IHH
Ao Wnt 42 5B 6 B A4 FMMmA A, Bib, FEid—
TR R BHFERXA L L0A IR, vAe®E T #F Nell-1 £
REHRTPOERER. $= MILCLERGLkkE, B

MR AEA NP ARRBAEFTXT Ky xeine ™. £AH
AR T, BARR AT R KA RRREAALRLME

KPR, MLFHFORR R RAEMAL S LT XT K,
VAGERA Nell-1 B A B EF AT KR EEH. LFHFH
B R KALALE ) B A Ao T KRR e o 2 4 is T Fe
B EEBR, BACMEAME BT AT KEA AR O,
MG R AR A, Nell-1 694 % KR B iz A0 e B %
TRAEA P FR SRR, BACMGERT XY X &R &
KM X% KR 6 12% . Hlde, B+ F 984w RARA
R R AR T T A AAREBNG B B R Ko AHER 5
XRAF A, XRDMAERINFRAMHF EHEAR
HEZAMZA S HRMER RO, LENGE AR
FEHAEGEEZAAMS, B, LFEITTF MR
AR ST 464 B0 T 30E Nell-1 6940 X 9 KA, HAREEZ
AR R I, HINF AP R AP R AFRAREF ™,
B vAME B A A TR S04 ) v AL B 3% AE R R B B R P HEATIRAE
Fw: B A AR AT Nell-15Runx1->1L-1B Zh figdh o4 MR R &,
¥, %4, MNell-l%| Runxl 9154 F AR KEE LR R
fnth, XTELE E T Nell-1 e 45 F b m itk @24k, A%
F O T RHSEM T BA . Nell-1:8 i3 R F 69w e & &
ZARRIR B ZARVARI T KA Fo R F W Bty 5 XAt 2
"™, BB, Runxd £2 55 K ¥ 69 BARAVE R L) i 1o 170,
b, BAEFT AR AL ETOER, FREFTRE. ®F
TE. Ww. XPE. BERATEBILKG LR,
TR 38 R 3P4 Nell-1 x4 B 32 78 JBE A= 2 05 4 BB B vm, VA o
B BA Nell-1 278 X K657 Pey AL,
2.5 Nell-1 7GRN FRIVERFTHE
2.5.1 Nell-1 f£ fid & A4 69 5 A # & Nell-1 2/ S ARR
P AR5 ENEREEGRMGRERS, FLETIEE

2256 | PEHRKRTIEAR | 5525% | 55148 | 2021F58

HERAEZOWRER, R T 2F0HITETHR . &
i, —IE R FT AR5 pDNA-Nell-1 5 5 54 18] 2% T jefa
ZEATEP A M E IS | R RAEAR I MRS LA T B
BT EBA, DEGT FAETORL, mEBANH
THPLERE L EFETEFEEL T,

2.5.2 Nell-1 £ A4z mko b oy o A Bk BLAS B AL RAE i 49
Nell-1 2F A2 Rk At #oh L2 K RAn G F AR F 133 T )~
Z e IiE . BEAR R Nell-1 & & ﬁv/&ﬁl&)ﬂ ) F 4m i 5T vA
BEERSTRFMAKRAGHEAARSEY, AFE2ENA, £
AR KESHMAER F 25F Nell-1 7 &4 1.7 g/L 49 LT,
K& 3A A b akb %4 100%, EA REE A P, NELL-1 A
RIGRIFALARACEER A, RABLKFE—A S F .8
KL RG89 B A s, PATRAE Nell-1 Ao 045 B A i xF &,
AR AT A 18] 2 gk R B A 0 S e e Ay B0k

253 Nell-l g rizdegm Mtk FHELAES 2
LA EAFARFOEAMRMAT Z., A, FHELER
B 2 Ee R T 6 R BB ALT|AL T LAY S IE R,
Blde: KA EFHELAES 2FHFHORTHREA AT
YT R LB AR e P s iE U, Nell-l 4 45E
ARSI A RVER, FHHYE Nelll 5FEHAR AT L
4B, Nell-1 A8 AL A ZRAOGIEHER, AR
HEAFTORE;, ERFEA Y, Nel-1i&T A4 FH 5
KAEFEG2FEFHIET, I, Nel-l B £5FATH
R A AR, FHAREE T i iE s UV, LR L.

R1 | Nelll MIBHRESREER 2 &R BEPRIN AR

T H Nell-1 HASREEA2
BT et {5
WRTERK et et
JE W T 1 i) et
RAE i) e
J¥) 78 5 40 ST B et -
R AR R et i
I A ik et et
iR T 1 AN 54T R et
SALE B o ke
Tl A 5 AL i) itk
FEYiA - itk

2.5.4 Nell-1 £AP7E P a9 A& Nell-1 495 FEAE F &
VA% Barrett &% b kGEE T, b, EEHASMERE
%%@%f?kyww1ﬁk&%mm MR, FEARLILA
P EIT Nel-l gt LA™, (A1F2E0MA, EFFA
KA 4B I B Ao SRR %&Wﬁ?&ﬁmﬂTNwaﬁﬁko
FERMEMET, Nel-l Z2@mRZHEE, EFTRBT,
Nell-1 3 &ABT i v, AFyE ] £ F4 Kk ®. sksl, Nell-1 84
FARFHEA BRE T M 0 R R Fa - B AL ™, i
# Nell-1 & 3K 5 P8 20 4R 69 % R A%4F Nell-1 FEIF I8 £ A F
VER A Z . R, Nell-134n 7 95-D M T tm e g 4L 77
BB S8 B e n et A Fe b B0 % Rk, FEt
—F i  Nell-1 5 B WP G40 % 69 2 fedd e, 45502 12
HALRT WBEH R T EAE T @ FFE,



255 Nelll A2 L H 5% Amyeym Mtk UF®
ALK L Nell-1 f2A4% 2 7 bm o i &« IR B 40 il Jg 4m it
FARAKIE P Rk, FiE LI Nell-1 $A758 2 Ak 5K
AhE O AR R R BAPAT R 6 £ & T, i — iR
T Nell-1 24422 2 %P ey £2H, Bk, 4 Nell-1 £
Ab 2 AL Fadh 22 40 0 M) ARG A RIS BAF E Kt

3 #Z53E Conclusion

MAEAR LA R E ) B 238 5, B X5 KL+
AT EhEia, B R T EARE G REAASZT T2,
F e bk S 7 ik B L R AR Y SR AR R, B AR R R
AR FARG ST, EABREHEL, ANKNRERETX
R E T RRAREAR)E, FRESEAR I, 4
BMBEGAEMFRER, BHA. > TFADFE S FHGITE,
TN B IR A B8 K, RE B RMRE KT K
BHEORE, REBMBAMALNZF i, & AT Nell-1
BB R KR A e H A AR T A BB, AR
Bt Z BARBHRIZ, TR RTAFTE, RARMEYS)
WA F AR, (LB REFRERT A RO RELS,
E2ERBAERT KT A2 e), ARLEFEX
BN RGTFERT R, B E AT KSR, KRR
R — B RIF@GEENG, FRAFE. FERLH
7k, H Nell-1 3¢ T8 & Ka98 57 A0 e R K.

TEETTHR: B DLt i Bakoat, 2459 R T LE B kAT,
FBNA S ki k. pATES, FMEW QTR B35S, SREE AR
T ) B R A K,

BEYH ZXFELT P EHLEAS L4 E (2016M601449)”
RBh. FIAAEE B, 2% X HRA Brh X ENE Foxt B SR B
45 R G AT B SLIRE .,

FGOMR: LFe3bd 7Y, ARAMAFLFEG TR R
Py X - uk

S{Ef5m: %
).

XEEE:

F AR RGERFZFESHIRAEILY (PRISMA

3
o
3

I F hARAT © 218 F W R B 5 kA R 44T 3 K E
%,
BN XEL D RATINF ERREIF, FATIEBUAS LEH
SR LT E.
TEMI: LFHRATE OS5 A REHEBRALE T R XL,
FFRGRENERR: X & — B SO FE, ARIE (Foitdk AT L)
“E 4 - WAL A - AR 7 KEF 4.0 3, ESEIIAGELT,
AFAL T LM B R TFRIASHE, AT &, R ASE
TR P e, T, #N. Fi#, 478, k. BRI Z K, T4
ZE T RG], AR ASIE R CIEFTA R AR,

4 =EHE References

[1]  PRIETO-ALHAMBRA D, JUDGE A, JAVAID MK, et al. Incidence and risk
factors for clinically diagnosed knee, hip and hand osteoarthritis:
influences of age, gender and osteoarthritis affecting other joints. Ann
Rheum Dis. 2014;73(9):1659-1664.

[2] ~ HUNTER DJ, SCHOFIELD D, CALLANDER E. The individual and
socioeconomic impact of osteoarthritis. Nat Rev Rheumatol. 2014;
10(7):437-441.

(3] MARCUS DM. Pharmacologic interventions for knee osteoarthritis. Ann
Intern Med. 2015;162(9):672.

(4] INTERNATIONAL ORS. Osteoarthritis: A serious disease. Osteoarthritis
Research Society International. 2016:1-103.

[5] RUNCIMAN WB, HUNT TD, HANNAFORD NA, et al. CareTrack: assessing
the appropriateness of health care delivery in Australia. Med J Aust.
2012;197(2):100-105.

(6]

(71

(8]

(9]

(10]

(11]

(12]
(13]
(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]
[22]
(23]

[24]

(25]
(26]
(27]
(28]
(29]

(30]

(31]

(32]

(33]

(34]

DA COSTA BR, REICHENBACH S, KELLER N, et al. RETRACTED:
Effectiveness of non-steroidal anti-inflammatory drugs for the
treatment of pain in knee and hip osteoarthritis: a network meta-
analysis. Lancet. 2016;387(10033):2093-2105.

SCOTT DL. CHAPTER 70 — Arthritis in the Elderly. Brocklehurst’s
Textbook of Geriatric Medicine and Gerontology (SEVENTH EDITION),
2010:566-576.

APPLETON CT. Osteoarthritis year in review 2017: biology. Osteoarthritis
Cartilage. 2018;26(3):296-303.

COOPER C, BARDIN T, BRANDI ML, et al. Balancing benefits and risks
of glucocorticoids in rheumatic diseases and other inflammatory joint
disorders: new insights from emerging data. An expert consensus
paper from the European Society for Clinical and Economic Aspects

of Osteoporosis and Osteoarthritis (ESCEO). Aging Clin Exp Res. 2016;
28(1):1-16.

MAZZIOTTI G, ANGELI A, BILEZIKIAN JP, et al. Glucocorticoid-induced
osteoporosis: an update. Trends Endocrinol Metab. 2006;17(4):144-149.
CHEVALIER X, RAVAUD P, MAHEU E, et al. Adalimumab in patients with
hand osteoarthritis refractory to analgesics and NSAIDs: a randomised,
multicentre, double-blind, placebo-controlled trial. Ann Rheum Dis.
2015;74(9):1697-1705.

VAN LAAR M, PERGOLIZZI JV JR, MELLINGHOFF HU, et al. Pain treatment in
arthritis-related pain: beyond NSAIDs. Open Rheumatol J. 2012;6:320-330.
LI C, ZOU M, ZHENG Z. Current medication for osteoarthritis. Acta
Scientific Orthopaedics. 2018;1:9-12.

LI C, ZHENG Z. What's the future of osteoarthritis treatment. Acta
Scientific Orthopaedics. 2018;1:1-2.

LI C, JIANG J, ZHENG Z, et al. Neural EGFL-Like 1 Is a Downstream
Regulator of Runt-Related Transcription Factor 2 in Chondrogenic
Differentiation and Maturation. Am J Pathol. 2017;187(5):963-972.

LI CS, ZHANG X, PEAULT B, et al. Accelerated Chondrogenic
Differentiation of Human Perivascular Stem Cells with NELL-1. Tissue
Eng Part A. 2016;22(3-4):272-285.

SIU RK, ZARA JN, HOU Y, et al. NELL-1 promotes cartilage regeneration
in an in vivo rabbit model. Tissue Eng Part A. 2012;18(3-4):252-261.

LI C, ZHENG Z, HA P, et al. Neural EGFL like 1 as a potential pro-
chondrogenic, anti-inflammatory dual-functional disease-modifying
osteoarthritis drug. Biomaterials. 2020;226:119541.

LI C, ZHENG Z, JIANG J, et al. Neural EGFL-Like 1 Regulates Cartilage
Maturation through Runt-Related Transcription Factor 3-Mediated
Indian Hedgehog Signaling. Am J Pathol. 2018;188(2):392-403.

LI C, ZHENG Z, ZHANG X, et al. Nfatc1 Is a Functional Transcriptional
Factor Mediating Nell-1-Induced Runx3 Upregulation in Chondrocytes.
Int J Mol Sci. 2018;19(1):168.

MARTEL-PELLETIER J, BARR AJ, CICUTTINI FM, et al. Osteoarthritis. Nat
Rev Dis Primers. 2016;2:16072.

FU K, ROBBINS SR, MCDOUGALL JJ. Osteoarthritis: the genesis of pain.
Rheumatology (Oxford). 2018;57(suppl_4):iv43-iv50.

LOESER RF, COLLINS JA, DIEKMAN BO. Ageing and the pathogenesis of
osteoarthritis. Nat Rev Rheumatol. 2016;12(7):412-420.

HSIA AW, EMAMI AJ, TARKE FD, et al. Osteophytes and fracture calluses
share developmental milestones and are diminished by unloading. J
Orthop Res. 2018;36(2):699-710.

DEVEZA LA, LOESER RF. Is osteoarthritis one disease or a collection of
many? Rheumatology (Oxford). 2018;57(suppl_4):iv34-iv42.

HUNTER DJ, BIERMA-ZEINSTRA S. Osteoarthritis. Lancet. 2019;393
(10182):1745-1759.

SCANZELLO CR. Role of low-grade inflammation in osteoarthritis. Curr
Opin Rheumatol. 2017;29(1):79-85.

BIERMA-ZEINSTRA SM, VAN MIDDELKOOP M. Osteoarthritis: In search
of phenotypes. Nat Rev Rheumatol. 2017;13(12):705-706.

COURTIES A, SELLAM J, BERENBAUM F. Metabolic syndrome-associated
osteoarthritis. Curr Opin Rheumatol. 2017;29(2):214-222.

JEON OH, KIM C, LABERGE RM, et al. Local clearance of senescent cells
attenuates the development of post-traumatic osteoarthritis and creates
a pro-regenerative environment. Nat Med. 2017;23(6):775-781.
AKKIRAJU H, NOHE A. Role of Chondrocytes in Cartilage Formation,
Progression of Osteoarthritis and Cartilage Regeneration. J Dev Biol.
2015;3(4):177-192.

LEE M, SIU RK, TING K, et al. Effect of Nell-1 delivery on chondrocyte
proliferation and cartilaginous extracellular matrix deposition. Tissue
Eng Part A. 2010;16(5):1791-1800.

WANG C, HOU W, GUO X, et al. Two-phase electrospinning to
incorporate growth factors loaded chitosan nanoparticles into
electrospun fibrous scaffolds for bioactivity retention and cartilage
regeneration. Mater Sci Eng C Mater Biol Appl. 2017;79:507-515.

LI'W, ZARA JN, SIU RK, et al. Nell-1 enhances bone regeneration in a
rat critical-sized femoral segmental defect model. Plast Reconstr Surg.
2011;127(2):580-587.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.14 | May 2021 | 2257



Review

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

(43]

(44]

(45]

(46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]
(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

SIU RK, LU SS, LI'W, et al. Nell-1 protein promotes bone formation in a
sheep spinal fusion model. Tissue Eng Part A. 2011;17(7-8):1123-1135.
ZHU S, ZHANG B, MAN C, et al. NEL-like molecule-1-modified bone
marrow mesenchymal stem cells/poly lactic-co-glycolic acid composite
improves repair of large osteochondral defects in mandibular condyle.
Osteoarthritis Cartilage. 2011;19(6):743-750.

OEGEMA TR JR, CARPENTER RJ, HOFMEISTER F, et al. The interaction of
the zone of calcified cartilage and subchondral bone in osteoarthritis.
Microsc Res Tech. 1997;37(4):324-332.

LI' W, LEE M, WHANG J, et al. Delivery of lyophilized Nell-1 in a rat spinal
fusion model. Tissue Eng Part A. 2010;16(9):2861-2870.

PAN J, ZHOU X, LI W, et al. In situ measurement of transport between
subchondral bone and articular cartilage. J Orthop Res. 2009;27(10):
1347-1352.

Ql H, KIM JK, HA P, et al. Inactivation of Nell-1 in Chondrocytes
Significantly Impedes Appendicular Skeletogenesis. J Bone Miner Res.
2019;34(3):533-546.

DESAI J, SHANNON ME, JOHNSON MD, et al. Nell1-deficient mice have
reduced expression of extracellular matrix proteins causing cranial and
vertebral defects. Hum Mol Genet. 2006;15(8):1329-1341.

KIM EJ, CHO SW, SHIN JO, et al. Ihh and Runx2/Runx3 signaling interact
to coordinate early chondrogenesis: a mouse model. PLoS One. 2013;
8(2):e55296.

KIM IS, OTTO F, ZABEL B, et al. Regulation of chondrocyte differentiation
by Cbfal. Mech Dev. 1999;80(2):159-170.

YOSHIDA CA, YAMAMOTO H, FUJITA T, et al. Runx2 and Runx3 are
essential for chondrocyte maturation, and Runx2 regulates limb growth
through induction of Indian hedgehog. Genes Dev. 2004;18(8):952-963.
CHEN H, GHORI-JAVED FY, RASHID H, et al. Runx2 regulates
endochondral ossification through control of chondrocyte proliferation
and differentiation. J Bone Miner Res. 2014;29(12):2653-2665.
WIGNER NA, SOUNG DO Y, EINHORN TA, et al. Functional role of Runx3
in the regulation of aggrecan expression during cartilage development.
J Cell Physiol. 2013;228(11):2232-2242.

CHEN W, ZHANG X, SIU RK, et al. Nfatc2 is a primary response gene

of Nell-1 regulating chondrogenesis in ATDCS cells. J Bone Miner Res.
2011;26(6):1230-1241.

SOKOLOVE J, LEPUS CM. Role of inflammation in the pathogenesis

of osteoarthritis: latest findings and interpretations. Ther Adv
Musculoskelet Dis. 2013;5(2):77-94.

PEARSON MJ, HERNDLER-BRANDSTETTER D, TARIQ MA, et al. IL-6
secretion in osteoarthritis patients is mediated by chondrocyte-
synovial fibroblast cross-talk and is enhanced by obesity. Sci Rep. 2017;
7(1):3451.

GOLDRING MB, OTERO M. Inflammation in osteoarthritis. Curr Opin
Rheumatol. 2011;23(5):471-478.

WANG M, SAMPSON ER, JIN H, et al. MMP13 is a critical target gene
during the progression of osteoarthritis. Arthritis Res Ther. 2013;15(1):R5.
ALLEN KD, ADAMS SB JR, MATA BA, et al. Gait and behavior in an IL1pB-
mediated model of rat knee arthritis and effects of an IL1 antagonist. J
Orthop Res. 2011;29(5):694-703.

SHEN J, JAMES AW, ZARA N, et al. BMP2-induced inflammation can

be suppressed by the osteoinductive growth factor NELL-1. Tissue Eng
Part A. 2013;19(21-22):2390-2401.

JAMES AW, SHEN J, ZHANG X, et al. NELL-1 in the treatment of
osteoporotic bone loss. Nat Commun. 2015;6:7362.

BEIER F. NFATs are good for your cartilage! Osteoarthritis Cartilage.
2014;22(7):893-895.

WANG J, GARDNER BM, LU Q, et al. Transcription factor Nfat1
deficiency causes osteoarthritis through dysfunction of adult articular
chondrocytes. J Pathol. 2009;219(2):163-172.

YOO SA, PARK BH, YOON HJ, et al. Calcineurin modulates the catabolic
and anabolic activity of chondrocytes and participates in the progression
of experimental osteoarthritis. Arthritis Rheum. 2007;56(7):2299-2311.
MICLEA RL, SIEBELT M, FINOS L, et al. Inhibition of Gsk3p in cartilage
induces osteoarthritic features through activation of the canonical Wnt
signaling pathway. Osteoarthritis Cartilage. 2011;19(11):1363-1372.
YAYKASLI KO, OOHASHI T, HIROHATA' S, et al. ADAMTS9 activation by
interleukin 1 beta via NFATc1 in OUMS-27 chondrosarcoma cells and in
human chondrocytes. Mol Cell Biochem. 2009;323(1-2):69-79.
GREENBLATT MB, RITTER SY, WRIGHT J, et al. NFATc1 and NFATc2
repress spontaneous osteoarthritis. Proc Natl Acad Sci U S A. 2013;
110(49):19914-19919.

AINI H, ITAKA K, FUJISAWA A, et al. Messenger RNA delivery of a
cartilage-anabolic transcription factor as a disease-modifying strategy
for osteoarthritis treatment. Sci Rep. 2016;6:18743.

KWAK JH, ZHANG Y, PARK J, et al. Pharmacokinetics and osteogenic
potential of PEGylated NELL-1 in vivo after systemic administration.
Biomaterials. 2015;57:73-83.

2258 | PEHRTIEAR | 5525% | 55148 | 2021F58

(63]

(64]

(65]

(66]

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

(79]

(80]

(81]

(82]

(83]

(84]

(85]
(86]
(87]

(88]

VIMALRAJ S, ARUMUGAM B, MIRANDA PJ, et al. Runx2: Structure,
function, and phosphorylation in osteoblast differentiation. Int J Biol
Macromol. 2015;78:202-208.

SHEN J, JAMES AW, ZHANG X, et al. Novel Wnt Regulator NEL-Like
Molecule-1 Antagonizes Adipogenesis and Augments Osteogenesis Induced
by Bone Morphogenetic Protein 2. Am J Pathol. 2016;186(2):419-434.
GREGORY MH, CAPITO N, KUROKI K, et al. A review of translational
animal models for knee osteoarthritis. Arthritis. 2012;2012:764621.
KUYINU EL, NARAYANAN G, NAIR LS, et al. Animal models of
osteoarthritis: classification, update, and measurement of outcomes. J
Orthop Surg Res. 2016;11:19.

PUNZI L, GALOZZI P, LUISETTO R, et al. Post-traumatic arthritis:
overview on pathogenic mechanisms and role of inflammation. RMD
Open. 2016;2(2):e000279.

PROFFEN BL, MCELFRESH M, FLEMING BC, et al. A comparative
anatomical study of the human knee and six animal species. Knee.
2012;19(4):493-499.

LI C, ZHENG Z, HA P, et al. Neurexin Superfamily Cell Membrane
Receptor Contactin-Associated Protein Like-4 (Cntnap4) Is Involved in
Neural EGFL-Like 1 (Nell-1)-Responsive Osteogenesis. J Bone Miner Res.
2018;33(10):1813-1825.

LEE YH, BAE SC, KIM JH, et al. Meta-analysis of SLC22A4 and RUNX1
polymorphisms : Associations with rheumatoid arthritis susceptibility. Z
Rheumatol. 2015;74(4):351-358.

BRANDT KD, RADIN EL, DIEPPE PA, et al. Yet more evidence that
osteoarthritis is not a cartilage disease. Ann Rheum Dis. 2006;65(10):
1261-1264.

ZHANG X, ZARA J, SIU RK, et al. The role of NELL-1, a growth factor
associated with craniosynostosis, in promoting bone regeneration.
Version 2. J Dent Res. 2010;89(9):865-878.

ZHANG J, CHEN Y, XU J, et al. Tissue engineering using 3D printed nano-
bioactive glass loaded with NELL1 gene for repairing alveolar bone
defects. Regen Biomater. 2018;5(4):213-220.

LEE S, ZHANG X, SHEN J, et al. Brief Report: Human Perivascular Stem
Cells and Nel-Like Protein-1 Synergistically Enhance Spinal Fusion in
Osteoporotic Rats. Stem Cells. 2015;33(10):3158-3163.

JAMES AW, SHEN J, TSUEI R, et al. NELL-1 induces Sca-1+ mesenchymal
progenitor cell expansion in models of bone maintenance and repair.
JCl Insight. 2017;2(12):e92573.

JAMES AW, LACHAUD G, SHEN J, et al. A Review of the Clinical Side
Effects of Bone Morphogenetic Protein-2. Tissue Eng Part B Rev. 2016;
22(4):284-297.

PAKVASA M, ALVERDY A, MOSTAFA'S, et al. Neural EGF-like protein 1
(NELL-1): Signaling crosstalk in mesenchymal stem cells and applications
in regenerative medicine. Version 2. Genes Dis. 2017;4(3):127-137.
FAHMY-GARCIA S, VAN DRIEL M, WITTE-BUOMA J, et al. NELL-1,
HMGB1, and CCN2 Enhance Migration and Vasculogenesis, But Not
Osteogenic Differentiation Compared to BMP2. Tissue Eng Part A.
2018;24(3-4):207-218.

GAO C, ZHANG Q, KONG D, et al. MALDI-TOF Mass Array Analysis of
Nell-1 Promoter Methylation Patterns in Human Gastric Cancer. Biomed
Res Int. 2015;2015:136941.

WANG Z, KAMBHAMPATI S, CHENG Y, et al. Methylation Biomarker
Panel Performance in EsophaCap Cytology Samples for Diagnosing
Barrett’s Esophagus: A Prospective Validation Study. Clin Cancer Res.
2019;25(7):2127-2135.

SLOVAK ML, BEDELL V, HSU YH, et al. Molecular karyotypes of Hodgkin
and Reed-Sternberg cells at disease onset reveal distinct copy number
alterations in chemosensitive versus refractory Hodgkin lymphoma.
Clin Cancer Res. 2011;17(10):3443-3454,

NAKAMURA R, OYAMA T, TAJIRI R, et al. Expression and regulatory
effects on cancer cell behavior of NELL1 and NELL2 in human renal cell
carcinoma. Cancer Sci. 2015;106(5):656-664.

TOMBOLAN L, POLI E, MARTINI P, et al. NELL1, whose high expression
correlates with negative outcomes, has different methylation

patterns in alveolar and embryonal rhabdomyosarcoma. Oncotarget.
2017;8(20):33086-33099.

SHEN J, LACHAUD G, KHADARIAN K, et al. NELL-1 expression in benign
and malignant bone tumors. Biochem Biophys Res Commun. 2015;
460(2):368-374.

SHEN J, LACHAUD G, SHRESTHA'S, et al. NELL-1 expression in tumors of
cartilage. J Orthop. 2015;12(Suppl 2):5223-229.

ZHAL'Y, WEI R, SHA'S, et al. Effect of NELL1 on lung cancer stem-like cell
differentiation. Oncol Rep. 2019;41(3):1817-1826.

MATHIEU F, ETAIN B, DIZIER MH, et al. Genetics of emotional reactivity
in bipolar disorders. J Affect Disord. 2015;188:101-106.

LIN E, KUO PH, LIU YL, et al. A Deep Learning Approach for Predicting
Antidepressant Response in Major Depression Using Clinical and
Genetic Biomarkers. Front Psychiatry. 2018;9:290.



