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N, Nel#4rF(Nel-like Molecular type I, Nell-1) & —F#H R FHREKEAF, EFHRIEKEET B
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Abstract

With the development of regenerative medicine, existing bone grafts such as autologous bone
transplantation, allogeneic bone transplantation, and bone morphogenetic protein (BMPS) are in-
creasingly used in spinal fusion, and the demand for new bone inducing factors with fewer adverse
reactions is also increasing. Nel-like Molecular Type I (Nell-1) is a novel bone inducing growth
factor that plays an important role in the growth and development of bones. Compared with BMPS,
although Nell-1 cannot form bone in fibroblasts, it can induce bone formation by bone marrow
stromal cells (BMSC) in a mouse muscle model, and can reverse adverse reactions such as ectopic
bone and adipogenesis produced by BMPs, indicating that Nell-1 protein is more specific. Nell-1, as
a novel bone inducing growth factor, is expected to exhibit significant advantages in spinal fusion.
Methods: The first author searched the relevant literature collected by Baidu Academic, PubMed,
Web of Science, and CNKI. The Chinese key words were “Spinal fusion; Nell-1; Animal experimental
model; Stents; Synergies”, and the English key words were “Spinal fusion; Nell-1; Animal experi-
mental model; Brackets; Synergies”. Finally, 45 articles were included for review. Summary and
Conclusion: Based on the summary and analysis of experimental studies on Nell-1 for spinal fusion,
it is found that Nell-1 has the potential to promote spinal fusion, but there are still shortcomings
such as the lack of optimal drug delivery routes, unclear molecular mechanisms, and whether
there are adverse reactions related to application. However, it has the characteristics of promot-
ing osteoblast differentiation and angiogenesis. It is believed that with the development of tech-
nology in the future, further research on molecular mechanisms, optimization of doses and pro-
tocols, and exploration of joint applications with other osteogenic growth factors and stem cells
are expected to mature the potential of Nell-1 to promote spinal fusion in large animal models,
and then turn to clinical practice.
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1. 518

FHERG 22— EAMEFER, TR a FEURMBCREZ 1], ARG, SPRIEAYT)
B A SRR T A G FA T HAEN L, BRRS NG EE ARG 2], H
AR E B TR CEhriE” [3], BT EUCE SRIERRRE. FARR R EKEARHE R, FfR
IRFEREY) ., LA 53 2L 7 (Decalcified bone matrix, DBM), [ 78 Jii -4l ffd (mesenchymal stem cells, MSCs)fil1 &
JH A (B 48 ) S D RHEE B B EEAE I [4] [5], (R R ORI AN X F AR HE A [6]. PRI AATTHE B bri%
M 7 AKRET, BMPs & —FE A, BT #14EKF T B (Transforming Growth Factor, TGF-A)# 5 ik
f— 57, REm(RibE R [7]. T 2004 “EHEAE rhBMP-2 A T IEMERL A A, (HEBZEFFIE 1) BMP-2 2 5]
SACEA S NEWAE SCEERIVERI[8] [9]. Y AE KR F it — Bt S iRAh 71X — BRI, Nel BE4rT2&—Ffik
DR RS T e MR T ARk B 1, B SR T 2R S5 & 05, P AR M R (e 0t i
YIS [10]. HAF T I B TR ECR AT S BMP-2 Al B Bl A A 24 11] . AR 2838 32 HR T Nell-1
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R (1 BB FAB 2 AR A b O PR BRI 22
2. Nel #5F | BEANRRREER

E 1995 4, S. Matshuhashi 25 A\ MGG o 43 55 H— A4t 835 AN IR R I AR 2R DR, 1% R R Bl
45 Nel [12]. ¥4, Watanabe %5 M A5G LI cDNA b, 70 B AN is 5 Nell YR 1% & A4 KA
- (Epidermal growth factor, EFG)-Like & 7 #|[F8i 5L A, #5344 Nell-1 #1 Nell-2 [13]. E ] 1999
4, Ting 276 N\ B0 R S8 W T TR v, 4 % B Nell-1 538 Nel JEHA 61% 1 [R5 L 8 A %55 LR,
T I T 2 p T A 210 /5i4% 51 1 S 3019 [14] . mRNA-blotting 431 B, Nell-1 H 78 [ 5 81 50 K oA
R ER Ik, MfERLRA YR, il B AFSERERCE IR, XU T AR AL 5 Nell-1
RN R RIEFERKMRKR, IFH Nell-1 FE A5 EEE B — & rsm.

3. Nell-1 EERIZFThEEINIR
3.1. Nell-1 ZBAHEHE

H M Nell-1 J FI7EXS IR iR AT cONA FEH R ILEAK, B 10 4 4 TAERT 78 3 EARIAE . Nell-1 %
B M TE A UKL Nell-1 4510 22 28 7 7% 10 8 H 3 (Mitogen-activated protein kinase, MAPK)
55 IMEE[15] [16]. 3T 20 FEokA K Nell-1 W5 B 88 A K K B LA BE & FRa 4 23 A J7 1 (1) Dl e AL
WFFEAF 2 T BRI R SE[17]. Nell-1 J2& i 78 /N3 B AR K IR 71 45 43, D9 ifiL 38 14 1 4 7 C & (von
Willebrand factor C, VWC)&5 4, — A7 W5 5 K737 F1—A> NH2 SR 3 I/ ON 85 1 RE(TSPN) 8 7 28
[18]. Nell-1-AE il = 8525 4 1f) EGF 254435, Nell-1 22, KA Nell-1570, A& —Ff N-A st #5517 Nell-1
AL, CC IR SAREMMIE . EGF S5 Misn] LA 8 Mg 45 & CAI (PKCAI), 128 M5 = EGF 45
FIIAR AT AZE 4 Robo2. fifF 2 A VWC 2538 AT DL 35 25 o381 45 & [191 W1 1.

EGF-CAEGF-

o
Nell-1% 7% LamG cc Vwe-1/Vwe-2  EGF-EGF-  Vwe-1/Vwe-2  SHEB) g?fg;._%f])
CAEGF-CAEGF RE(KD)
Nell-1 + + + + + 810 90/140
Nell-1AE + + + Hs + 763 80/120
Nell- 158 5 #4 44 + + + + + 570 FKHRiE/105
5APR3. ” BIRe4s 4 PKCA
Iy § . .
SE5EA Heparin. ,;ET% %ﬁﬁ ARIE 1,2,37] 5 Integrin a3f1
Cntnap4&h & =7 Robo24%5 %

Figure 1. Structural domains of Nell-1 and Nell-1 subtypes
& 1. Nell-1 A Nell-1 I B fy 25415

3.2. Nell-1 ZEATIEEIAIR

Nell-1 /2 5 /g% L F-fl & A S i) — ol B W AR e i B8 1, ARG S id A et & f 2R [20], 3
FEFFRE B : O Nell-1 Bk T4 A S 20 4k, FFRRIEAH R R AR S [21] -
@ Nell-1 7K AH 241 [0 3R 45 2 whofs S Gk iy i 4RI /AL R RE 0, H R RRS1E[22]. ®) Nell-1 X 30H
AN B A AR e T 2 1 RS T A T R A R 5T g 1 R [23]. @ Nell-1
RE NS A1 ] 240 70— e 2R L A AR L R 1, It P B A A PR ML T B S B D e MEAE A, e e gt ol
EER[24]. Zhang TE ALK N 2 A T B I G MG R B 2l R K B sh W O A 2R v rle 2h B 5 5
HUBrE[16], A 2007 ETT4R, Nell-1 £ V5 2 AR SEIG h e & vl U T ARl & (9, 10 H. Nell-1 25
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FER LR & i I R S 3 RE A (9]
4. HSLWIRE - AR KAETNIEHERR S AR B R

FEBEAT W ARR I AT, 8% 2 sh W B SRAG I8 A2 5 7T 47, T s 40 k36 ) T 47 1k DU T A
Nell-1 & AR AL e 16 0 8 B it AT PR s PR 1k 36 v R P T X AR KRSz, 1 48 B
BE— RIS T, #OTR BT TOE MM REAT IR AR @I, Nell-1 DR AET TV A [25]. FEHERD &
AR BT S MU R AR R R AR R AR T 3, R M AR R 15 AR A TR 00 % A A ] 7
B, (RS IRV, MEMRL S AR, EOUIBRMERIEL, SR )5 7E P HE (A 2 R B
T A 5 ARMRET RIAE 5 AP REEME A . PP ATy SRR AR AL . LSS I <5 AT 3 B0
RSB FHERR AN . MENR RS2 B AR A I WP AT, BUOVE W DR AR A MR AR
RLGFIRRR A, (AR (R PR TR SR 1] B AR AR RS A 0 P 76 1) DXCSAR R AR, (ELRR A DXl 1 i 8 £ 2 A
Gl IV EROE N

4.1. Nell-1 ERFRIMUIBSHRE

4.1.1. Nell-1 5 DBM Hi&E&4

Jii 475 - % /77 (demineralized bone matrix, DBM)j& — i RARE B AEM KL, BB THIEM, HHBIEY
JR A FIBG I3 B BE JaAE IR R )72 S [26]. Fahmy-Garcia 25 [27] NI ATt 28, Nell-1 2474
FERLAS B R ERARVE R A e 5 MR 7F 2007 4E, Steven Z5[28] N B VK Nell-1 FH T Ja M i i 5
A, HERBRABEA PR DBM 8k, 6 )5, KILEEMH Nell-1 15 3 & M & K 535 5 T 405 p-
- F W FE R T (bacterial beta-galactosidase gene, LacZ)4; @it F3hfihi2 H)5E Nell-1 416 60%fE: &%,
LacZ 05 20%/3 /&2 @ = 4ERat HALE @ AP0, Nell-1 1 LacZ MIRLE #5519 70%
A1 20%, M H AT b5 50 2 I B E AH 21 B B R . Yuan S5 [11] A 78 TP K SR 0] AR A
R EREATREE, X Nell-1 (5204 7 W58, DBM 5 Nell-1 (10 5 50 pg) e r &5, KHE T4
FEEAAL, FAREEHR 1 H G0 S R WP L& 214 21 100%, 5 FH 640 Mo i S50 45 1 BMP-2 (90 145t)
[FIFE 2 100%, B 1R 27 i R ZH BRI R 2600 20%, 17 H A4 R AL G . 1X 5 James &5 [29] N IR L2 7 J& 11,
MATTABAEEFE T4 Nell-1 R FLER - 228 4R R Y (polylactic-co-glycolic acid, PLGA)SCHETE ik fil &
HHAEMER, 438 5R: 2 Nell-1 A3 EBTEALF % LA 90%, LS BMP-2 KEUH Y,
Ut Nell-1 7E# & DBM T I1E FH 75 2t — 00 AL .

wn FRTR A #RIE L 5 DBM R Nell-1 (8 &4 EdE TS, (HRlEMEBERAR, @Eux
ANGERERH, FTREH T Nell-1 F5E . #F5EIAAR, Bre8ulcd EAE, Fan Li [30]5 AEKE T
JECR SRR b, BETT T ANE R AN RN R BO BB X S, SR EoR: 7RSS 8 AR
FE 1 Nell-1 4L (2.75 + 0.89), ik EEM Nell-1 57 {6 F(3.125 £ 0.76) . {iKFZ 1) Nell-1 7F 6. 8. 10 J i
W ALE 4> 3)°M(2.625 + 1.06, 2.75 + 0.89, 2.875 + 0.83). XUE4ERIIR, Nell-1 FEMEEE A K ATl fE & —
Pl 208 B A R R 7

4.1.2. Nell- 1/ MIBREHEE S

WAVERTIA TAE R I, SCAPPRE AT e SR MR 1l A e, EIm g e . IRk, 754
FoRMsER R, BFREATIN T AVEYM AR, VG2 a2 Bk, £
B NEE AR ML, BT EAEYEE. BSR4, BREA HEE. Bk
RN ) 2B B A R AR A [31] . FTLA, KR M2 B At e N B R T, G TRl A S s e %
B, FEIXFEMIEARREEHI R, T LUR RO R R, w R i e s [32]. kst 1, 2009
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LI SE[BSIA I 7 — Ao R ] TR R R A SMUBCR R A () p-BERR = A5 P R A SO,
PRIR PG TR B I T AR AL B BB I 2L U, OREF TR ARERBOFID T w2, ARJE UM, £ Nell-1
LB R B AR AL RS 3/4 SEHL T AL G, RAE Nell-1 25913040 R A 1/4 SEBL TR FERRE . Lee 47[34]
AWEFE T Nell-1 3P FERL G BRI, A A TSRS TR AE A PTG o R OK B FRD 5 MU FEEME A5 7Y (L 4-L5)
S AL, HZH N Nell-1 (rhNell-1) 5 2B A A1 45 1 56 IR /572 JEE ok LI 5 BT 5T 1 25 /5 (DBM) iR
o KRBT ENL CT AfE 3 AT B PRl B AW TRl &, 48R ExR, FAR 4 M5, 674l
R FIAT] 600, M IRAR HIEERL S, HHEEE R Nell-l HEERINE HFRES, HAEMA
PR W2 R RIE o A R ST DL P 25 WD 12 R TR, kDR )T BRI BE S B AL R
B, @M T ARG AR (4D FTENR H L CAEA R SCAR) [35]4 2 N — DIt FU s R, X s
R AA KT Nell-1 FEH SO BB E 5w 7KK RS R

4.2. HEFEIBEHME

FT KRB P Nell-1 B TA RS CERRIE, ARIPT GRS NS A R4
KB mB SR R Be ). InghEAdE N R KB, Siu E[36] N 1 KRiE 742 Nell-1 (19HE
[ il 25 HEAT A AL R A B A SR, AT FE 2 AR sl B, JE Ik BT S i AMI AR N B E N L3/L4
F1L5/L6, SRJEE R ISR MY [ EAT AR (R R, FEN Nell-1 S BAT 5 555 (DBM), 1 2 R] 5K
BT SEAWIE RS, B 0 AN INGEAL S AR AR 1 R SR B AL, B PR AR FOR W) 5 % B AR e A 3G,
RE T EIX 100%f &%, Seie st BRI E A &R &% 5 O 10 BMP-2 {2 E ARl A 84 2 E 1
B RN TS T R0 Y, HIRROED o 1%02 — R BRI E, TR w4 2h e i 25 i 40
N 25 o 200 B ) 1 P AR AR TR X, SR TR 76 S RF T 2 BTAE KBRS Nell-1 25905 B A i 1)
1BIT

B JG NATTIEHE 0 e ) 7 AR N RSN, R T 708 TR () R A A ) 2 L Rl A A AL, B 5T
Nell-1 XFPEFERERA SRR . James ZE[37) K rhNell-1 ¥ T 2B K A2 1 S-T R =45 (B-calcium
phosphate, S-TCP)RiUkL b FIHE [H]Fl & S AE N BIETRIAGRIE 4/5 1 5/6, RJ5 3 N HX ST CT kndx, 45
FEIRG AT AR RZL EA A rhNell-1 AFE ¥ 6 FE L& 7 B RN 25%, 1 #0555 rhNell-1 4
100% IRl & o ZHZ% R B rhNell-1 AL BRAOFE S R B SRRy BB 2R B e HE, DR SCI B o R
R T BN, e e R 2] 7 RIS R MR RS 2 — R R X AR A,
RER LIl Al & 2, X —TUFQIMERIRE 7L, BRI R 1 IRAEIESE Nell-1 % T4 N R 3 P B v
A HERLE B RAFRIVEIT 8CR

4.3. Nell-1 EEMEMAREFHRENBTEHME

FREN PRI HE FER B Nell-1 25 A ol HER A ARG B HZUEE, Nell-1 BEGA 275 K2z
SRR A R, B P BRI [38]. A B PR A 5 R Y [39] S FE AR, BT ORIEW] T AR R
flA  Nell-1 7] AR Al BB & F T8 T4 Lee S &[40 A\ 14 VIS 28 HBAIE B, A\ i 5 J BB -4 i
(Human perivascular stem cells, HPSCS)Fl Nell-1 1204 1] DU i B Ji B As K BRI AR &, A ATeEf 4h sk
ISR T HPSCS WA TN Nell-1 85 A BCE /- RE 1), S5 3R, Nell-1 B35 8Em T8 G f e
JRERFA A HPSCS WIRCE T /7, b5 7E 50 SLUTRR O B b A8 & BRI &2 HPSCS 81 Nell-1 A%
20%~37.5% I/l &%, BKE AR ERHEL T, =A%) 83.3%, Tt SEyLITEa8 g € &t —
HAESE T m7fl & hPSCs + Nell-1 [seteigflia, &2, HPSCS 5 Nell-1 A F mT bip [R]85 o3 s bAE
KEAVEMERE, FERAERNE RERARE EE HRIT SRS I E K /7. Liv S[410%F Nell-1 SRk
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BMP-2 S I & 5 KB 5 S RN HEAT T RITSE, I 9 R ALY O, u-CT BT AN 0P i f AMUF) B 7%
i, SRR S A EAR, RS RIC, ARRNE, MRS MEHESRER: BB A5 TR
L AEIgsk, BRI Z, MeRe. AN R ER: hT BMP-2 (G SR R
{10 ST RS R RS (1 B A 2 b/ [42] o

IR ATF R RSO R, A2 K SRl S Rl S A AR AT A AR B b S AR o, PP Nell-1 A%
XSS 25 B Rl A& BOR, B TCIE IR R SR AT Nell-1 AE IR B BMP-2 [0 H A% i Bp6 T 7 48 H
A mMEE R EAFRE BRI RN AR, RS T R AE MR A T . SR, AR
R R S AR T ERBA R AR SRR S RIS RN RSN 0 AR il 5 2 —
AR KF FEA Z BT RE. LA ESEIER Nell-1 BXA 2567, 5 8ia 7 AH te A= el 2k
L CE TR, AZRBRSHIRE T . B2, Nell-1 BREHREKEERA-2 KIMFEHZE,
A DAEN T BMP-2 1) — Rl OMER R & B AT, IRGRT LS v AR & R B AR SR A TR AT
T
5. SRS

ST AR, Nell-1 MIBE 7% SE ROV ARG ARG & RO 7 BRIk, (H R ATea v
ZARZAE: O Nell-1 FEFFERNG 4 20 B ANEAE . STEARINURME BE AN S50 B7F 7 ) 000 A Rl 25 14
MEANE . @ FASL Nell-1 fEFHERE & b 2 DUNUE YO R X S st b . @ Nell-1 %
FE BRSSO AL R G S AT T AT, A RS ANBI[43]. @ XHESR P SRAE K
1B T AS RSB V6 AR A i 5 V6T B JEREPE TAR, T AR AR I 45 A 2 M S AH SGHL
WIS, RMEAR R EIR T T R AR R R R X L RS A R T IS ), IR
e Nell-1 8 3 4 BERIE K i, A B SEBUR RSN IR R B At 3 M % 1 i PR SR B

BB

RS R TR Crdl i e il i B L Rl e AR & RS E S X R 2 € itk v aa WY Y e st adib e
U LRI A TRK PRI SCRE AN B, 3 B T e 8O S BUISCRR . By BERIBITA

ELWMB
RV L JE RIS 84 (LBH-Q20044) .
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