P
Py
jn
B
\&é\

i
»)
£
A
i

R LibT 4

e S i e

CRLF1 #7& ERK1/2 5B AT TGF-B1 TS/

=R R EAIALEIR R

CRLF1 mediates TGF-p1 induced hypertrophy of ligamentum flavam

by activating ERK1/2 signaling pathway

ABHR R
& W % & KEBR HiF
* b & W SN CBIMED
B oF X B £ A% CEARRD

WwXEXHHS 202045 H22 H




A ERIKE 2017 FETHAMHEN

CRLF1 #7& ERK1/2 {§ S8 &B#E TGF-p1 NS/
TR E AL ISR
CRLF1 mediates TGF-p1 induced hypertrophy of
ligamentum flavum by activating ERK1/2 signaling

pathway

RERIR - ExREAREESHE LINR (81672228)

2 M B B A *RiRRS

g W % & SKARES

€ W & W SMEIZE (B

B oF % H FARE

B o F B R Er

B & % B B=ImRBE

ERMERESEIR B2 T #u%

EHERSAR HE S #u%
VUIRRE R
SRIIHT BUX

202008 s B 228 M



i =l 1TA 2374

CRLF1 #7& ERK1/2 {558 KiEiE TGF-p1

TR ETHE R E LSRR
LB HRIR

TRFEI: KB R

w E

BR

HRYHLEREREEREN N EERER, MENSEEHEZRNEE,
SPRER R R B RRAT . RERT A ET AL E W] RE R & Fh R fE R F
AERKETF. BREVMNAF X, E2IFEEVTEENXES FRELAEN
WA RE. 55, BTHRZBEREDTEEDNMEE, MRRAXTHED
HAEE 5 THLHI R AR L.

H#

AMARE: L. KMEPFLEERXRAZEED, REHLBEEHRIERY
RREINLE] 2. S/ R B IR B AR, X R R E R 4 F LRI ST R BRI
yikrS

LIREEFMEEMARTFHR, AA%LERNHHTELER. AR
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CRLF1 mediates TGF-B1 induced
hypertrophy of ligamentum flavum

by activating ERK1/2 signaling pathway
Name: Zheng Zhenyu

Supervisor: Professor Zhang Zhongmin

ABSTRACT

Background

Hypertrophy of the ligamentum flavum (HLF) is an important factor for lumbar
spinal stenosis (LSS). In severe cases, it can compress nerve roots and cauda equina,
causing lumbar pain and intermittent claudication. Although some studies have
suggested that the ligamentum flavum (LF) hypertrophy may be related to various
inflammatory factors, growth factors, aging and mechanical stress, the key molecules
that cause the ligamentum flavum hypertrophy (LFH) and their regulatory
mechanisms remain unknown. In addition, due to the lack of an effective animal
model of ligamentum flavum hypertrophy, there are currently no in vivo studies on
the molecular mechanism of ligamentum flavum hypertrophy.
Objective

The purpose of this study is: 1. To find out the key regulatory proteins of the
ligamentum flavum hypertrophy, and explore its mechanism of regulating the
formation of extracellular matrix (ECM). 2. To establish a new mouse model of
ligamentum flavum hypertrophy, and verify the molecular mechanism in vivo.

Methods
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1. The normal LF and HLF tissues were collected and the fibrosis of the two
groups was detected by histological staining. Two groups of samples were analyzed
by isobaric tags for relative and absolute quantitation (iTRAQ) technology, and the
key protein: cytokine receptor like factor 1 (CRLF1) was found by integrating the
data of transcriptome and proteome. Immunohistochemistry and qPCR were used to
verify the results.

2. Human normal LF cells were isolated and cultured in vitro. TGF-B1 and
mature recombinant human CRLF1 (thCRLF1) was used to treat the LF cells. The
mRNA, protein expression of fibrosis related markers and the activation of SMAD3
and ERK1/2 signalling pathway were detected by immunofluorescence, Western blot
and RT-gPCR. ERK1/2 pathway inhibitor was added to observe the biological effects
of CRLF1 and TGF-B1. The effect of SMAD3 pathway inhibitor on TGF-f1 induced
CRLF1 mRNA expression was observed. The expression of CRLF1 was inhibited by
siRNA technology, and the effects of TGF-1, IL-18 and mechanical stress-induced
fibrosis were observed.

3. To establish a model of HLF in bipedal standing mice. The stress on LF was
analyzed by finite element analysis. Histologic staining was used to observe whether
the pathological changes were the same as those of human hypertrophic ligamentum
flavum.

4. To construct the adeno-associated virus vector of CRLF1 overexpression and
inhibition, and to verify the role of CRLF1 in the development of LF hypertrophy in
vivo.

Results

1. Orderly elastic fibers in the HLF tissue were significantly reduced, irregular

collagen fibers, the collagen fibers and myofibroblasts and the expression of

p-ERK1/2 were significantly increased; CRLF1 was highly expressed in HLF. The
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expression of CRLF1 and a-SMA was positively correlated.

2. TGF-B1 regulates the synthesis of fibrosis related markers at the
transcriptional level, while CRLF1 mainly promotes the synthesis of fibrosis related
markers at the post transcriptional level; The ERK1/2 signalling pathway was
activated by CRLF1 and TGF-$1. The fibrogenic effects of CRLF1 and TGF-f1 were
inhibited when the ERK1/2 pathway was blocked. TGF-f1 can promote the synthesis
of CRLF1 mRNA, but the increase of CLCF1 mRNA was not obvious. CRLF1
mRNA was significantly down-regulated when SMAD3 pathway was blocked.
Inhibition of CRLF1 can reduce fibrosis caused by TGF-B1, IL-1B and mechanical
stress.

3. The stress of the ligamentum flavum in bipedal standing mice increased
significantly, and the model of ligamentum flavum hypertrophy in bipedal standing
mice could effectively simulate the pathological changes of human LFH.

4. Compated to the control group, the number of CRLF1 positive cells in bipedal
standing mice increased. CRLF1 over expression can lead the formation of HLF in
vivo, and inhibition of CRLF1 reduced the formation of HLF caused by bipedal
standing.

Conclusion
CRLF1 plays a key role in the process of multiple stimulation induced fibrosis.

Inhibition of CRLF1 can reduce the formation of ligamentum flavum hypertrophy.

KEYWORDS : CRLF1; ERK1/2; SMAD3; Ligamentum flavum hypertrophy;

Mouse model
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BEE B E BT R ARMBEMAE K FRRE, P2FEANOLEIZEHEM,
HERMEXKEMREEZ M. flin, BERETREE, BREMEZE AEME
o RmHEZ D MEMNTERENTER, EAFRERSE. TBES. &
FHEENSHEEEEEERH. RITRFERARN, BERERSENERE
210 93%, BELE 60 BE 70 $ELAKRFRY. 65 HU LEZEFIBFRIA
b, KRB THSHRAETSM. BT 8 s 4 U 4 5 &b,
HSMERHEERTIRMARILNERTRE, BELHMIRFEL. ¥ LMk
AR BRBUVERR Y. MBMERAT, R EN T SST RS Thae 2R . %
RIEFEE S, BRERSEREESSIEMBRRE, EEsx BEEHER
™ & HI T,

EHERTERSWBEAESR, oK REZMEE. Ishimoto F AR
R, 40 ZUEHETERERENEET (MEMBAEDRRDO=02=U 1)
RA 17.5%0 25 HER. Boden HRI, 60 & U EHMERENAEEF,
B 21%R LR, BT RERGERERERERRE, FUEEER
REBMEREES LR, B SRFERBIGERERMPESA, HHE
BAEES AP R, UFHARER., PREBEEREBZFREGHEEMER
17, RIATES. BIHA/EKREIAR, EMMENZMMNE, BEfEE
ISR SMUBIMEE R RSB EER, MW EKRAR. £1%.
BRERMVERNEEEREGTHTIERITWE, ERIEEEHESHRERIA,
BA RS IR R AW AE R SHE R AR, BEREECH TR EMNE
=2, 3t B TR HEREE, LWL HER.

FEHE R BB IT TEMN AR . RFRT HETTATERAGEERY
BB, AFKEARRAEFLEIR. HRER. VEBIT. BERREAD
S Bk, RESRIT. BRERTFHITREELRERME, fl, FEEEEHR
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IR R B BN RERESERERDY, I B KT TR,
WDEE YT IR RV T HRESR, B AT B MR 2 a7 . B
FEANGE B R R ST R AR BT, ERBEEREHER, THRETHR, k¥
R SRIMPERR . &ILEME RGN R RRAR . T4 F i B ST 2k
TERBEWZF. —BERANRBERBRFEU L, RERTHETRSER
T, FARBEM—K%FE. Amundsen ZABET T —HUAE 10 EHIRTHEIER
PLEES, MATRIL, FARABEMAERTRFBTH, REBITHEETH
S0%MRBYE, MFEROBETH 80%ME R

AL NERKE, BREWMFRAGTRENRR, ERAERTFFREL
RMOIFAREE T RSB KA. Costandi ZHT A T HEERAETI I FARFA]
FREOFEEFTRIA: MEBRRAFBRFERRERN 2%20%, HMEIFRA
1.1%-12.5%; TEESM AN R EREN 0%-5%;: REBREFRFRARERN
0%-5.7%, WEBIF RN 0%-4%". F4F AR G thohn B O R &4 f.
i, XFHRERE, RKEEFE—MZE. B BT REHEEKN
WIT Y

SIRERERSENRERNSES, RFREENEELEDHEHRESS
'¢181, 1913 4, Elsberg % — KR T HEPFILE S BHEEIR. Park %
ANERFH/TRENEDHFREREERENERER. MIIXAEEREEER
TR FHERAN 444 mm, WRATHEERESEXNRDTFHEER 2.4
mm®. FFUFREPHEEN EESUREF RIAERAYE FHEhEEan - RE
BREZIERENBRE, BRAREREREENRET R,

AP HRET EAMERTEN S T, LT TR ES%, B8 m
A LAREM BRI ST V38, IR TIHE PRI &0). OB MR T
HRIMMIKEERFEN, 4FEFRERAMGE. E5EFYHRES
AR RS — BRI E RS, RESEEERTE, E4FEEREN
KRB EEEA™. Denis QNLIEH = FEE ISP HRIA T W3 E R
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ERER . WEEP AR, EEREYW S SERERHIE PR AL
DRIFAYE, BREERIFHIRE, W4 SRIFA 4L EIZEE
&, FH, REAENEE, HeEEELIST,

A WL IREX TIWIEERSNRERET THXUR. Ei2s5R1E, F
EAHLBR 73X P B R AR — A R LR A E R R — B> BT
FIUEE. BEFNABENFR S B HRE RIEMEPARERRETARX,
Koichi Sairyo RKIULHFEE BHFERAIGK, AVHERZEHEM, 7FEAE L3/4
1 L4A/S TRMED T HESHEPY, Okuda?” ? 0% AT R AT E RN LB
REHER AR B DR THRRFRITAE, TLIBEIWHRAEL. RERE,
8. BRATRIEENEDH . Postacchini 2 NP1 B i B 5f a8 R T,
RHAEZELR T RE T A EMBEBER, FHERE. RERLENE
LRRAR T B W0 A3, BMEEMIM B ERIEH, SRR
S ST RAHEE

Ty —FR W AN B W AR R T R 5 B R N MO MLBR L A kB
Kazunor BB L RN, 7% MR IR (3 e R MR, FEEPHRE
AR DY Nakatani RILAUREL S 7T LTS K FRIBE T HFARKE RS
Fl TGF-B1 (AP — 2220y, AW, KA RES, M LUEHY
HKHS TR AL T HUMRRL (FARZS, AL S v 51 32 3 007 4H R 0 380 ) 4 4 A ol
P, REMMRGT SBREDHAR S WKBEKEFREMLIERT,
RERTFRXERYFORNTERERRE BRAEERRFRRITE, K
ERREEECS Y, B TRRASNYRE AR E, NANMESS L
RAKH, EAMKNBRGSEE AT HIREAENR, REAFBEWIEE.
Hit, MESENSNMEETARIHIEEN T EZNFERZE B SRBERN
0. ARE R RTHIRE A B AR 5 3/ R S B A AR 0. 7E b
Z b, AR BRI R XUE E N RM BR T R B AR R AT Rt

HAl, MTHEAFEENARL> THIRAATZEZEPERERNT. ZRE
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BEOMMAKETFIE. AORAKN, MERERET-o (TNF-o). BHRNE
-1B (IL-1B) FAHIAN -6 (IL-6)3% SO B T 7T LARI B A HI 4 i i A FR SR 41
#2641 21 Kim f Park &1 ¥ RUEEHEYHFERELBEEH (matrix
metalloproteinase, MMP) FEBE, H &K IAAEFE 77T LAE 2E 58 48 i 47 i
MMP2 fl MMPY, ffITAARERTRIB-ENEReBEARAIRS S TH
VIO A R IRE, NRIEAEREERETE. EEKRTFHE, BRI
R LW REAE KT T B (transformation growth factor-B1, TGF-B1). TGF-B1
B BRI A N EERALEME TP, TGF-p1 7T LABGE R f4ii, (i
WU Y R FE 4k, WURET 240 M VT LA i R SR IS a-SMA I sR 4 g 4k
HFA R (BCM) U9, Mario % & JLILE PI B4R LA L WEAH 53-8 9 TGF-B1 {2
BT EDHEHIEEY). Nakatani 2 A KL, VIBRR R A BP0 A LASIHE
TGF-B1 K FF R LT 45w it SR, B4R TGF-1 AR S5 EHIH IR
B FER LT 4EL T 5%, (ERX TGF-B1 78 #3IH AE B b i B AE/E B Z /A
HIAIR. BT TGF-1 BFE LA AN, Rt~ E2MEaER. FHik
BABER A BB B KT TGF-p1 TR 4E(L IR E B, HEMEH
7 TGF-B1 {RE4ELHITh AR, T ARNTHARL)RE
EEMRBEFRHARFEMER SRR, ERKI2 E5EBRNETREER
{ERU Y], P BN ERK1/2 55 B8 S 5% T WIS AF 4R 40 (L A0 40 a st
HFR BN, BB EE R ERK1/2 5 S @BERME AR R, i
B AT SRR T ERK12 (S5 EBEL S BRLETRERRMLTE
ETHR. FHitELEWRFR ERKIZ RES ST BV IEEMLRE.
EABEMRERERRSIREY, EAREEEDERERNREEEN,
mRNA REFEEERENERAN. BT, BET RM=ZARNFEARRE R
AP FFH AN RNA JIF (RNA sequencing, RNA-seq), HLHEREARIE
HIFEEARFR AL R AHEX AL S5 45 2 EF A (isobaric tags for relative and absolute
quantitation, iTRAQERP?. PUTE, AL M T EBLTTRATH A
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Rm AT, FEABEUAEKKESFHE. Fli, Christiano £R& 01T
FAEEAHANFEE, HAEADREARERFAREZKFEREAR
FIEM ), Zhao ZFI F R E A M H FA SRR Fol R B E R R E P,
#ig Bk, fEH iTRAQ 1 RNA-seq ARG IR LIRS HFEIRALR, HEGEZ M
MBS E - ERE LRIEFBEMESENTERE. £k, RINMNEXR
LR EIHALBIT iITRAQ 47, HFE5HIEESCANEFARERITE
&, NTHNEREANCE, FEFEERAFIET RT-qPCR M4 EHL (b2
BARBATRIE, ARRBENBTESRERAT R, FRAXFHTE BRIk
B, CRLF1 HIRIZZERIN, B RLETWIEENCEES.

CRLF1 3B RHEE A, 5P %46 IL12B M EBI3 B4 R
e, ATUSSHEMRERR %, FoMER L&, CRLF1 BFEREW5#
ATFEAMEP M Crisponi 42 &EPY, FAEFITVAESE. FHEML, BE
A EF E A RIS, 546, Clancy U {8/ BMP-2 & 51 B/ BRI
LI HFAERFEAN, HULAT A EALRAKI, CRLF1 7R3 &40 M
BARPREF T, i1\ CRLF1 E AR REFEHCE TR R 2 K
EEEEM. EXERINHEN, CRLF1 TEA LS5 E P MM IR
KI&EmRILTE, BAIRasSaELEBEhamsbERNE R,

HAl, CHAHARN LRI ELHEETLUEH CRLF1 HIFRE. fiw,
Katsuki &8 5t &, TGF-B1 o] LR 5B 4 533 CRLF1!?), Elson KBl —it
FIERT: TNF-o. IL-6 Fl y-T-IMEITHES CRLF1 M1FRIE, Detry 7T 5%
RI, CRLF1 A LAFIE4HAE 12 (Interleukin-12, IL-12)TE 84z (p35)45-&1%,
S5 T 4B AT NS5 T BHATRNERERES. Fleissig &P ST
DATEF R £T 4 b £ CRLF-1 BRi&10, BB 4OER T AKE TR
PR A ERRE (R AT AL AR B HIRIE, BAVHEN CRLF1 W35 T X &R
AR HE TR T

BEAERIMAIA K, CRLF1 BLUEFREFRHME T 1 (Cardiotrophin Like
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Cytokine Factor 1, CLCF1) &&FHAE KA, L -RESHERHELERH
FEZ4 (CNTFR) &4, NERABKNESERY. ER, BRCLEHA
&t CRLF1 R AHArIR T B8, FHiAJy CRLF1 WHEEAA A9 CLCF1 B
Rz ShTheE. HEEWMTF: BT CLCF1 B#ERB L SHATLEEME, b
M1A &Ny CRLF1 5 CLCF1 HIECET KIEAE ¥ ThEE, {H&, CRLFI
BEERR DR RBBIIAE, TAERM™HIT, XEH CRLF1 #FEFELE M
By, HIEEARIERS CLCF1 B AR IEER . 54, Brendan &7EiiE
MADFMRPHARKI CRLF1 B S BEFEEMEMEARIT 6-2 2 B
(6-OHDA)YFEFHEALNBIEM, €T CRLF1 BH My CLCF1 B {2 S 1E
ﬁﬁ[68]°

ELRIMB RS, BTREZEDHICESMER, REERPREMHAE
VI REA TR AE AR AT HRRE . TEHITERRER.
AT, HRTERE. WEKESHESERMRANSER. ik, HLEES)
Yotk B — AR EES, UEHEIWIEEN S FILH. Bk, F
R/ RAERR T AN SR A ARk R 2 B, #7 R KR i Pk e &Y
FEFERARA . REAFARTTHEIMBKFEFHAE RS . Bar—r RAE
PR R R Saito FFRAI—F R INESE B LI, XA KB HFH B
BHIPRIR . R HE R B LIRS BR A AR . /N RV B AR R R PEER b 4RI B
A RBHEENE, FREB LSS 20 NMESEE TEHhS A, 3
ANBFIR, AT 12 RTINS 7T UALERIE 5/6 /K-FETIEILERE . BAXER
B/ D REMHELRPRAZESWIME . HE, RN, XMHEY
WEENREYFESRAHER, ERRIBEP MR FEG /I HIT K
BEAT RERE ARRER, HIERREMS AR R AT R 5 o X AMEA R R
BAEE R S —FE D IR E S WL AR B Hayashi 857 ¥ % T 3 #0 JE B4
RO RAFARUIFAEEHEA, TRERE L2/3 F L4/5, W T3KE L3-4 K P
DU 5. R, ZEESERATEDWIEE. A ZERERSHE,
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FEFAEE, FHANECREERES), KB THERAELANSH. RE
BERRXAMEREATFEANETEZ IR R, BEE NN 5. X
BRI AR g — SR, WATETHPT AR, SR EE L/ R ATA R
HERHE R S AN SRR, XOAEATHE— P E /DN R PR BRI BT
REFFAT T T & 55, ARTANESENEFRAFTIEEEH, AT
AT MR ZHURE 71 R AT = .

Z LR, ARWABEHEPTIEEN EEMRE 7R FEEIH, e
W IR M E R IR E SRR, BATHIBT SRS a0 T

1. WEBRHIEEMNER B FHL, TH ITRAQ BARKEE LA FHIE,
SREEETCHNOEFARE, BRAKERTES, KO BREA: CRLFI,
RAFRE B E A AR IE R RIEE L

2. W NEYHAN, IR TGF-1. CRLF1 X 5404 4:p: 2 11 1%
e R R E FTREBIHLA] o

3. FERTHIRF AR ERZ b, Wi ERXR WL/ RMBETIHIEEETN
WEetE. A ZERTHTH AR L EHXT PREDHEZ AR B
545 P I 3 S/ BRBE R AU 3 ) 7 I T 9 B X AR A T R

4. ¥JE CRLF1 I REFMR E A, £/ RIEAKIERLN HIH LR AR
1M .
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-8 EE##WT P CRLFI RRRAKEMAERAFL

B—& EEEPHYP CRLF BEEREZEERTR

5%

EHETWHY 80% KB MEAEN 20% MREAEHRN. FEEHAR
R, RBENETEPRAITERIERF, BPHMAREERSPY, HBEYN
B AT AN TR ENE, REAESHEYHRREEREDT,
REMALMEERI FHREETERNTENMRL, FEUNEENRNFE
EREaERREN.

RIER B4 AL BE R MBRALSER, IR FBHETTIEERN
BEEXNWER. AR R EREMT ST EIHEES 0 54—
22 2R R KL, TGF-B1U"2 M py g4 KEF (vascular endothelial growth
factor , VEGF) 3 54540 414 K F T (Connective Tissue Growth Factor, CTGF)
B4l i MR ATAE 4B F (Platelet-Derived Growth Factor, PDGF) P&k w]
RER TEYWIEENRE. BE, BEANE BEPFIEENXBREEZERT
MR IRENHDIEAERE. FLEETSEEMERIFEEENHILER
FKEMMETF. MR A TRERH R FIEELETREENRER T .
RATRES RS FERREW LEATE, X— A3 EFEaBER
BRI, 7E4HT GEO HEEH B HNHARA%HENRITRIA, EER
W EASEE 2 fF (log2(fe) > 2)i mRNA 234F 198 M LiRER, LiF
EHEIE 1.5 1% (log2(fc) > 1.5) mRNA B3LF 594 N LiRER. ZHEHHTEE
EgNEARERVERE, NERERESHEIENTESE, BRIXBRES THEN
HE. ZEHRARAT iITRAQ EARKRIMAEERW W HERRENEDR, &5
WEMEFHEYE, BUBEHFENEIRAEST, BEARIT BHFES:
CRLF1.

CRLF1 #—frwAlwatEES, BT 1 MHARETZEKK. Elson X
WMELKIERT, 0 TNF-a. IL-6 F y-TIRRE A —EE R A LEAB T H
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2 CRLF1 KR &E, Tsuritani % AURIL CRLF1 FERER B MR £ Z4H
FIRTHEFRERE, MITAN CRLF1 fJLHEANE X REDRED . FT
Pl CRLF1 AJ 862 53| 7 RIES| AR B EEEF AR, BB RTAIL,
EEYWIEENT RS, L&REXT CRLF1 HHRiE.

Tomasek R I, EHARBFTHERBEIES, RAEMAMEL L AIVIRLT
M, PR EARAEREREY R a-SMA, VIRTSMMk L RA4%
Wi — A BEAFE 20 HH AR, 4 0 AT, YU /18 TGF-p1
BT URTEMRAEBEN [ BRET AN, B, mBEETH
JEER—FEMHRGEAEEEENERE, FAFEHRIEERTTHURL
HHRKTERERTRL.

ARERUBREN: FHEBEIVRN NZERRZRETEFTRERE
Wik, ERGSEERNBETRTETREERENRS4LET, CRLFI FA]
6253 T XERFRERAENERIES, (Rt T EHH 405 m LR 440
MR, M2 THIFTHILEE. TUEEHAURHARFZREERNEY
R EA TR, FEEH R ALR PCR BiAX &l Bk R TRIE,
5 G R E AR AR IR E CRLF1 B4 fSR IR -

1 SRR

1.1 SEERHA

A K I =PRI [
Masson 4+ iR & BREMAF] H E
HARER Sigma-Aldrich A 7] xH
(FEEAR ol Sigma-Aldrich 2 §] *
PBS @A HE
B I MR lEs]
PR A I~ AR FE
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g5 EEEWFHP CRLFI ERLRZERAHLT

o 4 F g I 2E R o [
TR I AR &
DAPI 4 g % e 3 Sigma-Aldrich 2 ] e
BN EUDBEARNE Bz REMKHAF [
I BRI iR Boster A H] FE
FmEAEEHAST (BSA) REFEAH +H
I RIRIR—4L Abcam 2 H] R
MR FE—Ht Abcam 2 H] ESEs]
CRLF1 —#i Affinity A ] FHE
p-ERK1/2 —#t Abcam A 7] e[
a-SMA —#i Abcam A 7] EEs)
Vimentin — i ABclonal /A F] FE
GAPDH —#t YILAH FE
HRP-HU R — L BLPLAF] [
HRP-H % =5 BB AT il
FITC-Hi &R —#1 ABclonal AH] FHE
Cy-3-fis =H ABclonal A F] [
Tween-20 ABclonal 22 &] [
5x Primer RT Master Mix Takara A ] i E
SYBR Premix Taq Takara 2 7] HE
DEPC 7k Vazyme 2] HE
qRT-PCR 51 ¥pi&it &AL LAY TRERAE GHE
iTRAQ A& Applied Biosystems EH
40 BB 5 I Coming /A &) E£H

B Corning A A] e
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BIEANEX

12 EEHENE

EEIER
EY e
AL

FiE /K HL

HAY) il
-80°CYK#

L@ KFE
FER R EOL
E L HI VKL
M E RN
Wt E & PCR X
SRR EHL
B3R R
fEIR KB AE
ENR ]
BEFLHR A
ERIRG S
RSB
B
ERZEEE L
REERKER
BFRF
TEAF RS
RITHER

SR EAHRE
&K

Thermo Fisher

IHETT W&

Leica 22 H]

Taiva A &)

Leica A H]

Thermo Fisher

B KAF

BECKMAN 2 7]
LERYREUBERAFA
DeNovix 2 ]

BIO-RAD A H]

SCIENTZ /A ]

ZEISS A~F]
LR B ERA A
FE RS ER A
Philips 2 ]

WE AT
EMNERUBRERLA
RREAT

ABSON A ]

LR RETTHN
FEFIEER U ERAF
Nikon 2 H]

Olympus A &]

Olympus A H]

Heidolph 2 H]
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£—= REBEWE P CRLF1 R BR XXM AT

1.3 ERFEFRCH:

1.3.1 BRSEHEBAIHI&: B 360ml Jo/KIERS, MAMAIK 40ml, FCRUERK
FE9 0% IE R 400ml. HY 320ml Fo/KiERE, ALK 80ml, ECREREWRE
N 80%HYVE YR 400mi. B 280ml Jo/KEHE, 55 120ml HA/K 1B A, KR 400ml
TO%EREEWR . R I AK R 200ml, INAZAFEIHRAK 200m] BRI
FEUREE N S0%I R 400ml. — FFARWR AT LB A, (B AR RIRF (R EF
g,

132 AR UBKRE . KEBPHENSBBRERE, FLLwiKE
2 oA 100ml E R EE 99m] /KB, 218K 1ml KRR, BLEL 100ml
B, DERRIR, FEERL 200ml W, HETHBEES, SBEET
#H.

2 SRR

2.1 BEBFSRYTEENETTE

ARG RET MNETERKER=MRERCHES R, #HA
ERHBEREEBRERES. FARARBERATREBONITE. SHE
EHRERBEAMERELT, RPFERBRURARERE: BWW, E
A EFARIRRRIGITER. WE 2018 £ 4 AF 2019 4 4 ANERBEN
BEER, 406 BELEKRRE, AHABENERERGZRE, BEAEMER
HRHEH EZMEEREERTHERIER® 20 6], (EAXRE. BEHEK
EHE B MHAEEE 20 B, fEAMEEA. BT RMERD2ImERE RS

I REX R B T R ITEAR, B DA A U M B IR HEBR B 4
ARG E . 97 R AR R B s B R MR, NGB 45 2
KU RFEERE-MHEITEITHE. A7 HRARRREEN TR
BRI, RATEREH 20 FISLRABENHPHEEHAT 4 mm, 20
B IRA B E N EPREESR AT 3 mm.
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BEEAIEN

22 R ARFIHHEARIRSE

BEEBRRERE, RYWRECEEEIFANBET. TEEDIWIREL
EREY P 4/5 L N T HER AR FIR RS YW R E T (g m ), i
MEBALBN B HE M. RPLHKZM TFHEBBRETF LEARGAOEH
1, EEIKREPERALR ERMT, BEHE DRI, RIEmEmss,
REEH T THNFER, —HLRAFEFRBRE RS, HEE4CKEE
e 48 /Nt B — BN EHFE, marker 4R 10 LEIRABREAGHF. U
% JEEEH iTRAQ #1 qPCR {1 A . [FIIT 10X B2 R A8 3 (5 8RB B 1]

2.3 BIRF AL AY) Al &

2.3.1 REIFARFEBRK

¥ M PR ERE R 48 /BTSSR EI R HAE R B oRAK R 8 /N, RERE
PIEHL AT, REEFNRALBKERF. D BEBERERK: £F
BEBOFN 50%, 70%, 80%, 90%, 100%, 100%HIZERF & AbHE 30min; 2)
ZHE] SEE. ZFERINSBEEFLESE 30min: 3) RIEAK 1 5S4 40min.
RERLE 2 543 40min.
2.3.2 B ERIEREF

BYITHABKGEREFEHAENCERTHTAHL. FEITTKEE. W
AL FEENFHIAERLRREESZBERINEZYTHSANEGHEE, &
REEEEHANGREN)E, RUEYFHLANGEE, BHVE, HRERY
WO R RES SE TR —B, EREREE TIKE LA A 30min. ALIEIFH
H TR HRRAE .
2.3.3 R ASUERY A

e mMAKBER, F2XF 40C. HEBEPTRETRA-20CKER 1D
B, SREMETIKE L, RIEERLETRERS. Ve E = 20 il
E, BEOHHERKETRRATY . BAETER, BARUFEERERN
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g£—8 REE£#T P CRLFIREBERAZXERFL

10pm, FELYf, BHENE, /HUIRIFTFEHALN, B EEREN 4um 2
Syl . MBS FRHRFBNKBRBPTESRE RERAREHH,
EMBENEREERAGELNE. VIR A K S R ZR I E R E Tk
HLE, DRFFEREEEE. BRERIHEIRF R FRTHR T RE.

2.4 AR HAELR

2.4.1 H&E 3455200

(D Bl 65 CRAG AT EN 2h, MEEFFR, BALEA BN
JEREAT B KAk

(2) FBisgKeL: HPBg: Sk, E-FE [ Sl SARPEIE 8 min
. RIEIKA, 100%EHE 1 SAITSERFERIE S 548, 90%. 80%. 70
% F S0%FEAE IR BB S 4. KU R B REAKF.

(3) H&E Rt Lk HR:

A TTABAEES, B MIFARR R 100 pl, Fe 60s, ZERGER,
WAKPEEE Smin, ZKiEH,

Bk 3s, BHYIA, METBE LB /KRB BE H 415k,

C. EAERKMBEIFIEE, SHENE, ZHAMRZREREEFIAEIE
M.

D. BN FIMBLLREL 50 pl, B Imin, FAREFLLER, FAKHEE,
Pt e Y (B 72 1-Smin 2 (6], HEEHETURLEER, WREERE,
MEFTBAT ARt

E. BU) A IR Z R B Smin HTE AT, K90 5 BNE XU R
T

E U1 RF G PR, 3RS B 1 s s,
BN LIRS E R AR, FREEUH.

G. fFHRFEAEELE, FAEEEMBENEEYHESHRR.

2.4.2 B A AL EYRE (THC) L5
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BEAIEL

A. BEARTHALS A EMEHE T MRS, BH . B KB RE
H&E # .,

B. FiREE: VARANEE B RKWERFER 3 K, B Smin, AEH
DA ETRAWGRECERE T, BILFBA 60°CKAH, BEE
16 h.

C. PUREENEERE, KEAFHERIENETAKBHRTIRE, BRA
1 2 /NEF ST BN B PBS FOVA RS PIEBE ETI AR Y v 3 4K, K Smin.

D. ¥K: FHAEANERSEIFHLS ALER. AL 50 ul K 3%WE
KBEMELALR L, BRZEEHRAL, FERAFEK 15min. HRZERERETRF L
R K, 1R E-F&R PBS MERELH, MTIBBK LiEk 3 K.

E. WEmEHA: B BANES, SN LiEmEAALEmES 50
pl, FEHA 60 min. FEERGERE N ERLFELTE, FEKNAEFLE.

F—HEE: LRUHAB EBIH 1% BSA 1 PBS HBiF—Hl, BB
RELZ) 20 W W RIEYH Y A £, BT 4CKBEF|E 16 h,

G. Wn—$i. —PEENHELERE, NEES, FESEE 30min, BEY)
FEM—HEER, BMABEHE PBS MEWELHER 3 (K, K Smin. REKZ
BUAREN L ARBTO - ARmEAR L, EEREZHTEE 1K, B
Ik PBS i&¥E.

H.DAB Zf: WE Iml MFHER, REHEMN—E DAB EAMK, @&
HTHREARBMBEDFART AirEL, FSUEZTLBRALN, BEA
BN, #HEEREFATERITN. YRMBENBXHEIIFEE
i, YR IRERE B RK SR F 1k R .

L ARG, RABBREN 30 W KMHAE, ERMPBK R EN
30s, RERDHBANBRE EE FRKMBEBRILA, BERITENRTFTR, S8k
R

J B B BIRE R ERRYT Smin. BT, #HAEEANES LT
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1 R, SRR M- AFRBRIEERALN, FUEHUHL. frhiRiE
BEE 5 RN TSR
2.4.3 Masson 385250

5. Bl KA PR A HER .

Massonfefa, BT IR .

A. BIATRABAPBSHERE S, B TERIK EZEBERT .

B. ¥ H B A NEBUF, #50 pl 15/ NORmMBE A L, el
min, FERBHW, SLEIF3SHBEETHE30s.

C. 50 W 2SR/ LRmEIYI A £, Bl mine BERPME, MATH
35 MR PYE30 s,

D. 454 K100 pl,10min AF#; E. WN5SEZAR100ul, 5 min.
A4 ETKZEE.: FUAFTRERERERR, #$ArNesi 5 Bl
WAL, ERAN—LFRESAEL, FAMEBUHEEE. 5P R e E
JEEIE BN TUEE.

2.4.4 SRR E (FC)

Bk, MEBSE. BR. LELFEHE. FRE-TRESHRES
AR G AL R BB BRI

A WEZH. NIBENRAERZEREV A LN—HRE®R, BREA
A PBS WAWRELH, 7EIBEK LGS 3K, IR Smin. 7EREE 4 FITC M
CY30 ARicH i B U B BHEFE R LB AR T AR, ROBSEABK
WEEBMEMMNT R L, BEEDFASRTEES, VA SRERERS
WEBDLEEE 1 h, RIERANEA PBS KAWL, 848K LY 3 4K, FK 5 min.

B. #F. TEEOLRG TR ABNERERN, FYIRFRTERRERHER
DU A AR EEE A, REEFRPERRE . 8 AngN3r EiEmn 1
7% DAPI MU B AW, mPEH N —UFFHBBEGRAR, EEF[UEH. &
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B EEFRICEME TUER AL IHRIER.
2.4.5 EHHHMRS CRLF1 & CLCF1 ) mRNA RiAK RN

A. 7Ei#4T RT-qPCR LR Z B EMUF AR T/F. BATAEONE4T, &
BB OHLEE N 12000rpm. BUH SRE RS, B PEABE, €2
AH, REBALBNHSERTFHE, FHREEKREMA 0.2ml Trizol ¥4k
SERTEE, EEFEARNBEHR, FIRMA 0.3miTrizol IEYE, HRABKRAEBEE
1.5ml i EP &b, & 5 904, SRG7E 0.5 ml Trizol FHNA 0.1 ml HIE G, EF
BRELE 0.

B. AEBE &M THE Smin FRAREFHEOHIED 15 5548 BUHEL
&, TRAEBRSAZE, TERELE, FRIENAGHER, 2FBAM DNA,
LEEXHEERR, RNAFET LEES.

CHE&E RNAM EEBEB/NCABBRERE S — TN LB EP EH.
W —EERRAAEREFRZERTE, UARERE RNA PEERE, ¥
W JE SRR . MAS SRR ARERE ETEE, TRHE 10 284 K
4RSI 0 10 min. FEERHE BT B IRAT RNA T

D. BB EEBAE, AR/ HRERE MBS, FESERE RNA,
AN 75%Z BEdEHE, B4 Smin. FEERE, BAEBREATE, EEIGERH
RNA i Tk, BUEMmMEH. REMA 50 ul DEPC K, EZFETHE.

E. BHMESENE TN RNA FIREF4EEE, U DEPC KIEZAXTHR.
IR A260/A280 {H7E 1.8-2.0 2, TMATAFF—FiR%.

F. BHRSLH
Bk
5xPrimer RT Master Mix 4 nl
RNA A 4l
Tk 12 ul

BRWIT
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B oW REFFMNF
HER F—S R MBET 37°C 15min, 85C 5s, 4CHIRML. WHFLEH.
G. PCR 2%

SYBR Premix Taq 10 ul
L5 (BRWE: 10uM) 0.4 pl
TH5I 4 (RWRE: 10uMD 0.4pl
AR cDNA 2l
DEPC 7K To 20 pl
PCR B BSE:

© REFZEFARE 1K, 95°C 30s;
@ PCR RN EMERIREN 40K, 95°C 10s ;.  60°C 30s; 72°C, 20s;
® BEH&IREAN 95°C 155 ; 60°C 60s; 95°C 15s;
GAPDH mRNA RiZAFAENHTSIR, A 272 kit s
* 1-1. R ARSI

Table 1-1. Primer sequences used in the experiment

Gene Name

CRLF1 Forward | 5-GATGCAGAAGTCGCACAAG-%

Reverse 5>-TTATCTGGCAGGACCTCTCG-3

CLCF1 Forward 55-CTGGGACCTATCTGAACTACCT-3

Reverse 5-CAGTTTGTCATTGAGGCTTCG-3

GAPDH Forward 5°-TGTTCGTCATGGGTGTGAAC-3

Reverse 5-ATGGCATGGACTGTGGTCAT-3

2.5 BARAESN

() HERH%E
MBRBEFEE 3 MEERM 3 ANEERNHATIFHLR, FHASHBYH
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e 2 (7412374
B. RTWERY, EUBEGGEXTFIUE, IASHEOBIHFIKRE
W, BANEPES, FHBHEHM. 7£4°C. 12000xg B 10 4080, UK.
BCA AR M EERKE.
(2) BREEREHLRA iITRAQ 7
B4, 7E 60°C %4 FH Tris(2-carboxyethyl)phosphine (TCEP) ifJR 5L R
200ug B4, 1 /N if . Methyl methanethiosulfonate (MMTS)¥ Bt & BR k23 4k 30min,
RERAREAMHELEORIR. RERFEEAET ITRAQ 7L B
4y BIFRIC _E PR (premiR-195:113 #1 114 £5%5; premiR-000:115 1 116 $5%%;
premiR-30d:117 1 118 $728; FH: 119 A 121 $#5+%8). KARCIFHELKIBESE
— 2.
(3) ¥ pH RAAGESHT
K FRIC I B IR A 3B Ultimate3000 BB G REN WL, AT
8. BEWR A SFEFIMESR. BRMER, ERIREREN 15%F] 50%H) B BifF
Zr¥E, 0.2ml/min, 7L 45 380, MG 90%HK) B A FHAET 10min, BT
95%H] A R 10 435h, EAMRIBEN 20 X, 1 28—k AZELTHR.
(4) ABHAE 38 - 58 B #f (Reversed-Phase Liquid Chromatography Tandem
Mass Spectrometry, RPLC-MS/MS) 447
¥ LB E ERER R EITER, JHEM Ultimate 3000 nano-LC
system ZHAFHITHE, I 70min. BTG ERH Q Exactive AT 7341, LA
B RBEESK (DR >15000) Ex.
(5) BRBar
¥ R I % BREUE 55 S N\ 14 Protein Pilot Software 4.0 (AB SCIEX, CA), %}
ZIKBR-IT M. SEREBEWMT: Cys alkylation: MMTS; ID focus:biological
modifications; Database: Uniprot-HUMAN; Search effort: thorough ID. #(#% 5>#7HT,
B log2 (fc) > 1.5, p-value < 0.05 and CV< 0. 5 {ERikFrvE.
(6) GO 43
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$£—8 REEWFT CRLF &RR LA RNFL
AT FAEF QuickGO #ATVERE, (hitp://www.ebi.ac.uk/QuickGO/)iZiE BT A
EREFIA T A4(E B SUS KBB4 B2 » Haan Ensembl. InterPro. GOC. UniProt.
HGNC %% 37 MEE, RANYEABET GOER, RETHENERRE
.

2.6 ZRBEREARNEE

R HAHIE GSE113212 H)FFFREXE R M Gene Expression Omnibus
(GEO) dataSets (http://www.ncbi.nlm.nih. gov/geo) BB E T H . ZEIELR
T AN EERTIHM 4N EHEETH mRNA RXEHETREREARIES
limma B4H(3.34.8 O ZREF BT HT. LA log2 (fc) > 2 F p-value < 0.01
AEUEARE . Tk H R FAME A RAEERA Excel 844, KPR LR
EHH.

2.7 GEitaih

¥ H SPSS 20.0 (SPSS, Chicago, IL, USAYHETHIE AT 40 47. i Bk
ST b = ML 5% . ) GraphPad Prism 7 HI/EGETHE. IR DIk s
P ZE RN A R ML BT Z 570, SR A B A t 15 507%(Students’s t text)
HEAFHEHAFEN t KK, SHRIEBRTEFNREALEREFZ0H
(One-way ANOVA), ZELEXA LSD . HEAFTH A Welch 6, £EH
Et K F Dunnett’S T3 ¥, p-value < 0.05 SLAERB L% E o

3 &R

3.1 BWAEMRT A REERRY B

R EZENEEEREENERERTRIMERNL, BENEDTE
B XTHR4 223 +0.11 mm, fEEA 5.29+0.14mm. p<0.0001 (& 1-1). XfisE
BB REABATHR 5T, HEE REER, EHEDH AT WT4EHS
BN, REREWRIASR, MERPFHAERENR, HFIARN, HrE
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Hik (B 1-1A, B). Masson #{f 7w, [FEEWGPEHERMLLOTEY
WM s JyeT e, /R ONINIRA4E. mAER Y s A 20 th g g VR £ 2
UL, MR EEELI W AT AR BN (] 1-1 Ch D).

®1-1. BF -KELD

Table 1-1. Patients information

Non-HLF (n=20) HLF (n=20) P Value
Age 62.9+1.8 65+ 2.2 0.4
Gender 10 male, 10 female 10 male, 10 female
Lumbar level Las Las
LF thickness <3Imm(2.23 £0.11 mm) >4 mm(5.29+0.14mm) <0.0001
A B

B1-1 P LA bR AR H&E R DR e e AL 38 Sy e FARE R RN . BL 71l )ty
ARES 1 R A WU~ X1 T N GO B 1 8 7k 8 Es P S [ E SN £ 7R U BT ER SN
WO RIS Tl DICFA T e A AT ARk D I L (n=2000 bt 100 .
Figure 1-1. H&E and Masson staining of ligamentum flavum: A. The fibers are arranged regularly

in the normal ligamentum flavum: B. The fibers are irregular in the hypertrophied hgamentum
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flavum and broken. C. The normal ligamentum flavum contains abundant red elastic fibers with
regular arrangement. and a small amount of blue collagen fibers: D. The red elastic fibers in the

thick ligamentum tlavum are significantly reduced. (n=20), Scale bars = 100 pm.

3.2 ERHRET S I N HRRA AL, VRS 44E%, p-ERK12 X
ETH

A ALt 2E B I SR A 2, 1 B TR AF 4. T G T 4T 4
B, HUPE P b Ao T BRI IR AT 4E . T BRI eT 4 bl 2 (& 1-2) o AL
IR T AR 354 a-SMA (E N B )1 iR 2R g, p-ERK1/2 7EIE BRI 0 4)
bt (B1-3) o ERAGOH TS (K 1-4) .

A B

Pl 1-20 B tHA A | R I R T AR e 2Rk e (e, BROUABOTE. AL X[ERZH T
AR TARR D B BLRALE ) b L R R T AR G 2 Co il ST

I AR L s DR B 1R e TR R I 2 (n=20). LLY =100 pm.

Figure 1-2. Immunohistochemical staining of collagen fibers of tvpe I and type 111 of ligamentum
flavum. (brown is positive area). A. There were few COL1 fibers in the control group ligamentum
flavum: B. COL1 fibers in the hypertrophic group ligamentum tlavum were significantly
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increased. C. There were few COL3 fibers in the control group ligamentum flavum: D. COL3

fibers were significantly increased in the hypertrophic group ligamentum flavum. (n = 20), Scale

bars = 100 um.
A B %
.\:J ,
=3 ,
< »
; ]
:@
o € D
«\}J\
@
E -~
o~
*ER 4 P 2
B 1-3. WA SRR a-SMA F p-ERK 172 Szl {b 3, BB NAME. A TR )

AR 22BN a-SMA BIVEERI . B. 3920 i 2R Ak ] WL s a-SMA B4
Mo o RTHEAL T By p-ERK2 BHPEANN AR D DEIEALE B AL AL ol WAL 20
p-ERK /2 BUFEANL. (n=20). [LHIL = SOum

Figure 1-3. a-SMA and p-ERK 172 immunohistochemical staining in ligamentum flavum samples.
brown is positive area. (A) a-SMA-positive cells are rarely found in control group:  (B) A large
number of a-SMA-positive cells can be seen in the hypertrophic group:  (C) I'ew p-ERK1/2

positive cells in control group were observed: (D) A lot of p-ERK1/2 positive ¢cells in the

hypertrophic group were observed. (n=20). Scale bars = S0um.



s JLBRE WA CRLF1 &R B &K A1E B 5F R

A B
5- 5
0 s
= ad = 4 T
= 34 3 3
g 21 E 24
< i
e = 11
D =
<0__.;E. X &0__.;E- i
f 7] ) [aRiREH T z]] e AL

P-4 R U EAN B et o 3. (A IER BT AR S S ) 4 s ALK s (2 a-SMA
PO AN B (B b B ) AU IR R A e s A AL R 2 p-ERK1/2 FATEERIEL:  (n = 20),
A PIRFEA T k245, ***P < 0.001.

Figure 1-4. Quantitative analyses of immunohistochemical staining positive cells. (A) The number
of a-SMA positive cells in the ligamentum flavum of the control group and hypertrophic group:
(B) The number of p-ERK1/2 positive cells in the ligamentum flavum of the control group and the

hypertrophic group. ( n = 20). Students’s t text were used. *** P <0.001.

32 BRAMBEARALEGEINER

XTITRAQ £t 1y 70 tr, % wH 921 M ZEREA (B 1-5A) , it GO
IYNT R, XA EEIA AR AN ). A A KRR s G (B 15 B, H
PEF G20 PR T 15 (a4 127 A0 A GEO Edh e ol F IR &
SR P G SR AL G R g B A r B e, B3I 197 A4S 1 2 £
B B 1-5C0 o a2 MBI AR S e ifoE ISP T e A0 7 9 Rl R
(AL TR ] TR (% 1-5 D, & 1-2) « Hofr, JEFEE)A 1 CRLFT & FHY
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Figure 1-5. Differentially expressed proteins in hypertrophied ligamentum flavum. The volcano
plot was constructed using normalized signal values of the samples. (A) Volcano plot of
differential protein expression in iTRAQ. The vertical lines correspond to 1.5-fold up and down
respectively, and the horizontal line represents a P-value of 0.05. The red point in the plot
represents the upregulated expressed proteins with statistical significance. (B) Gene ontology
(GO) biologic process among proteins between hypertrophied ligamentum flavum and normal
ligamentum flavum. (C) Volcano plot of differential mRNA expression in RNAseq. The vertical
lines correspond to 2.0-fold up and down respectively, and the horizontal line represents a P-value
of 0.05. The red point in the plot represents the upregulated expressed mRNAs with statistical
significance. (D) The 2 datasets showed an overlap of 9 genes upregulated.

®1-2. BAHPMERHE2GZEONER

Table1-2. Results of integrated transcriptome and proteomics analysis

Gene Name Fold Change P value

CRLF1 23.686163 3.00E-09
CILP 16.881399 1.02E-05
THBS1 9.7086238 1.42E-06
SERPINE2 8.7795014 0.000141
ACAN 7.8143086 0.000121
HAPLN1 5.8259634 8.70E-07
FGFBP2 4.1008459 3.47E-09
CRTAC1 3.2614812 2.09E-05
COL2A1 1.7246353 0.000884

FEE 290 R 3RO R Rk BRI

Nine genes were co-upregulated in hypertrophied ligamentum flavum.

3.3 SREESTERNBIEN CRLF1 AHRBEHRR
RNTREESBEESIE RO RN, BAMEHRZEHSAZEFIRT-gPCRE:
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AR KU B R4 W N P A CRLE VMK ] 20, FRAT 1 A G
P2 AR AR ACRLFIER MK . 25 M BoR, CRLF1#a-SMAE T4 HE L
BRI GT FIEES 1R (16 AL B R AR I TR L (E1-6 C). CRLFI
BH 1 20 Bt L5 LR £ T E A B 2 R C (r=10.629, P =0.003: Spearman#f{5<) (1
1-6 D). bbb, RT-qPCRIE 7R, SaFHUEH S flai ML, IR ISE4H 0% 91445 (1 CRLF1
mRNA L Z W (P1-6 E), 1MICLCFI mRNA (E[1-6 F) LWL AL Jx 45
o Ly @ wn o Bl S FHCRLFIHUIA FITLSRET AR I A &0 a-SMA Y F 1L
PAATIE I ST 2 2 B AT 2R b 0« 55 SR 12 R CRLF 1 #la-SMA {7 K
G A AL CP1-7), IXuegh WERIRCRLF1E B AR 5 B )07 P 1 LS £ T 44 4 i ™

I
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6 5
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P1-6. CRLFT(EAIE G M AL P il T dne CAD =iy eI e i as A LA LCRLF 1 (04
TR (BY iy GNEETT Pl 2 2 a-SMA G EA UL Ao LLEIL = 20pum. (C) NUEH )
5 MU E TR AT CRLF TBOPEANI AT 00, (n=20), ***p < 0.001. (D) JUM & 1)
A PVCRLF TR PEANN £y a-SMABIPEAN B 4 58 ¢r = 0,629, P = 0.003) (1)
CREFIMRNA (NIE S Wl R0k o s o 4l 255 Wk, (no= 40 *p = 0,05 (F)
CLCFImMRNA (ENEIE S s ALy 00 Pl DR 208 2 5 KAl L on - 40, p=10.96.

Figure 1-6. (A) Immunostaining of CRLFI in normal ligamentum flavum. (B) Immunostaining of
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CRLF1 in hypertrophied ligamentum flavum. Scale bars = 20 um. (C) The number of CRLF]
positive cells in normal ligamentum flavum and hypertrophied ligamentum flavum. (n=20),
*+*p < 0.001. (D) The number of CRLF! positive cells correlated well with number of a-SMA
positive cells in hypertrophied ligamentum flavum (r = 0.629. P = 0.003). (E) The difference in
the expression of CRLF1 mRNA between hypertrophied ligamentum flavum and normal
ligamentum flavum was significant. (n = 4). *p < 0.05. (F) There was no difference in the
expression of CLCF1 mRNA between hypertrophied ligamentum flavum and normal ligamentum

flavum . (n = 4). p=0.96. Scale bars = 20 um. Error bars represent the SD.

CRLF1 a-SMA DAP Merge |

1-7. fEARE S $)4 -0 CRLFI 1 a-SMA X E G & ik et . B DAPI Je O iRuiZ. tef
R =20 ums,

Figure 1-7. Double immunofluorescence staining for CRLF1 and a-SMA. Nuclei were stained

with DAPI. Scale bars = 20 pum.
4 Wig

HL I 90 A LT A AL 2 DDA I AL B Ay . 2T 440 1T 22 500i ]
T e B A A T R T B R A TS . S A I X A
HREPERE MM M RO 2T AR PR, (B, WRRRER] 7 RE e 21 SC B 1 iR Fa 1k K
A
LTI AT SRS AT A A P AL DT A LR ET RS M, L2
ML a-SMA, Wl BL A2 i A B A B (R s ), st
Y I B0 R A AT IR e e DA SR PE ST s AR OO B &, R4
EJE B3 B N AR A AL N AL T At . AR S L8 A0, a-SMA
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FAtE BT EN S, SFARERP P [ MR RA4ERERA.
WIARATRIHEE R T IEEREERNETIHALR.

ERK1/2 {55 @3 & F RIS S R 44 MR 4 EET TR ER
EEMEMALS T, GHRES:, ERTRENF LN, LRFELEOHE
(MAPK)YMAPK # & (MEK)/4tiffd 55 5 815 BB (ERK)(E SR BT T A4
BB RSP, RAOINBI A SR, RERDEF p-ERK12 HEWE, FERE
DB FEW R FIER ERK12 E5RERTS S TR IEERILRE.

EAFAF, RITED iITRAQ BAXM EEEVMFNEF R HFAHARNER
RILEFHITIRIE, REHUT GEO BEEPCHPMERARE, REHMARK
EHTEES, RUT IRNEBEOEREALEFERAT, A CRLFI RRIEAER
BRKMEA. FRAXMHEENTZREANEE, RETHENTEE. N
TH—SREREN TR, RITHEEE9&T RT-PCR MR A LTk
ITIRIAE, 83— FiEsET CRLF1 EREMETFT&ERE. HIRIMTEN,
B4R CRCF1 ZEREMET W+ LEBE, HE CLCF1 R&RAFAR, Hit
CRLF1 WHEREWHARES REAFM B AT ETF. XE5LURTAMTARA
CRLF1 5 CLCF1 JE R & fh 4 K3 A 53 Wh it T % ¥ 4 42 A P O s R — #1021,
HAl, R Brendan Z7E#E 4NN 5 7RI CRLF1 B S R HEEMEL
£ LR AR KT 6-¥2 % ELRK(6-OHDA) 5 2 I S KL 1 A 2L AT 1B, CRLFI
B2 R TR U R BUNEL IS, X EXFARKRI—E.

Hei%F CRLF1 BAHFAMMNELD, #HPHH CRLF1 KIZHHRFERK IHK
Mo ABFFRKI, CRLF1 KRS BET A 3 U ATE LR UURET 4R 40 A A
EASE. SRR NIE R ITIEIE T CRLFI RIET B W UL H4M. ALl
AR, RIEMR CRLF ATRES S T HEYH L ELRE.

G LR, BRITRIMWER T EFEEMEEREDN, BISHEM
ARG AIFE T IRE#HFAF CRLF1 B E LiE. ERK1/2 {55 EBRG1EE
Bn. FEEER T CRLF1 MI4BMSRIR. fEHTRIFTA S, BRITHREANRIT CRLFI
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xR AT R AE PR R EE AL, o iR 4T 4L AT 5 CRLF1 £
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S "% CRLF1 HEEPHIEEKHLE R

5%

FHEMERDHIEEN I EREN S, BYHIRER, #MAOTERER,
EEZRERD, MAINERE RGBSR, BT LT R R 4
R, ARTEREREDH G T RNKE KR E,

FEH—ENH TP RIVRIEE R T+ CRLF1 RIZHE L. CRLF1 {E
A—FOWHEEEES, BT | DMREFREFK. CRLF1 EFRREKRT
SFEE AT AT Crisponi 43 G AEPISMNE 45| REHMUIAZES . BFREMN 5
PR e R PO, B HARR TN CRLF1 5k CLCF1 &4 Ja A4 RE 4k i L A 1
Ve, BRCLEVAIULSE CRLF1 &8 EF My mem.

PUBREL 1. RAERFREKEFREVTIEEZEZNHZIFEE. Nakatani
S NREL, FLAREL 7RI B 4 M 7T DA 5] A s R 47 4 3 WA i 388 n™!. Fleissig
RIHLBRN S 7] DA F AR AT 4R £ CRLF-1 MFRIED), TGF-B1 BFE
R LT 4L Fo Katsuki &, TGF-p1 AT LUT#E#E 42w CRLF11Y,
B REFRBREEDNFIEENRESEHREEEM, TNF-a. IL-1p. IL6 &4
WET AR T HIMHIEENEED "), Elson K TNF-a. IL-6 fl y-F4
FEW T UEAEMBEPTES CRLF1 8973E1Y, 3 B, Clancy "3\ CRLFI
ARARBERNERBTREEEER. X8R % RERT CRLF1 7E4
MM ERERTNEEEM. BRIARERTF. EKETFHYBE S EHRLAT
HYEBE R EEEM, AN CRLF1 AR ETIHIEETHET EE AT,

ERKI1Z2 55 B%B 225 THARMEE. HMSEYER, ERFE450
RAEAHEHETHEREPRBEENER 7. FHAIEE, ESHETNHESA
RS 4EfLit 2R, ERKI12 {555 SEBAET 7 AR im0, B8
HAT A1k, 55 F CRLF1 5 ERK12 E 5 @B M AU BR T B REH AT .
54, TGF-Bl 257 £MELRKIFEMIE TS, TEITHERET 495 W IR R
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$£E CRLF]1 A#EHWFREE G L

£ 4Ert AEIE 2 F0(E BB, HHEEEHE Smad2/3 1@ H G ERK12 {5 58
081, kA B E Y4 LT A L F2 FH T TGF-B1. CRLF1 A1 Smad.
ERK1/2 5 5@ Z HRX K.

ZEM AR RBRERNGT—ZMR AR, AN CRLF1 AR —F
BeAEME T, B REARESIERN S WEHRT BOTIEE. FERNE
BRI AER ST, 48 TGF-p1 B4 Mmpmsiny, 1 Hm
ENRIEHI RN EL CRLF1 RATAKAEMEM, FIA RNA THEARMH
CRLF1 Ri&, HrAREAN EPIH AL 4EE R0 . R A Smad3 1 ERK1/2

EER & FIFF R CRLF1 T iR .

1 SR

1.1 e

LW TIER Thermo Fisher Scientific £H
M EE IR A Thermo Fisher Scientific EH
FX-5000 4 i {8 {% Flexcell 2AH] X HE
BioFlex IV 4l AR Flexcell A ] xH
B B L L Sigma 1 [
LE B AL WAL AF] e
i B R sartorius i
RKIEE PCRAX BIO-RAD A 7] xH
BB RICERE Zeiss I
i B R OLYMPUS H&
EHsEHERE Olympus 7 &] H4
aBR HARDUR aales
ERZEEE LI ExtraGene A 7] xH
BIKAEREEE Grant 2 7] xH
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T H HIK{X

B IKFE
-80°CIKIRVKAE
BRI B HSR
4.5um TIER
HAKFL RS E
IK B4
REKERKERE
Ph | 24X

1.2 e

MTT Al &
EA S FERRIC Marker

REH rhCRLF1 & H

& rhTGF-B1
Triton X-100

DAB Bt S B e Rli&

LR Cy3-5t =1
LR FITC-3t =4
vimentin —¥1.
Collagen I A1 —#1
Collagen II1 A1 —%%
MMP2 —#i,

a-SMA —31
ERK1/2 —#1
p-ERK1/2 —#1
DAPI

Bio-Rad power-pac 200
AR

Revco A H]

BUHR A F]

Gelman

Millipore
—E R R AT
Hirayama

L 2]

Solarbio 2 A]
Solarbio 2 &]
Immuno Clone 2 ]
Sino Biological 2 ]
Solarbio 2 &)
BEXR

ABclonal A &]
ABclonal /]
Santa cruz /A &)
Affinity A F]

Gene Tex 22 7]
Affinity 2 A]
ABclonal 2 &)
R&D A

R&D AF]

Thermo Fisher 23 @]
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U0126
SIS3
GAPDH —¥#t

BRI EW BRI TR =50
R SN R IC R I

Y ECL BW
Tris-HCL

Tween-20

f AE g

A

pmsf

Trizol

pmsf

YRR

siCRLF1 it 56 B
RFect transfection reagent
Glycine 3l

DMSO

NaCl #3771

Tk

Tris 5%

acrylic amide

RRmg 1 &Y
MEEFATER-BER
DU E — 2% (TEMED)
AR (AP)

MEC 2 #]
MedChem Express A &]
EREHAHE
LB AT
ERBEHT A
Affinity A ]
Solarbio /A ]
Sigma-Aldrich

E G /N
Pl vl
Solarbio A H]
Sigma-Aldrich
BERRATH
BB RATH]
EEEMTERF
R IERAWAL]
I AR
Solarbio A 7]
IR
IpREias 3w
Bio-Rad A F]
Bio-Rad A H]
Gibeo A ]
BERRAH
Sigma AF]
Sigma AH]
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TR EERS  (SDS) Sigma /A & xHE
BCA EHWENE RN & Solarbio 2 A [
JEE B E§-EDTA #H4b#(0.25% ) Solarbio 7] H
A4 RIE NC B Solarbio 7 &] SyEs|
Tween-20 seebio A H] 1 H
R4 IL3E Gibco A ] &
EEFRIR Corning A A] xH
EP & EZRAH GE
DMEM #5555 &1 4.5% GIBCO A ] xH
1.3 HFRIACH)
Western blot SEI28 Fh i) -«

10xTBS: FFAEMEE 800ml EEF/K, B FRFMTHERIHFELR
HY 80g NaCl 1 24.2¢g Tris My R IMAEEFAKH, A PiEEE, BREEEE
O, BT Diea B d R B MRS, SR e, €& Z 1000ml
ERREEH.

1xTBST &¥#: ¥ 100ml 10xTBS A0 900ml B F/KES), W0 1ml 0.1%
Tween-20, WMABAfiPeiE, BRUEBZEND, B THABFSR L0, 9
MR P =RVAIEL .

AW BT RTHEES g WA, 100ml 1xTBST #F, RHBKG. &
B CERSER NRDBEBRIRS, BN EBRLA.

FIARMER: BTRPHRE 25 FEAERAAS T BSAHEKIMAZ
50ml TBST WP HIRG, HZRIER, RS 5% R4 MEREHNER.
MR PR B FRTARE 5g BEAR 9K N\ 2] 100ml 1xTBST & H, FHE
fRIETCT 4CUkFE, —RANER.

30 % PR IR I A & 7 ik : FRER 58g TRIRBERE I 2g HF X R MAEEAS, 5 160ml
EBEFKIBE. FBEFKERZE 200ml, 2EEFHHREERLE, BF 4CKARN
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&H.

5xloading buffer: B H 1Mtris-HC1 2.5ml, SDS 1g, &% & 50mg, H i Sml,
FBAUKBESIFERE Sml. RGB[BERG R OBRETE, 8F 1ml, BT -20C
VKRR o

10xTris-H R IKE MW : B TR FHE Tris60.6g, HEE 376g, SDS20
go IAAZIEA 1600ml B FKFMEN T, BANEAHHE EHEEXE
WO, BFHAHEES LREIR, FEeBfE, BT KEAZE 2000ml.

10xEIKEERE: FI BT R FHRA T RFRE4REL 60.6g Tris, 288g HE
B, SO 1400ml % B-FKH, BB ABEE, BREBREN O, BdR.
MEBFK, HEEFN 2000 ml.

2 ERE

2.1 NIEF B34 3R B

ARARGHERET MNTHETERREF=-NEERCEEEFEER R
SfitE. FTERAMEBZEENERESR. fAEREEFAN AR H KA
WRGE. SHERETERBHEAN MR ZRER, RPEEHBEUIBRIRE
HARA, EREHEFRSEETRR. B BRI R A HE R
EHECAEYHESA. BEFERERE, AUWIEENEEE AR F
JEEH. HBREFTASTUARSERNEE . RijEEFEMEREG -NE
BB 45 RN REDHERE, BEeEWWEFAEEDT 3 mm, BEHR
PHEERT 4mm. RPLEZMTFHEMNRENTE EERBHMEER, T
A K R E WA R ER Mk, BEPFHSIEIBIAESR 40ml TE AR
BB LES , AP EEE D ERABKKE L, 10min HIEANLRE.

FEREFFR R EDW, A 1% EBR-HERNAHEKER B
3R MEERERAE R EEFOYHFRTERA DGR HARRE
249 0.5 mm BB, HUHFEBEEURA 10 ml BOEFMA 0.2% | BKIFE,
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BT FRFEN, 37C AN 1he JHALEEE RS ABRHRRBRHELR,
MAEH 1%EBE-HEEEN DMEM RITIHER, REBRAELILEL 5 28,
FEE N 1000 ¥/43 80 . PR PR LA T W HRBRI OB RIS,
FAEHE 10%B4MiEFBS). 1%EEX-HERANEHERERE, BEXMTE
37°C. 5% COz.

EREHE, —EREEFLATEIDRS, 7 RETHRE—R, R
ZRW, BEALARES, 10 X5, BYFARMNARPIBEK. RERY
TWHRAE K ER SRR, RO 5 RE—KK, BEH 3 RikE. 59
FKFEEFRILY) 50%L A TERE, BEYWHLSRER, #ITHER. SR
HEREFRER 1 1K, 37C, 025% REABHEABREL 1 28, L5458
BRIERT, RITAMIFRA 10ml BOE L, 1000 /404, REHERIE 135
LBl TR FTE SR EMRERNT 5 RE#T. FrEdmELERTI
RILSR 16 /BT,

2.2 B RPIR4

BYWARFEREBEVEANLCEN T RKREER, REUNHXER, &
1% X PR AR SR AR AT R K E

A BEBE=REVFMER, HLSEMTRBEEHRIESHATIRY. 4
RIS B F5 A Fp i B RS VA VR [ sE 40 10 min, B{REHE RS, PBS B4 3 X,
BIR S 8. 0.5%Triton X 4HMLHATIEELALE 10 min, PBS & 3 kK, BIKS
4. SRIEHEH 1%BSA 1 PBS A E 1 30min.

B.40HAIE & 43 B4 F Vimentin —fifF E WA Collagenl Al — I EWRET,
BT 4CUKERNIR.

C. mii—#i/5, PBS 3 K. REEEZANIMARRL K FITC M Cy3 %k
FICH =3, BEZEAEE 1 /e, BEEXN PBS % 3 K, A DAPI $#% 5 &
o, ZBRZRKRH DAPL

D. KAEHETUE, BHEAARE, | BRELFHENTERL.
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2.3 JERETE R A

A RER 3-(4,5- - FHE-2-EME)2 5-—FE2- h -JIRILEMTDE
W CRLF1 X EH7H MG R . Km0 MMM T 96 FLAK, 5000 40
/L. BN E 6 /N AR ERE R CRLF1, REX A (Con).,
20ng/ml CRLF1 #H. 200ng/ml CRLF1 #i. 500ng/ml CRLF1 ¢4, &4 6 NS 1L,
AbFE 48 /NI, BEAT 3 IRIRW . PBS ¥k 3 K. FAIA 20p] 5Smg /ml MTT, #E4H
PAESFFEANRE 4 /NBT. BE MIT BE®, A 150p] —F FHDOMS0). 7E
BHMN LR 10 min, FIBFAR{XAE 570 nm BUEAC TR 6, LUK b H 1
EEA

2.4 GRTEERRSIAHT

CRLF1 X ¥ 4 ¥ s D R A KR SEEe kel . CRLF1 4b ¥ 5 H)
WANM 48h, FH TGF-B1 fENFAMEM IR, BT : BEIEHMMBERT 6
ILRA, FEE 1x10° ML, 3 AETL. FRARKHE 00%mEE, BASH 02%
a4 MiEK DMEM 83EYUR 16 . A EMERLIRIHRLRIELZL.
T E RS FERERIENAM, B3N 02%IaF MiEEHE, 2HNT: R
4. 500 ng/ml CRLF1 4, X 5ng/ml TGF-B1 {1, Mo L5 48h, HE
MRS AHCRIF R R AT AE S . F Image] RSV EIE RS,
RAEELE o B REES X,

2.5 FMS BRI CRLF1 3075 40 5 5 LR 4T 4R 40 M % AL By R

A, FEP AR AL SR TR BCE AIE A ISR . RARKHEE
80%IE ARG, M 0.2%fA4- MiEH DMEM 3B 16 ft. 2HMT: 3t
FB4H, WE CRLF1 4 (REN 500 ng/ml), 5 ng/ml TGF-pl H. HHEAFE 24 h
JEFEHERE, PBS HEERAIM 2 K.

B. B VEVR B sE 40AT 10 min, BB FEE, PBSERAN 3K,
R 5 5381 - 0.5%Triton Xt ZA M3t AT 18 ZE AL EE 10 min, PBS FRIESE 3 K. 1% BSA
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$}F 30min.
C.a-SMA —HiiFEHMEIER, BTEES, 4CHKENTE.
D. )XHPBS BB X —HIFE R AEERERNMA Cy3 RAFILH 3,
BENBLRE | . PBSPE3 IR, DAPI ¥e% 10 404, WEEMBETUE
EHRIEEM, a-SMA NLEK.
2.6 CRLF1 X HEBIH ML AR EH R mRNA 5 R WH
2.6.1 Westen blot RN PN H M A EAERBORE

(1) BEARK: GEVHEMMHT 6 7R, 1}10° ML, FHRKHEZE 80%
HIJE, 02%64MiEK DMEM $REALE, YU 16 N XT 40> A AT,
ARG E F &5 5, PBS IETEAIM 2 IR, AR5 K40 MuEsmE F&Km L,
A 200ul RIPA AR AR Smin, BRF|TIEIRAM, FLHRFHE, RER
% 1.5ml EP &, 4°CTF 12000 rpm EL» 10min, ¥ LEREH 1 EP &,
B 20ul Ai-F BCA EAWE. HA&H 1/9 (AFUNA B-58E 28, 100 °C £B#K
10 min EEH R, -80°CLRFEF-

(2) BCARHSEEHBKE: ¥ &EOird S APBSHREMS00ug/ml. R R
&, BABFBRZRAER L AS0: 1EH R TER, HRFELSES. FAPBS
KWEDHREARMBHEI0E, EPESLE, §F10u, ABBHRESAEPEH
MA200 W TAERHRE] . REWRERZILMBFART . ZR TIREG B[R
30min. BEARIXFES70OnmAbHER IR, WIFEIFAEMKRE RN EOKRE.
(3) Western Blot LI B EK:

HAREUH MR AR, R ERKRENE, BERTHFEBRAN 65C
ERABT . ERTIRAT RN BRER SR B TR T R, BRUE
BRI R MR BT, SR IEREREMECERRE L, TERBERS
R R B EBRL A T

Western Blot FE k& & FIBL#1 «

BRAR EEM AT TRMES, SRESASTFERRD, RAITEH
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BT B9 10%HI 3 BRIV IR AN BC I BB 4 20V, 7T LLGE A BB VR E 2k
1T, WRATH @SS . TEMEDEHBB/EMA, RITESELAMAER,
X R R, KAk PmERMRMEDHEKYIR. ERNH
MK MR, SRR ISR A . =42 O YR T B 2 A R B R %%
1.5 cmiHEiEMER. FRHESTKERE. #E30min/FMEATREZHTKES
BRAZ MG —FFTHEN, WHRODEHEE, B8R EBEREREFKEH,
EIRABIRKFTE, R BIRRNERT, BRRBERTH.

BRENRRR, BAMEHRRAERKIKE 4%, FHMATEMEDZ 5N
JB2, R R ORI P B BAR 2 [ 22 1], R Western Bloth AR M — I T4
AWML, AR EREES SRR, B3EEEE, BEERT
RIFAEKFALE, IEBALEFSBOFERERIS, RIERENBIKES
R. A, HTREREIREFTERSHTLOENR D, BEEHME. 30min/5HK
ZERIAAT ABEE, EEFARFESRERR K.

LRI B EFRRRAERRE T LT, B 2UR R kEx N
MY, BE/NBTEAR B0 L RN kR %, B IEEIR . MRS I E b
ABCE SR HEIKE, FHRERTHRERL, WERDLEMNHZERIR.

BEOfS LR BRIWETIHEARABES BB S, BEREER 100C,
&10 minbAMEFR A MR AR, WESminfEHEE, e e LA/ Bigk
Z5HI7KER, FIBLALESL, 2000 rpm, AR5 ABBHRBREIITH S, HEKEZ
BRI, REH10 uBIB BRSO E AR ERITF IS ERL, 7
REM RN EH RS T BB AT Marker, 7EFE MBI HY EREFLA IO
Marker. AUA£EH{EE 4 3R DU G ™= A BRE A AU IR L AR FL I

K KRR RKBH R ELE, REEARESEWEE,
AH TP RMER K, 16 mA KRR EER T RE — R kR Rk,
A0SR P H K B LUK YK 32mA BIEGRE, KREHE, HKEREED)
MR ERD, BEEFEAZET 100V. BT TEAR, BEKNEARINE
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BT

FAE, FrCABGKES (A AR IR, WS Marker fEGRER P EBNME, B
KA IR Yk, ATSER Bk AEEE 1 h-2 h ZH. T RIERK
HERERR, SEIKBEAEW, FIREKEMBTELE] 13 Bk K.

B AT RESESRES, Bt RAOTEBBEZ AT BB -20C
PKEEHAT R . BIKTERLUE, BIKETF MR BERANEEAS, EHS
B IS . REHT Bk IR, BRREFEHEKR REZQNS
FEER FWMBERE VRMER. EUKRE, UIRKK—A#THRE, Bl
B BIR AR . WRIERKER, SETH THRAERE (NC ), ERFE
SEGERIAL NC [, EHIEBEY NC BTG, BEBRMAENC BLE, Rk
BRI NC FREERBHAZ . BIIIREZ RIS, EHEONEREGES, #
R R IER A GRAR ERL A, FRAEPERETEY, FFHARSE. REBHE
ABEHHERNMEREZT, BREBAHEANERER, OBREHEXNE NC K,
ARBREEGRE, BRAEFRET, BEEESEFTLE. BERERE
FEBRPIE, BRETHEONERANESR. BRTLEIIHEEE,
BINEEY DIKRHEBRK, FrEF IR P RN MRS, 55 BN R B s pe ok
B, MRHREHKR. BERERER100 V, FUIWEEEN ERKN. HiE
REEAS TEOAR, HBFEENE, AL AT ER S TELE 10-60 kDa
MEAHE 1 h, 4FE7E 60-100kDa FI¥ AT AN 1.5h, 77 & 100 kDa
B %% R (A] 4 2 he

B, REWNEENELSRE, OB NC B, B4HE, EERHEE
5% e B S B THEE, BERTEER L UESEESA 1 h.

BYfEE, fEEtMAR RIL ARG, 1/ TBST fE8E K L¥E 2 1K, 8K 3 min.
A& Marker FiiricERA S F&, BHTHRNK%T . BIRN B Shridas
B, B REE. BIIE ERIEE KXe A TBST BiETE NC B, &8 &t
(B BRERTRY, FUIRNMER.

TEDA. BEHTFH—BER 3ml BAEEF MRS, BT
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MR IANRERYT, T4CKER, KEETAIFEERRK EERIR. &
—R, EEEEERITARBERIMCEN 15Sml BOER, HEBRMEER
Rik NC &K R RE T4, BRAMNnEagEEL, FmRligR. iz
1A TBST #RiESE NC B8 3 K, MK Smin, FEEFERBK L#T. BE N
B, F S%RIB AR 2R 1:3000 RIFRRELLGIMBRT 55, MAZMEMNKEE
L, ELEIEVELE, FRATEESRENCE, ZRETHTERERETEN
B EAR LT 1 h.

/] ECL BARIRY. WENALERE, SEBEETH_HWER, L
BN A TBST #¥E NC 5 3 X, K Smin, FRIBEEBRRKRLSHT. EREAR
¥ ECL B8 A ¥ Iml f1 B Iml {B& IR RIS TR, BABRE
e, BAIREEAR LiEH, SAENE NC IERBR AR b, LRI FHECE i B W
TINEINC L, sEAARINERIMITYERENC KL, AEH NC RK
AMEEE RGN . A Blse R B RIBROLRT[E], B IE]29 5, 10's, 20 s, 1 min,
2 min, 4 min. BF\HKFREBRFCBERTE, FBEERE, REER
BT
2.6.2 RT-qPCR RFRFI ML A AR mRNA RiX

BEIHERFMT 6 FLIR. 1x10° ML, FARKEE 80%EBE, YR
3% 16 /MiF. SARFEAIM, FHAHE 24 h FEFERHFE, PBS IEMMIM 2 K.
BAFLHMA 1Iml Trizol, SERBHMM, REKIT 1 4 ER A TEEN EP &
W. EEPRESE—H.

FiF RT-qPCR BI51 ¥ %1

Gene Name

COLI1Al Forward | 5°-GAGGGCCAAGACGAAGACATC-3"
Reverse |S°-CAGATCACGTCATCGCACAAC-3°

COL3Al Forward | 5°-GCCAAATATGTGTCTGTGACTCA-3"
Reverse |5°-GGGCGAGTAGGAGCAGTTG-3"

MMP2 Forward | 5°-ATTGTATTTGATGGCATCGCTC-3"
Reverse |5’-ATTCATTCCCTGCAAAGAACAC-3°

a-SMA Forward | 5'-CCAGAGCCATTGTCACACAC-3'
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Reverse |5S'-CAGCCAAGCACTGTCAGG-3'

GAPDH Forward |S°-TGTTCGTCATGGGTGTGAAC-3”

Reverse | 5’-ATGGCATGGACTGTGGTCAT-3”

2.7 siCRLF1 ¥4 b 5§

Bal, £2#HAEEA, ERARMERERSE N ES, RLRIERAT
RFectPM FARZHME/MEZERFE YRR, X FhE BRI HIE & FH TR R A 4E 41
MR . (E5 4 siRNA B, ZRFIAFEZARYUR, MENFESLmEEE R
MR

B PR:

A IR BE 4 REVFARBLEEMNTT 6 FLEFK, 8L Iml
gFREE (IMBAER), EHRAERRENEETE 60%, YUk 16 .

B. siRNA-RFectPM B &¥HE%: 25 pmol siRNA fl 8 pl RfectPM 451 H
200pl EMEH DMEM 87 EHE; ZERME Smin; BE Smin 5, BHHH
BBES. BAEHEE 20 min.

C. . F—SRIEFMELEME 4000 MAZIEE Iml HIFBEN 6 FLATMES
FIRN . BRRRIEFR, FHERREBHSIIA.

D. IUIEFRFM 37°C HiFF 48h, WMEEMHIBER. WRFE, Mk
3 4-6h WHATUUEHIEFRE, BELRLA.

E. 48 /N fE I MM A S 0.2%MBs4- IMEYUIR 16 Net, BT /S8
FF# 41 NBE 15 CRLF1 siRNA 7%

CRLF1-targeting siRNA sequences of human

Human

RNAIi 1# | Sense 5’-GGAUGCAGAAGUCGCACAATT-3’

Antisense 5°'-UUGUGCGACUUCUGCAUCCTT-3"

RNAi 2# | Sense 5°-GCCAAAUACCAGAUCCGCUTT-3"
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Antisense 5°-AGCGGAUCUGGUAUUUGGCTT-3"

RNAi3# [ Sense 5’-GGCUCUCUUUACGCCCUAUTT-3"

Antisense 5’-AUAGGGCGUAAAGAGAGCCTT-3"

2.8 TGF-B1 & SMAD3 24 CRLF1 RAKAHXHR

A. HEMA TGF-p1 AEHEVIAM, WEE TGF-p1 BERE{2# CRLF1 43
W o

BTk BEWMERMT 6 LR, 1x10° 4Vl FHERKHEE 80%EM
JG, 0.2%BfR4 [ ) DMEM 3577 B2 4028, Y145 16 /N o 4340 T - X HR4H(Con),
5 ng/ml TGF-p1 AbFEMA . KHLHE 24 h FFFHEFFHE, PBS IBHMM 2 WEIK
£ R A EEAR mRNA. Western Blot #ll CRLF1 ZHMEZ, RT-gPCR
M CRLF1 #1 CLCF1 mRNA RiA M .

B. Wi%% TGF-p1 2% {E# T p-SMAD3 [tz ¥ 1.

BT NBE 8 40 AR AR VR e TR A I RIe A 16 6 FLAR
BRRLAT AR LFR. S4IT: 4 (Con), TGF-B1 AFA (KX
5 ng/ml), TGF-B1 (5 ng/ml) + SIS3 (10 pM)4EEELH . F o SIS3 $2AT 15 min BOA
FHLHE 1 WEFEERE. PTHFRBERERE. HA. WEDIE. DAPI 4%
SHIRE 2.5, W BB T WE p-SMAD3 £k B R BEREM, p-SMAD3 R4
(5

C. f#H SMAD3 &5 M7 SIS3 AR H MM, Hiti#] SMAD3 &
AT AR /K5 CRLF1 B2 4.

BARTTvE: NBREIWHMETR T EEMT 6 fLUARE, BRAIRTXE
RTETIR . 40T : XHHE4 (Con), TGF-B1 AbFELH (IRFEAN 5 ng/ml), TGF-P1(5
ng/ml) + SIS3(10 uM)ALTRAH . FLHALTE 24 h JFFF %575, PBS {BEE4IM 2 X
FWES A mRNA. RT-gPCR ]l CRLF1 mRNA FixEM.
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2.9 CRLF1 -ERK1/2 @3 TGF-p1 R &AL

A B siCRLFT TR .

Bk gk NEYWARERATR S EREMT 6 FURE, 857 AR,
A4 XWEE4H, sINC 4, siCRLF1 1# £, siCRLF12#4, siCRLF1 3# 4.
L 48 /N E LR 16 AN, B EA TGF-P1(5S ng/ml)ALEE, 24 h FHEIEFR
B, PBSERAM 2 R WESAMREEH, B CRLFI EAREEM, W
MERETHFFIATREERR.

B. siCRLF1 J##% TGF-B1 {24 (LRI .

B AEIHMMRRETR T M T 6 FLIRE, BxTARR.
SN X84, TGF-pl 41, TGF-pl +siCRLF1 #4H, siCRLF1 . BE4E#1T
B, 48 /i EYRGIM 16 /M, SREMEAH TGF-B1(S ng/mDAbH, AR
siCRLF1 204 FR &5 (A0 PBS 4bH. 24 h GEH X5 E, PBS iEVAM 2 5
W F AR B AR X BEAREER.

C. {#/ TGF-B1 1 CRLF1 4B H I H 4, WE ERK1/2 EERBUERAL.

Bk NEUHRMAREKITRTEEMT 6 FLIRE, BEFEMIRTTXE
BIFTIR. 4P4H T : CRLF1 AAEKE N 500 ng/ml, 4354 E W40 Omin,
15min. 30min. 60min. 120min. TGF-pl1 &bEH GKEN 5ng/ml) BHAHEE
Y4 Omin. 15min. 30min. 60min. 120min. PBS E¥%AME 2 REWESR
HAMP S EE . Western Blot #&3ll p-ERK1/2 HIRIEE N

D.ERK1/2 {5 S NS CRLF1 %5 H ¥ MM 4 4 B HIH 72

BAEhE: NEVHFARIEIR T EREMT 6 FLIRE, HFRFTXARTAR.
SN XTE4, CRLF1 41, CRLF1+U01264H, U0126 44, 7EINA CRLFI

(500 ng/mD)Z A7, U0126 FALH 15min. Xt HRZH & U0126 0 AN Z4AF1#) PBS,
BT 24 h fFH EEEFRE, PBS {EHMM 2 KEWESHMMR S FEBARNL
B AXERRIEER.

E. ERK1/2 {Z S EBNF TGF-pl S E T HHART AT A .
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$#_& CRLF1 AEFWHFEEGHAIFL

Bk k. NBEIWHRKITRTZEENT 6 JURE, BFEAIRFRAE
BTk, I F: X84, TGF-B1 4, TGF-p1 +U0126 42, U0126 A. 7EM
A TGF-B1 (5ng/ml) ZHI, U0126 Tt 15min. XTERAH K U0126 AN Ek
U PBS, BAHAIE 24 h R EEFFE, PBS HEHMM 2 KGIESHAMA
BEERNAEMAREAREREML.

F. siCRLF1 B&{% TGF-p1 {&4L ERK1/2 {5 S @ BIER KB R .

HEG 3 NEPHHRETRTEEMT 6 FJLIRE, xR RRAATATR.
SyYRINTF: XTEE4H, TGF-pl 44, TGF-Pl1 +siCRLF1 4H, siCRLF1 0. & 5ci#1T
By, 48 /NEFEULERAIM 16 AN, SRE(ER TGF-1(5 ng/m)ibHE, XHHRAR
siCRLF1 A{F SR PBS 43, &44HE 15min FF £IEFEE, PBSEH
A 2 KEWE S A4S BRI P-ERK1/2 & A RERFEMR.

2.10 CRLF1 - R5ERFRTUBE I RIEES MR AR 44N

A.siCRLF1 J84% IL-1B (@ A4 LIE AT A

bk NERIHAREITRTEENT 6 FLIRE, B#FAFARTR.
ST XTERA, IL-18 4, IL-1p + siCRLF1 4, siCRLF1 4. &5 iy,
48 /NE FEYLIRGHIAE 16 /NAT, ARG IL-1B (20 ng/ml)4b3E, HHBZH K& siCRLF1
A SRR PBS 4bHE. #4HANHE 24 h JEFEEHEHEE, PBS EYEMA 2 WK)E
N & S AR AR BEAREREMR.

B. siCRLF1 NI S R £ AL (E BT 5L .

ARHIRAL S %1 : BRiBCA BioFlex 16 FLMR, %/ Flexcell FX-5000 ZH
Ehr RGTEAN LI R4 W X )W AR IR R R AT, BRREN 20%.
i 10s, KA 10s. XA MEES, HAREFLAMHH.

BRI 4H: NP MERATIR 7 BT BioFlex 1 6 FLIRE . 540
HIAIH LT 60% AR HEAT R iRk, RS 48 AN TFEEULR, FH 0.2%R 4 iE
BT MM AT UVRAL TR, 16 /N JE A TS /13550 HE TR : ST,
AR 1A, MR + siCRLF1 41, siCRLF1 4H. SAME 24 h FHE
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HrgREE, PBS JEVRAIM 2 PR S ALAIE R T, RS TAT R A SR R F el

(R
2.1 FitFEat

FoH) SPSS 20.0 (SPSS. Chicago. L. USAY AT B4 170 8. B (1 14K 41 %
PR AT &/ R T SR uE . AE A GraphPad Prism 7 BIAESETIE Bl DA B
SR 22 R 7% o P2 (] BB L e 77 72 S5 I SRR T R AR ¢RG4 722 Students”s ttext)
HENFIRHG TN « 858, ZH MR 7 250 R % 200
(One-way ANOVA)., £ L4 KM LSD k. 7 ZEAFECKH Weleh £545, £
LR B Dunnett’S T3 7Ji, p-value < 0.05 A Z 57 01T v 3o

3 £8

3.1 NRIHHREE

N T8 F) i G 5 AR AR A R L R AR SOk dRaE, IRTTRAHE T &1
(Vimentin) A1 T B IRUETAE A Ayt Iy amIte e b a8 1578 58 4 400 AT iy
AR T A= 1T R 1 R AT AR G o S0 (AW K I IRZ 51 1 F D ot
(P 1R i T Ak ) IRATTRR T RS 7% N Wi B FR At (I 2-1).

A

P 2-1 NBEWIAT AR (e o8 e de o (A NI A S5 (B s R 1T
LS. (Cy b T R R AR AR A 2T (08 . L= 20 wm

Figure 2-1 Immunofluorescence staining of human ligamentum flavum. (A) Morphological
observation of human ligamentum  flavum cells. (B) Green fluorescence of vimentin in

ligamentum flavum cells. (C) A few red fluorescence from the COL1 fiber in human ligamentum
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B & CRLF1 B EZ e R s oF 5

flavum cells. Scale bars = 20 um.

3.2 YR T

R ANDATZ I CRLFT AP ST B A 48 /MM o HE MTT 3250000 441 173%
H R 7R CRLFT AT A4 £ (0 ng / ml. 20 ng / ml. 200 ng / ml. 500 ng / ml)
HBBE AT T A AT (8] 3). IXKH]L CRLF] ££ 500 ng/ml 1
VIS I ORE S B A 1)/ LA A s VAR H

1.5
g
g _ T
:'q 1.0
2
-]
S 05
>
©
o
0.0 T : T
CON 20 200 500

CRLF1 (ng/ml)

1 2-2 ANl BEALEE A ] 53 ) A AR OSSR . p > 0,05
Figure 2-2 Detection of ligamentum flavum cells proliferation in different concentrations of

CRLFI. p > 0.05.

3.3 CRLF1 34 B9 4 M 3% 20 AL AN 48 Fa T BE AU R T

Tomasek 5% a-SMA 2 %008 WU ET 20 48 o dyk v 5% (00 4% S5t 45 4R 121
TGF-B1 w] it %f@?ﬂ?ﬁ‘l%ﬂ%&ﬁ T L, LATS S 2T 24 4 B 1] Lk 4T 44k £ B

(P50 10 1 A0k a-SMA I 20 WAl T4 ZE 483 A4k CRLF1 Y 4T 4E4L 1
KA A MEH TGF-1 {EARRE M XTHAL, 45 BH CRLF1 1 TGF-B1 &£ A 8%

Pl e, WEE a-SMA L. MG 7t ik CRLFT 0 TGF-B1 W4 42
TE VU AT AR o> 1k, T AT BRZH VA B 1Y) a-SMA SR TT#RIA
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é = s i
Con CRLF1  TGF-i1

Con CRLF1 TGF-B1

1%l 2-3 CRLF1 &F 0 )iy 2 (e LA 2 FAE AN 73 10520 CAD T CRLFT RETGE-B1 AbHE 5%
WIAT AN 48 /NN JE AR LR e a-SMA FITEAIE E RIS 2. (B) whi i s
fat B oL, IEZHAILL #*%p <0.001, (n=3), tLHIL=20um.
Figure 2-3 Effect of CRLF1 on the differentiation of cells of the ligamentum flavum into
myofibroblasts. (A) After 48 hours of treatment with CRLF1 and TGF-f1. the number of
a-SMA positive cells with red fluorescence increased significantly. (B) Quantitative analysis
showed that the difference was statistically significant. Compared with the control group, *** p
<0.001, (n=3), Scale bar=20 pum.

AT RIS 340 CRLFT X A L A2 DIRERREMA, 45 R anl&f 2-4 Py
A% CRLFT AP 480 I Y R A 5% (0.69 = 0.04) H500HIEAL (0,19 + 0.02)
HILL TS, 1L TGE-BT BHPEAIGAL 0.75 + 0.06) (AR U &S00 AL

F2iit 1.
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o
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g
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o
~N
i

Healing rate of scratch (
o
»

o
o

Con CRLF1 TGF-11

CON CRLF1 TGF-B1

P 2-4 CADY (N CRLFD A TGE-RT AR W 2000 48 /I hi s Al FT QIR 280 00 o by
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FTTEF CRLF1 A4% & w07 I Z a9 HLpl 47 5

AMMLEFSTE M. (B) Ete HT s, CRLF1 ARFEALRT TGF-B1 Ak FEZR FA{E {37 i 4 i
TR 4. GRHBALMEL ***p <0.001. (n=3). LLHI=100um.

Figure 2-4 (A) Migratory ability was evaluated using the scratch assay after 48 hours of treatment
with CRLFland TGF-B1. (B) Quantitative analysis of the scratch assay showed that CRLF1 can
significantly increase LF cell migration. Compare with the control group. ***p <0.001. (n = 3),

Scale bars = 100 pum.

3.4 CRLF1 X E¥ WAL 440X E B & mRNA & KR

A TH RT-gPCR #1 western blot 7 #T#f 5L T TGF-B1 #1 CRLF1 AL 3 (1) 2 )
WA BRAT 4E IR R MR IL o AT 4E M < 3 COLLL COL3. a-SMA A1 MMP2
P9k CRLF1 #1 TGF-B1 12 (B 2-5 A). & AWIFRIE, IR TGF-p1 A i)
AT Al AR S AL RS FORCP AR R W2, 2, CRLF1 XX 4ehi £
mRNA [HF201 A LA ZEE AT (B 2-5 B-E). [k, JRAITIA CRLF1 [o{ie #F 44k
{EH 3 BRI e m KF.

CoL1 — — — B 51 —_
CcOL3 . O - 00 2 o
<
a-SMA - - G S Z sl
,dez - L ee— S S— 70 E
24
GAPDH oeeses eass o e  cass 36 §.
= 14 -
(ngml) 0 20 200 500 5 8’
0
CRLF1 TGF-1 CON CRLF1 TGF-11
c b E
F——.—'I ..
4 » 54 4 F—{
- —i e
3 S . ) i
3 < <]
4 Z 34 z
3 x (4
= 2 E £?
€ < ~
‘g“ T % ] % 1 -
3 - 2
0 0 - 04
CON CRLF1  TGF-1 CON CRLF1 TGF -1 CON CRLF1 TGF-11

4] 2-5 CRLF1 fEFG s i KO I 0T Bl AR T AL MG SR 4004 CAD A% B AR A AL
JUASBEATE R CRLFT (0 ng/mly 20 ng/ml. 200 ng/ml. 500 ng/ml) 1 TGF-B1 (5 ng/ml) 4t

PR 24 /NN SR AN A 31T western blot 73T (B-E) il & S AN AL RNA JEH-T
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RT-gPCR M. (n=3), *p<0.05, **p<0.01, ***p<0.001.

Figure 2-5 CRLF1 stimulates the expression of fibrosis-related proteins in ligamentum flavum
cells at the post - transcriptional level. (A) LF cells were exposed to CRLF1 (0, 20, 200, 500
ng/ml) for 24 hours. Cell lysates were obtained for western blot analysis. (B-E) Total cytosolic
RNA was prepared and used for RT-gPCR analysis. Columns represent means % SD. (n = 3), *p <

0.05, **p <0.01 ***p <0.01.
3.5 TGF-p1 & SMAD3 22 # CRLF1 FK&RFHXTFHR

BT TGF-p1 A B3 WP MM B LS A 40 B I - b 41 4
X EERIEEST, B REEREANRIT CRLF1 5 TGF-B1 5% & . Western blot
ST TGF-Bl EERHBFEY AT CRLF1 EAKRIX (B 2-6A. B).
RT-qPCR 447 & 7R, IE40 TGF-B1 BT ATERE /K SFRE A A AE R B R 3Rk —
B, TGF-B1 T3 % /KFif#E T CRLF1 &R, TGF-B1 43 CRLF1 i) mRNA
KT 25 10.8 £ (B 2-6C). #HELZ T, TGF-B1 X CLCF1 mRNA H& &
st fERR/DN, HEmEE DT 0.5 5 (B 2-6D). ATUAEATINA TGF-p1 £E
%t CRLF1 KR IFIEIER . BRI ER: TGF-B1 {2t T SMAD3 M#RR{L
FEEAL, 7 SMAD3 #I%5 SIS3 (10uM) %I SMAD3 iE{Lf5, ATLLEZ
TGF-B1 55 HIBEER 1L B SMAD3 FIAZ FE 18k b B B93> (B 2-6E), 3 H, TGF-B1
£t CRLF1 mRNA Fi&_EiRHER A] LAtk SIS3 BB 1] (B 2-6F).
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(3]
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-
o
'S
(Y}
[

ANIFRGET ) A CRLFT 32011 4800, (B) CRLF1 SR KIEATATE ir . (C)
TGF-B1 (5 ng/m)EFETT B 24 /LT, TR A0 CRLF1T mRMA A0A PS55I 17 10.8 4%
(D) TGF-B1 A FEET A5 24 /N S B AN CLCFL mRNA G IR I, 22 vl 4y
TSR L (AR 149 0.49 . (E) R SIS3 fii 4 ab BT A 2 30 min. SR
[EIN TGF-B1 L AN B WAl 1 /N, p-SMAD3 R k% 9¢ 36817 . ) SMAD3
67 SIS3 9k TGF-B1 % S0 p-SMAD3 485470, (F) flifH SIS3 fil5e 4b S 0T BA 41 30
min ZRAT I TGF-B1 LA FLBE Bl ar 4l Bl 24 /T, $EHGERIA A1 RNAL RT-gPCR
738127 CRLFI mRNA 1) K4 SMAD-3 (#GE . (n=3). *p <0.05, **p <0.01. L
=20 pm.

Figure 2-6 TGF-B1 regulation of CRLFI expression is SMAD3-dependent. (A) CRLFI

expression in the LF cells with or without TGF-B1 (5 ng/ml) treatment (B) Quantitative analysis
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of gray value. (C) CRLF1 mRNA in LF cells increased 10.8 fold after 24 h of TGF-B1 (5 ng/ml)
treatment. (D) After 24 h of TGF-B1 treatment, the synthesis of CLCF1 mRNA increased 0.49
fold. (E) SMAD?3 inhibitor SIS3 reduced SMAD3 nuclear translocation induced by TGF-f1. (F)
SIS3 pre-treatment of TGF-pl-stimulated LF cells. RT-qPCR analysis showed an
SMAD-3-dependent upregulation of CRLF1. (n = 3), The data represent the mean + SD. *P <

0.05, **P<0.001. Scale bars =20 pm.

3.6 CRLF1 &l ERK12 5 SBBN 2T TGF-B1 KR EILER

N THESZ CRLFI AIRE£ 5 TGF-pl S SHAENITE, ASLhy oA
51 siRNAs 74l CRLF1 ZHEREIRHIR, K siCRLF1 3#%F CRLF1 =g AR
&, FrilEsiRIe{E M siCRLF1 3# ([ 2-7A). FETHEMMTH ERK 55
SRR EERY, RATWES] CRLF1 1 TGF-B1 #PALEE B4 40 19
ERK1/2@# (& 2-7B, C), 15 7> ¥t i 1k £ K1E . Westen blot £ JUl & 3. siCRLF1
/> T TGF-B1 31 ERK1/2 BRI SN RArEWRE (B 2-7D, ED.
WA TGF-B1 1 CRLF1 St 0 T (R4 4 (bR Em, A TR ERK12 55
WEE, AT T M7 U0126. Westen blot Bl £ Bl CRLF1 1 TGF-p1 # &
MAENEXEANREYZERMTS (B 2-7F, G). ¥iB CRLF1-ERK &K
7 TGF-Bl MR 4ALIER.
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P 2-7 CRLF1 i ERK1/2 755817115 TGF-p1 i S04 4{k. (A) siRNAs U] &5 {4
A 415 CRLF (4R I8E. (B, COCRLF1 1 TGF-B1 #5 v LUSGS ERKI1/2 {75 Vil . (D,
E) siCRLF1 BEHr |” TGF-B1 1551 ERK1/2 5L AT COLT. COL3. a-SMA I MMP2 || 4
RIS (Fy G ERK1/2 £ Ul ol i TGF-B1 M CRLFT 5 3 19 3 P)) 47 A 4 26
AR BT 4L

Figure 2-7 CRLF1 mediates TGF-Pl-induced fibrosis through ERK1/2 signaling pathway. (A)
CRLF1 expression induced by TGF-B1 in LF cells transfected with siRNAs. (B. C) ERK1/2
signaling pathway activation by CRLF1 and TGF-B1. (D, E)siCRLF1 blocked the activation of
ERK1/2 and the expression of COLI. COL3. a-SMA and MMP2 induced by TGF-B1. (F. G)
Inhibition of ERK1/2 phosphorylation attenuated the CRLF1- and TGF-B1-induced expressions of

fibrosis markers in LF cells.
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3.7 CRLF1 A% #O5E BT FIHURR 77 R BGE 3 K SR E) A M 4 et AR

Fg 0 HE U] CRLEFT (2T 40 A B i e R 5565 siCRLFT 1511
SEA AN Y TL-1B ol WU S A B 24 /NI AF 2T AR RS 81711 Western
blotting 73 #1 4 1v: SICRLF1 b # A0 IR SC @iy it e T2k () ol 2-8).

A B
kDa
coL1 COL1 *ees mpes e oo
coL3 coL3 i
a-SMA a-SMA w“- .
MMP2 Nitp, e W— —
GAPDH GAPDH & E 36
IL-18 - 5 + - Stress - + +
si-CRLF1 - - + + si-CRLF1 - gt + +

P4 2-8 CRLF1 M%7 1 IL-1B FIHURS Jydilaf s Bl m A 4R APk 4L . (A) sICRLFT % %
PEAIT IL-1B (20 ng/ml. 24 hRYFLZFAEFL A1) (B) SICRLFT W # P& A% 1 AL A i L 2T 441k
111

Figure 2-8 CRLFT mediates fibrosis of Higamentum flavum cells induced by inflammatory factors
and mechanical stress stimulation. (A) siCRLF1 significantly reduced the pro-fibrotic effect of
I-1B (20 ng/ml. 24 h). (B) siCRLFT significantly reduced the pro-fibrotic effect of mechanical

stretching forces. Three independent experiments were carried out.
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Fig. 2-9 Schematic diagram of CRLF] promoting fibrosis in figamentum flavum cells. TGF-§1
can promote the transcription of CRLF1and fibrosis related biomarkers. CRLF1 signal regulates

the expression of fibrosis related biomarkers at the post transcriptional level by activating ERK1/2

pathway.
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UL AT VT 22 ARG B A 0 BEA LR RE 1T AR SR P AT, (R R TR
AL S 1 SR IR R BARBLE S I ANE R . 1o, 2 5 LA 7030
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BETRBINEAFE - =RREMENSR, PR T CRLF1 MAALENMIERME
FA#LHE] .

BAVRFRIESE 7 X F CRLF1 AMER RN : CRLF1 RIReE4 R+ AE
HEEM, BARA AR CLCF1 45640 AT R E A =B, TR AT
BEfEA Tk CLCF1 4> TS h#ik CRLF1 MR R REE 2T A
B F G, RIVEFASNREERBRMELAN CRLF, KIHE AT MR E WA
SRR S 4R, HERE AR EXEARNRIL, XU CRLFI ATHE
R—FMHF R 4L MR T

TGF-B1 #{ZiEBA AT A4 SMAD3 &2 {8 4T 4E 40 M R R R & RN JLAR
(251, (BRH#—SHHEIHTERE. BRITOHAESR: TGF-p1 KEL4ELEM T
ERIERN T4 X EE RO FHET, 7 CRLF1 R MR EEA
PLIE X S R R R /K PRI . BT CRLF1 f3RA W A TGF-B1 K&
FRAERA . EITETARPIEI, B{RAEMHBERFEIH CRLF1 7] LA
FFE PRI RIS . AHAEREZMER, RITKI CRLF1 EHEIIHHE+
B BB RACIER, 7T AN ALRRET 440 3% o AL MR B S0 o 37 A4
R E PR ARATRE. — D ATRER R R 2 URTR LR REF 5 T CRLF1 X
BRI

AW, RATEZI TGF-B1 AT LLE3# CRLF1 mRNA B4 BFHE 10 5L
F, {HEX CLCF1 i mRNA B4 RAUNRS T A E 0.5 f%. U8 TGF-p1 £ &
JH#¥ CRLF1 WM. #— S HERAARARERAEARTALKIN TGF-B1 Al{eiH
SMAD3 HI B ER{L RN EE {7, SIS3 %] SMAD3 B ER L /5 TGF-B1 ¥5-F 1 CRLF1
mRNA 1R IXH B MK, 87 TGF-pl £ SMAD3 B EH F/KF LiFE T HT
HWAMH CRLF1 FIRIA.

ERKI2 ZSERAREENARESHIBRRLZ B ZE253TE4
HARERARLEIEMAREELIEYD, SHEAHELEFHTUBE
ERK1/2 {5 2@50, #MAETEESE THKFHRED), a5 T#H
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2 CRLF1 A& #1342 B o9 Ul 2 2

TR 31, ROTMIFFTER, TGF-p1 F CRLF1 ZRA] LLEGE E 17 4
ERK1/2 {55 if#%. 7E£ ERK1/2 M&IFIFFE T, TGF-B1 A CRLF1 K{RA4ELE
R B ZERK. ZEE| ERK12 EREFZEY L EFaEs e, BITA
3y TGF-p1 #1 CRLF1 E/A #4081t ERK1/2 Lk B #7140 R 4T e 477,
% F RNA T R#M%| CRLF1 2 J5, TGF-pl 55K ERK1/2 {5 S ¥ M4
SR A R R E RS, 3878 TGF-Bl RI R84 CRLF1-ERK1/2 B2 RIE T HEIW
MU A LS. H5, CRLF1 RALUERERAHATESEUMEXGED
BEFE, ALl RA1EE CRLFI-ERK12 BRABELF AT REFES TR
BHEA.

B4R TGF-1 HIHIFITE & P P AL b G B 44k, (Ao T HEWR
R, E5MME TGFB IR T EENZEMERE, SFARREY. RGEM
g 2 R3S 3TY, RAKIBEIE R, CRLF1 RN ERHEEN THES ST
BHIET T CRLF1, MY REAE (K TGF-B1 MI{RAF 44k iER, i REREK 2 REZH M R
FIHUBR R BOR B0 S A 461k, Fik, CRLF1 WHREHFIEER—KBK
THAELREST. B2, BTAFALX CRLFI R 35 ¥H EE R T L4
M—ANJT AT TR A, EAT 8RN R HARE WHLE G 1E B 5 WEks5 5 3R,
BEAS5EEMEER & micRNA X lincRNA EH VSN ERFEEH K.

gLk, AERNERE—EMAATKRAN, Exdx mEH A4t
st CRLF1 fEAVLEIRIIEZR, LT CRLF1-ERK1/2 B3 7E TGF-pl BFSHH
AR AT P RRENG .. EEMLE, RITKI CRLF1 X G KFE
AL BT ET B A YD ThRE, ] CRLF1 ] DSR2 25 Fifl] 8 5 | A2 O 47 4 A AR
Frbl, AT CRLF1 ZEHEPIHIEE M R RIE T X@IEM, CRLF1 WHER
— AR EIR 5 FI R ITHE AL
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B=F PREFFEERAKNHERLE CRLF1 TIREREA
B

55

"W IEESERMPMFEIMR, RaZZMPURN W G2 ERE T
WIEERIGSIRR . — &8 S EH R R R Ko L& 7 b 3 o &F
Y 1) TR AR SRR AT 4 O 38 A1) 0 BT ASEMUATLAR . ) 22 3% 397 41 U IR A5
WG U SR B RER T A RKETHERSEERNEAIERERE, RER
HEYHEEY. EEFEERINEYHEESEREER%, Abbas KT
HNNEIH IR —FERREIR Y, BEEERNEN, BAOTESKRE
YGRS, SRR, F4um, ERTEDHHELE,
B, MMINSERREEEZEN — B Z EEIIER.

Hnoh, FEUERBIAS, BHTRZMAXOHWEBNER T, T TH
EENEIHRZ KT, RE 0 FHHEIRIET R R e B AEMMRAE, TkE
RN IR N AR 4R 2 T R LR, K, FIADAR
FERURAT SRS K E SRR Z AT EN, 3 RE R X MR 7E R
A BARBMAIEMA K FIEARS. ERIBMALRE-FMERHN
ERBMATIREYHWEEEED", HBSRRFER, BESL FER
SRREEDPR . A TR TEVREERYENFEATE LR E R TR E IR
HlEAESY, XM ERER SR, BHAHENEEREZ IR B2,
REEAEN BB X UME, BHANSTARERE—PRIE.

WE%E A BR T 5 IR FE B A SUUR A O3 b, R U PR TR LB i T
ARTITERBFHDRIRBAREN I ERURBRNEARZ 2, 468
B CT Fa FRICEREH BN TEM AT OB T I 122138, 18/ R
EY ISR LI . RATHRBALE TR 7/ RS M 1] 28 28 p 22 Atk
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EWL RN RBKR I, BIRTEENERE S, ERA8
% 07 (E I LB BRI HUR. ) SE X 3 90y AE B IS, 18 LA B SR B R B Y
FESMBER. FEERINTERRE T EDTIEES-TILH KA R &1

A RMERHEIESLT CRLF1 ERREMNHEPITFERRE, HET CRLFI
STEPW ARSI IAEER., ETREER, RITAANELEEMRENE
iE CRLF1 F{RLFBILIER . Bk, ARETI S, BAVER T BAXRE (AAV2)
FJEE CRLF1 I RIAFIHHIE A&, FEM PRI CRLF1 BREEIER .

1 SEBFPR

L1 SERRAE

ETHELES Thermo Fisher Scientific 35S
A IR A Thermo Fisher Scientific %
L@ B O L | % il
i@ BT sartorius [
BIERCEME Zeiss EE
EEAF BB OLYMPUS B
LI E Zess A H] EH
TS 28 NF36BV 36GA NanoFil xHE
EMEEERE Olympus 2 &] HA&
BREK HAIUR i H
ERY AR RE R YRR [
BokAE e E Grant A H] xH
e H KX Bio-Rad power-pac 200 *
HiEKAE B EAH i
-80°C{RIR VK58 Revco A 7] EH

R 7K AL Taiva 22 & SEs|
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AL

L@ L

EVE AL R

4.5um T IESS
HAKFURGEE

KR

BEKERKERE

Ph il 2 (X

1.2 SEHAFH

AAV2 T RIEFINHI A E
/NRIEFEIX CRLF1 &t 54 Ak
/N siCRLF1 &1 56 &
AAV2-GFP (FEREEH)
HEH rhTGF-p1

Triton X-100

Verhoeff-Van Gieson %R &
BRI AR B A&
CRLF1 —#i

a-SMA —#1

Collagen 1A1 —#1

vimentin —#

GFP —#i

GAPDH —#i

Pife Cy3-Rt 4L

LR FITC- Mt
RSB IR L PR — 31

Leica /A #]
Leica /A &]
RN /N
Gelman

Millipore

— B ERAH]

Hirayama

L 2]

MEEMRE, AF
PUEAERH A A
EHRAEMIEAT
PHEEIBIR A F

Sino Biological 2 7]

Solarbio A 7]
HIREY AT
ETRAH
abcam 2\ H]
abcam 2 H]
Affinity A &]
Santa cruz A &]
abcam /A H]
LR EHLAF]
ABclonal A &]
ABclonal A 7]
Bk /A
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[ VAL

B S BRIl R I

HH ECL EFH
Tris-HCL

Tween-20

A g g

I

pmsf

Trizol

M RAE

RFect transfection reagent
Glycine ¥37

Tk EAE

Tris 5%

acrylic amide
MEHEFAFTER-EER
FL O-EHREENE
VY% — 2% (TEMED)
S HE R (AP)

+ RS (SDS)
BCA BHKRENE AN E

fE & F B§-EDTA JH L (0.25% )

HERAHFRR NC R
Tween-20

B

LR

RIS FRIR

JEHBHA A
Affinity 2 ]
Solarbio A 7]
Sigma-Aldrich

E LN
IR
Solarbio A H]
Sigma-Aldrich
BRAT
PN NEE WAL
LA = vl
LAl
Bio-Rad /A ]
Bio-Rad A A]
ERRNT
BERRATF

Sigma 2\ 7

i

4y

3

Sigma 2\ ]
Sigma 2 7]
Solarbio 2 H]
Solarbio A ]
Solarbio A ]
seebio AH]

Gibco A7)

A=

Corning ‘A H]
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EP & HARRNF] HE
DMEM ¥:5-%# &5 4.5% GIBCO A #] %H
1.3 FEFEGREH

1.3.1 10%K & R B AR B

50ml BOEAERELHEEELK S0ml, HFRFRIUKETEBRE Sg &
TH, REBATHEM, 0.45um TIERTIERE, FHEFT 4°C, #H
Al & #& 30 min.
1.3.2 BRERMH

BFREINIM 16g, T 200ml PBS, M E THER L, BEER
FEN 70°C, ZEUINE, UHEWEWNRHECNELEMR, FEEREZ 40°CrmaL
B .
1.3.3 10%EDTA 459 R

EX 800ml 22 BT 7K, BUABERENL LI ZE L) 60°C, 485 F FLF R FFREX 100g
EDTA MFIEBIMAEEFKE, FHBETRFHRI NaOH 11g JIAR A BL{E ik
BiR. BT HABESHRE, BHEEERER 8 . HETERE, ZETFK
EARZE 1000ml.E A HCl %A pH {E7E 7.2-7.6 Z |8 A E BT E R FRF-.
FEVE S PH (R RIyER, I & HCL ¥ PH BT R.4> % iR3#4T, M NaOH )
HIRREBERE, MABRZSEZIK.
1.3.4 555 BETE IR ¥ WO SE RR T A 2L WA 1)

FE—&
1.4 LRI

AL FTAR 8 A% CSTBL/6 ML/ R B H ERIRZELR Y H L.
SRR ER KRR ER R L. TRAREER / ERY
EEESSIYERNSERAR, G841, ZEEFE24BECEL. Infdsk
RS, 4§ 3 KERSE. AYMRYKK. BEBEHITE 40-60%, BN E IR
12h &
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2 SERHR

2.1 NEIHRBERRARY) F &
%=
2.2 /N R I AR BLE BT i%

RBBRATRBAZ ARG R, AR/ RS S HRIRE
WALES . BATIENENRETEHRL 10om. BN 12 EXNESREHE
PIBEE A, EEEFEA 5 Z2RKEREK, BREREH LR, Efs L8
BI3IMNMLATER. PRERFEFEVNBHELEHE 6 /M, FEIARE 2 N EHH
R ARAMUOK. KRB EEEFRAE. SAMER 7 K. HEB4
NRBEE T ROMAE S, RFEFK.

REVRIAT AR S B9 EERAHXMD, B2 NEBRYESET
BEROIEA, BRATRE T HEE/NR, K 32 R 8 Al CS7TBL/6 HEME/INR, (BEHLA A
SHHRA (n=16). 6 LKA (B 6 &, n=8). 10 ALLH (SR
10, n=8> #HT 6 A 10 A& 8 R/AK, MMERMETHE, L
L5/6 FWER/NRAT A E R F T A AR K MUREAERRE, BLLS/6 X RKTY
KBS E NS HBTHNSE. mTXBAT 14 B 18 AR/ RIEDHA
PMRTBITHRTHEESR, UL 18 AR/ PRANBAE. ATHAERITEY)
WEERR W, BEYLE 8 R 18 Ak CS7TBL/6 it/ NRIEAZENR, NEFE
23 B L R B R

2.3 HERICHT

2.3.1 BREES, r A B CAD R S MBS BB SEE TRA/EN,
#E4T Micro-CT ((LaTheta LCT-100S; Aloka, Tokyo, Japan)) 9%, fHA#i% MR 55
kV, 109 pA, H#EEE 96um, BT 200 ms, EEK/ANA 512x512 #4178
#, AR 2B KB ER L5-L6 W DICOM #E 650 K 606
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KB K/NR L5/6 WREIEIN EITES MY, 3t 206 5KAT HE et
W Tk R FH ) RE BE 5\ Mimics 14.0 {4 (Materialise Corp., Leuven,
Belgium) #T=4E2 (H 1), EZEMN st XHFF N Hypermesh 4 (v13.0,
Altair, Troy, MI, USA) #1TM#& X4, &m/EF N Abaqus 6.14 3K {F(Dassault
Systemes Simulia Corp., Providence, R1, USA)i#4T#1 KL B R AE . U1 2 i B R E
SEERAMER SR SRR R E RS HERRETEHS. &R, T4, 8Bk,
VIR E. ZRAFTHET, UF (BEPFUN) TR AHFRT,
EYHN truss BT, HALEA4HNNEEET. XTEMERRECY 0109,
FHMOGHEURIENR 3-1. AT oIS B PMREIHEZAIENL, BAREE
EMIE e, EMEEFEMREN 02N ChRMEE—¥) MR, tERPIFNAM
RIAR RN 53 Hi o T 3 BT R R BB /N R BB R 018 L, K/ R Lo R EREE
FE LS EJ7HEM 02N BNy, THEETITH R MBI RPN R 37 .

% 3-1 MRAMER Z AR LM RHE .

Table 3-1 Composition and material properties of each component in the two mouse

models.
Components Material and property ' Reference
Annulus ground | Hyperelastic Mooney-Rivlin 17
substance C01=C10=0.1; C02=C11=C20=0.01; D1=D2=35
Nucleus Hyperelastic Mooney-Rivlin (7
pulposus C01=0.01; C10=0; D1=100
Endplate Elastic, E=100, v=0.2 (18]
Cancellous Elastic, E=50, v=0.2 [19]
bone
Cortical bone Elastic, E=148000, v=0.3 [201
Ligamentum Hyperelastic Mooney-Rivlin [21]
flavum E=15 (<6.2%), 19.5 (>6.2%) 0.3
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2.4 /) BBEHEA Rir AR

10%7K & & 0.5ml BERE S ALTE /N, ILRI7EREME EMREYUTRBDID, #
BEMERERE, SELUGGRIRIE, R L5/6 60 T RMBEK & ELKF. BH
L3-S1 B, BIBRTH#HEFHER, RE TR EHMCABEIRC. EE KRR
B M2, B e B T S0ml B AEE, IME T 4°C iKW EE 48 BT,

2.5 /NEEMEARTI A Bl

(1) L%/ RIBHEAR B e 55

o it R T 48 /NS R/ RIBHEA AR, TEWAKHse 1M, 3%
R R, BARASHRARAN 15ml BLES, MAMELZIFH EDTA b5
14ml, SANBEOEFTME S, BNERLEG, EBRE EFRCEF RS I ahet [ &
FIREGBSRETE, REBE KPR iRR L. ARIERGHR, £—HAA
FRELRBSE, LJEE3 RER K, —RRK 6 AE7ERLE4 FRE AR
PAwhE BLASROR, nREHRBER SN, WA B S 5E Ak
) MREHRARGFEIHEK

Y i 85 )5 00/ RUBHEH RE FRK R 8 /e, RSB AL AR AKYLF,
WE I BKNBREF TR K . EAEARBRKERF: 1) BEERERAK: B
HEEN 50%, 70%, 80%, 90%, 100%, 100%MIVERF & 60min; 2) —H¥/A
101 I 40min: 3) AME 1. 2. 3 WP E 40min.
Q) PRERARGRGHE

FARIIAEHTIBUNR L5-Lo TEEMHTEE, PREAS —FANRYH
HLARIE PSR
@A REHRARGREY

FE—ZEANEIFHRY A PR

2.6 AS/MNREVIARKAREE
2.6.1 HARELKPL (H&KE) $+
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EHBE THRIE/DNR L5/6 AR BT FAHLR Y AR LRETROHY
WA, HREZE—& H&E RELR.
2.6.2 B N4F% Vehoeff-Van Gieson (VVG) ¥ufs
PIRiEs®. BH . BESKUE HEE Fefa.
A. VVG Befa: 28 VVG Rl & I HHER, ACH] Verhoeffs #uilk. Ltk
BIAERE AR : =8k B S: 2. 2.

B. IAMAREN, SHHAR ERHMMER 0.5ml, ZERE 30 min, EE
WM Verhoeffs JyRAKRT MR E T TR SBE, FEARREGELRER
HI 4k SRR IR Verhoeffs Jefafl, BlLFHBRE, A5 HRAKMBEH Verhoefs J
B .

C. BRb: BN 2% =KWK L 10s LRI ERKE—T, EEWM
BTURSLEE, RAHOAEEREA, EREKAG.

D. % BHNERRSMHE R 9: | HFBEFEEY Imin, FKE
FEPRBE.

E. B . ZHEEW Imin, TREFERKRH . B8 TREHE.
2.6.3 /PRRFRKFEL O-HFRE

VI iks. B, BE/KAIEER HEE 3.,

A. BEIGGE: B RBNEST, REXZ 0.3ml] EL4HER RAEL 5 min,
FEBFKEMR 1min, EFEUERELEANLE, 1%ZBRIUBS 30s, £
Bk 87 ) B SR Qe 5 5 B /K B RIE ¥E 1 min.

B. 4 O Jeth: 4 0.1%ELL O WL 0.3ml WMAEHLLRE, 4 Smin,
FToK BB AKSE, ZHRBBEPER Imin, FHERES .
C.EME TUEME.
2.6.4 BFEHRULFE L
R —E B AL E RS TR
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2.7 /S BRI 4 B HR AU 58

2.7.1 /NRIH BRI

A. JEHL 6 A% C5TBL / 6 NRARE, 1% 4ul/g FERSVEST 10%7K & FEERREE .
BREFR 715%ZBRNHERE.

B. BE/MR, EEHE ETARERIO, REEHERER, W L3-L6
WE, WMANHMIEGE MR RBR TR HESER. AEE 1%F-BERXHA AR
KR BRI, BEEAEALB KRG, ERMER. SEMBEFR
A, 1%E-HEENGM A K E RS ARSI .

C. BETHUEMET, URNAYH AT RITRATHM, i
SEEHREA 12 SFERIIAFEMBIEUT L4/5 F L5/6 TTBRKIRPIHFAR,
BANEFLBEFRENSERLF, ANRUF, REMAEHE 10%H45ER
B DMEM ¥ 574,

D. BTHMESRMAA, HEREFEE, 7 RER—KERE BERY R
EAEHASURBE, 13 REAF NARMER S PRLY . FAMKEE KX
T57, B4R EE SR ILE#L S0%E AR, BUATCLHETHILE, 5B
—WRAERIE 11 4548, LUEHRAMZ 1. 230 1:3 421K,

E. EREBENAMIERA BHRITARAEIHFHER.

2.7.2 /N REFF AR EE

BN/ EYHAN, B TRSEE CEMEER B FLRT, f{EH
BANEF . {6 B4 B S 95 YR AR vimentin A1 [ IR R RIATEA, DIEERAH
g, SRAERE—E, BESRNT:

AZRHNGEEFS 24 if, FIRMEREABEEAM 10 min, EREPEFE,
PBS JEBEAM 3 ¥R, IR 5 8. 0.5% Triton XT4EMHATIEEWALEE 10 min,
PBS ¥ 3K, IR S rih. RIEAAEH 1% BSA [ PBS BHBE M 1 /IS,

B. FHH K, #HIEE 1:100 LLEIFHBEGH—H Vimentin F—3T Collagen
1 B MEMRIEs £, BT 4CHAATEE 12 /M,
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C.kHH—Hif5 FH PBS ¥k 3 K. REEMENSFMA FITC 1 Cy3 %)
IR T H, FEBLIE 1 /M. PBS ¥t 3 WK, K 5 08, BREETmM
N DAPI %4#% 10 734#, £BR% KR DAPL

D. REEMBETUE, BREANEE, | BREAERNIETE.

2.8 /NEFETH siCRLF1 ¥4

BRHRAPRAS &
FT# R EE M CRLF1 siRNA 731
CRLF1-targeting siRNA sequences of mouse

Mouse

RNAI 1# Sense 5-UGGCUCAAGAAGCACGCAU-73
Antisense $-AUGCGUGCUUCUUGAGCCA-3

RNAI 2# Sense 5-GAUCUGAUGUCCUCACACU-3
Antisense 55-AGUGUGAGGACAUCAG-3

RNAIi 3# Sense 5-UCCUCUUCCAAGCCAAGUA-3
Antisense 5-UACUUGGCUUGGAAGAGGA-3

2.9 CRLF1 ThReik N sz

MRHECLRTBE LR, BAVER TIRAHRE 2 (AAV2) 84, KRR
JBRAER T RER, BEFRGENT.

A EZRIFHFBHFNTFRER THEEREHN 10%KEEEMRE, % 4ulg
B st SR DNRBAETRE, NRRERRT ] BIREH D
B 10%/KA FERERIRE . SFFMEEAE MRS IBLER, TRE 40 BIRE.

B. IREERINE, FIMEREERD> BRRALSE MR EREE, Y5 RSB T T8 B9
B TEZEHEE, HHEL 1.5ecm. BiE 3 min USRS A KR ERE S8
BEMELR, REATRERET.

C. ¥MEXTRNPMREARTEE THINFARE L, FUIUWERNRIFR.
LEEELR, MEBHNREMEEFE, FRAMREZEREE 3K, BLEFAEM.
EETHEE, RENBRFRERNE T LEXE, Bai5E.
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D. BB/ RRIEGE, DMMEARPLO, EERSPL EEITHREK
Y10, K% 2em, SBHEE K TG AT BT EZIK, S a) i/ B i
SRS 5 A PSR E BB S, AR P AR F k. LS/6 AIAIRRED
fr TR EEELKTE. ERAFRIEHRRAERAUMAZENE, =
SRE LS/6 R, EZRBEEY, RETHEMEMET, BE L5/6 AW,
FA s Ry 51 88 (NF36BV 36GA, NanoFil) BRBAER Gul) FEHEBIXTRTHE
PR, EHEE 5 o8, RAEEERZVASHE, Aei0. RAE#T
BFEARLE, RYIFFEREREHRIITES.

E. FREHRE, MENAEHNEEER 8 51U, BBHFARTI ARG, H/AR
BFEHFBTF L, "EEHN 38C, EATBERNE/PRIFRMEHEE.
EHITREERZ A, RTFIIKE 3 .

F. BilF AAV-2 #5ue: ¥4 8 K 8 AR C57BL / 6t/ R EENL 20 A%
RBAMSEHA, F4H 4 LR STRATH AAV2 #ifk, SEIRHETH AAV2-GFP
(GERAERD. EHFRFAE AE, MWAE, FREERARLENEFEIAE.

G.J&iE CRLF1 ZEA N ITIRE, LA H¥E3t48 X 8 KA C57BL/6
/N BBV 9 6 4 (n=8): XHIBZH, AAV2-#i{k4, AAV2-CRLF1 ., AAV2-
AR+ TR 364, AAV2-CRLF1 +XUE 55 L4 F1 AAV2 -siCRLF1 +¥U 2 i 32 4 .
EH AR A-E. ESHERE=R, AEER, XUEHWILIER 10 AJE, £H H&E
Befr, FEHEDBREFER.

2.10 SeitkEar

S F SPSS 20.0 (SPSS, Chicago, IL, USA)BHTHIE &K 74T, BTl BIBSM K
BT E DS RIMLEY . 5 GraphPad Prism 7 FI{ES . $3E LA
bRl 2R . AR A B B T 250, SR A PO 4 ¢ 823672 (Students’s t text)
FEAFHFAFEN « BR. SHRNKBETESHXRERETEZSH
(One-way ANOVA), % ELEFH LSD . HEAFFH KA Welch K l, £&E
bt % Dunnett’S T3 7%, p-value <0.05 MAZERBRITFEE L.
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3 £%

3. =ZHERS5HEWRTT

NERIBEHENY) 3 AE TR 25 Sl 3-1A, B Fos, /N BUAL 0L sl 7 283510
LS MERADNS - Lo [m AT il (1] 3-1C )0 AVE/INRUIE DU AL s 37 (37 38 2 A1 AL
B, ST RN g AN A 3 B BT /N SR I (M B ) AT, IR AN BT )
) ESmE R E B J0E o e A B o DY 2 s ST R /N BB 07 1 Von Mises stress
GUAZE RNy, B R R RN A o0 A, e n] ARG IR N TE AN R )
W, AL A S AD D fERE X ) A 1.79x107 MPa, Maximum
principal strain (I X -EW A, b Jp NS0 ™= AR T (R RE RROK, A8 Hodii
(03 )37 AR (AL B B K BN ARINIAR : 2y 862107 (] 32 AL B). H/hR AL
TRUL AL, Von Mises stress fE I8 %] 8.85x10 MPa, Maximum principal
strain 38 MIF] 6.64x10" (& 3-2C, D). HEE S BIIEIN T 4944 {5 F1 7703 f5.

B 3-1 /NERUBEME 4R, (A) T DICOM BRIV R B4 F (B) W ALuh T
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BEF(IIEX

ERMAT ) A E R AL PSS LR ARG 0.2 N AYEFLAEH] ) (B UL
VLSS B FEHEGE N 0.2 NIk 1Ly (O AU Lk i MR s L3I LS L6 (AR &
(LB . AL EX ARV ol T3 Py LS (08 2 (0 DB A UL 3 B Ay LS {7 .
(D) R LX) At (T A
Figure 3-1 3D reconstruction of the mice lumbar vertebrae. (A) 3D reconstruction model based on
DICOM data for mice in the quadruped standing posture and (B) bipedal standing posture. (A1)
0.2 N was applied to the lumbar in the quadruped standing posture and (B1) bipedal standing
posture. (C) The relative position of the L5 in the quadruped standing and bipedal standing
posture. The red area represents the L3 position in the quadruped standing posture. and the green
area represents the L5 position in the bipedal standing posture. (D) The mazarine area represents

the anatomical location of the Jigamentum flavum.

A B

—— -

von Mises stress

Max Principal strain

M 2 vsids X2 3k s
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=T DEEMFREEA MM ER CRLF1 286K R AR 7T
A 32 PMREBISEA LIS EEIFIZIME A REKRE . EHEWES A) FIXE
W& (B) BHEFIF I Von Mises stress 23 fiFI K/ ZEVD R R HA(C) MIXE B ES (D) BT

) Maximum principal strain 4345 F1K /N .

Figure 3-2 Changes in posture alter the stress on the mouse ligamentum flavum. The distribution
and von Mises stress values of the ligamentum flavum in the quadruped (A) and bipedal standing
postures (B); The distribution and values of the maximum principal strain of the

ligamentum flavum in the quadruped (C) and bipedal standing postures (D).

3.2 RN A2 SFBENFEENEZERR

TSN R BE TR, RITRAHRUERER T ERRE TR
BRAEBEUKREYTAERL . R UXTRATREBENANC TR
H—ABEtES . FH/AR L5/6 715 5T AL B0 7 Hlal U A T AR AR A SR AR
REPHHENEE. 4R 0E 3-3: BL O-HELEERBARKBERES
ft, EAZHEIREY: WEWTHKEERERERE, EOZEIERK

(B 3-3A). XRHAIBH LRI T /MRETEIRITEHR . XU 3 SLA M
xR 2 [0 BT AR EL R A H&E 42 (B 3-3B) 1 Image) 2KHFiHH.
25 RGN EELH B AR E KT XA (HHBAH 3.8+0.7x10°um?, 6 /&
SR 6.8+0.8x10°um?, 10 AXUR LA 10£1.0x10°um») . ZHRIBFEE
HER (p<0.05; B 3-3C),

BTk, RIOLETXRE. 10 AXNEH ZAMZRE (18 MHE) ME
AR (E 3-4), K 10 AXUE s AR ER KT RAnEiRd Gt
BN 3.8+0.7x10° um?®, 10 A XE #i L H AN 10£1.0x10°um?, F R H RN
6.1£1.0x10°um®), ERFLHITEE L. B 18 MARARMKBA MEEREEE
B (p=0.068).
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BS 10W Con BS6W  BS 10W

P 3-3 BLBS ) & e A IR . (A LB G RIS I ZH b S W TR 4T O-JAl et
(B) H&E #:0 it AU sh r AL A AU I cCo S AU U B 10 BT
il gha (n=8), *p<0.05. **p<0.01. AJHHIA Ly 22008 LLE R =20 um: Con= Af
B4l BS6W = LLTuhir 6 B BS 10w =XLALudi v 10 K41
Figure 3-3 Mechanical stress is the main causes of ligamentum flavum hypertrophy. (A) Safranin
O-fast green staining of facet joints in the bipedal standing group and control group. (B) H&E
staining of ligamentum flavum specimens showed increased ligamentum {lavum arca in the
bipedal standing group. (C) The statistical results for the ligamentum flavum area of mice in
ditferent groups. (n = 8). *p < 0.05. **p < 0.01. One-way analysis of variance (ANOVA) was used.
Scale bars = 20 um: Con = control group: BS 6W = 6-week bipedal standing group; BS 10W

=10-week bipedal standing group.

A B
% ‘si ‘
5
- Y wi ]
b fre
= -
2 B
L] s
i g i
AT <
: f_ 0

Con ‘ Post 1'0W

P4 3-4 HLBOW ) T B0 A IS 1 B TR CAD APHRAL 10 IR0 sl AR gL
FUI B AT b AT H&E Je( . (B AL DRI B2 145 Y (n=8), * p = 0.05. ***p

<0.001. AN E Ty 2008, bl L = 20pm: Con = AL BS 10w = AL vk 1o 19
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WT 18M=18 ™ H & #IZ RN .

Figure 3-4 Mechanical stress is the main causes of ligamentum flavum hypertrophy. (A) H&E
staining of specimens from the control, 10-week bipedal standing and aged mice groups. (B)
Statistical results of the ligamentum flavum area of mice in different groups, (n = 8), * p <0.05,
**%p < (0.001. One-way analysis of variance (ANOVA) was used. Scale bars = 20 um; Con =
control group; BS 10W = 10-week bipedal standing group; WT 18M = wild-type aged mice at 18

months.

3.3 XUR LA RN 5 AR R EH 4 S 25 3R a4e

AT HAIUR /R BED R BTN E GREIAEER T KR E
KA, BATEEHA T AEHBIIERE (extracellular matrix, ECM) HIXZER
B, VVG Rt XFRAB ST e gute, A ET UM RRERA, KR
W RBLE, GRER (B 3-5): EAEEWET ML, AEER WS
VAR B>, RIFAHEHEIM, BEESW A% S RIEA 4
ELE R (B 3-5A) GEREITEH AN 4.840.3, BHWIEELN 2240.1), 7
FG$EN, ***p<0.001 (E3-5B). fFE/NRERF, SUREI 10 FH MM
HHESRIFEAHFER L E D ERE (B 3-5C) (WIRARN 59302, IUEWILAH 10
JH A 3.240.2), ZREFHRIFEI ***p<0.001 (B 3-5D). FrUASRuEsL/A
BB R B 05 (R 4E PN B ST B A 5\ B B E 07 P B S 3R AR
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(A NPEH W) ML S W4 VVG 94, VVG (0 B s BUER U3 e ik b, 21
ORI . B g g2 TARR B G 2T AR BLLL AT s ed il 2 S afei b5
(n=8), *¥**p < 0.001, (C) /RS AULH AL HRAL N 0T )8 VVG B (D)
A ATIRA TR L 5, T J 2T 2 SRR 2P AL R T e (n=8), **%p <0.001 %

AT A CRRSS L LERI R = T0um: HLF = [ME 9. Non-HLF = 18 3 o W)

Con= AL BS TOW = L0L0h 7010 1521

Figure 3-5  The changes of extracellular matrix of the ligamentum flavum in the bipedal standing
mice model can simulate those of human hypertrophied ligamentum flavum. (A) VVG staining of
LF specimens in patients with and without hypertrophied ligamentum flavum. VVG staining
showed that the purple-black elastic fibres in the hypertrophied ligamentum tlavum were reduced.
whereas the red collagen fibres were increased. (B) Quantitative analyses of the ratio of elastic
fibre to collagen fibre in normal ligamentum flavum and hypertrophied ligamentum flavum. (n =
8). ***p < 0.001. (C) VVG staining of mouse ligamentum flavum specimens in the bipedal
standing group and control group. (D) Quantitative analyses of the ratio of clastic fibre to collagen
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fibre in the bipedal standing group and control group. (n = 8), ***p < 0.001. Student’s t-test was
used. Scale bars = 10 pum; HLF= hypertrophied ligamentum flavum; Non-HLF = non-
hypertrophied ligamentum flavum; Con = control group; BS 10W = 10-week bipedal standing

group.
3.4 SURBE L/ BIEHH 5 A\ B 307 40 M R B e Aa o

BR 7 AN AL AN, BATIE R S AR R T XUR 3 3/ BRI BE
EEOW MR . HRE BRI, EAETEREASD, REEDS
WAERHREER T ESEDTRA (B 3-6A al, a2) (EH4AA 17.8£0.8; B
BHRN23.340.7). ERFHIEERN (p<0.001) (F3-6C). SFEHAML, B
B4 a-SMA FHMEH BT ZE I (B 3-6A a3, ad) (EHEN 0.8£0.3; EEH
735407, ERFLRITHFR X (0<0.01) (B 3-6D). FkE, ERIEAF, N
ARG BB A0 R B B s B 3-6B b1, b2) G HRZH K 30.63+1;
B H A 39.6+1.7,) EFFRITERE N (p<0.001) (B 3-6E). 10 AIE
55 LA TN a-SMA FH 48 i 303 T %o BB 2. (8 3-6B b3, b4 ) (KB4 0.120.1;
MR 1.620.3), ZRAGIHEE L (p<0.001) (B 3-6F). iXtest HEHH,
XURR 3t 3N B B B0 B AR Y B B 0 B AR Ak 5\ 0 FIE I 3 049 0 X s A
Al
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Non-HLUf HLUF No-HLF HUF Con 8S 10w Con 8BS 10w

Kl 3-6 Ak N R RPN IE S BT A B AR A . CAD A ABRACEL (Cal,

a2) BUMLE ) D ANRE R S R, (a3, ad) AUIETHE)AT T a-SMA BOTESR I B i B F

M. By AANEEERAT S 10 0 RULE b 2L AT RE m FATIEAL (b1, b2y, 10 B AL
ST A a-SMA BHPEANRY B hd By 1AL b3, b o O A A v i 1

M5 B cn=8), ***p < 0.001. (D) At {5 a-SMA BUTEATIRI L heor B on=8),
*xn < 0.0 8D ik TR VIS TE L & T (n=8), ***p <0.001. (F) /)l 58 )4y
Jra-SMA BHPEANR YL e or i on=8). *#**p < 0.001 LR A = 10pm: B = Sum: 144
PEACAZH) CRR g s HLF=R 0 iy Non-FILEF= 1100y i B e Con= 1841 BS 10W=X{¢
Ao 10 kA

Figure3-6 The cytopathological changes of the ligamentum flavum in bipedal standing mice were
the same as those in human hypertrophied ligamentum tlavam. (A) In human Ligamentum {lavum
samples: (al. a2) the cell density in hypertrophied ligamentum flavum was significantly increased:
(a3. ad) the number of a-SMA-positive cells was significantly increased in hypertrophied
ligamentum tlavum. (B) In mouse ligamentum flavum samples. the cell density of the ligamentum

flavum was higher in the 10-week bipedal standing group than in the control group (bl. b2): the
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number of a-SMA-positive cells in ligamentum flavum was significantly higher in the 10-week
bipedal standing group than in the control group (b3. b4). (C) Quantitative analyses of human
ligamentum flavum cell density. (n = 8). H*p < 0.001. (D) Quantitative analyses of
a-SMA -positive cells in human ligamentum flavum. (n = 8). “p < 0.01. (E) Quantitative analyses
of mouse ligamentum flavum cell density. (n = 8). mp < 0.001. (F) Quantitative analyses of
a-SMA-positive cells in mouse ligamentum flavum. (n = 8). mp <0.001. Scale bars A= 10 um:
B = 5 pum: Student’s t-test was used: HLF = hypertrophied ligamentum flavum; Non-HLF =
non-hypertrophed ligamentum flavum: Con= control group: BS 10W = 10-week bipedal standing

group.

3.5 RN REFH H CRLF1 K&

FRAIE F g 2 AR A0 Gt A 1 AR s v R BRI AT R CRLFT ik
AR . SRR, HXTUEE ML, XULSET 10 B NRER A CRLFL B
PABORE LT (B 3-7 A, ZRESITFEE L (B 3-7 B BMERSH

i NS HCIH P CRLF1 FIRIE A% -5
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8), HXfMRLHMILL **p <0.01. LI =10 wm. 2L LA C£556: Con=4THE41: BS
10OW=XUiL ok w10 4.

Figure 3-7 Increased CRLF1 expression in the ligamentum flavum of bipedal standing mice. (A)
Compared with the control group. the number of CRLF1 positive cells in the ligamentum flavum
increased significantly in the 10 weeks bipedal standing group. (B) Quantitative analysis of CRLF
positive cells. (n = 8), compared with the control group **p< 0.01. Scale bars = 10 nm. Student’s

t-test was used: Con= control group: BS 10W = 10-week bipedal standing group.

3.6 NERPIHARKNEE

G gt A P AT R -, R BT AT AR I R A K
SR T A BT U] TR AT DRI IR N R A A

S, - —
o
- ~ -
~ -t
\ — 43 St
3 R I el e
s < -~ —
B R
5 i
¥ -

4] 3-8 /i o IR 00 CAD DRI AN S WS, (B ANl ) A K
WD B NI ER (X O RO B A b & T IR AR WAL (B . CHEA
JL =20 pm)

Figure 3-8 Identification of mouse ligamentum flavum cells. (A): Morphological observation of
mouse ligamentum {lavum cells. (B) Green fluorescence from a large amount of vimentin in
mouse ligamentum flavum cells. (C) Red fluorescence from a small amount of type 1 collagen

fibers in mouse ligamentum tlavum cells. Scale bars = 20 pm.

3.7 AAV2 BABE LR siCRLF1 F 38| R8T .

H TR R N FU CRLF1SIRNA I3 41, JA TP IR AR 15 ZE 17N B 3 0

A, TEXT 3 DT LT S Ul 1 3-9A LEoIPIE & sIRNA G /) B )
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WA A CRLFT (P {E . siRNA 3# 7404 1 #923 AAV2-siCRLF1, 7
JH4EE 9T . AAV (adeno-associated virus, AAV) &k K n] DISE LA FI (%5 B 4
Rk, HEA AR O s v AR LU E R gk, RIS AAV2 {E 2y
BRI AL A A - 1T, JRITTH AAV2-GIP ( &IAZE (0 G 58 L & 1111
AAV2 D AR UER R EE QL Res . S5 MW 3-9B Wow: VRS 4 1, AAV2
AR A B GFP 1L &L BB L e N BRI 3040 b o T I AR 7y ik 2 471

A
s -
CRLF1 L _ 40KD
GAPDH 36 KD
CON si-NC # 2# 3#
SICRLF7
B
c.‘ _
AAV2-vector AAV2-GFP

P 3-9 AAV2-GFP 4% G ZUR 1 siRNA 51H#E(1) CRLF1 i il & R E%1F . (A) §% s siCRLF|
# /R AN RS TGF-B1 &b EE 24 /T T, CRLFT 811 &R W) ik b . (BDAAV2-GFP
IINHE R TNERE® . (n=4), WHI =35um

Figure 3-9 Effects ot AAV2-GFP transfection and siRNA-mediated CRLFI knock-down. (A) The
cells showed a marked reduction of CRLF1 protein expression after 24 hours treatment of
TGF-BI in mouse LF cells which were transfected with siCRLF1 3#.  (B) The AAV2-GFP was

successfully transfected into LF. (n = 4). Scale bars = 5 pm.

3.8CRLF1 fE /MR B IEE R R EEIEH

N P U CRLUFT XHAE S8IA IR D e IR o wT bl
&1L CRLFT A4 CRLF1 (PR AH AR 4K (AAV2-CRLF1 1 AAV2-siCRLF1)
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TR . H&E S )m 8 Imagel tF 5 /NR STHTIHEL 45 R EoR. fEXTIEA
N AAV2 HARMH 2 B A MG P #E 7R (B 3-10A. a, by, LTS AAV2 #
AR By AN Z ARk BTRIT HE P E . LT AAV2 #UAHMILL, CRLFT LEA
HT AT (2 DU ol A RO BE BT (L 3-10A0 b oo i) CRLFT
(P 4eids, il DABRAC AL 3l S s i A/ BT Ay HE P T2 1 (B 3-10A, e ).
ERASHFEE L (p<0.01) (K 3-10B). £ LANA, REEHE & CRLF1 41
/IR BB N TR 2 3 R oy Ve A R R A (L

A “_a»_'k‘ b C
Pold—ms ¥, - RV X o)
Con AAV2-vector AAV2-CRLF1 B
d e f "

LF area (#10 pm?)

. [
¥ \’ 73 ’; * oy — dak g -—
‘ = e - '

AAV2-vector+BS AAV2-CRLF1+BS AAV2-siCRLF1+BS

1 3-10 CRLFT (1 i W)t 23 B A2 1 ik S B A1 JH < CAD B AL/ B0 H&E 9 (0B

AL RO AT L B 'S AAV2 vector AL, AAV2-CRLFT AT AC 0 A il 0 )
AL, (n=8), **p < 0.01. 'j AAV2 vector+ AUE s ALHILE . il CRLFT 1Y ik, nf
LAl AL s 7 G DR S B s B IR A IE . (n=8)0 p<0.01. 4l One-way ANOVA
orfre L =20 um. Con = AfIZH . BS=A{Lsb v 10 1.

Figure 3-10 CRLF1 plays a key role in the formation of ligamentum flavum hypertrophy. (A)
H&E staining of licamentum flavum in each group. (B) Statistical analysis of the arca of
ligamentum flavum in each group. Compared with AAV vector group. AAV-CRLI'T group
significantly promoted the hypertrophy of ligamentum flavum. (n=8), **p < 0.01. Compared
with AAV2 vector + bipedal standing group. inhibition of CRLFI expression can inhibit the

formation of mouse ligamentum flavum hypertrophy caused by bipedal standing. (n=8), “p<
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0.01. One-way ANOVA analysis was used, scale bars = 20 pm, Con = control group, BS = bipedal

standing for 10 weeks.
4 Wig

REMNEYHIEECHMHXHR, HESERTHARIHEENRER
Z. E&HRIE, HTROEBRTHRSPER, HIHEERN S FHEIKIEE
EEGABTRIE. SRS FHUEKB R B RS LA AK E 7R 45E
B 7R A LA REANN BT AR P HATRIE. 54, B TEHRETFE
BEEATRER T EERNIBEG| &, R EE. THELYE. HEIESHRE
RIERFBRES . BT B TRH AR LUK EHIE 94 IR ESh i 2 )
Tk, FEMSEE R AT

A8 TAEERTEAB RO RN B, (5 F SR 38 37 /I B b 4 B 90 AR R 5040
B, FFRAZSERITMTITL T SUR S Bt/ B B3 52 ST i .
EDRANFER T HZYWEENFEESEER, 4 CRLFL /B K4 A 78
2T THANENTIEESN YRR, XEHARR/DREHIMIEE TR
WHINMLZ, 7 HFENTZXE, Sa&E2sDREYHAEU=4,
B R BRI e . ARER =4GR T EN, PRIE
UL T] A RO N A BT JE N AL B AR . DB SR, NREE
YN AMNELRET ERZA, BLAEIMT 4944 15, BN T 7703 1.
HBE AT URER KRB, ATH B4 5 F 7 R AE YR 5 B S/ R
W RS/l EREREN/DREYHEARNENRNLIN, SEH
SR LLSER Y WIEE, MRS RNEYWER BN, B
SWRAMELRITZEL. U, PRERETEEERDWIEEN EE T EH
. HHAERORI, EXRIL/NRER G, BYHEIA % SRIES 4K
ELIEFRME, a-SMA PHME4HERI4EF CRLF1 FHM SIS E I B0, Xeedrfl,
SANEEEVTRERZME. BRAETIRPEDTESHENLRAE/NT
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AN, FRESET/DRAEHTE HEEREER., H2, RITANIES
SE/N BR BB B B 0 T DR B\ K B 90T R B O B AR ALE

ERATTE, ZRENXTERYTRES FHSIREARR. S5UETK
5T, BATHERIE T AAV2 BB EPHTHAITIE. AAV2 B—RERER
wUNEERR S, HEFTREESURNE. AEERAE ERER, R FHE
EFERBERIENANGEAP. RAITRM, FEAESH AAV2-CRLF] &R A4
Al EM MBI ER, TS AAV2-siCRLF1 A #5925k 32/ R E F
EE. FEik, RATAN CRLF1 1 LIRS T HTTF MM A VUS4 L
M B 4Ep i, MmEIET JHIEKEE.

2 PRk, ROTRNMBEL T DPREPWRERE, FHEH T HZEBEERR
ERETHEENEESNMEE. EEARIET M4 CRLF1 REW RS ET
WIRERER. XNEPFIEE TR FETRE T —MRAER 5] SIS R

5 &WBS

ARHEEETRERRANEARASEEE, WA EEEITNIEER
PHEIRAMEREA, RITHEARDHREHNEAERMBEISE, H4
RN REFREER, EERARTS FIIRNIIE, NEPFIEREN
. FBHABITRE T FHFTENELA. FRATELR:

1. BAVEE X E# FAEE R BE I REAET S HE I, KT CRLF1 &
RERBK. HAR¥RK PCR LH#H—HIELT CRLF1 MREER . LEKRKII
FEARTET CRLFL RE TR RN M. S AIRYER CRLF
B RSS5 THYHRENEREE.

2. FIFRINBFARMAEYFAE, FAMREEALNMRERBEL
thCRLF1 & H, AL IESLT CRLF1 2 —Fsr F R A 4R T
TGF-p1 AT BA% SMAD3 i&12{E# CRLF1 mRNA KJ¥:3% . CRLF1 7] LI& ERK1/2
BRI R R PR EAAEXE FRIRE. % CRLF1 AT AR S FRl#
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