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ABSTRACT

THE EFFECT AND REGULATORY MECHANISM OF
NOTCH-RBPJ-COL5SA1 PATHWAY ON THE
DIFFERENTIATION OF BONE MARROW MESENCHYMAL
STEM CELLS IN BROILERS WITH FEMORAL HEAD
NECROSIS

ABSTRACT

The incidence of leg disease in fast-growing broiler strains has increased under intensive
broiler farming, which seriously affects broiler performance and animal welfare. Femoral
head necrosis (FHN) is one of the most common and important leg diseases in the process of
intensive broiler farming. FHN is particularly in from 4~6 weeks of age broilers, and its
clinical characteristics are mainly characterized by the inability of the diseased broilers to
stand and walk normally, severe lameness, damage to joint cartilage, and reduced production
performance, which causes large economic losses to the breeding industry. Therefore, the in-
depth study of its pathogenesis and pathogenic mechanism is of great significance for the
effective prevention and control of the disease. Studies have shown that the development of
FHN is closely related to the reduced activity, decreased number of bone marrow
mesenchymal stem cells (BMSCs), and the imbalance of lipogenesis and osteogenic
differentiation, which are adult stem cells of mesodermal origin that can migrate and
differentiate to the site of tissue injury, thus playing an important role in tissue healing. And
BMSCs are the most commonly used stem cells in tissue engineering and cell therapy.
However, the mechanisms involved in the altered direction of differentiation of BMSCs in
FHN are still poorly understood. BMSCs are regulated by multiple signaling pathways,
among which the Notch signaling pathway is involved in regulating the proliferation and
differentiation of BMSCs, determining cell fate. The recombination signal-binding protein 1
for J-Kappa (RBPJ), a transcription factor downstream of the Notch pathway, binds to the
enhancer of type V collagen (Col5al) to regulates its transcription, thus regulating the stem

cell ecological niche. Therefore, in this experiment, we first clarified the changes of lipid
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levels, bone metabolic markers and cartilage homeostasis in FHN broilers, found that the
differentiation direction of BMSCs from FHN broiler origin was altered. Methylprednisolone
(MP) was used to treat broiler BMSCs to explore the regulatory mechanism of the Notch-
RBPJ-Col5al pathway on BMSCs differentiation.
Experiment I Study on serum lipid levels, bone metabolic markers and articular
cartilage homeostasis in femoral head necrosis broilers

To investigate the etiology and mechanism of FHN in broilers, blood and bone tissue
samples were collected from 4th, 5th and 6th week old broilers and tested for lipid levels,
bone metabolic markers and related indicators of articular cartilage homeostasis. The results
showed that liver function (alanine aminotransferase and aspartate aminotransferase) and
lipid levels (high-density lipoprotein and triglycerides) were significantly altered in FHN
broilers compared to the normal broilers, and lipid droplet accumulation was observed in the
liver, while tibia and femur parameters showed significant changes in bone mineral density
and bone strength. At the same time, significant changes in bone metabolism markers
(osteocalcin and bone alkaline phosphatase) occurred. Chondrocytes in the articular cartilage
of FHN broilers were irregularly distributed and vacuolated, indicating a disruption of
cartilage homeostasis. TUNEL staining showed that the apoptosis rate of articular
chondrocytes in FHN broilers was significantly higher than that in normal broilers. The qRT-
PCR assay showed reduced mRNA levels of Aggrecan and type II collagen in the articular
cartilage of FHN broilers, and the same changes were observed in hematoxylin and eosin
(H&E), toluidine blue, alcian blue and safranine O-solid green staining results. Meanwhile,
protein kinase RNA-like endoplasmic reticulum kinase (PERK) in FHN broilers activates the
nuclear factor-erythroid 2 related factor 2 (Nrf2)/antioxidant response element (ARE)
pathway, leading to ER stress. Autophagy activates transcription factor-4 (activated
transcription factor-4, ATF4) through PERK, and can also activate apoptosis through
CCCAT-enhancer binding protein homologous protein (CHOP). In conclusion, spontaneous
FHN broilers have disturbed bone metabolism and lipid levels, imbalanced articular cartilage

homeostasis, and endoplasmic reticulum stress-mediated oxidative stress and apoptosis.
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ABSTRACT

Experiment II Changes in the differentiation level of BMSCs in FHN broilers and the
effect of methylprednisolone on broiler BMSCs

The occurrence of FHN is closely related to the reduction in the number of BMSCs and
the change in the direction of differentiation. To further investigate the pathogenesis of FHN,
broiler BMSCs were isolated and cultured in this experiment, and MP was performed on
them. The surface markers of BMSCs were first detected by flow cytometry and identified
by multiple staining methods. BMSCs from spontaneous FHN broilers and normal healthy
broilers were subjected to osteogenic, chondrogenic and lipogenic induction of
differentiation, and then stained with alizarin red S, alcian blue and oil red O to assess the
changes in differentiation levels. The results showed that the osteogenic and chondrogenic
differentiation ability of BMSCs from FHN broilers was weaker than that of normal broilers,
while the lipogenic differentiation ability was enhanced. The results of Western blotting
showed that the protein expression levels of Col2al, Aggrecan and bone morphogenetic
protein-2 (BMP2) were significantly down-regulated and matrix metalloproteinase (MMP13)
was significantly increased, indicating that the osteogenic and chondrogenic metabolism
levels in femoral head tissues of FHN broilers were significantly decreased compared with
those of normal broilers. The optimal concentration and time of MP treatment were screened
by CCK-8 method. Osteogenic, chondrogenic and lipogenic differentiation was induced in
BMSCs exposed to MP and observed by staining. The results showed that MP treatment
caused a decrease in osteogenic and chondrogenic differentiation and an increase in lipogenic
differentiation in BMSCs. The mRNA levels of genes related to osteogenesis and
chondrogenesis, such as Col2al, Aggrecan, BMP2 and runt-related transcription factor 2
(Runx2), were significantly down-regulated by MP treatment, while MMP9 was highly
significantly increased, as detected by qRT-PCR. In addition, the protein levels of Col2al,
Aggrecan, BMP2 and Runx2 were also significantly decreased. The above results indicated
that MP treatment reduced the osteogenic and chondrogenic differentiation ability of BMSCs
and increased their lipogenic differentiation ability, which was consistent with the changes in
differentiation levels of FHN broiler-derived BMSCs.

Vil
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Experiment III Regulatory effect of Notch pathway on the differentiation of BMSCs in
FHN broilers

Since spontaneous FHN broiler-derived BMSCs have decreased levels of osteogenic
and chondrogenic differentiation and increased lipogenic differentiation, this experiment
aimed to investigate the role of the Notch-RBPJ pathway in regulating the differentiation of
BMSCs during the development of FHN. The BMSCs were treated with Notch pathway
activator dentin 1 (Jagged-1, JAG-1)/inhibitor (y-secretase inhibitor, DAPT). qRT-PCR,
Western blotting were used to detect Notch pathway-related genes and proteins expression in
femoral head tissues of FHN broilers and BMSCs exposed to MP, and found that activation
of Notch pathway occurred in femoral head tissues of FHN broilers and MP treated-BMSCs.
JAG-1 exacerbated the decrease in osteogenic and chondrogenic capacity of BMSCs induced
by MP, whereas DAPT reversed the reduced osteogenic and chondrogenic capacity of
BMSC:s treated by MP exposure. It was shown that the Notch pathway was activated in the
femoral head tissue of FHN broilers, resulting in reduced osteogenic and chondrogenic
capacity of BMSCs, while the Notch pathway was able to regulate the role of MP on the
differentiation of BMSCs.
Experiment IV Notch-RBPJ pathway regulates the differentiation of broiler BMSCs
through ColSal

To explore the pathogenesis of FHN in broilers, this experiment screened differentially
expressed genes by RNA-sequencing (RNA-seq) analysis of femoral tissues of affected
broiler chickens, designed and transfected with si-Col5al, si-RBPJ and treated broiler
BMSCs with Notch pathway activator (JAG-1)/inhibitor (DAPT). The key gene, Col5al, was
firstly screened by Cytoscape software and online website String, and selected by Venn
diagram crossover. qRT-PCR, Western blotting and immunofluorescence staining assays
were used to detect Col5al in femoral tissues of FHN broilers and MP-treated BMSCs. The
results showed that the expression levels of Col5al were significantly altered in both diseased
broilers and MP-treated BMSCs. To explore the regulation of Col5al on osteogenesis and
cartilage metabolism in BMSCs, si-Col5al was transfected to detect the expression of related
proteins. The results showed that interference with Col5al expression could alleviate the MP-
induced decrease in osteogenic ability, but had no significant effect on the expression level
of Notch pathway-related proteins. In contrast, treatment with JAG-1/DAPT was able to

increase/decrease the protein expression level of Col5al, respectively, and transfection with
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ABSTRACT

si-RBPJ significantly decreased the protein level and immunofluorescence intensity of
Col5al. Meanwhile, transfection with si-RBPJ was able to alleviate the changes in cell
differentiation levels caused by MP, and transfection with si-Col5al was also able to exert
alleviating effects. In conclusion, Col5al was significantly altered in femoral tissues of FHN
broilers, and Col5al was able to regulate the effect of MP on the differentiation of broiler

BMSCs, which was regulated by the Notch-RBPJ pathway.

KEY WORDS: Femoral head necrosis; Notch-RBPJ-Col5al pathway; Bone marrow

mesenchymal stem cells; Differentiation; Broiler
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Fe P 5 IR 2 —, P RIS AR K E . PR, EREANRXSFRE
Yy, BRIGHIRAEZRLIN 2%, T FHN AR H 3R &8 13.33% (Li et al, 2015). 1%
o R 4~6 AR IXG (Yuetal., 2020), FHSLAYIE ACREIR 32 2R I X9 & 2 P R 2
P, ARDUSSIAATE, AT E, SRR A R 2 TR . FHN R AR 2 i
A EAEH SR, OFERAHREL. SHE4EiE R, & AN Em . &858 2T
21/ (Bone marrow mesenchymal stem cells, BMSCs) &4 ) F &=/ &% (Lietal., 2015;
Packialakshmi et al., 2015; Seamon et al., 2012; Wideman et al., 2012),

BMSCs AJ [] Sl A« s 40 AN B 3B A I 534 A 22 Mo 4 B 7 VR A 2 [
JPVE B TR AN, S8 EA— MR, i me s 40 M S i 40 i 5 AH BLAE A
AWrE % (Palumbo etal., 2021). BMSCs 7] JlF 4H g AR 17 240 ML 1) 7 4 55 445 1E % 1)
HRRAEUIAIS,  Foim) s 17 4 o3 AR T 1 4 i 2y A4 PT B8 5 B0 T /MR W 2k 1
FHERASEERME, 51 KEHIE (Duque, 2008; Lee etal., 2006). HT BMSCs K if
(IG5 S e 70, AEH RN THEE FHN ROmALH] 8 E 402 — (Miyaki et al.,
2018),

Notch i #% /& 2 A VRN — K RS 5 SalEg, il 2590 A A AR
AT AN FEIR ST A f 1 sz e A s, 78 AR B B R T I R i A i s
FLALZF434E (Chiba, 2006; Hilton et al., 2008). Notch I ¥ 75 5 Py B S 40 I B4k
Rt s B HIE1EA (Chiaetal., 2020; Dong et al., 2014; Sprinzak et al., 2021), #Ef%
JE LR 78 B T-4H Ml (marrow mesenchymal stem cells, MSCs) Rl 230 T 75
PN RCE - BFFERI, IRl ik vV R R (type V collagen, Col5) & [K ] &

1
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S M S N R A S AR D, X i FE 32 Notch-RBPJ g s, it
4k, Notch-RBPJ i@ it #5 i Cols #t s T4l A 454L (Baghdadi et al., 2018).

1.1 FABEELAFEHHRRER
1.1.1 A8 FHN

PR 38 5 0 H AR B SR Z0 A TR B A I 1 RS E SR AR B A 2, i st ik
e IR DT SRS AR R R A5, 2 PAINE IR R IR 22 5 A% A Sl 0 4 M) s ok B K B i
(Ytrehus etal., 2007) . [RIXG A HE P 8 I 25 004 | SAREEO, I E i 2 52 21 R
BRI (Paxton etal., 2014), [RINAF A B B B AR AR B AU 3 EL, H8m
7B BRI M) 99 # (Julian, 2005; Sanchez-Rodriguez et al., 2019; Williams et al., 2004) .
FHN 2 RS 550 LA BRI 22—« B B WA O T s 0 &, N IRAE,
e a RAERE T ARYE M EREEE, 7] 40 A E k4 & (femoral head separation, FHS)
B Sk S A AE KA IZY. (femoral head separation with growth plate lacerations, FHSL )
(Durairaj et al., 2009; Li et al., 2015; Liu et al., 2021; Liu et al., 2021),

1-1 B4 FHN RIEEPIERE KMERIFER (Livetal, 2021)
Fig. 1-1 The anatomical manifestations between spontaneous FHN and normal broilers

A, IEHEBAE L B, A ARTHESEKRAREEDE; C. Bl abii

A. Normal femoral head; B. Femoral head Incomplete separation of articular cartilage and growth plate; C. Fracture of the

epiphysis
1.1.2 A% FHN f&E

FHN %5 R B 4580 1 A B PER 2=, G463 201 FHN TR IUd. i)
1B 55 AT EL (Packialakshmi et al., 2015); 17 G477 D5 25 B0 46 1L 55 A 468 1ML BABE R 2R
WAL R ZEAC I X ELEE (Liet al., 2015; Paludo et al., 2017; Seamon et al., 2012; Tullo et
2

https://www.cnki.net
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al., 2017; Wideman et al., 2012; Yu et al., 2020; Zhang et al., 2017), HAE RN 37
B R BRI E (PR PRASE RD . B ORJEMEMERI F5R
XS & A ) FISS (Herzog et al., 2011; Huang et al., 2017; Kense et al., 2011; Shahzad
et al., 2014; Tullo et al., 2017),
1.1.2.1 BEtEZE

W X% FHN 7] 4k & T 40 56 Ve 808 PR 26 14 B #8 % ( bacterial chondronecrosis
osteomyelitis, BCO) (Wideman, 2016). 5| & RIS FHN [0 b 32 ZLALH5 4 4 5K 56 -
B ERE A KA E JFIRTEZE, 2019; Marie etal., 2011).  H1T IS B 44 25 #g i) 4 5k
PE, K 0 A BB R g A KR 2 TR R BRCR N AR e AR B AT
(Szafraniec et al., 2022) . B HCH R ML MW R EBILE, R HCEES K 5| sz
P AR RN Ja 35 MLYR G A AS AL 51 Ry J PR Bk A4 2R %8 (Dinev, 2009; Ytrehus et al.,
20070, AT LI B R B Ve N IR A PN, E LA A 81028 2 R R ity I
(Dinev, 2012; Wideman, 2016), iX—idFEH KA T HURAERE 514 50 9% ) 52 47 8 55 I

<

|

respinatory epithelium
or air socs J

~" 7 osteomyelitis
e
B 1-2 EEEIHMNDEX=ENERERMG% BCO HlHIE (Wideman, 2016)
Fig. 1-2  Mechanism diagram of BCO caused by bacteria through osteochondral cracks caused by
excessive mechanical stress
) BRI 8 T WEBURAEY), AAETERL KA, BRNSREGBES, AT
ReTT AL RE . LR35 (Arufaetal., 2017; Rodgers et al., 2003; Szafraniec et al., 2022 ).
FHOCHIF 70 S 7 B 5 3 TH 4 35 €00 88] 246 3K A R 3% B2 7 287 BK B R IR e 2 00 I 10.45% 1
20.45% (Pondit etal.,2018). IXLEH AW /& MR AV KA REM IR G 8 (Maki
etal., 2020; Trudeau et al., 2020), & EREHZI 5 1.09%. Just F A 73 25 H o WL

3
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AD

FI4H T 2 #1 & BK TR (Justetal., 2012) 0 FEZ &, %) BRERE 5 514 J) A 1S 11 B 4,
Wb S804 A 2 Y (Director, 2017)

HEBREEAT Z MBI T (Wright etal., 20100, 38 R b 2 6 76 15 32 40
g/ i F (Chavakis et al., 2005), M EFE TEH BT, X240 B R D) B gy
HIEE— 2 o R T KA DA RS B 2 A0 B AR o o, — ORGP 208 RERS RN TE I S [N,
AR AN A AE (Clarke et al., 2006). £FEE AR GIRIREA . F4EEA.
FPEEASEZ My, XAME S LA AR AR b B oC R, HBEv ik 4
WAL (Hauck et al., 2006), it TR i ) 25 45 AW 250 <e o €0 8] ) BR I AL P A% 4R
M EZEFERE (Xuetal., 2004).

R R AR IR 22 IR I AL SRR, B AL S s 2k
B ImiEE RN R R 2 — (Kense et al., 2011; Laurentie et al., 2023). B MHEKE & —Fh
HH IR S RE0RE, AT RECERER . BRI RIS, P E N A BT
(Herdt et al., 2009). K251 RS FAN ) 2E80%E  (Wijesurendra et al.,
2017), EATREEANNATEA RGUIFETE, M5 RIS BCO ik & I FHN.

[EFE, ISR B Bt 2 T B0 T B db &k P 41 B J8 4t 8. FHN (Jones et al.,
1993). XS & RGeS R 5 1d A Bl KR s, WS EOLRAEAT (Leyetal,,
20100 ; 1 IS JF A T d ik 175 5 400 B 40 B R T B I P XS 1) FHN 5 3k o sl i FiFR
Ji By AT iy ) AE DR S5 XS FHN R A BRI (Wijesurendra et al., 2017).

1122 FERERMER

L RIS FRIE TR T AR A R A A K (Havenstein et al., 2003). 2R,
PA) X0 K S 18 B 2 {508 52 B ) 1 J38 0, AT 5 B0 PR 3 i) @ (Packialakshmi et all.,
2015). sk =iz BE G e SR LA RIS FRIE T LR S B B AE B B 32
o RERZMERIN. BB 0. BTNt R S BUAINS R B AE
11221 EFRER

BRORPEH 6 MaE A 85 LA 8 B4 3 BEs HL2 LA B B K
B 5B A E (Edwards, 20000, (EZ1METRE T ARG FRR & SoK-FRIE B B 6
i K BE B, TS ME LA B R % (Williams et al., 2000 . AHISHIF 78 1 38 e M g 7K S 4
R D A AR R E 0 i) ) 4B (Fleming, 2008; Whitehead et al., 2004; Whitehead et
al.,2004). AME. M. 44 R, R, HMELHETRNEs=, Wi KR
Wie EFRBANCERE, AHTEBIERAT, SRS RKE ARG,
11222 HKEHR

TEIARMEE L FRFE A, AR B IR SE hn,  F2 BEAR SO IGHIRGE,  ATf
MR T ARG Ly, BB /7id K (Corretal., 2003). PR BE& A K L@ T F
4

K
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BoE iRgGRE

TP A A ARAN B A2 A I8 K LK B2 o i 1) v JE Bl A S IB IS N B B 42 (Wideman et al.,
2012). 7£ 5 JH)E, HTRGHEAPUEAKI, Ia KA s SR E R K
B EE3E i CApplegate et al., 2002; Paxton et al., 2010; Paxton et al., 2013), M 5] &A%
B K # E 136K (Prisby et al., 2014; Wideman et al., 2012), 52 S3URE Sk M7 2
BN 15 R AR, PR D15 A R BRI AR B AR R L (Liu et al., 2021) 51 7% FHN.
11223 FEREZR

EXEFRESY, PSR, AR, JelEE., R RE. e A, BE
g a5 K R AL RS 3 BN K AE RO B (Mitchell et al., 1986; Packialakshmi et al.,
2015), SN PG AERCHEE, F B a8 K B EAREEN . H A TR, XS B
T AN AR, Tk 22 P AR TR R 2 52 e A RS ik 7. 2535 (Wideman et al., 2012), H
TR SR Pk R 2 PRI PXS (32 3l AT 0 S RRE 1) & % (Hall, 2001).

1.1.3 38 FHN B BURHLE]

FHN & — Mt AT 80, R B 4 i fl B S8R 30 . 30s N eE 3 O™ &
IR AR E kG, &SRR (Guerado et al., 2016; Marciniak et al.,
2005; Mont et al., 20200 G115 REWE A ML 7T F EUE AMEAET. (Assouline-Dayan
etal.,2002), [K[I/E FHN HH WK, thoh, fEilis. mifssd e, Waeszash
() T 5| S B AR A, AT 44K FHN . GUIE B0 A8 2E 5 IR v Sk il 2 5 Bl E A 1
FHN A= B BEER 21, 1717 0L VRV RV 2 B IR vy AH 234 A i 2E 23 08 e 1 T P2 e
T KA FHN (Jones, 2001; Seamon etal., 2012). H I, X R B4 PR E: N (A
1-3) RAEMFAR KA M T4 IE AL B N e s I Hoe A AR T R SRl &
BEFE NG Bl Tadr, RAFEURE LM (Cuietal., 2021).
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I Exposure to glucocorticoids or alcohol l

.

Fatty marrow conversion with
fat cell hypertrophy

y

l Bone marrow pressure elevation l ’ Other risk factors l

\ /

‘ Decreased blood flow ‘

v

Intravascular coagulation especially in
the presence of hypercoagulability

Sufficient fibrinolysis ‘ Insufficient fibrinolysis
and angiogenesis and/or angiogenesis

[ Quiescent ischemia l I Prolonged ischemia ‘

v '

I Transient reversible marrow necrosis I ’ Marrow necrosis and osteocytic death ‘

v

I Irreversible osteonecrosis l

.

I Fracture and collapse of necrotic bone ‘

.

‘ Degenerative arthritis of the hip ‘

1-3  dEfI4A1E FHN FiR g F AR £ Al (Cui et al, 2021)
Fig. 1-3 Pathogenesis of non-traumatic osteonecrosis and transient marrow necrosis
1.1.3.1 BEERAMAEXTEANSE
S5 5 A ] g 3 ik 0 I S DR AR B B ) v 3244 (peroxisome proliferator-activated

receptor-y, PPAR-y) S #MiIAH ¢4 5% K ¥ 2 (run-related transcription factor 2, Runx-2)
47, AR HERTAE 7 40 AT MSCs A N B AR T4 (Cui et al., 2006; Miyanishi
et al., 2002; Motomura et al., 2005; Peckett et al., 2011; Wang et al., 1977). 1 i 2 [&] [

CHRYRJE Te /M ZEKHA ) 0 38 g i i 10 4 B I AR B 5 B, 15 SRR T A B K. (Cui
et al., 2006; Miyanishi et al., 2002; Motomura et al., 2005; Peckett et al., 2011; Wang et al.,
1977), 1fF 6 e 7 240 P (A RR P 1 n R /s I M 240 B 808 ) 408 I e 8 35 i iy Al s 1 T
JE 3Tt Er, AR 8 B N R SR, O DKL PN I, fe 2 B Sk LA B2 A
M ZEte (Koo et al., 1998). Keracian 5 N R Ik JEFA T RENS FEUME /42, JEolk
WU & A He UAE,  BE52m) FHN i) & 2E (Kerachian et al., 2009). K= EY,
T A I R PR o R BURCE Sk N AL SRR SRR UAE S B UOAR I 51 AR RR s i 28,
XA AES S8 FHN i) & 4B s m =k g (Kitajima et al., 2007; Song et al., 2017; Yin et
al., 2006; Zhang et al., 2018),



1.13.2 BHHERE
IMAE N &I T BB B Sk B B S MRS o 155 10 B R s P 32 2 7 3 P P S5 28 1) 24

JHa, B Ry AR 7 40 AN I . B AR DT AN 2 RN B REAR AR ) 70%, T3 148
¥ PR 5 I A A W P 9 T B T R D o A M % A I 4 o iR I PR TR 2 1 AS [

(Fondi et al., 2007 & IfL 4O 6k M BBURE, R BB MEIF R4S 12 h WAETS

(Fondi et al., 2007). 11 & 885 /J7 MBI M4 2 J5 A = KA AT, HAfiix£1E
SEAGRIMLE 48 h . R, B @R LKW AE OIS R AL B 38, & 2 5] ki 4
R, BEERAENRDIGEEASE . Fondi SERFFEARIN, 24 AR LA A B I/ /8 AR 1 s 4%
IF, AN TA) R I 2338 RSB A MOAE 24~72 h WAETS, I SBURMEE AL (Fondi et al.,
2007)-

1.1.3.3  ME R K M BR 515

JBERr Sk R AR RIS B L 23 5| K AT 4EER I A - X IR PN g I 300 R A

B IR M B BB, BAWOE S A K. 1A 28 A /2 FHN K JE (1) B 2
Kz . ENIMES 5KA ) —E AR R AL 2 L A s F e, HN R —A A S
FHRPZ &S FHN B &A% (Glueck et al., 2008, Koo et al., 2006). Kabata Z5k
T8 R IRz Joa 2 [ B e Je e i) &7 N B2 ZE KRl F- - (vascular endothelial growth factor,
VEGPF) {774, il £ K (Kabata et al., 2008). FHIHF 5K B VEGF 1EN—Fi
A8 A B ER I RE A8 (I 1E 3R AR ORI T O R, L3 A% 2 38 1 55 B Joa 26 [ s A 5% 1)
FHN R4 RJEF % (Kim et al., 2008; Lee et al., 2012). [KIH, 4 57 i 2 s A D6 %
RERE 5| S B B8 N IR T A IE R B 1 2 SR WA s, 4R B RESRAE . I N I
JAME RS2, 2533 FHN R4

1.1.4 %S FHN BYBG#E

HATAIAYS FHN [R5 i O (R R & S i s, BRI 88, e
HEPEFRERE . SRR EIRF S, MRS IRD BRI A, T B A
R 25200 (Bizeray etal., 2002 %5 FE 1A TR0 PAIXE fE H{g 5 AR 84T & AN KPR A
BTS2, DA TR BE, S iR v] ORee 2 3R RO (@ RR, D R AT & AR,
FPEm SRR BhAh, FEAIAEHR 1R SR 1 PIXS B AT 16 R AR SR AR TRk 22 ) A 75
FIRIS BRI KA %R (Widemanetal., 2012). TR, HAFIEN—MRIR, %Z4. @
FERIHAEEFIF (Al-Khalaifaetal., 2019), S TR BB HIGTE. FBGTERHE A
B, 1 LA/ BCO R AEZE (Widemanetal., 2015). B il E M EH R K T EiR1E,
A AR K s i A R n B v 245 (Widemanetal., 2015) FTi697 . [HIE, N
SRUOK A MR PAE, R0 P AR TE RS ARSI, A B TR D R )k

7
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£ (Weimeretal., 2021). b4k, EGAR RS INE &2 AEA R BRBCA LR, W PA
EL AR =G (Hafeez et al., 2014; O'Connor-Robison et al., 2014).

1.2 BfEEFTRRTHERESCSESRENARER
1.2.1 HHEEFERTHEERE{ER

B &7 78 5 T4 (Bone marrow mesenchymal stem cells, BMSCs) & —Ff7-7ET
HEEHL ) EA R EE R, 2B 1 T4iie (Fu et al., 2019; Kuang et al.,
2019; Leeetal., 2021, H H 3R Hr S IGTARE I 50, RE% 7040 BB 40 I 0B 4a i
Hefigmie. WL, #HEguiusE 2 fgai (K 1-4) (Chrostek et al., 2019; Liao et al.,
2021; Qietal.,,2017). BMSCs 5 T A5 r BRI 1Y, HA 55 70 WA G el 5 hag, H
Reto L2 2 H S AL, AT R R TS T o 2 R e kY, &
SRR 5T (Raeth etal., 2014). A BMSCs 7R R 0 &% EE/EH (Luetal.,
2020; Qiu et al., 2021), HAZK AL RNA (Li et al., 2021; Li et al., 2021; Lian et al.,
2012; Qiu et al., 2021; Wang et al., 2022). /MEZmAS RNA (microRNA, miRNA) (Lian
etal.,2012). #M#AK (Yangetal.,2019; Zhouetal.,2022). Wnt/B-Catenin iH# (Maeda
etal.,2019).BMP/Smad i# % (Lowery et al., 2018 ) Notch i % ( Zamurovic et al., 2004) .
M4 R (Filipowska et al., 2017). RNA FIEALIEM & 85 (&1 (Feng et al., 2021)
TR, FHERT BRI CEOR TR A BRI /).
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1-4 BMSCs 89532 (Gao etal., 2021)
Fig. 1-4 Hierarchy of bone marrow mesenchymal stromal cells
SSC, ‘HH#ET40/E: MALP, H#EREIE RATAL: BCSP, & HH MIEMH T4/ pre-Ad, AIRIT40AE: OPC,
HHAN
SSC, skeletal stem cell; MALP, marrow adipogenic lineage precursors; BCSP, bone, cartilage and stromal progenitor; pre-

Ad, pre-adipocyte; OPC, osteo progenitor cell
122 BMSCs 55t

HH RS HEEMEFE D REA R HLSR AR, WEss. SEAUg. SaH T
WEE T HIAFEAE, Sk Ui B AE, H A AMYER TR 4P S B B3 5 ik, ikfE
JN)E . WUBEAT LI B B R LR SR B IZ 3, RO B b 3 1 2H 252 3 P

(Méndez-Ferrer et al., 2010; Zaidi, 2007) . ‘58 H KL 10%2Hf1. 60%EHLHEF K 30%
APGETALRL, Hrh Iohl R 3 SRR R KA, AR EE N 1 BREEA

(Arthur et al., 2020; Boskey et al., 2013; Feng et al., 2011; Pasteris et al., 2014). & & A
A e, FLr RIS T LTS AR A B A0, RERE o) Al 22 LAAS R R IF R 32 45 1
B BRI AAE R LRSS AR S s SRUS T S 0 1l R A B 40 . 2T 4 4 K R 4
MOE A B H A R h A AR R (Jiang etal., 2002). EREIEAN GH K&
Mg, I HBA - oK AE AT Y8 AR A DGR, IR E I
MR, W ST M FRES/EM (Onoetal,2019). HFHAAHFZIEE, X
LB T e 75 2 2 AN TR ST ) i BT R A 4R 3K ] 52 B CAbeynayake et al., 2021;

https://www.cnki.net
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Antebi et al., 2016; Carina et al., 2020; Herrmann et al., 2019; Shiu et al., 2018). Hl{&H,
B AN B o FE A R s A AT, DAIE N SR AR PR 95 BRI (Carina et al., 2020;
Feng et al., 2011; Kimmel, 1993). & WO E T B0 1) HH A v 40 B RD s B 40 gk A T
HOEBh i g M PR R 4R Sh A5 P4 (Palumbo et al., 2021) . B B8 AE Ho A dy A A 1
EAEYS P EEPDE, WESREMNERE, BREEKMIGERA, &E4r80
MR L4Ed BT 55 . RN — AP IRER TR ZEA W L4, X E 88 4 Re
AR, [ SERE SR AR

HHTRA AR R EAAEWILE AOEIA, B S A% A BT A I A AR R 2 BT
RN IO o SR B 20 R A RS T R 2 A i AP, RER RSO BT . B
J& BMSCs FVRTBeH 4o b 2 e r . BE ST E A (L4 2 (Okada et
al., 2020; Sivaraj etal., 2021). HERAHE =B BEHE. /03 L (Anetal.,
2016). JCE A ZORIE T B R Bes 73 i 7 ) BMSCs (Marieetal., 2011). 7E8
HIRE A (Palumbo et al., 2021), BRIHECZ 3085 H 2 BB A0S bR, B S A KT
T INEEFHRSUEK, %5 BMSCs [ARE R A 558 . TR I AR 400,
B AAERE B A U LME R 245 414 (Liu et al., 2018; Zhou et al., 2020). Ff %
B2 Calkaline phosphatase, ALP) J&—FhE R EEESE, oA N2 F 5K bR
T, HRIES a2 IEM G AHXFARERN, ALP FIvEESE, BE
20 AV PSR (Chingetal., 2017). ‘E45% (bone glaprotein, BGP) & B 4123 1) — iRk
SER BT, B A A o o, FEORE TR S R, B R BT
WIAREY (Whyte, 1994),

HHEIRSCA L, A4 R, BEJ5 BMSCs 1IRIE, (et #E WL,
SIS TR R A B R TSR A TR A o B I B R 4 L 3 A R 1 A R R
RGP, TERERIEE, BEG RS AR AT B R IBGRAL, 2B I
WA s (Einhorn et al., 2015; Ghiasi et al., 2017; Schindeler et al., 2008). {EMEF
RERZ L HURN ) S5 8 A2 RIAE A 564 i T8 ORI RS () Bh s A PERE A
SHERGEN .. BIFHEAE S (Igbal et al., 2018). BMSCs #2& 555 40 i 3 F ok
J& (Luetal., 2020; Qiu et al., 2021, AN G 8 4H f 14 56 A0 o34 B 4 5 RAIE H %2
P LN, I 55 o W E A R BRI 2 B FUE R (L et al,, 2021; Richardson et al.,
2016). Ak, BMSCs MI4HMIIT AN ATE IR TT B AREHAE B0 7 T B A BRI 7

(Xiao, 2017),

10



1.2.3 BMSCs BB MIES HRIEIEE =

T BMSCs fE B TR 1B 5 R W B 88 7 T RE 8 I8 1 5E 1R 3T #% Mok K %
HEAER, PR A A A B s e ] 21 0098 97 i AR s 2 S L. BMSCs 734 HH 4
i N 3% %Rl 7 (transcription factors, TFs) . 15 5 1Al microRNA S [K & 75 . LA,
SREMPIRIEEE L 2 51X — . (8 1-5) (Gao etal., 2021).

X ReE s TFs 3@ B0 s i A O PR 1 8 K 777 BMSCs 197346, Runt FH5¢
#:5% AT 2 (runt-related transcription factor 2, Runx2) 138 40 iy 573K Costerix)
FE AT AR M A RS 48 TFs (Augello etal., 2010). HIAZ L& T B BEHE K
Runx2 FKIXREWIEHE H 4005304k (Yoshida et al., 2002), T4 PPARy HIiG P REM
1 BMSCs 7346 N AR 40 Y (Komori, 2006). Wang 58 57 & I Runx2 [ & 4h i
2SS RAEI (Wang et al., 2019). [AlH, BMP2 /&4 Runx2 / Cbfal ) EE(E 5
W, JEXT e B EE RN (Javed et al., 2008). Osterix ;& BMSC iy )5 — 3
B TFs, HAE Runx2 FiEREER, 3FH T DA Runx2 3#i% (Nakashima etal., 2002),
M A HEAR i3 SR B VE

X T REWTAE G, PPARy I8k 115 A5 D7 AR AH O R ) R B R AR, FF BA it
F ity 240 A Rl i F ) By 40 M 0 AL IAE A (Zhuang et al., 2016) . Kim &5 57 & B
PPARY ¥z 7i@ i 5 R iiF Lipin-1 FIRIEFE SR 418 046 (Kim et al., 2016), 1M
PPARy & — #7314 BMP #1155 (Gustafsonetal.,2015). Tang S5A/F 50 K B =ik BE
BMP2 JIl38 B 40 i 734, IR 1) BMP2 {igidE C3H10T1/2 7] 78 5 40 fitd & v ) g i
NP A (Tang et al., 2004).

BeAh, B ARSI R 20T LA BMSCs k. B iR 2 5 e 8h i 3%
S0 E AR e A g, RIS e D SR AR T S E AR T 4B e (Menuki et al.,
2008; Mori etal., 2003 ) . 44 A IF FE R W, IR IR A UBIR BN HEW 11 Runx2 T 1 PPARy

(Luuetal., 2009, M2k 5t o fME B2 = ik 2 T Gl i Wnt/B-catenin 15 518 2
MEWCR 324K o 15 5 10 B AN i B 28 3 934 5 MSCs Il 7K~ (Haffner-Luntzer
et al., 2018; Wang et al., 2020; Yi et al., 2020).

11
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perivascular distribution

1-5 BMSCs 2 tiBiE#LHIE (Gao et al., 2021)

Fig. 1-5 Differentiation regulation mechanism diagram of BMSCs
1.2.4 BMSCs 5 FHN

fEid 2 30 4F, BMSCs fEA 2R TAE A AR B 22 s | V2 A 7, i AR B
L;USM% #4455 (Takam Kamgaetal.,2020). HHI, BMSCs /&0 & BRI IR
TR I — PR B RIS WG T iEFF (Chen et al., 2004; Horwitz et al., 2002; Horwitz
etal., 1999; Koc et al., 2002; Shen et al., 2015; Strauer et al., 2002) . AHFHF 7 &I BMSCs
A SGE B T NI & PR R AR FEIR RE 1, LA S o8 e R M SR A By Jo B AA i
fFJfE /1 (Ming et al., 2013; Mok et al., 2010). ‘HIFFELKAHS, BMSCs fEH1EE R I%E
THEENEH. EABFKMET, BMSCs HRCE MR 73 Z [BAAAE SN A P4 (Justesen
et al., 2001; Kokabu et al., 2016; Yang et al., 2018), FEfH Runx2 A1 PPARy i1 (Fan
etal., 2011; Miller et al., 2003). Runx2 5 BMP2 1%, 1] PPARy {i& 3t A5 I 25 s 4]
B (James, 2013; Peng et al., 2009; Tontonoz et al., 1994; Valenti et al., 2011). FF{5
I R AN R 4R, BAIEE BMSCs 1404k 7KSF (L et al., 2003; Valenti
etal, 2011). FHN jf&—FE QiR & 5w, A5 BMSCs B P4 ke Bl /> 5 )
FH2% (Hernigou et al., 1997; Hernigou et al., 1999; Shapiro et al., 2009). [F]i A 5T &
I BMSCs Jg 07 42 i 5 Bl Z [ B A2 FHN RZERTIR R 22— (Lietal., 2005). 4]
Ik, BMSCs 385G E S AR T R BOE SBUE 7K1 R 556 5 FHN (R4
EYIRK

12



5

B SCHRZR

1.3 Notch {5 51&KE#E BMSCs SRR iHE
1.3.1 Notch if &R

Notch 38 %/ FAH LA MR K15 545 5, Ref thoE Al aris FITIRE (Artavanis-
Tsakonas et al., 1999; Chiba, 2006; Zhou et al., 2022). fEZ: #iL11] Notch 15 S+ (A
1-6), Notch & K 4w 1) 5L YR %5 i 2 1 —Notch 5248 (LAY ¥) Notchl~4, &2
f¥] Notch1~2) fE45 & HH R0 MR T IS4 (L3 ) Jaggedl, 2 1 Delta FERLAA

(Delta like ligand, DLL) 1, 3, 4; &25H1] Jaggegl, 2 LLJ DLL1, 4) W& )JiEs:
HIE A/KAEYI#E] (Schroeter et al., 1998), M2l E A = 1 7575 4 1 Notch Al P 4544 4%

(Notch intracellular domain, NICD) JE M ER AL, MEEHEE E240M4%, 5 CSL Kk
K7 ORI Y RBP-I/CBF-1) #H HAFH RS IR % (B 1-6)

(Dorsam et al., 2007; Kopan et al., 2009; Lemmon et al., 2010; Majumder et al., 2021;
Siebel etal.,2017). NICD BEE5 M VI EI AR v 0 BB E S =, 22 &)
TEFLNHEH 5 ZE 1 (presenilin 1, PS1) 8¢ 2 (PS2) LML (Kopan
etal., 2000, BFFEAIMER PS1 Al PS2 W58 4 Bk NICD H7 2 K i (Donoviel et
al., 1999; Herreman et al., 1999). Notch 155 1/E N{r~F HE M, e S 54
fa s34k (Siebel et al., 2017).
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Notch receptor !Notch ligand

EGF-like § EGF-like -
repeats repeats f_””[ L
' Endosome
Endocytosis
S2 site - T
™
RAM Y I
ANK ‘NLS - ®
x —®
PEST
Inactive ligand -

Signaling sending cell =

m
- il

Pulling force

‘, ef}ﬁ y-Secretase ,

=i

Endocytosis [ s2 s3 NEXT
. cleavage | | cleavage |

‘b Recycling

=

i:; e —— =

= Ligand- ngand dependent

59 | independent ytosis-independent ¢
[ activation actlvatlon Endocytosis

e

wef

Ligand-dependent
endocytic activation

ied

Endosome NICD Endosome

: I
l : Interacting with other l

e » | pathways (NFkB,

Lysosomal ! | mTORC2, AKT, Wnt...) Ly al

Degradation ! Degradation
1
:
v

r . /
Transcriptional . 4
switch !'\‘ ’ I—*
] MAML' Notch
csL target
DOOQON  enes

B

1-6  Notch {FSBHEMATT#R (Zhou etal., 2022)
Fig. 1-6  The Notch signaling pathway and therapeutic targets

1.3.2 Notch iB i85 BMSCs ¢

Notch 15 518 % 5218 115 BMSCs 40 fl 3G A1 04k, 520 B HE K E (Chiaet
al., 2020; Dong et al., 2014; Sprinzak et al., 2021). fEEPNE LA, Notch I i i 2 1

14
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BE CHRERIR

BMSCs [ ¢ A (14 73 AR A 91X —id #2  (Hilton et al., 2008). Notch {5 5l &R
57443455 7 (hairy and enhancer of split, Hes) B & tK 724 4H < 14 5% 1~ (hairy/enhancer-of
-split related, HEY) &% [ P#AIK Runx2 ¥y 4, b4l s i 4n e s34k (Deregowski
etal., 2006; Hilton et al., 2008; Sciaudone et al., 2003 ) . B 7% & AR N B A& #h it X NICD
B, s gl i oAk S T B FE A F ] (Zanotti et al., 2016), KA Notch 15 5 1H 5
S F )BT B E A A

Notch /&M 3, {2 NICD/RBPJ E-54)5 Sox9 JA 8145 & WX Sox9
P EHEANHIME M (Canalis, 2005), XAHEHIHE AT 248K T Notch 3B EE N it sk Al
#ilX 7~ Hes #1 HEY 1% 5o Notch I 74 Y BCB A2 B, FLECAAR DLLL 4000 38 1A o i) %
B, FEHIAE KR IERX BITE R (Crowe et al., 1999). AHIHF 7T & I 2F
[H) 78 L 4R A H Notchl FT Notch2 L [F] k5% RBPJ #RR;, Bef% T 300 & AR AR 3
B0, X AT REAR R T AR AR A B 4 G B A R o A B N K TR 7 JoT 24 L 1 s 4 L
e HIKF-32 7% (Hilton et al., 2008; Tu et al., 2012) . [A] Bl 57 & B Notch 18 4 GEWE T T
NRCETERG H K Notchl 1) NICD 7E 5 2 18] 7t 5t 48 it Hh ek i 2 3K BRI 1] /)~ Bl
BB B B P B A O R, X M2 7E RBPT S/ HTE R (Dong et al., 2010;
Kohnetal., 2012), 2 B E Notch-RBPJ £ #1358 4% $1 1] 4 & 41 o 384 58 A1 4346 (Chen
etal., 2013; Kohn et al., 2012; Mead et al., 2009).

1.4 Col5al fixiHtE

G AR AN E R P iR R E R, NKEFR, #3522 BRBE B DU 12
e R g gem i (van Kuppeveltetal., 1995), AEAS4ERF 2 23 1) 45 7 58 B4 18 715 2%
PAYEFE (Cescon et al., 2015). V BUKJE (type V collagen, Col5) AL H al
(V). 02 (V) Fl a3 (V) ZZKZIRBEH A SRR =54 (Sumpter et al., 2004; van
Kuppevelt et al., 1995). HFZEWMAEPK ol (VD HHN—D a2 (V) B, 450H
Col5al Al Col5a2 ZE[MZh . Col5 & PR BRR L4, KA 5 E IR TaMkRES,
HEAE N TR (typelcollagen, Coll) ISR/ (Cesconetal., 2015), £
ISR A A AR AR (AF4EAE RO il B ER, RN W0 S22
FE RS (Collins et al., 2011; Wenstrup et al., 2004 ),
TEARIN, Col5 1ENJE BN Coll TR A 4E [ pii% 7] (Wenstrup et al., 2004), HH
0 N i AT IR R T IR 4E3R 1, Befe PR 7 i IR 4 E R ) 4 K (Linsenmayer et al.,
1993). 7E ik (Fanetal., 2021) JJUiE (Connizzo etal.,2016) F1fffi5 (Sunetal.,2011)
Sk AR LA, Cols B> SEUR IR A4 R HE IR, TR A 4e5m i KU Re
#1155 7E ColSal FERE /N, BT Coll £F4EA:laE /1AL, ColSal 5E4B k&
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SEUNRMIAFET: (Wenstrup et al., 2004) . Chandrasekaran 2518 Col5 [ Hk 2k FE4F
YEE A GE A B-catenin FRIKI/D, R T Col5 FEYERFHRR PB tHAN N A A7
FIE EAER (Chandrasekaran et al., 2021). Bi 25 A\ 43 #1240 B4k, 5 AR 258 o 1) B
M, HiE | Col5 Refifs 3 N\ 2 A T M 701k g 5 2545 B (Bi et al., 2020) . Baghdadi
2 NI 7 R BN B R A iR ColSal FE AT 5] AR 4 il 5 % HE N 40 i & 3 o 5
FFAH B EE H98 L, $27R Col5 A2 /0y B T AL 40 it A 2547 1Y e 2H 1l 350 43 (Baghdadi et all.,
2018), JfH Notch-RBPJ ml it # i Colsal 3% i LA F41 i i A= 547

2 AWMEBEHMENX

I B SIATE (FHND 2 RIS TG A i i W BB R . —, fETH 5% Y
BRIE, HAAGZE AR A = P Re, fa SRR, [ 7™ 55 5 0 PR XS 55 58 28 55 0
HREA AT (BMSCs) & —Fifrfe T B2 h B 2 W A0 Re i T4 e,
HAEWSRIAEFER, B OCE SR, SRS SRS RS AE, I EA R
BRI AR FERI T RE . BIRSER AR, BMSCs fE 16 E h R i%E T EEEM, AMUAE
e E R BT K AL B B A A2 A0 4, IR RERSIE L 55 20 I ] Tal (e k40 418
. AT, BMSCs BUE MR WAFAESN AT, 1T =35 7 0 530 FHN
R A . SRIM T RS FHN H BMSCs S0H KRR A i L NS 28, 2t
FTIRNHE T -

BMSCs 52 % 5 ST, Hrh Notch {5 5 % AW #2 HL 58 K 1k, toE
i fric. Notch (&5 M ST R ERTIESKRERT, S5FKEAREN
T, AEREN BCE AR N B A I A T R AR 2 o0 B AR EAE A . Noteh BB T
Wl s IA 1 RBPJ fewg @i s v AU E (ColSal) HIRIAFMIAZE T ML, SR
I, Notch-RBPJ % ii#= Col5al, M BMSCs 74k, 4RI FHN &4 HIAH
FAE ML AN A

Rk, A5G PL FHN PIXS K& HE JE & (methylprednisolone, MP) 4b 3 [ A 33
BMSCs NHFFXT 5, R FHN PWXEKIET BMSCs KA G LENLS], 1248
IS FHN A2k Je v i s 2L 4% K1, B Notch-RBPJ-ColSal i #6%] RIS FHN H
BMSCs 7L R IRTENLE] . AHF 745 544 A IS FHN A ATLER 512 W by 2 i T4 B
(R FI R} 22 (K -
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WoE JRE SIATEANS MR KT B AR S RO TR AR ST A

FE REFFEEBMMASIKE. HBRGFFED X
TERFIRSHR

b6 T 0 & SR I T SR A TG N, RIXS 258 CLIE 8 M AL Gi i) 35 78 84
50 (Dinev et al., 2019; Kuttappan et al., 2016). 2L FRFENRKHEE S T RS 4=
PERE, B [EETHG N T PIRSBRIP 1 A% (Julian, 2005; Olkowski et al., 2011; Sanchez-
Rodriguez et al., 2019) . & LIRFE (FHN) s& PR A K P i IR 2 —, 4~6
JHRE I K99 R e s (Durairaj et al., 2009; Li et al., 2015; Liu et al., 2020; Yu et al., 2020) .
Zhang % Ak FHN &A= 5 8CE 40 M B 08 TR0 P 5L BB 9% (Zhang et al., 2017;
Zhang etal.,2019) . P95t % FH ZEAR L IR AE AR G5 M LR, ] DAAS W kb 3 387HE S (Marchi
et al., 2014; Rowland et al., 2012). N 51 W REEEH = A B35 5 88 . LEE 75 SR i
-lo. (inositol requiring enzyme-la, IRE1-0)+ ¥iF ¥ 5K F-6 (activating transcription
factor-6, ATF6) #1 PERK. fEABEAAFT, X ULt [ o og i A 0 A8 6 2 B R
i A 78 (glucose-regulated protein 78, GRP78) /% Bk 5 H 45 & 55 [ (immunoglobulin
binding protein, BiP) 456 . AT BEE R ITE HE E AN MR 2y, PERK.
IREla £ ATF6 )\ GRP78/BiP FURJRH K, Bl RITBE A RN (UPR) LA &
EFIE A (Gardner et al., 2011), X =5 S E¥ PN EEIEIHFS THRAT

(Morishima et al., 2011; Tabas et al., 2011). H PERK-E#JG8)KF 20 (eukaryotic
initiation factor 20, eIF2a) -ATF4 34557 X1 PY Joit 0 L0 e L 1R 1 07 1 i #E 3 PR 3R
i%, 41 CHOP (Brewer, 2014; Suetal.,2008) . 7E-K HAB I FE 1) 4 5 0 RO Y, A
UM TCIE K E IR W IIRE, A FEAIEThEEZREL LA T (Ayaub et al., 2016; Hu et al.,
2018) . PERK/ATF4/CHOP 15 5 Jf #5253 4 i 8 T (19 < B i % (Cao etal., 2012; Chen
et al., 2014; Liu et al., 2016 ZH i 122 A= B B0 23 5% 440 41 M S8 12 (1 —Fh E Bl s

(Hou etal., 2020; Zhai etal.,2019), HIRIRFALZIZ705, DNA FfE, DL T A
JER (Dong et al., 2019),

N5 X B I RE 1515 5 H I & A (Chen et al., 2019; Liu et al., 2020; Yorimitsu et
al., 2006) . FHICHT TR B ATF4 ik % 5 A OCIE R Cautophagy related gene, ATG) U1
ATG5. ATG7 Al ATG10 ¥ I ITT 5 7 40 B W (B'Chiretal., 20130, HWEZ —
MNP MR, BT R A RIS/ RTS8 B30 1Y 40 A8 PR
SARUTH (Glick et al,, 2010). EHMEHIHIEL Beclinl ;2 HICHE R, ALt
B W e A 2 J R 78 BRI AR B, LC3 il 5 IEEt Qs &, el
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T Az R BEE S B T R B RV, AT A% LC3-1T AER (Yang et al., 2015).

TERAE 5T R, Nref-2 #% PERK 30, AR IE5 SR OC 1 B R 1)
1B (Brewer, 2014) . Nrf-2 5 H 5401 & F 45 & EA A A%, 3 BUH KRR RIS,
WMPLAEALEE, BENEILES (superoxide dismutase, SOD). 7 Bt H ki S Ak 7
(glutathione peroxidase, GSH-Px) K Zj¥MXHEESE (Ma, 2013; Suzuki et al., 2013).
SOD Al GSH-Px X —igferh i A NN, e mblIATTELRES, W im A
(reactive oxygen species, ROS) M5 FE(EH (Afshari-Kaveh et al., 2021; Ighodaro et al.,
2017). AE 5 78 LA 78 FHN RIXS 5 1R 5 P S I ARk T B AU R &4 S
FaSH IR L, DUHAA XS FHN )& R AL EE A 7T $2 L2 B2kt

1 #MRIEREZE

1.1 Xz 517
1.1.1 EEUETEHF

AR EE L BN AR 1 Mo S B LR 2-1.
Fz2-1 TEMUHB{ER

Table 2-1 Main instrumentation

WEAIR pithes AE]

Instrumentation Protuct model Company

ot/ N 77N e BioTek % [E Epoch A F]

AA A BS-300 HYNEHEVIR LA IR A F
XURE X I B B AL InAluzer it [l MEDIKORS A 7]

B A Lloyd Instruments H[E AMETEK ‘A ]

IEE TR M Nikon DS-Ri2 H 4% Nikon 2\ ]

(E=RTAT S
IRV R O L

NikonECLIPSES50i
Legend Micro 17R

H 7 Nikon A ]
5% [ Thermo Scientific /A 7]

ST NanoDrop2000 & [# Thermo Scientific /A 7]
PCR 1% Mastercycler nexus X2 1= Eppendorf /2 ]
9 5E i PCR AL ABI 7300 % ABI A #]

MR Eppendorf 15 [E Eppendorf /2 ]
EBARIR VKA Thermo scientific 2¢[E Thermo scientific 24 #]
Ry T RT XB124 RS RSV A PR A 7
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1.1.2 FERF

A T 6 32 BT A RS B LR 2-2.
%+ 22 EERXH

Table 2-2 Main reagents

R IE

Reagents

AR

Company

X/ E&-1p (IL-1B) ELISA it &
MEAE-6 (IL-6) ELISA X7 £

XS SE R T-a. (TNF-a) ELISA 7 &
RGeS BRI BRI (BALP) ELISA X7 &
AEAEE (BGP) ELISA k7l &

X TR 5 B R BRIk (CTX) ELISA il
RSP AT IR BEREE Sb (TRACP-5b) ELISA iR
Trizol

BEE (TP Ak &

FEE (ALB) Aty &
NRRZILETEE (ALT) A&
REHREIEL M (AST) A UK IR 77 &
BRPEBERREY (ALP) AEALR IR &

5 (Ca) ARSI

B (P Ak ) &
Hh=8s (TG) Atk &
EHREEE (TC) AR &
HIEERRE A (HDL) bRt &

R ERREA (LDL) A kiR &
HiScript II QRT Super Mix

ChamQ Universal SYBR qPCR Master Mix

4%% 5

TUNEL far a7 &

R

ToK L

R

BRI E R AT PR
E i EER A RHEATIR A 7]
E i EER A RHEATIR A 7]
P B M HARAIR A F]
F BT EMEART IR A7
F BT EMEART IR A7
P B M HARAIR A7
F BT EMEART IR A7
HINEHEVB A A IR A 7]
DRI B A=V 3 A3 PR ]
FYNEHEV B A A IR A 7]
FYNEHEV B A A IR A7
DRI B A=V 3 A3 PR ]
FYNEHEV B A A IR A 7]
FYNEHEV B A A IR A7
DRI B A=V 3 A3 PR ]
FYNEHEV B A A IR A 7]
FYNEHEV B A A IR 2w
FINLH EIB AT IR A 7]
P U E R A BR A W

P U E R A PR A W

BB GE IR A BR A 7

B TRAE R A TR ]

[ 258 Bk sl A R A
255 B 2 i A IR A =
[ 248 b S lh A R A 7
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R IEE A

Reagents Company

A [ 254 e 2l A IR A F
EDTA [ #53 AR ZRERA R A

=S b [ 244 Bk 2 R A R A 7
St A [ 254 e 2 sl A IR A F
TIAKE &AL G R & I TRAE R A TR 7]

o )3 - A% T 2 G sk ) BEREVMBARER A

IR I Gtk IR ZREE R R A A

R AL O- i 2 iy e i & LR E R ERHAA IR A A

1.2 HmXEE&E

AR FE B (SEIREh4Em ) 4T, Lm0l K FE H 5MHZ%
Rt RETLINE WG FEAN 4. 5. 6 AR IEH (Normal) RS H K
PR SLIRFE (FHS M FHSL) XY (Ross308), et HIGACEIR, I T30 T iR
EMFE, 733 3 LA T A=A 50 B B AR KA

WX IS, ANEMRE, 7 B IEBIE AL KA, Bl J5 A AR JIP1 I 5615
TR G RCE L, WEIC B RS . R FHN PRodnitE, RS ik
% (Normal) 4H. FHS ZHA1 FHSL #41 (Durairaj et al., 2009), .7 4~6 JE# RIS EE4H
a3 HRAE 8 H LT 5

1.3 MEE IR

18 3 5 BS-300 4= H ) A= A6 70 A 3G 7€ 115 XS S FHN PIAS IV H e 2 E (total
protein, TP). & F (albumin, ALB). N &R & 3L B (alanine transaminase, ALT)
KRB RA L E (aspartate aminotransferase, AST )+ il I i FR B§  ( alkaline
phosphatase, ALP ). 5 (calcium, Ca)- fi% (phosphorus, P). H i =g (triglyceride, TG)-
A JHTEEE (total cholesterol, TC). =% FENEE A (high-density lipoprotein, HDL) 1%
EEAEE H (low-density lipoprotein, LDL) HJA4EAL 7K,

1.4 ELISA %3

A BELISA 507 Gk I A i A i 4 S A B BRI (bone alkaline phosphatase,
BALP). ‘H4%5Z& (bone glaprotein, BGP). 1 B R AR FE K ik (type I collagen
carboxy-terminal peptide, CTX) FIHUIP A4 BRI HL I Sb (tartrate resistant acid phosphatase,
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TRACP-5b) 7KF, DA BRI B AR K il 4 %&-1B (interleukin, IL-1B)+ IL-
6 FP R SR AR T--a (tumor necrosis factor-a, TNF-a) 7K~ [ BRALAA 48 5 7K °F-

1.5 BZEEEN

i FXURE X 5 20 B 28 FE O IR I B A0 B i AT s 338, P e S50 BN
80kVp/1.0mA, KA E N 55kVp/1.25mA, FFiEid InAlyzer 1.0 BG4 £ Gt %t
KA EGBEAT 20 M LA € B % % (bone mineral density, BMD) 7K.

1.6 BEERN

1 B 98 P (SOE T = A i R 6 I B PRI XS B AN i R R . R AR B T
TAEFE E, B SEOR B NN SN, FEEEA LUEE 15 mm/min )35 5 i
o, BEEEITWIEHEENAR . #8id NEXYGEN Plus #4355 B R dh 2k, Frakmhs
(1 B e e R R FEAE. (N

1.7 BRERXTERERAFREALATSENE

22 4% 2 5 W ] 8 e A M Sk T BB A2 B TimoK b e 1, A 10%
EDTA &5 FdAT s A B (2 F Do 4™ 56 BB R AH 23 e 4% % 58 W [ 7€ 50
2 (I ZH S AE R B SR R i AT i K, MoK S8 i E # 2HZA E T — HoR gk AT 12 P 4
T, e AT A e A S SE N ) A IERIS IR RN S um IV A )G,
Xt FEIE LR Y) Fr AT AR FE AL (hematoxylin & eosin, H&E) Jefty, #&H )
T H&E. FIA]EE. FRREE AL O-[H 4k g, HTHAENE,

1.7.1 H&E %t

W RELF BT R RH MR ZAY) o I TR ARG 445 10~30 min, H45 15
ERFKAYE 15 min, HEEVIFBIERE. 28T R BN 1% R OBER k2
VIR AR iR arth, B AT IR R B . V)R KTIRN 50% 70%. 80%
CEEF K 5 min, PR 0.5% L SEEBONT LU B4 1~3 min, FREUI A 34T i
K SRIGTEN ZH R HOE R, f5 a0 A R et e DR A7
172 FIFIFHIERE

RTPCE ALY Fr BT BURETEBRAB FIZIE 3 min, 285 HAEREAE 30 min
JE T, PR E A B S min, )R EF A ER RS, IR B R
S HBIEE BRE.
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1.73 BRRIERE

KT HEHHLET RN 50~60°CHaFH T 2R FZ 05 G iR 4% 20~40 min, 2
JEEH 95% A EEHGE b 3~5 so To/AKCEEM/K. —HAGER, AP iR E [ 5 R ag
TR

1.7.4 T O-EH%EE

FAT R H ) RN RIS HI Y Weigert Y4447 3 min, /K¥E. ZJ5RARAL
I 15 s, ZETE/KYE 10 min f5, TERIZRGLEEHIR S S min, THEE FH 55 RIE WL
F10~15s, VABRZFREE B SR G, Wit RAFTFDLOMBIRYE Smin, FZIR 95%4
BE2~3 s, Jo/KZEE 2~3 s Bk, ToKZBE 1 min BiK, G W AEW, Sl
[

1.8 BRELXTiEHSAE RNA 2H15 qRT-PCR #0

TERBNGRAMT, FORAET-80°CHY IEH PN S H KM FHN PIXS 1) 18 Sk 4H 21
WHE R AR . BEJE AR 50 mg HEU AR, FFINA 1 mL ) RNA $2HUK Trizol, %I
WAL AT AR, AR SR R B S RNA FE il . 8 40 6O T Nano Drop
2000 KR FE K AT (1.8<A260/A280>2.1, A260/A230>2.0), FFFFH 1.5%[1 B fiE
B Bt s L VARSI RNA B & o 451 B AR 2 RNA IREX 500 ng, FF4# ] Prime Seript
RT Master Mix Kit {77 & s #4358 N ¢cDNA, -20°CIRA7E 4 H o« A58 T F 51 %) 1 Premier
6.0 BB, VEWE 2-3. 1§ SYBR Premix Ex Taq Kit X7 7E ABI 7300 Fast Real-
time PCR R4 217520 % € & PCR (quantitative reverse transcription-polymerase
chain reaction, qRT-PCR) #2/7, HAK¥/E L7k B S RAH & . KH
2ACOL AT B 3 A . AIRES AT FH RF X ZE ) GAPDH £21F H I ZE R R IE

% 2-3 BHREESIFS

Table 2-3 Target gene primer sequence

BrEE Eixss4m (50-37) TiEsl (5-37)

Target gene ~ Forward primer (5°-3) Reverse primer (5°-3°)

mTOR AACCACTGCTCGCCACAATGC GATCGCCACACGGATTAGCTCTTC
PERK TCGAGCTGCTTTACCCTTTC CTCATTGTCCGTGACCTCTG

ATF4 GAGGAGAACCATTCCGATGA CACCTTTGCTGACGCTACCT

ATF6 GTCCCTTCTCCGTCCTCTG CGCCCACAATCGGTTTC
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BER L5l (57-37) TiE3 14 (5°-37)
Target gene  Forward primer (5°-3°) Reverse primer (5°-3’)

IREI-o CCCAAAGCATCAAACCATTC CAACGTCGCGGTTATCAAAT
GRP78 TGCCAATGACCAGGGGAACC GAGGGGTCATTCCAGGTGCG
CHOP CAGGAAGAAGAGCTGGCCCCACT  TGCTGTGCTCGCCGTGCTGT

Bcl-2 CGACTGGGATGACAGGAAAG GGAGCGCACAGGTGAGACA
Caspase-3 ~ AAGGCTCCTGGTTTATTCA TCTGCCACTCTGCGATTT
Caspase-8 ~ CCTCTTGGGCATGGCTA TGCTGCTCACCTCTTGATT
Caspase-9 ~ CGAAGGAGCAAGCACGAC CGCAGCCCTCATCTAGCAT

Bid GCCTGACCCTGAGGTAAATG ACAGGCACCGTGTTATCTCC
LC3-1 GCTGCCAGTGCTGGACAAGAC TCCTCATCCTTCTCCTGCTCGTAG
LC3-11 CCTGGTGCCAGATCACGTCAAC AAGCCGTCCTCGTCCTTCTCG
Beclinl ACCGCAAGATTGTGGCTGAAGAC  TGAGCATAACGCATCTGGTTCTCC
ATGS GGCACCGACCGATTTAGT GCTGATGGGTTTGCTTTT

Akt GGCTACAAGGAACGACCGCAAG  TACTGTGGTCCACTGGAGGCATC
mTOR AACCACTGCTCGCCACAATGC GATCGCCACACGGATTAGCTCTTC
Collagen-2 ~ ACCTACAGCGTCTTGGAGGA ATATCCACGCCAAACTCCTG

Collagen-10
Aggrecan
HIF-1a
HIF-2¢
Nrf-2
Keap-1
HO-1
NQO-1

CAT

GCCTTCCAGGTCAGCCAGGTAT

TGCAAGGCAAAGTCTTCTACG

CAGCCAGGTGCCGAAGAAGC

CTGTTGACGATGAGCAGTGCCT

CTGCTAGTGGATGGCGAGAC

ACTTCGCTGAGGTCTCCAAG

AGCTTCGCACAAGGAGTGTT

CTCCGAGTGCTTTGTCTACGA

GTTGGCGGTAGGAGTCTGGTCT

TTGCCGATGCCAACTTCTCCAG

GGCAGGGTTCAGGTAAACG

ATGGTCAGCCTCATAATGGATGCC

CCAGGTGTTGGAGCCAGTTGTG

CTCCGAGTTCTCCCCGAAAG

CAGTCGTACTGCACCCAGTT

GGAGAGGTGGTCAGCATGTC

ATGGCTGGCATCTCAAACC

GTGGTCAAGGCATCTGGCTTCTG
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SJ:0E-373 EifEs18 (5°-37) TiFFs14 (5°-3%)

Target gene  Forward primer (5°-3°) Reverse primer (5°-3’)

SOD-1 TTGTCTGATGGAGATCATGGCTTC ~ TGCTTGCCTTCAGGATTAAAGTGAG
SOD-2 CAGATAGCAGCCTGTGCAAATCA ~ GCATGTTCCCATACATCGATTCC
SOD-3 TTTTCTCCTAAAGATGGCAAG CTTCCTGCTCATGGATCACAA
GSH-Px1 TCACCATGTTCGAGAAGTGC ATGTACTGCGGGTTGGTCAT
GSH-Px2 AGGGGGAGAAGGTGGACTT TCCTGGTAGCCGAACTGGT

GSH-Px7 TTGCAATTACAGCACTCCTGCTC TGCAACGTTGACAACTAACGACA

GAPDH GAACATCATCCCAGCGTCCA CGGCAGGTCAGGTCAACAAC

1.9 TUNEL %6

HRHE TUNEL Setiial i) & i A5 AL B O R 2L 4300 F, e i o v T G
B 1EDOEAE K . Jeth o FIIEE DO R EE, HAE T Image T HA-3EATHdE 70 #r
TR TR,

1.10 BIBEST 7 th

8 SPSS 25.0 BAFFATEAE 4, R BEZE T 25T (One-Way ANOVA) Lt
BT IE S XS RN 5 R MR K IRFE(FHS K& FHSL) W 2 8] i 2 5, Ho b FHS/FHSL
HAEEH H 2 5 B B0y FHN PUXSAH CHEAR K A B A0k o BT A Hdls DA SS (AR 1
# (mean=SD) 7R, 1 Graphpad Prism 7.0 2| &% . X TFrE 9481, "P<0.05 %
INEREE, TP<0.01 FREFWEE.

2 HERS0h

2.1 FHN RSlEKRzRIN

A FMEEFF LR T B KM FHN PIXSR)IE ARRER o« TH5 PIRS T fd fREC(E 2-1A),
1M FHN XS U 4b TR EMRAS (B 2-1BD, #8701 A R o S0 s 8 -S4 22 U0 e (1] 2-
1C~ED o B AT 1 IS B F-HE LASRAS K, 8 3 N ik ek B & BiK T . iR 4% FHN
PRI AR UERT AL B I E Sk #E4T 34> (Durairaj et al., 2009). @11 2-1G~H fiw, K&E
KR E S TEAEKR S, HAKSCRBIE R, 48 FHS, 4Kk
1, HEEWRKZ, W44~ FHSL (& 2-11~1), A FHS M FHSL 4i#< v FHN.
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2-1 4 i FHN PISRIIER B S F4HE
Fig. 2-1 Clinical and anatomical manifestations of FHN broilers at 4 weeks of age
A. IEWA; B. BENARY; C. EMWMEARS; D. AMRMEAR; E. SURERALG; F. IEWEEk: G K
HRRTPE SERRA LS8, Ho BE SRR SERR S E; 1 ARERES; 1. Bk,

A. Normal broiler; B. Crouching broiler; C. Left hemiplegic broiler; D. Right hemiplegic broiler; E. Bilateral paralyzed
broiler; F. Normal femoral head; G. Femoral head Incomplete separation of articular cartilage and growth plate; H. Complete
separation of the articular cartilage of the femoral head from the growth plate; I. Damage to the growth plate; J. Fracture of

the epiphysis.

2.2 FHN AR IEE (L8R

il 4. 5. 6 AWM IER . FHS M FHSL WX M Tabr, 4R 2R 6 FRk
FHS HAXYIMIFEH ALP. P ) Ca (B 2-2E~G) /K P IEH RN EE N (P<0.05),
H ALP /KPAE 4. 5 J# FHS/FHSL AW kA TE AL (K 2-2E, P<0.05), 1M
FFShEEMI CHRbR ALT K& AST WIS ETE 6 A# FHSL AT B (K 2-2B~C,
P<0.05), &7~ FHN XY (FHS K FHSL) &AE AR KT T B A I 525 32 450
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2-2  4~6 i FHN RS EERBHMEFE WFEFTN

Fig. 2-2 Changes in serum biochemical indices of FHN and normal broilers from 4 to 6 weeks of

A. MiES ALB /KF; B. MiEH ALT K°F; C. & AST /KF; D. MiEH TP KF; E.

age

Mg ALP /K,

F. IfiEd P /KT G. MG Ca /K F. Frfa % 5Ll meantSD F£on (n=8). SXIMEZHAMLL, "P<0.05 FRERD

A. Serum level of ALB ; B. Serum level of ALT; C. Serum level of AST; D. Serum level of TP; E. Serum level of ALP;

F. Serum level of P; G. Serum level of Ca. Data were presented as mean+=SD (n=8). "P<0.05, compared with control.
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2.3 FHN RIZSRIRFARZZAS . MASK TR MFIRKZREFEKL

ARES VAL IR SO ANR BRSO, LA & AN g A 2 1 & AR AR
tho 25K 2-3 Fizn, FHS M FHSL RIASHIAFAEA SR R R AW AL, HBUKRAE
Wiz, JFH 4 R FHS RXSILE S+ HDL /K P8 & WS 33 K (P<0.05), TG
FARR AT 1L-6 /KFEFE TR (P<0.05), #E/~ FHN WSR2, H FHN
() KA R e ] R 5 R AR 2R LA G

B 2-3 IEH. FHS K& FHSL FABRATREA LR SE
Fig. 2-3 Histomorphology of the liver in normal, FHS and FHSL broilers
6 AR IEH (A). FHS (B) #1FHSL (C) PIMSHAFIE H&E Jet. LBl 50 pm. Sk BTR it XA iy 25 i«
H&E staining of the liver from 6-week-old normal (A), FHS (B) and FHSL (C) broilers. Scale bar: 50 pm. The area where

the arrow points are fat vacuoles.
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Ao B Ca D
5 - ) =
£ 150 E %15 £ ?
2 E & £
§_ ; 6 ] =3
21100 = LE 10 E 24
s k> g z
5! E 3
£ 50 = 25 ]
c S 2 S é 14
v HS HS v v
Normal  FH: FHSL Normal  FHS FHSL Normal FHS FHSL 0
W4 W5 W-6
E 15 F 6 G 0.8 Weeks
g = 5 [ Normal
: 5 =S 0.6 M FHS
£ 107 £ 4 g I FHSL
3 S 5
3 e 204
e = =
& =
£ 057 £ 2 £
E £ £ 02
S © ©
0.0 o 0.0
W-4 W-5 W-6 W-4 W-5 W-6 W4 W-5 W-6
Weeks Weeks ‘Weeks

2-4  4~6 [k FHN B8 K IEH AR M AS K F AR KB F 7k F 3t
Fig. 2-4 Changes in the levels of serum lipid and pro-inflammatory factors in FHN and normal broilers
from 4 to 6 weeks of age

6 JEIE PSRBT AR e 2 A7 IL-1B (AD. IL-6 (B) #1 TNF-o (C) KJ7KF; D. ikt HDL &4&; E. Iii&$ LDL
Fh; Fo Mg+ TC &8 G Mg TG . PFrasiRil meantSD Ron (n=8). SXHIEAIMALL, "P<0.05 %
INFEFRE

Levels of IL-1B (A), IL-6 (B) and TNF-a (C) in liver of 6-week-old broilers. D. The content of HDL in serum; E. The
content of LDL in serum; F. The content of TC in serum; G. The content of TG in serum. Data were presented as mean+SD

(n=8). "P<0.05, compared with control.

2.4 FHN ABHESHEERERSKETL

NERHH FHN RASKE (REREE) BESH0etl, AREaN T 4. 5. 6 fA#
1E% . FHS & FHSL AR KB HIE K (K 2-5A, BE). ‘H#% (K 2-5B, F). BMD (A
2-5C, G) g safE (K 2-5D, H). BMD M s 25 iR, 5I1EH RSH L,
FHN RIS EE (E 2-5C-D) Fifks (K 2-5G-H) ) BMD AlE 5 B Ak AR B AR AL

(P<0.05), #%7~ FHN 5211 7 XS KE 1) BMD g omfE . [, ER% s &Y
BGP (] 2-6C) 1 BALP (] 2-6D) HI/KFREFRE(L (P<0.05), HIfjEH ALP. Ca
K PP EAEE T (B 2-2, P<0.05), #7~ FHN XS E I RAZH .
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2-5 4~6 B¢ FHN RS RIEERBREFREHNESHEKFEN
Fig. 2-5 Changes in the levels of bone parameters in the tibia and femur of FHN and normal broilers
from 4 to 6 weeks of age
A. BEKE; B. REWNEREG C. [REM BMD; D. BREMNE®RE: E. BWEKE: F. EWEHic 6. K&
1) BMD; H. JEME#E. FTH 4R L, meantSD 7R (n=8). SXIIRALMLL, "P<0.05 £R%REH,
A. Bone length of tibia; B. Bone index of the tibia; C. BMD of the tibia; D. Bone strength of tibia; E. Bone length of the
femur; F. Bone index of the femur; G. BMD of the femur; H. Bone strength of femur. Data were presented as mean+SD

(n=8). "P<0.05, compared with control.
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£ 101 =
2 ]
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]
0 0
w-4 W-5 W-6 W5
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[ 2-6 4~6 Ei¢ FHN PIXSHIIEE A IIE T & RIFHITESMKTE
Fig. 2-6 Changes of serum bone metabolism markers in FHN and normal broilers from 4 to 6 weeks of
age
A. [MiES CTX &&; B. MiE™+ TRACP-5b &#;: C. [iE+ BGP &#;: D. M5+ BALP &#. Fif 4R
mean+SD #/x (n=8). HXfMAIMILL, "P<0.05 FnZERLE, “P<0.01 FnZERLEE.
A. Content of CTX in serum; B. Content of TRACP-5b in serum; C. Content of BGP in serum; D. Content of BALP in

serum. Data were presented as mean+SD (n=8). "P<0.05, *"P<0.01, compared with control.

2.5 FHN ABEELXDHHRERESTK

P A I Sk T el P ME— AR, IS S5 ANER (extracellular
matrix, ECM) & li. MERESTE ECM s &, VLSl AY) 7124 ThEg.
Aggrecan 1 1T B (Col-2) ;&3 E MM AR Ebricd . AL FHS XS
Aggrecan [f] mRNA /K& ZK T 1EH A (P<0.05), Col-2 f) mRNA 7KFHAK &%
&K (P<0.01). FHSL PIMEHCE HZH Col-2 ] mRNA /K P82 T (P<0.05).
[FI5}, FHS 215 FHSL 41+ HIF-1a Al HIF-2a [ mRNA 7K 8 E 5 R3S 82 il (&
2-8, P<0.05), #&/~ FHN AR (FHS J FHSL) HIE ke tiimfads o, Hab,
WEHLLSEER (K 2-7) BRBeE 2R,
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Control FHS FHSL

H&E

Alcian blue

Toluidine
blue

Safranine O-
solid green §

2-7 FHN FIBFIEE RSB T L XTI FHLEAFRE

Fig. 2-7 Histological examination of articular cartilage of the femoral head in FHN and normal broilers
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3.0

ik 3 Control
M FHS
B FHSL

Relative level of mRNA expression

0.0-
Aggrecan Col -2 Col-10 HIF-1a HIF-2a

<<' \g<
Control
FHS

FHSL

[E12-8 FHN PIXSFIIEE RS E LRI ETRSHEXERRIAKFRER
Fig. 2-8 Changes in the expression levels of genes related to femoral articular cartilage homeostasis in
FHN and normal broilers
A RE TR IREEN Y mRNA 7KF; B. BB T8 A 502 K mRNA KPR &L A 25 5 BL mean+SD 7R (n=8).
SXTIRAMLL, "P<0.05 R EREE, TP<0.01 TREFNEE.
A. The mRNA level of genes related to cartilage homeostasis; B. Heatmap of cartilage homeostasis-related genes mRNA

level. Data were presented as mean+SD (n=8). "P<0.05, *P<0.01, compared with control.

2.6 FHN MIXSRIARE Sk XTI E th A B R B X B E RiIA K P

PR 5 DX 7 355 R LB B i 4R i GRP78/BIP [k, il it = Fh 42 #i% 4% (PERK
ATF-6. IRE1-00) AT A BIMHRITEEE RN ARV (K 2-9), Lﬁﬁﬁ’iiﬂ*ﬁ
b, FHSL ZH+ PERK Fl ATF-6 [] mRNA K-V TFm (P<0.05), IREl-a ] mRNA
KPR 53 TFE (P<0.01); FHS #Hff) IRE1-o 71 GRP78/Bip f) mRNA 7KF#% & T+
B (P<0.01). b4k, AHICHEFEZRE, Aot ST i@ it PERK-ATF4-CHOP i@ 4% 1 15
R TS, 11 FHS 2041 FHSL 40 CHOP ) mRNA 7K-V-Hont FAH B 25 A (B 2-9,
P<0.05), #ERCEATRER A MRIE T Bk, ARIGE: T oRkRA I T B W A4n i E oA
KIHEbR.
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2-9 FHN MXSFIEERGHIRE LR TERE TR R R AR EE R mRNA KFEL
Fig. 2-9 Changes in mRNA levels of endoplasmic reticulum stress-related genes in femoral articular
cartilage of FHN and normal broilers
A, BT SLEH R I ) mRNA ZKF; B. A5 W SR 96 R Rl mRNA ZKF &l A 45 R EL mean+SD IR

(n=8). SXIIRAIMIL, "P<0.05 RoREREE, “P<0.01 KRERMEE.
A. Endoplasmic reticulum stress-related genes level of mRNA expression. (B) Heatmap of ER stress related genes

mRNA level. Data were presented as mean+SD (n=8). *P<0.05, **P<0.01, compared with control.

2.7 FHN RABHIARE kX T4E F 4 B R X EERIAKFTN

W1l 2-10 7, FHSL 4 B WA G HE R LC3-II/1 A1 Atg-5 B mRNA 7K 2 2
TXHEZH (P<0.05), 1 Beclinl ] mRNA /K FE LR ZED (P>0.05), {HE FF#
B, PR HE R FHN IS P& Sk 15 HCE 9l kA8 5 g
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2-10 FHN PISSHNIE S AXBHIXTIE F B X E E R mRNA 7KFEL
Fig. 2-10 Changes in mRNA levels of autophagy-related genes in articular cartilage of FHN and
normal broilers
A. HEEAHCEA mRNA KT B, HERAICER mRNA AP E I 45 R Bl meantSD IR (n=8). 55X}
ML, "P<0.05 £RZERLE, “P<0.01 FRZERREE .
A. Autophagy-related genes level of mRNA expression; B. Heatmap of autophagy related genes mRNA level. Data were

presented as mean+SD (n=8). *P<0.05, *P<0.01, compared with control.

2.8 FHN ABARE XTI E PHERETKETL

2-11 7R 7R HCE H L A T A R R B iR EL4H U8 -2 (B-cell lymphoma-
2,Bcl-2). Caspase-3. Caspase-8. Caspase-9 1 Bel-2 [F]J5AH FLAE FH 45 M B8 T 3 sh 71
(Bcl-2 homology interacting-domain death agonist, Bid) HJ3& K /KA L. 5% B2 AH
b, FHSL 4Bt T2 Bel-2 () mRNA KPR R (P<0.01). th4h, S5xiH
AL, FHS 41 Bel-2 Fi1 Caspase-9 ) mRNA 7K~ 32 & 391 (P<0.05), Bid #) mRNA
IR RN (P<0.01). [FIE FHS 40 % FHSL 4% TUNEL $+f 45 R R, FHN
PISITET R B2 S T IEE ARG (B 2-12, P<0.05), iX#2m HRME FHN RIS I B
SR B M AR A TR
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Control
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2-11 FHN PISFIE S HGHBE ke B AT M EEA mRNA KT E
Fig. 2-11 Changes in mRNA levels of apoptosis-related genes in femoral articular cartilage of FHN
and normal broilers
AR TAHCE B B mRNA 7K B 40 TAH J3 £ B mRNA JKF A 45 R BL mean=SD 7R (n=8).
P<0.05 FRERLTE, TP<0.01 FoRERLEE .
A. Apoptosis-related genes level of mRNA expression. B. Heatmap of apoptosis related genes mRNA level. Data were

presented as mean+SD (n=8). *P<0.05, *P<0.01, compared with control.
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TUNEL DAPI Merge

Normal

100pm 100pm 100pm

FHS

100pm 100pm

FHSL

100pm 100pm 100pum

Apoptosis positive cells (%)
N
=]

-

Normal FHS FHSL

2-12 FHN W RIEERMBARE KXTEE TUNEL & RATHAEAM R
Fig. 2-12 TUNEL staining and positive rate of apoptotic cells in FHN and normal broiler femoral head
articular cartilage
P 45 R EL meantSD &R (n=8). "P<0.05 KRR R, "P<0.01 ToREFMEE. HHIR: 100 pm.

Data were presented as mean+SD (n=8). *P<0.05, **P<0.01, compared with control. Scale bar: 100 pm.
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2.9 FHN ABXBEREMENWKETKL

FISHF 7R 21, PERK A5l i s Nrf-2 AR WA TR KT K,
AT TN AL N AR SSFR AR AT T I E o HrAA A DS TE R A I 45 2R (1B 2-13) &I,
XML, FHS 29 Nrf-2 1 NQO-1 ) mRNA /K-FEEH I (P<0.05), HO-1
PR BB N (P<0.01); FHSL @A+ Nrf-2 F1 HO-1 ) mRNA /K2 2 1 m
(P<0.05). [FIFf, FHSL 4L CAT fl GSH-Px7 (/KT B Z N (P<0.05). B4,
FHS #1 FHSL 4 #) GSH-Px1 1] mRNA /K-FHA K EZ{R 5 (P<0.01). HiiaibEH )
frill 45 SR U BH B K FHN PIXSRAE T8I, MmBuE L EabiE 24, &bt
ALK

8.0
s [ Control
M FHS
6.0 @ FHSL

Py
<

g
<

Relative level of mRNA expression >

0.0-

SN SR Vs G WA | X A oL ADD 3 ¢ q
NV Eea?” HORQO™ CA 0N 0P SO Vo n

R S0 A 34

B » N N N
P NI S I I
Con 4
FHS 3
2
FHSL

1

2-13  FHN BISHEERSXTRE P ANLHEXERER mRNA KFERL
Fig. 2-13 Changes in mRNA levels of antioxidant-related genes in articular cartilage of spontaneous
FHN and normal broilers
A. PUEMARREE A mRNA KF; B, HUEMARRE R mRNA KFR#E . B 45 R DL meanSD &R (n=8).
SXIEAIALE, "P<0.05 FRZEREHE, TP<0.01 FoREFWEE .
A. Antioxidant-related genes level of mRNA expression. B. Heatmap of oxidative stress related genes mRNA level. Data

were presented as mean+SD (n=8). *P<0.05, *P<0.01, compared with control.
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3 1Wig

FHN /& S E XS B AT ) 3 22 RR% 2 — (Dinev et al., 2019; Kincaid, 1993; McNamee
etal., 1998; Mcnamee et al., 1999), ™5 520 PIXG A= = VE R S ShWAaA], NRIASFRIE
WRERATHA . WY FHN (BT R B ER (FIRJER, MP) @Srzhy)
FER (Yu et al., 2020; Zhang et al., 2017; Zhang et al., 2019), i A<iRE6KAE [ & FHN
PIXG IR, Haill T 4~6 JE%E FHN RIXSHIE8E . M35 SRR A SCHa bR . W5
KL FHN WA IS ALT f1 AST /K-F 2% & T 1EH XS, $28 FHN RIAS L5
T4 e IL-1B 2 — PP B () S REDR 7, AT AR R 90 f B, 0 S B 1 40 B %5 A 98 E
IFEE (He et al., 2019; Libby, 2017; Szekely et al., 2018). IL-6 F1 TNF-o J2&IIfi K # FH
I IERREY) (Luetal., 2019; Wang et al., 20200, Wang 55 N\ & #kiE, IL-6 {E AR AR
PERF-, o] DAt H At 28 MR F 1 433 (Wang et al., 2015). fEARFFH, FHN KIS
[ RV KPR R TR, R FHN RIXS KA T RGN R E

WFe R, AR AR 7% 5 MR W & £ % U A 9% (Packialakshmi et al., 2015;
Packialakshmi et al., 2016; Wang et al., 2018). Guo Z AN\ N, B EEK. F&E. &
SERIFI G RAC M Z 4G % (Guoetal., 2019). Packialakshmi 25 A % 30 7 55 411 if i () A%
R PAEA FHEN FJHER AR A% 4645 (Packialakshmi et al., 2015; Packialakshmi
etal.,2016). ARHFFLER TR, FAN KXY HDL & & 8% F%, TG /K TFE%E i, i
WEZHZR R IR SERR, $27R FHN POXSEI IR AR AL T- 2R ELIRAS, X5 HHC B Fu 4
R

AR LTS AR SV ESE & TE B & B AR 4 - BGP A BALP & LY (1) 8
TEHREY) . BGP Z 51T LR, S5ERNT WS FEMBCE 4 71k, seis 4
FrEmIEFT LR, 6 5E e 1LE % (Chopin et al., 2012; Niimi et al., 2014),
BALP Z 55N, EjEFRE, LB EsrrEN 2 — (Gallieraetal., 2012;
Sarvari et al., 2015), BALP /K[l 7B HLF [FE LR (Sarvari et al., 2015),
Al DL TPl B A KA S 5B FEE  (Heidenreich et al., 2019; Schindler et al., 2008).
TEAHEFLH, FHN RS BGP il BALP (/K5 IE# WIXSAH LL 22 T, U FHN
PIRS T RE 71 BH (B B . TRACP-5b EECRIE TR B4, & —FERrr. &
FERUR P E U FE bR (Morisawa et al., 2017; Wu et al., 2017). CTX /K F S 1 il
PRI TRBOE T, R R TR B A AR AR (Jung et al., 2004; Zhao et al.,
2011). EHR TRACP-5b M1 CTX WA RA W& 24k, (H5IEH WX 2 FTHE
#, H FHN RXSH) P Al Ca /KFI BAK T 1E 5 WS . H R A5 3 FHN IS 1)&
T RGeS T B B in, FECEAEIRE, R IR TR, S 80E &
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KA 116 hs TR
ORI FEIRIE, BE NSRS R AT BETE AN FHN [ A= R i Hh ke 58 224

(Yu etal., 2020; Zhang et al., 2017; Zhang et al., 2019) . =¥ #E h 40 i 43 57 (ECMD
=B R 1T BB JR AN (R B (Aggrecan), HIHCEH I A BRI (Qi et al.,
2000, KIEHCE 400 P T 5 8 IR A 5 (Lires-Dean et al., 2008; Mobasheri, 2002;
Tang et al., 2017). 1T ZJiJ5F 2 ARG TR 1 BB AU Y JL B BRE (Mendler et al., 1989).
Aggrecan $&HHBIEIR T, FHCE BEBHUEISNGSE 71 (McDevitt, 1973). ECM [3RIA k&
E T AEFETh AR B (McDevitt, 1973; Mendler et al., 1989). Yu 25 A\ fiiH,
MP A DU 3E 73 g AU R 1 (R 7K1, FR4HH] & B R, XA 7 ECM A2, i
M-S FHAN R AR E (Yuetal., 2020). B 5z 5 i AL FAE 5200 1 575 50 40
RO EaEE . Ak NI RN 1o &5 4B i 8l (Lietal., 2015; Yu et al., 2020; Zhang
etal., 2017; Zhang etal., 2019). ABFFRERKY], FHN WX I B 5 H R &
IR TR, R OIYNM) IS B 32 B E R, X — RIS Zhang S5 NATF T 45
—3 (Zhangetal., 2019),

N5 X B 5 FHN A& A42 4 < (Hurtado et al., 2019; Tao et al., 2017). Sato %5
WRIE, W R T T T T M B R T E PR R BR ROS /S ) (Sato
etal, 2015). Gao SF K IUHE R R Ll 1 P I RO G IR IE, R BH A i Y
RIAE FHN B AR REZEE, X5 H B &M FEN BSR4 R— (Gao
et al.,, 2020). #AT, ATF-4 ] mRNA 7KF-FE5A BRI, X062 H T ATF-4 Al
Nrf-2 (44, BOE T IEMNLEIE X (Brewer, 2014). Nrf-2 52— M8 147 A AL 1
TI#S, Nrf-2/ARE BAEAE A BIPTEAGR e EEAEA (Ma, 2013; Suzuki et al.,
2013 AU AR, Nrf-2 B0 JE A B BT N A%, 39 NPT A AT 1) e
JKF, %1 SOD. GSH-Px Al CAT (Afshari-Kaveh et al., 2021), X5 A{56 45 8 —%L.

H S AT N Ih AR B IR BRI FE (Lee et al., 2015), & —Fh 4 i 455 L1

(Zhouetal.,2020). Zhang 55 N &I, (8] 7857 20 I £ BREURI G LIS 2544 T AT DL g
PR H WK AR 3 H A 77 (Zhang et al., 2012). AWK LC3-IVI 1 Atg-5
mRNA B 5 T IR XS, 3R 08 E RS .

U4 A JoIE PO N7 S5 458 o [ BRI 38 56 1 Wk A PN P 4 B LA PRI, A R RS 1
TS . KIARIBZ& M, CHOP @ #E BIM FIFET- %244 5, F£98/> Bel-2 $it
TR ARG ST N (McCullough et al., 2001; Puthalakath et al., 2007; Zou et al.,
2008). Caspase-8 Z&AMEMET BN FEEE5hE (Mandal et al., 2020). Procaspase-
8 WM RE S E AW I REF S (Chang et al., 2003). B HOE K
Caspase-8 B2 T Bid 24 A 1 Bid (tBid), &2 HE40 B E T 4K 1 B 0
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Caspase-9, [l J5¥#i% Caspase-3 (Baliga et al., 2003). 5I1EH AEALL, FHN KSHT
JAT-H H Bel-2 ) mRNA /KB T F%, 1fi Caspase-9 A1 Bid ) mRNA 7K1~ BA &
Ft, [AE; TUNEL 45 50 B on #eE AR A iE .

ARFFREERF, HAM FHN RXSHILT FFSLiif. B8R &7 &g /K
PR M SRR TR I, IS R Sk R R AR R AR N BT S, R A
PERK ¥ Nrf-2/ARE EM NS Fisie ik (K 2-14).

2-14 FHN PISXTECE FAGRMNEL HRATFIE W N ABET LS

Fig. 2-14 Regulatory mechanism of ER stress, apoptosis and oxidative stress in articular cartilage of

broilers with spontaneous FHN

42

https://www.cnki.net



9 =% FHN A% BMSCs 77K T 2246 K HHR JE R X ARG BMSCs IR

B=Z FHN 78 BMSCs DLk B4k & B 3% B A 3t
A BMSCs BYE20

BIA 78B40 (BMSCs) 2 E 884 AR A IE M Re T4, HA 2
IHACTERE Lol E IR R T I RE T, BRI AE, Ik B R4 lm AR B A A5 (Kuang
etal., 2019; Liao et al., 2021). H#, IR FRA B 24U BMSCs J&IT 1 # A
W B G DA% TR 2 9t (Takam Kamga et al., 2020). Fff 55 &K 31
BMSCs fEHBE N KIEHEZENH, BB RNEIRIEIX Il B 5H 70 I8 & 58K
HIEE (Lee etal, 20060, BH kNI (FHN) & —F &R 7w g, HpRESCNR
7 R AR AN BB A2V (Bruderer etal., 2014) . HISSHTFL%E B FHN [ 4 5 BMSCs
IV T M B8 /> % I AH ¢ (Hernigou et al., 1997; Hernigou et al., 1999; Shapiro et al.,
2009). ASCHTIARE 7RI A KA FHN PGS o CE bR & B F BGP K BALP /KP4 IE
WPREE N, Haiss. WEHRgM A 7 kA B2, R
FHN PAIXS IR B BE 70T B S 3B A 2 P

PR BT (FRJE e, HIZERIL . S AT IR EE) ARy am Akt 48 24 S A e 4]
A Z N T IRARGTT, A, KSR AE, Hd FHN 2
W WH IR AREZ — (Marston et al., 2002; Weinstein et al., 2017; Yao et al., 2020). K=
Wt Fe R WIE 2RI B 51 K 1) FHN 38, H BMSCs 3958 J i e TR, gl /- 1L R
1 (Houdek et al., 2016; Wang et al., 2008; Zhang et al., 2008; Zhou et al., 2014). #A
M, 7£ FHN ', BMSCs 7B MALHIAIAN L] 7o BRI ARES 70 & 24k 7 XS
BMSCs, #f 7 KJZT FHN WIS H BMSCs /KA L, ke fd B P RS KI5 11
BMSCs %52 T ik JE & (methylprednisolone, MP), VUHH#REFE MP X} A%S BMSCs )
SO N KRR BB o

S
H

I #MRERE

1.1 &5 F
1.1.1 FEMEEE

A A T EACGER BE A S S B LR 341,
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=31 TEMHB{MER

Table 3-1 Main instrumentation

BEEE S NG|

Instrumentation Product model Company

L 290 L 5% 7 A DNP-9022 o RS R SRR B A R A 7
(R RTE0ES Nikon ECLIPSE50i H 4 Nikon A ]

1EE OO0 R Nikon DS-Ri2 H 7 Nikon 2 7]

BOCH IR AR B LSM 710 TIE Zeiss /A7

Viaweali] LG BD FACS Verse TM 273 [E BD A+

ot/ NI I BioTek FH Epoch A ]

B HLIKAX Bio-rad 2 [H Bio-rad A #]

B R R 5t Bio-rad 2 [# Bio-rad A H]

TR AR O L Legend Micro 17R 2 [E Thermo Scientific 2 ]
TS VD-650 T A IR A 7
R LT RT XB124 EHPER SO AR AR
FHRAHL LA Tissue-Tearor % [E BioSpec A ]

WA KA HIE KA A7

1.1.2 EFZERF

A T BRG] B dh S B AR 342,

* 32 FERH
Table 3-2 Main reagents

R lE NS
Reagents Company

A/ L 5% H Gibco A ]
HHRER R ERA R A A
2k FE/EDTA AR R A R A A

PEELL S Jettifi
ML O Yetail
Hh ZE KA
B-H il B Rk
LA IR

TEF R R R A
Jbs e R R A IR )
Jbs e R R A IR )
TEF R R R A
Jbs 2R R A IR )
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R IEE NS

Reagents Company

Mg PR 5% AEFZKFE RS R A
BT A [ £ G il B REMBARAGRAF
BVEBER Y (ALP) A7 & B REMBARBIRA ]
IBMX BEREVAARA A

DMEM/F12 K577

PBS

CCK-8 Rl &

RIPA 2R
AR (PMSF)
BCA & FllE W7 &
5xLoading Buffer

A-IMLE HE A

Tris base

HEmR

g SIS AT

anti-CD29 (Cat No. AF0207)
anti-CD34 (Cat No. AF0102)
anti-CD44 (Cat No. AF1858)
anti-HLA-DR (Cat No. AF2065)

Goat Anti-Rabbit IgG (H+L) Fluor488-conjugated

(Cat No. S0018)
anti-Notchl (Cat No. WL01991)
anti-p-Notch1 (Cat No. WL03732)
anti-Notch2 (Cat No. WL02429)
anti-RBPJ (Cat No. AF7881)
anti-Runx2 (Cat No. 20700-1-AP)
anti-BMP2 (Cat No. AF0075)
anti-Col2al (Cat No. AF6528)
anti-Aggrecan (Cat No. AF6126)
anti-MMP9 (Cat No. WL03096)

PG AEMBARATIR A 7]

PR3 LB PR A 7]
ZAFTRHA IR

B REMBAREIRA ]
EFFRERAR AT

Fip AR EVI R 2 R A TR
LR E IR A R A IR A 7
EHFRERAR AT

AR F KRS R A A
EHFRERAR AT

P 5 U A A R e AT R 2 ]
B REMBARARAF

B REMBARAIRA ]

B REMBARE R A

B REMBARARAF

TLIR SRR TT A L AT BR 2 7]

LR RAEMREA IR A F]
LRI RV REA IR AT
LRI RV REA IR AT
B REMBARAR AT
R =Y ARG IR AT
BEREDMBAARAT
B REMBARAGRAF
BEREDMBAARAT
VLRI RV R TR A7
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HFIBHR NG|

Reagents Company

anti-MMP13 (Cat No. WL04694) LR KA R R A
anti-GAPDH (Cat No. 10494-1-AP) N =AY B R A

BRI I EEARIC A LSBT % T (CatNo. BN =EAEMHARA R A
SA00001-2)

HH A Marker LR E IR A B A IR A 7
ECL 36l [ HER A= R 2 R BR A
HiScript II QRT Super Mix e s U ME R VIR R B PR A
ChamQ Universal SYBR qPCR Master Mix A 5V EE R AR DR A A PR A T
DAPI BEREMBARARAF

Triton X-100 BEREVMBAREGIR AT
PURICIE KET F B REMBAREIRA ]

S Wk R RRERHA R A A

12 HBH%M FHN RIEFERX BMSCs B9 S R aikisss

K 4B B 25 TR VG BE B R A Ay B RS FR XY BMSCs (JEAnIME, 2022). #EHL 10~20
H &% B R FHN R Ag BRI, IHERLE SRS, FRERHoeTT, YIW BB 35 5 i
KT ELHEREEW T RIE R ENAALRGER, FHTERENEE 1%
WP DMEM/F12 $5 77 B ph el , EEEHRIGE . FH 70 um jE2ST g4
IR, 2 J5 1000 rpm 250 10 min, 7 EiE, fEHE&H 10%64- M (fetal bovine
serum, FBS) ) DMEM/F12 £ #5524, FF4% 2x10°/mL 140 i %5 B e b 2 455 5%
JEH, 37°C. 5% CO» 5557 24 h G B IR, 2 Johs 2 d ST, SA % ik
2| 80%Irf, HEATAEARIETR, WA Pr.

1.3 4HREE KHhZkin

HEELES 1. 3. 5 AAB A BMSCs, 4 0.25%)#2% (A l/EDTA AL 5, DAARFL
1x10* NMEFT 24 FLIR, BRIAT RGBT 722 7 d, $&IRAN 5o R4
AR R 2

1.4 ZRREsESI48M

¥ P3~Ps X BMSCs #1196 FLANMIR: 72k - BMSCs 73 il 2 75 T FE 4 0. 200,
400. 800. 1200 pg/mL [] MP F1153% 6. 12, 24. 48h, MF5ERE, %M CCK-8 4
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D BH E AT A s oA, A ER AR DGR I 450 nm AL OD {E I+ B 40 A7
K

S5 BSOS

10 mM B-H M BEIREN, 10 nM HZEKF, 5 pg/mL HLIRMEE, 10% FBS & 1%
5 /B8 2R T DMEM/F12, frdffss BEak 2] 70%0 AT 15204k, & 2 d 34T
— IR -

ShH
4w

p—

1.6 BERBIFESSTL

¥ 100 ng/mL AL A K KT 1. 10 nM H1IZEKFA L 50 pg/mL PR IR 6.25 pg/mL
A& 6.25 ng/mL FEERE A K 1.25 ng/mL 4+ 11iE A & F T DMEM/F12, £54
F % BEIE B 70% I AT F 0, 4 2 d EH— IR FR I
1.7 REEFSHK

¥ 10 ug/mL 4R R, 1 uM HZEKFL, 0.5mMIBMX, 0.1 mM MIBE3EE, 10%
FBS, 1% % &/ME5 VAL DMEM/F12. H4ICEZE 70%#HTiE S0k, &
2d #H— K.
1.8 BHERLISHEE

RedAT OB RS 005 1. 7. 21d RANIEET B 220 S Jeth, JFAIH (3 B S5
MG aE R

1.9 ALP#3M
A ESE 1. 7. 21 d ICEYIR BiE, 34T ALP .
1.10 PAFIFETIELRE

BMSCs &80T 0 ALE T 21d Ja, (5 4% 2 KPR E 4hi, Ja24%10E

S —

-
1.11 HZI O #&

1 0.3%7H40 O YUt IR B S5 1. 7. 14 21 d BIZHMEEES4 30 min,
PR £h 2% 1 (phosphate buffered saline, PBS) JE¥E 3 ¥k, FEFHABEALFE 15, )
A5 A A B AT J5 A AR B R s I B e e ot B R T
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1.12 = RNA BI$EBUK qRT-PCR #& 7
1.12.1 4BZ05 RNA BYIZENA qRT-PCR #&:0

E & PE FHN K IE 5 A I Sk H SR VA R 58 3 1.8,
1.12.2  4HAEES RNA BUIRENA qRT-PCR 30

BRI T 12 FLANMOEE 7] BMSCs #8% T MP 1 24 h, 2 JaWFrEsF%E, &L
BN 500 pL Fi/A 1] Trizol, 4°CHfE 5 min, WITHMBAIMGE, HFEE 1.5 mL F0E
o, IFRAEIERE TRIIN 100 L FA &L, REIRS), JEERERIEE & 1.8, M3
R 519 750 & A TAY TRE R A RAL, 51975 WLk 3-3.

% 3-3 qRT-PCR 5|15
Table 3-3 Primers sequences for qRT-PCR

B YR Eirssl4y (5-37) TiEsl4 (5°-37)

Target gene Forward primer (5°-37) Reverse primer (5°-3”)

RUNX2 TGTCCGCAACCACTCACTAC CTGGTACGATCCCGACGAAG
BMP2 TCAGCTCAGGCCGTTGTTAG GTCATTCCACCCCACGTCAT
COL1A1 GTCATTCCACCCCACGTCAT GTCATTCCACCCCACGTCAT
LDLR TTCGAGGACTCCGTGTTCTG CTCACAGCCCCCATTGGAC
FAS TTTGGTGGTTCGAGGTGGTA CAAAGGTTGTATTTCGGGAGC
ATGL TCCTAGGGGCCTACCACATC CCAGGAACCTCTTTCGTGCT
PPAR GTGCAATCAAAATGGAGCC CTTACAACCTTCACATGCAT
GAPDH GAACATCATCCCAGCGTCCA CGGCAGGTCAGGTCAACAAC

1.13  Western blotting 25 < 1& 46
1.13.1 BREkdEARERIRN

HUH-80°CIRTE I Sk AHER, (M EARIR %A 4 BB ok R AR . FREX 10 mg
HEMAKR, BT 2mL BOEN, IMASH 1%PMSF 1 RIPA £ [ 24# 200 uL, I
15 ST AGIAT S R 2R, 4%Z2# 15 min J5, 1200 rpm. 4°CE0r 15 min, W Fig
FFHELE . HH BCA Rl & T &k Esill, AEHEH 5xLoading
Buffer X 8 H#H TRV, fRAFT-20°C#% H
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1.13.2 ‘AR ZEAIRE

BMSCs #2250 F 6 FL4RMIE T2 H 35 9% 24 h, {87 400 pg/mL MP 4bFF 24 h, Ab3H
SERE, PBS IEUE=IX, FF¥ PBS 584325, BLIAT A 1% PMSF [ RIPA #f#
7 80 uL, 2% 15 min &, {87 FH A0 T 7] FIHCAH M 7% 22 1.5 mL &0, 1200 rpm.
4°CEE .0y 15 min, Y& BIEEFME O . FH BCA & AR SAGI & ik T,
b J5 AT B AR R, RAET-20°C&H .

1.13.3 SDS-PAGE HEjk

FRAE B A 43T 5 R /INEC ) AH SR B i« 42 RS AR B SR 3R AT & B B #E,
TN AT Marker 1F 2%, B THIK. HIKER)E, 141 FEE0E PVDF 8T
HEATHEE,

1.13.4 A E

HeEsERE, ] Tris-HCl 2200 #5359 (Tris-HCI buffered saline solution, TBST)
YRl =k, B 5% AR TKy/A4F & H 85 H  (bovine serum albumin, BSA) iR+ 2
hoe HWALG KRG, FHBEIEN —Pt 4°CHEIR. WE MG, TBST k=X,
ZJE AR RL —ht IR E 1 he TBST ¥Rk =5, A RE ECL ROGET
2z R, FFF ITmage-Pro Plus #1470 B 8 AR K EE

1.14 SRINZAREAREN]

W0 B R % B AR Dl 80% 1) JFAT BMSCs 14 ] 0.25%)i# 85 I /EDTA i1k Ak
HJE, SOWEEAM, 7 EiEIHH PBS iE0E 2 K. ¥ IxI004IES TS5 H 2% %2 K
W (CCHEE) 1 PBS Y, IR E 10 min. [FE5ERG, MAE A 2mLPBS,
200g 2.0 5 min, 2 KJ5 B4 . K anti-CD29 (Cat No. AF0207). anti-CD44 (Cat
No. AF1858). anti-CD34 (Cat No. AF0102) /% anti-HLA-DR (Cat No. AF2065) ik
PL1: 50 BIUKEEIIAAS I, =IREE 30 min. W H MG, HHNEZMMR (54
2%BSA ] PBS) FRE4IAL 2 ¥, JIN 200 uL f 10% L1 2 M5 # PR EL 5% BSA =ik
P 15 min. H P 5ERJE A Goat Anti-Rabbit IgG (H+L) Fluor488-conjugated < 7t
Ht (CatNo.S0018), ZiRBGHFE 40 min, PBS AbFH A2 AN IR . o BRI 2 ¥
8 BT 500 pL ) PBS, 1§ BD FACS Verse TM 273 ¥t 4 Mo A3 i3k 4746 00 o
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1.15 BRGSO

i H] SPSS 25.0 #EAT G0 M, ELALI B I A B I S REAS ¢ A5G . A
R TTZ 5087 (One-Way ANOVA) LU i 2 2R « 50 25048 DL~ S (e hm v 22
(mean£SD) FIR, "P<0.05 F/RnZEFLE, TP<0.01 FnEFNEE . 4 Graphpad
Prism 7.0 ZE47 ] &

2 HR50H

2.1 AMBMSCsHNEELE
2.1.1 YARRFSTSFEHFE

KA B 25 I BE RS 995 73 B BMSCs, X L Taifb i35, i 3-1 fox,
Py N WA AE TS 5 A AN, (EBEE 55 5% I 18] SARARIRE R S InAm i T A 8 48—
P; I 1K) BMSCs 4HfifE R E, AR, &0t SMBRmRLT4ER.

¥ 5

B 3-1 FEFE BMSCs B4R S
Fig. 3-1 Cell morphology of BMSCs at different periods
A. 24h ¥ J5; B. PifR; C. PsA%; D. PsAR. EEBIR: 50 pme

A. After 24 h fluid exchange; B. P1; C. P3; D. Ps. Scale bar: 50 pm.
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2.1.2  ‘HER4E KHRZ ]

AIRGEILXF Prv Pav Ps I BMSCs 214 K #h 28 DL IFZH A KOR A& . 45
B 3-2) IR Pry Psy PsEFHAMAIARAE K 2R 2 AR ) “S” A, RIFF4h A4 K A7
152 d VR, SR HE NS A KM, i i A B R E R N AE KB, @
ik AR 7 A B R IR BMSCs B RUFIAERARIL, B2 T FUHA B8 G V& 1

—
b

-]
7

- P1
6 -= P3
-+ P5

Cell density (.‘(104 cell/mL)

=

Day

[ 3-2 YRR KHRZ
Fig. 3-2  Cell growth curve

213 BEFESOTUREFREDEN

X4y B AR BMSCs JHT U SRR R AL S Yeth, R ERTEFES
21 dJ, PR S L EMEAMEE 1 d BERE (B 3-1A~C), H ALP &
HRETE (K 3-3D, P<0.05). FEFERBCE G-I RIIGIN, B HICEE R Runx2,
BMP2 & COLIA1 /] mRNA /K225 (Kl 3-3E, P<0.05), KA 7B EE 77
(1) BMSCs TR R U (R 7 i R .

o1
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ALP (ugll)

—
=

3 1d
Il 7d
B 14d
Il 21d

[y
1

The level of mRNA

0-

Runx2 BMP2 COL1A1

3-3 BMSCs BIFESHUE 1d (A, 7d (B), 21d (C) FERLLEE. ALP (D) KAk
BHEXERER mRNA KF (BE)
Fig. 3-3 Changes in the levels of alizarin red staining, ALP (D) and osteogenesis-related genes (E) at
the 1st (A), 7 (B) and 21 d (C) of osteogenic-induced differentiation of BMSCs
EEBIR: 100 pmo FTf5 45 B LA meantSD Fon. “P<0.05 £RERLE, “P<0.01 BREFHEE,

Scale bar: 100 um. Data were presented as mean+SD. "P<0.05, **P<0.01.
2.1.4 BRSSO U RERREMEN

A O Yet s € BMSCs ifld b /K-F, i 3-4 fos, fERUIRF S5 7 d.
%14 dv 5 21 d ARRTE RS (RGN, (RIS BEAE i S T A RE A, ARG & B OCE
: JEWIEE & W (fatty acid synthase, FAS). K% FE i5 5 1 %244 (low-density lipoprotein
receptor, LDLR) it S8 AL ) B4 B4 S 0 2 7k (PPARY) ) mRNA 7K-F 5.3 F =,
52
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=% FHN XY BMSCs 7L /K A0 K Bk Je x]RS BMSCs B2

110 I 17 20 AT 225 AT R 19 H v = B g W7 1§ Cadipose triglyceride lipase, ATGL) ) mRNA
KFRE N (B 3-4B), #78 BMSCs 7F Ps I L7 R 45 1 s 2 th 7 e

A o S8t o B e &

are

S

FAS LDLR PPARy ATGL

3-4 BMSCs BBEIFSHHE 1 (A, 7 (B). 14 (C) K 21d (D) BHAL O F& Rk bEtE
XEE (E) KFELTL
Fig. 3-4 Changes in oil-red O staining and lipogenesis-related gene (E) levels at 1 (A), 7 (B), 14 (C)
and 21 d (D) of lipogenesis-induced differentiation in BMSCs
ELBIR: 50 pmo BT 45 5 DL meantSD For. “P<0.05 #REREE, “P<0.01 FREFWEE.

Scale bar: 50 um. Data were presented as mean=SD. "P<0.05, **P<0.01.

2.1.5 PI% BMSCs REMRCHINLEE

AR SCHRERBH, AS[FRIER MSCs R 3L [FIFRIA CD29 K CD44, {RFKIiE/AKIE
CD34 #1 HLA-DR, Kt ydt— BI04 2 A S guio Rz, AR50 R H i g R
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il 7 MSCs RIbrEVIRIETEI . SR 3-5 fisn, CD29 f CD44 WIFHMEZR
I3 HIN 94.2%. 92.6%, i CD34 F1 HLA-DR FHTEZRS> 514 5.47%. 2.98%, R4k
ISR BB TR AT & BMSCs FISE e brift . 25 FRTIR, AL/ 25577 1) BMSCs
BA RUF M GEE T o igae, BG40 e bnitE, BInT T4 ok IiE .

j 2.5K7
b FL1-A subset ] FL1-A subset ‘»\
5.0K- 0.76 i 042 | FL1-A subset
1 2_0](-;‘1 1.5K+ | \ 926
40K ] T
g ] E1.5K4 € \
53.0K 5 o] || ‘
S S S I
20K 10K |
] ] 5004 |
1.0K- 5001 ’\ \
) ] J L ——— )
T T T T T T | T T T
-10K 0 10K 20K 30K 0' 200K 40(}1'( 60["'( 800K 0 200K 400K 600K
FLA-A::FLI-A FLA-A::FLI-A FLA—A::FL1-A
Blank CD29 CD44
FL1-A subset FL1-A subset
30K~ 5.47 4.0K 298
| — e |
= +3.0K-
£2.0K- H
S o]
2.0K-
1.0K+
1.0K+
0 L T L 0 LI | T L
-10K 0 10K 20K 30K -0K 0 10K 20K 30K
FLA-A::FL1-A FLA-A:FL1-A
CD34 HLA-DR

[ 3-5 BMSCs &REARSIRIEKF
Fig. 3-5 Surface marker expression levels of BMSCs
B2 : Blank: 0.76%, CD29": 94.2%, CD44%: 92.6%, CD34": 5.47%, HLA-DR': 2.98%.

Positive rate: Blank: 0.76%, CD29": 94.2%, CD44": 92.6%, CD34*: 5.47%, HLA-DR": 2.98%.

2.2 FHN RI3B3kER BMSCs L7k FZE 1k

AR R S, FUAHTE LML O Geti) FHN PRINE A IE 5 DA XS SR )
BMSCs 7 U/KFREAT TRl Bt iR (18 3-6) Bow, RIF T HE RS BMSCs £
DU IEH IR (PR S Beth). il (BUAPgriagets) Aoiis G4l O 4eth)
S KT, i E R PE FHN RS RIER BMSCs £ ik 5 5, R A LK1
LA E e p B 2 R R, il R BRI, R FHN SRR
BMSCs B~ B S sR 7LD RE R
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=% FHN XY BMSCs 7L /K A0 K Bk Je x]RS BMSCs B2

Control

Alizarin
red S

Alcian
blue

E3-6 BXAMFHN RIEERG (21 BEE) KR BMSCs & AikE RabE 5 LIER
Fig. 3-6 Osteogenic, chondrogenic and adipogenic differentiation of spontaneous FHN and normal
broilers-derived BMSCs (21 days old)
EEBIR: PEERAL S Yefti: 50 um; FORIHT IS YL E: 200 pm;s VL O 4fh: 100 pm.

Scale bar: Alizarin red S staining: 50 um; Alcian blue staining: 200 pm; Oil red O staining: 100 um.

2.3 FHN BIBRIRR & kLB R pl B FER & X7k F L

ARG, FHN RAGHIE S H S g s R S A A B i i 5
BMSCs b/ PR 4E F—%r, B FHN AN IR R Sk 20 23 b B AR S A &
Col2al Jz Aggrecan ] mRNA (] 2-8) KiEEH (B 3-7) RKIEKPRIEFERGEET
B (P<0.05), HREHHFArEY BMP2 (E 3-8, P<0.05) K F/KTHEE TR

(P<0.01), 1M & 5 48 25 /K ffE il (MMP13, 18 3-8) 2 1 /K 7 32 2 T (P<0.05)
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Control FHN

cxvon [ -

[E13-7 FHN RSFERERS 21 i) REXEADRERHEXEBKT

Fig. 3-7 The level of cartilage metabolism-related proteins in femoral head tissues of FHN and normal

-
3]
]

Il Control
Bl FHN

-
(=]
r

e
o

The protein level / fold of control

0.0-

Col2al Aggrecan

broilers in 21 days
P 45 5 LA mean=SD For. SXTRAMEL, *P<0.05 FREREZE, “P<0.01 FRERWEE.

Data were presented as mean+=SD. “P<0.05, *P<0.01.
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*

BMP2 J— - 75kDa
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Runx2 ) - 50kDa B FHN

-
[9]
1

-
>
r

MMP9 - 78kDa

=
n

MMP13 - 46kDa *k

The protein level / fold of control
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>
T

GAPDH - 36kDa BMP2 Runx2 MMP9 MMPI13

3-8 FHN RXSFIEERNG (21 HEE) RELBLADRFHEIERKFE
Figure 3-8 The level of osteogenesis-related proteins in femoral head tissues of FHN and normal broilers
in 21 days
BT 45 Lh mean+SD &R, SXTRAMLL, "P<0.05 RREFEE, “P<0.01 LRERNEE.

Data were presented as mean+SD. “P<0.05, *P<0.01.
2.4 MP SCIEIREE K B8] i ik

N E MP Ab3E BMSCs 5 R T 8], A58 KA T CCK-8 v Vit 4 H v
P, (A IS QRT-PCR 24 I 20 B 8 T AH DG PR % SRk % BMISCs % i T- AN A7)
A MP (200, 400, 800 F1 1200 pg/mL), ZHIALHE 6. 12, 24 F148h, P4l MP Xt
YR yEPE R R . Gl 3-9 B, SXTRRAAAHTE, 24 400 pg/mL MP AbFRAH Y 24 h Y,
BMSCs HI4HMLIE 1) FFE T 29 30%. ST A DGR RIE KPR R (K 3-100 &
7~» MP Ab 24 h J5 Caspase-3 2 Caspase-9 '] mRNA 7K1 & 2 5 T B 4H (P<0.05),
MHLIHT-EEF Bel-2 #) mRNA /K EBZCT XA (P<0.05), F ] 400 pg/mL MP 4t
HHAAMI 24 h 7] 5] BMSCs KAERT:, ZA0BE R EFEA .
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9 =% FHN A% BMSCs 77K T 2246 K HHR JE R X ARG BMSCs IR

= 1501
E
=
=)
o - 6h
S 1007 = 12h
=]
s - 24h
£ > 48h
= 501
3
>
=
O 0 T T T T T
N
<{\,}o \é\f \@v \6‘\’ @\/
SO LA L
S &

3-9 AERE (200, 400, 800 F1 1200 pg/mL) MP 43 342 BMSCs REIAFE (6, 12, 24
K 48 h) HOLHRETEIER
Fig. 3-9 The cell viability of BMSCs treated with 200, 400, 800 and 1200 pg/mL for 6, 12, 24 and 48 h

2.51
< 2.0- T \
5 3 Control
é 1.5- B MP
20l I | I
'; W«
= 0.5

0.0 r

Caspase-3  Caspase-9 Bcel-2

3-10 400 pg/mL MP 432 BMSCs 24 h 24%E TORT-H X EEAVEE R K F
Fig. 3-10 Treatment of BMSCs at 400 pg/mL MP for 24 h altered the transcription levels of apoptosis-
associated genes
JITA 45 R LD meantSD RoR. S5XHRAUMHEL, "P<0.05 RoRZEREE.

Data were presented as mean=SD. *P<0.05.

2.5 MP ¥ BMSCs 9347k a8

AIEAE MP X RIS BMSCs 7L BE JJ 5200, AR50 % 7% T MP ) BMSCs #t4T
TR AR R Sk, R BE PE AL S et B AET A Yeth M4 O
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Notch-RBPJ-Col5al 3 %F [ Sk VR SE PR R B i 1) 78 o3 140 I 7316 (520 S 42 BL R F 7

Bk MK G5 R EIR, MP AL T RCE IR BE IR IR 1 R 4 i £
&, HIEI TR IE SR, MP AL2E BMSCs J&, k55 T FHRCE B S E A RE
Mm AR ERE ) (& 3-11), X —49R 5K T FHN XS] BMSCs 70 4L K1

A —

Control

Alizarin

3-11 MP xf BMSCs BB RUAKE FRAE 53 107K F RO RN
Fig. 3-11 Effect of MP on the level of osteogenesis, chondrogenic and adipogenesis differentiation in
BMSCs
PO PHERAL S Jeti: 50 pm; FALRTHE G E: 100 pm; JHAL O Z¢th: 50 pm.

Scale bar: Alizarin red S staining: 50 um; Alcian blue staining: 100 pm; Oil red O staining: 50 pm.

2.6 MP Xt BMSCs B R BRI 7KFB 220

MP 43 51#E T BMSCs /KPR 4k, A BIHH MP X 40 Rl B K 3B AR K~
FIsem, ALK T qQRT-PCR K Western blotting #6177 yAidE— Db AT R FT . Hp
qRT-PCR #ill4s B " MP 4FE R T BMSCs i M #eE A A< 3L K Col2al
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=% FHN XY BMSCs 7L /K A0 K Bk Je x]RS BMSCs B2

Aggrecan. BMP2 I Runx2 ] mRNA /K-F (P<0.05), 1l MMP9 [f] mRNA 7K-FH X}
MR 2 8 (B 3-12A~B, P<0.01). 4k, MP 5% 2 B4 BMSCs ) Col2al .
Aggrecan. BMP2 1 Runx2 fJ 8 F7KF (B 3-12C~D, P<0.05), Tfiw&E$Em I MMP9
MEEEKF (P<0.05), X5 FHN WXSRIEN BMSCs HCE A i AR K284k —
. FIRSE K MP 43 BMSCs fefif B2 R sl KRB R K, 5 FHN A
A SKJE ) BMSCs 281k —3 .

A B 3 .
1.51 3 Control ol [ Control
B VP
< E B VP
£ | E 2
= 1.0 . i
o * e
e —
2 0.5 @ 1 » ¥
g =
= -
0.0 y T 0-
Col2al Aggrecan BMP2 Runx2 MMP9 MMPI13
C Control MP § 1.5
3 1.01 = e
E
2 0.0-
D Control MP = Col2al Aggrecan
1=
=3
BMP2 -62kDa § z
— s
=}
Runx2 | -50kDa ZE 21
- ~
K
MMP9 -78kDa ﬁ N
.E w%k *
=]
GAPDH [ e S -30Da 2 |
= BMP2 Runx2 MMP9

3-12 MP xf BMSCs B & BB KSR EE FE B FRIAK TR
Fig. 3-12  Effect of MP on the expression levels of genes and eggs related to bone metabolism and
cartilage metabolism in BMSCs
AR R (A REART (O BAASHHRIER (B) KEAKT (D). Fra4iREL meantSD KIxo
SXHIALALL, "P<0.05 R EREE, TP<0.01 R ERWEE.
Cartilage metabolism-related genes (A) and protein levels (C); bone metabolism-related genes (B) and protein levels (D).

Data were presented as mean+=SD. “P<0.05, **P<0.01, compared with control.
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3 1Wig

BMSCs HA 5K HIETE 7346 5 HAREE BT RE 7, [ Hd HA 2 3o A e e =7y
R, RICE 18 5 L IR PRIVATT LA S 21 T RE4I 32 3] 2 J%7F (Chrostek et al., 2019;
Fu et al., 2019; Liao et al., 2021; Liu et al., 2021). 1l BMSCs 143 B 5577 & I T 78 106
A AR, fEIE BMSCs 7 BAitb ik, S5 A 3 0o vk B 2238 B8 0oy
TE— e RERE A A, T 4 5 I 0 U B 5% 5V R 0 i R P B 400 A P 8 L 3
KearAeae 1, Heesu b manfai) 4 (H#55, 2021; Zhangetal., 2014). PRI AHH
TR FH A B i ML OUS BE 45 5705 7 B alifk A BMSCs. k05, A58 4 B 3 72 Fr S 40
M B R R M TR VR I E ORHF R (0 B S iE A Re 77, (RIS 48 i 2 T A 75 4 R0 A
Mg R B RHFTE MSCs B brifE, P a] A T3 i 7t -

FHN & — gt A7 MR A B AR, o N I & & 72 DIkt sk 1 R B3¢
W, PRI EHA FHN B A ATLER 50 Hdi AT B I e T IR S E 2. A R
FHN £ BMSCs #&E kb, giid e J 88 Re /1 T % (Al-Khalaifa et al., 2019;
Gangji et al., 2003; Li et al., 2005; Wang et al., 2008; Wang et al., 2003). 1] BMSCs /£ A
FSCE AR 2 ERUR,  REAE 2 BCE A R AR S T A AR (Lu et al., 2020; Qiu et
al.,2021). Runx2 fENECE R M R A1, REBE AT MSCs g HrEEE (OPND. &
P52 (BGP) 2 3L J5i 45 A KI5 (Noél et al., 2004), FH7E 5H 40/ AL £ Fh 4E£F OPN
A1 BGP 774 (Pittayapruek et al., 2016). 55— 5 Z ()5 JE AR BMP2 e 5 2%
Perm BGP FIRIAKF (Xu et al,, 2017), FH HAE% 7T BMSCs [n] 5 H 40 E 7] 401k

(Zengetal.,2016). ML 4E/EEAR (MMP9 Fl MMPI13) ft % [ if 3k Ji 15 X 41 i
HMIE (Wagley et al., 20200, F=E 20 IR AE . AHICHEFUHRGE, 7£ FHN &0 5
H, BERICE kg R I CE A M, H Aggrecan fl Col2al HIFRIAE T[4 (Novak
etal., 20200 AIRIENTKIET B KM FHN RIS BMSCs AT T PR 4 S Yt [ fi[ F]
WE g, g5 R R A SR A R B R OE R RS R D . kAR, qPCR K
Western bloting 45 SRt 8oR, HUE KECE A B K H F BMP2. Runx2. Col2al Al
Aggrecan [ HK R TR, AR EGHE MMPI FEAAKFREmE, HIKHE
RIS 45 R 5 et g SR — 50, (R, AREGHE7R FHN SRR BMSCs il S sk
H AR B R PRI

FHN R FE G . /MR KR RS (Liao et al., 2019; Zhang et al., 2019; Zhu
et al., 2020), S5HA/NIPYEAALL, F9/EA FHN sh R A E T HXUE 2
BT R = AR )1 5 AN ZRMALL (Xuetal., 2018). B2 [l EE (HhZEKAR
/R FEH FHN B35 1) BMSCs #UE iR (Zhou et al., 2021), HH
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=% FHN XY BMSCs 7L /K A0 K Bk Je x]RS BMSCs B2

TEPEIES (Houdek etal., 20160, MUlE/KF4emE, FIbARE# BMSCs ## T MP LA
HE— PR T Sl B oA RE TR BB A S RN . ARG K IR FE T MP 11
BMSCs R I KT FHN RS AIMIAHLAEE 5, BRI BMSCs HIRCE MR E 704k
KRR, BBl s R e bR 54 BMP2. Runx2. Col2al 1 Aggrecan [155 H
KPR AR ZE N, X455 FHN RIXSRIE R BMSCs 43 KT A8 (b —5 (] 3-

13,
&\ 2
v
D/ /\‘

1
\’l

Osteogenic
differentiation

aw

L

Chondrogenic
differentiation

| Osteogenic
\_ differentiation i

3-13 FHN PII53KRiREN MP ALI2H) BMSCs BB R BE 57 LKL
Fig. 3-13  Osteogenic and chondrogenic differentiation level changes in BMSCs of FHN broilers

sources and MP treatment
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S5PU%  Noteh FEHT FHN PIRH BMSCs 4 LAy i 1

REIR Notch RS FHN P BMSCs SHEMIRAE
i

FARWTFT AL FHN S 0 B 3 i 70 2 45 T 40 g #2082 (Hernigou et al.,
1999; Wang et al., 2003). FH 7 HE ST FEAE (Wang et al., 2003), H pfos 40 UG 56 e
719855 (Gangjietal.,2003). ASLIGEHBF R, KIHET FHN RIS BMSCs Bl &
R MO RE R, HLE el AR RLRE 185, W] BMSCs #7306 /K~F 5 FHN
#YIMIS. Notch JHEZ = B ORT KIS S5 384, EAMRIGHE. b LR 1EsET:
R EERIE/EM (Enders et al., 2012; Meurette et al., 2018; Siebel et al., 2017)
22 BLIK) Noteh 15 5 4T I 2 18 1Y) 3244 55 A <B4 B Ok &5 & e B0, AR E
24/ E A E— MR AL F o FALEE (TNF o converting enzyme, TACE) #1y 734
Wil 52 E BT, R TBURA e SRR IS 1 1 L A 45 4448 (NICD) (Liu et al., 2021; Sprinzak
et al., 2021; Takam Kamga et al., 2020; van Tetering et al., 2011), BfJ5 NICD # &3t A4l
W%, ST RBP) 4ie, MR REEY), BEal M i4ERE T Hes & HEY Fkkk
IG5, RIEED)FAER (RiSR, 2018; Szafraniec et al., 2022; Zanotti et al., 2016 ),

Notch 15 5%} MSCs BB 70 ALK FIEAFAE A AR U L. A 573 N Noteh 13
AL SRS B TR 4 M 4k (Diaz-Tocados et al., 2017; Osathanon et al., 2019),
A 3 I N Notch-RBPJ X MSCs i 73 (U AFE S II{EH  (Engin et al., 2008; Hilton
et al., 2008; Shang et al., 2015). 5K, ] Notch 15 5 BERE 78 A& MSCs HIRE
788 (Jung et al., 2013; Shang et al., 2015; Shu et al., 2017; Xu et al., 2013). Liu % AKX
LA A miR-29b ML, JF T DNA FEH R0 1 (3L, BER% 51 Notehl 3
BB AL K PR IG M2 Noteh 55 HHGE, 2% T3 MSCs E 024 (Liu et
al., 2015). IXUEHF 573K B Notch-RBPJ i# #% 2 5 {14 BMSCs I 7 bid 2.

Notch 18 24 B HNHI AR 9 5 AR R, I8 DLL1 F0HIE VR o 858 40 i 54k J AR K
AR R K HCE AN 35 (Crowe etal., 1999). Notchl [ NICD £ i % [ 78 i 41 i
F I 2 ik B g b /I BB B 8 P& B B G, HLRBPI A3 11X — 14 #2 (Dong
etal., 2010; Kohn et al., 2012), X 5¥i% Notch-RBPJ £ i i #2401 4515 440 i 184 A
/34t (Chen et al., 2013; Kohn et al., 2012; Mead et al., 2009) FJZhit—5. AHFFC AT
KIL MP ALHE S BMSCs B S 70 KPR, T sUiR 7k ae i ag, X5
KYET FHN RIS BMSCs 7S R, B AC et — B4R 0 1 Noteh il B U
I JAG-1/40141 751 DAPT X MP &b () BMSCs 41 g 7 b 25028 (1 1 45 1 Bl AL o
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| RS

1.1 EEB5RF
ARG F BN S5IEA N =5 1.1, HAaEa s G PR E B g 4-
1 Fioso
% 4-1 [EERET S S

Table 4-1 Antibody information for indirect immunofluorescence

HFIBHR NGl
Reagents Company
anti-RBPJ (Cat No. AF7881) B REMBARA WA F
Alexa Fluor 488 Fric th£47i % IgG(H+L) (Cat No. P0176) HRREDHEAFRAF

1.2 ZHpEIESE

BMSCs KIE T RN, f£5E 10%FBS. 1%7 5 /85 2 ) DMEM/F12 555
Ferp, iR COMREEN 5%, WS 37°CH: =M H A T A s 7%

1.3 4BaE J34M

i CCK-8 vl Ay /g, HARERAERSE =% 1.4,
14 BFESTKE

XY BMSCs AT e #5301k 21 d, BARERIERZE =& 1.5,
1.5 REEIFESTL

XS BMSCs #EAT BB S0k 21 d, BARERERSE =2 1.6,
1.6 REEFSHTE

XS BMSCs #EAT BG5S 0k 21 d, BARERAERSE =2 1.7,
1.7 BERLSEE

fE T 24 S Yeta it RS % 5404k 21 d 1) BMSCs #4745 (, BikiE/ERE S =
= 1.8,
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P Notch i@ BT FHN I H BMSCs 71414

1.8 PFFiELRE

A5 FH BT 18T A G Eon R 75 3 2040 21 d 1) BMSCs 34T %%

=% 1.10.
1.9 A4 0 #t
5 FH 2T O Gt il 3 R 185 5 704k 21 d 4 k4T

t, HARERAERZE

o, BARIRARRZE =5 111,

1.10 FHN PIXBAZ & 3k4H 40 K BMSCs H1/2 RNA RYIZENLA. qRT-PCR &3

IR B &M FHN JOEH RS F B E Sk 2H 2. BMSCs H s
PCR # il 3H: mRNA F£iA/KF, EARREEAE W

AfE —

B8, B 112, HREE

RNA, 48] qRT-

IR SE R A TAY TRA R A FRME, IV 5] K 4-2.

3% 4-2 qRT-PCR 3|45

Table 4-2 Primers sequences for qRT-PCR

HEER Lirgsl4 (5°-37) TirEs4 (5°-37)

Target gene Forward primer (5°-37) Reverse primer (5°-3”)

Aggrecan TGCAAGGCAAAGTCTTCTACG GGCAGGGTTCAGGTAAACG
Col2al ACCTACAGCGTCTTGGAGGA ATATCCACGCCAAACTCCTG
BMP2 CTCAGCTCAGGCCGTTGTTA GTCATTCCACCCCACGTCAT
RUNX2 TTCACAAGCATTTCATCCCTC TTGCGGACATACCCAGTGACA
MMP9 GCCATCACTGAGATCAATGGAG GATAGAGAAGGCGCCCTGAGT
MMP13 AGAGACCCTGGAGCACTGATGT GGGATCTCTGTCTCCAGCACCA
Notchl AGAGGAACTCAAGGGGAGCG CGGCACTCGCATTTGTAGTC
Notch2 CACACCCGAGTGCTTGTTTG ATTACAGCCCTGGTCACAGC
JAG1 AACTGGTACCGCTGTGAGTG GCAAGGCCTCCCTGTAACTT
JAG2 CAAGTGGCTGGGAAGGAGAA TGCATCGGCCACCATTATGA
DLL1 TGAACTACTGCACTCACCACAA TCGTTGATTTCAATCTCGCAGC
DLL4 CAGCAGGTAACGGTCGGAG TTGACGAACTCGTGCAGCTT
RBPJ GCAGATGATCCGGTATCGCAG TTTGGGCATGGAGTGGCTTGA

Hesl

CAGCGAGTGCATGAACGAAG

TGATGGCGTTGATCTGGGTC
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HEEE LirEs14m (5°-37) TiEs14 (5-37)

Target gene Forward primer (5°-3”) Reverse primer (5°-3”)

Hes4 CCCATCATGGAGAAGCGACG GAGTGCCGAGAGCTGTCTTTT
Hes5 TGAAATACAGCCGAGCTTTTGC  GCAGAAGGAGAACCGGAGTC
Hes6 CGCATTCCACTTGGATCAGTCTA AGGCCCACTTTGGAATCAGC
HEY1 GGCCGGAGGGAAAGGTTATTT GTGATGTCCAAAGGCGTTGC
HEY?2 TATTTCTCTTTGCCCCACGCC TATGGCTTTGCCCGCAGTA
HEYL TCAGGATGAAGCGTCTGTGC GCCGCTTCTCAATGATCCCT
Caspase-3 TGCTCCAGGCTACTACTCC CCACTCTGCGATTTACACGA
Caspase-9 CGAAGGAGCAAGCACGAC CGCAGCCCTCATCTAGCAT
Bcl-2 CGACTGGGATGACAGGAAAG GGAGCGCACAGGTGAGACA
GAPDH GAACATCATCCCAGCGTCCA CGGCAGGTCAGGTCAACAAC

1.11 [BERERN

BMSCs #MT-H 20 mm [FJZAHIE 5 1) 12 FLANMIIE TR N 3555 24 h, R4k
JEILE] 80%, HI MP b3 24 ho AEFESERE, PBS Wik =ik, ] 4%Z EHIET 4°C
& 5€ 20 min, f$1/4 3% Triton X-100 JE:ZE R = IRIEE 15 min, [l )56 HBER hntiR 2%
M (phosphate buffered saline, PBST) ¥t¥k =ik, KTSCHLE K] 5% BSA 3 T
37°CH AN 30 min. HHEME, TH P4 CEEIR. —HiWE%ERNRE, PBST
Vel = UO0FEREDCIE E RO 1 he W E MG, PBST Bl =ik, {{H DAPI 4
5 min, YEEZRGEIE, THROGHIERBE A, BT IHRE RS T T g
SRS

1.12 FHN RIASAZE sL4H40 & BMSCs # Western blotting 25 FH ZiA 46

WAL KM FHN RIEH PG ELHH . BMSCs T aEH, H{EH
Western blotting A&l H 85 F1 7K, BAREAER 2 =% 1.13.

1.13 #IBGit o

{351 SPSS 25.0 KA I KARHEATSELEAMHT . LU BT AL SIS
& K%, S BIKE AT (One-Way ANOVA) HCEESMHT S UTHUR, HLlE R FI T
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S5PU%  Noteh FEHT FHN PIRH BMSCs 4 LAy i 1

PIEAprAEZE (meantSD) HIJEINF R, ] Graph Pad Prism 7.0 #AFHEAT & % T
P o, "P<0.05 FonZER R E, BAGRIREL, TP<0.01 FRERNEE.

2 HER545H

2.1 FHN ABREEL4A405h Notch B IR HHEEFKFTL

AARIEXT FHN RIS IR B Sk HZUEAT T Noteh 8 B AH 2 3 K] S 25 /KPR .
gEIRNE 4-1 Frzn, FHN RIS B Sk 420 Notch 5244 (Notchl A Notch2). Fifk
DLL4 K35 A T RBPJ. R4 R Hesd M HEY2 36 /K P-4 1E 8 XS &k A i 2%
i (P<0.05), JAG2. Hesl % HEYL [ mRNA /K EZETE (P<0.01), [EK
Notchl. Notch2 K #%3%[K-F RBPJ [ 5 ARIEKFEE T E (P<0.05),

>

Relative level of mRNA expression
[
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4-1 FHN R8Az & LLHLRH Notch BERHEXEFRIERRERKFEEWL
Fig. 4-1 Changes in genes and protein levels of Notch pathway-related factors in femoral head tissues
of FHN broilers
A. HRVE FHN AR5 IEH XS A L4121 Notch il #% AH 4 K] mRNA FiA7KF; B~C. Notch EHAHCHE H
Ko FIE 4R LA meantSD R 5XRAMLL, "P<0.05 £REFRE, “P<0.01 FREFWMEE.
A. mRNA expression levels of Notch pathway-related genes in femoral head tissues of spontaneous FHN broilers and
normal broilers; B~C. Notch signaling pathway-related protein levels. Data were presented as mean£SD. "P<0.05, **P<0.01,

compared with control.
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2.2 MP A8 BMSCs 5|#2 Notch i/ B 85E

AHFFHKM T MP k) BMSCs A Notch il AHCE N L EAMEL. 415
FHN Fﬂx'%ﬁﬁﬂ“ﬂ*;kéﬂ,,\ Notch I8 B AHCH FHa il 45 - —3, MP 43 BMSCs J& 5]
Notch {5 5l B ¥#E . MP 4b# 5|2 Notch 5244 (Notchl F1 Notch2). Hiik JAG-1. ¥4
SKIEF RBPJ JHEHELR Hesl B mRNA /K-PHEOGRRA B E = (P<0.05), JAG-2 1
mRNA KPS T E (F 4-2A, P<0.01). S5xtERAAHLEL, MP A# 41+ BMSCs )
Notch2 & F /K 5.3 _F (& 4-2B~C, P<0.05), RBPJ & /K F-#% 2.2 T (P<0.01),
A RBPJ { G o K- F 3G ag (& 4-3).

A 3

* %
< 3 Control
E . B MP
g 27
‘S * . * *
)
%
= 1
-
] | I ‘
0-
S PSSP Vo
N\ & 4 zé QJ% Q,% *' *,
& y
=
B C %‘ 2.0 .
Control MP - x*
- = - ) o 1.5-
e ) - 5"
S
- 7 — E 1.0
£
205
- g
GAPDH|------|36kDa 2 | : .
&= 'pNotch1/Notch1 Notch2 RBPJ

[ 4-2 MP 4FE BMSCs 3t Notch 18 B8 FE F 7k F 495200
Fig. 4-2 MP treatment activates the effect of BMSCs on the levels of Notch pathway-related factors
MP %} BMSCs 1 Notch B AHIEIER (A) FEF (B~C) RIEACF TN . Fif 45 R L meantSD F£oRk. Hxf i
AL, "P<0.05 FoRZEREE, TP<0.01 FoRZERNILEE.
Effect of MP on Notch-related genes (A) and protein (B~C) expression levels in BMSCs. Data were presented as mean+SD.

*P<0.05 were considered statistically significant and **P<0.01 means extremely significant, compared with control.

68
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DAPI RBPJ Merge

Control

MP

Kl 4-3  MP %I BMSCs H' RBPJ 5 %< 65 ¥ (15
Fig. 4-3  Effect of MP on the immunofluorescence intensity of RBPJ in BMSCs
PR G e 5 ek EE BMSCs 1 RBPJ (131K /KT, Hrf Alexa Fluor 488 540t (4x{f) X RBPJ #EAT H e 7t v]
WAL EIR, 4% DAPL (BE6R) HEATY M. LEEIDR: 15 pm.
The expression level of RBPJ in BMSCs was observed by indirect immunofluorescence, where Alexa Fluor 488
fluorescence (green) was used to visualize RBPJ by immunofluorescence and the nuclei were stained with DAPI (blue).

Scale bar: 15 um.

2.3 JAG-1 & Notch B X MP 5| #2aY4HAE 91X RO BT 1E
2.3.1 JAG-1 2 3BH5E BMSCs # Notch jB

AR I I MP AbEEBE12 30E BMSCs 1 Notch 8% (K] 4-2~3), NERFLHLH,
B J5 % ] Notch 38 2 5405 7 Jagged-1 (JAG-1) AbFE, MELH X BMSCs 704k B4
F. CCK-8 4ifiE /1t &s R (B 4-4A) EIR 6.0 pg/mL 1 JAG-1 43 24 h %40y
SEFATG R 2 20 (P>0.05), T Fifi A5 VA< FEE P 185 0 A4t b A7 9 28020 PRI, DRI AR 30 346 FH
WIE A 6.0 ng/mL [ JAG-1 F T3 F R AR5 .

BMSCs ## T JAG-124h J5, qRT-PCR #&ill4h $ 7R Notch ficfk (JAG-1. JAG-
2 1 DLL-1) 1 RBPJ ] mRNA 7K-FHO0 B ZH 2 2% Fi (P<0.05), H Hesl ) mRNA
IR 2 T v (B 4-4B, P<0.01) . b4k, SR AH L, JAG-1 44 p-Notch1/Notchl
1 RBPJ 3 A/K - B8N (K 4-4C~D, P<0.05), [ MP 5 JAG-1 JL4b# 5
o} R ZH A Eb BE 0% 32 25 18 0 p-Notch1/Notch1 #1 RBPJ [85 [ # ik /K °F (P<0.05),
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A B ¥
150 )
= o * [ Control
£ é MP
S0 g 21 B JAG-T
g s Bl MP+JAG-1
= o
2 g
Z 501 R
= 2 1
< =
0
PV VI VI VI P
& @& & E & & & E
00«;9%9\}%\%&195%9@ 0 N N JRRN v
o & & NN R R R S G ol i
C SR & §
MP - + - +
JAGT  _ - + + 4 3 Control
|
L 3 l' . JAG
pNotchl | L. B W -|-')5kDa El MP+IAG-1

The protein level / fold of control
r

rer) | B 3 B JECLIEERt
GAPDH I_. - S |-36kDa o
pNotch1/Notchl  Notch2 RBPJ

4-4 JAG-1 % BMSCs H Notch 1B #§HH % B F ik K F RIS
Fig. 4-4 Effect of JAG-1 on the expression levels of Notch pathway-related factors in BMSCs
A. ANFEKEZ JAG-1 42 24 h JF4HAEHG /1; B. JAG-1 %F BMSCs H' Notch AR RIRIE/KFHI5E0; C~D. it
Western blotting 47l p-Notch1. Notchl. Notch2 Al RBPJ & ARk . FTf 458 LA meantSD FIiR. *P<0.05 %
INEFRE, TP<0.01 FoRERWMEEE.
A. Cell viability under different JAG-1 concentrations in 24 h; B. Effect of JAG-1 on Notch-related gene expression levels
in BMSCs; C~D. The protein expressions of p-Notch1, Notch1, Notch2 and RBPJ were detected by western blotting analysis.

Data were presented as mean+=SD. “P<0.05, *P<0.01.

232 JAG-1 % MP 432 BMSCs BB ik E 18 15 7k S R 220

qRT-PCR frill £ R 7R, SXREAHMALE, JAG-1 41 Aggrecan ) mRNA /K2 3%
TFE (K 4-5A, P<0.05), MP+JAG-1 A Aggrecan F1 Runx2 HHE /K03 T %
(P<0.05), 1 MMP9 Al MMP13 )8 H /K IE 2 Tt (] 4-5C~F, P<0.05).
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= 1.0 B MPHIAG-]
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- - - £ o
Col2al Aggrecan
E wmp - + F
JAG-1 - - + + 2.0
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1.51 B AG-
-
Runx2 [ R - |S0kDa I 1 B MPAIAG-1

MMP9 . ‘I 1 . - 78kDa

GAPDH — - - -— - 36kDa

=
in

The protein level / fold of control
o
[—]

e
=

BMP2 Runxl MMP9 MMP13

4-5  JAG-1 #{7& Notch BE& X MP S8 4HAR 53 4L BT
Fig. 4-5 Regulation of MP-induced cell differentiation by JAG-1 activation of the Notch pathway
A, C~D. ifiid qRT-PCR Fll Western blotting # 5% T MP #1 JAG-1 i) BMSCs ' Col2al 1 Aggrecan [k /K
*F; B, E~F. i#iid qRT-PCR Fl Western blotting #& Il JAG-1 %} BMSCs # BMP2. Runx2. MMP9 #l MMP13 ) mRNA
FIEE FKCTF IS . T 45 DL mean+SD R, "P<0.05 FnZEFEE, “P<0.01 FnEFWMEE.
A, C~D. The expression levels of Col2al and Aggrecan in BMSCs exposed to MP and JAG-1 were determined by qRT-
PCR and western blotting; B, E~F. Effects of JAG-1 on the mRNA and protein levels of BMP2, Runx2, MMP9 and MMP13

in BMSCs tested by qRT-PCR and western blotting. Data were presented as mean+SD. "P<0.05, **P<0.01.
2.4 DAPT #IiHl Notch i@ &xt MP 5|28 2B 5T L EVIETI(RA
2.4.1 DAPT % MP &34 BMSCs # Notch B #§HH % E FAIFZM

YER y 43 WA B 7], DAPT BeNg i@ ] y 43 WA EE 2 A 7%t Notch 32 RV E,
M) Notch 30 B8 (B0 « A<1X56 K F DAPT #11#1] Notch 13 538 2% I 80% LAIE 75
WEFFE T MP 1) BMSCs /K RIAE ML - B Jcilid CCK-8 y47#i% i DAPT #
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FEALHRZCPE R 2.0 uM K03 24 h, K IR AR SR A T4 R oR MRS . 45 R BN, HXTI
AL, BFET DAPT At 2 B4 BMSCs ' Notchl i) mRNA /KF (& 4-6B,
P<0.05). 587 T MP ] BMSCs #tt, MP & DAPT JL:AbFREYF, p-Notchl/Notchl 1]
HEHAKTPHEE T (P<0.01). [FI2F T DAPT 5 MP B}, Notch Rifk+ RBPJ
()R A 22 KT et B 4 42 25 BRI (18] 4-6C, P<0.05), #2785 MP 4L BRI ) Notch iE
4% DAPT i0i4% .,
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DAPT - - + + S 2.0 sk B DAPT
i =
Notch _ - .| a2 s ik BN \MP+DAPT
p-Notchl |~ r— “|—95k])a % - =
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@ .
FYT R E ] £ 0.5
RBPJ - 56kDa E 2
_ ="
carpir | S o0 2 0
[ p-Notch1/Notchl  Notch2 RBPJ

4-6 DAPT %f BMSCs H Notch 18 #8 X E F &K FHIF/NT
Fig. 4-6 Effect of DAPT on the expression levels of Notch pathway-related factors in BMSCs

A. RFEVRIE DAPT 43 24 h JEAIMAE R B. DAPT % BMSCs 1 Notch A GH: B AF N C. @it
Western blotting 23§74l p-Notch1. Notchl. Notch2 Fl RBPJ HI2E Aik . FIA 45 5 UL mean£SD %R, *P<0.05 %
IRFERREE, TP<0.01 FREFWILEE.

A. Cell viability under different DAPT concentrations in 24 h; B. Effect of DAPT on Notch-related genes expression levels
in BMSCs; C. The protein expressions of p-Notch1, Notch1, Notch2 and RBPJ were detected by western blotting analysis.
Data were presented as meantSD. "P<0.05 were considered statistically significant and P <0.01 means extremely

significant.
242 DAPT BEBZEHR MP 5|42 H) BMSCs BB R E K FEIT L

AARIEAGI T DAPT X} MP %8 5] BMSCs BeE KL EH AR # K F. gRT-PCR
Rl 45 2R, MP+DAPT 415 MP ZHAHEL, Col2al & Runx2 f) mRNA 7K 2 2
FtE (P<0.01). Aggrecan & BMP2 ] mRNA /K% Fiff (& 4-7A~B, P<0.05),
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i MMP9 ()4 5 K53 % (P<0.05), MMP13 [{] mRNA /KPR EE N (K 4-
7B, P<0.01). Western blotting £l 2% F 7R il S8 82 1 BMP2 1 MMP13 155
RKIEKFEEFOKFAR—E, B DAPT 5 MP JLAb#E2H BMP2 & /KP4 MP HUlk
AbFRZH 2 T (P<0.05), T MMP13 25 1A 7K P A 2 3 K (] 4-7E~F, P<0.01).
X —25 4L DAPT Refip efif MP % 5 5121 BMSCs B AR KPR 4L

A B 3 ok
y %
—_ % ok kk
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< 4 g 21
S
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= 1.0
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Col2al -141kDa =
H
Aggrecan - 100kDa E 0.5
I3
H
GAPDH -36kDa 2
=
= 0.0
E Col2al Aggrecan
MP E4 L *:*
DAPT g e
BMP2 2 34 B Conirol
2 - mp
MMP13 T2 BN DAPT
— Bl MP+DAPT
=
GAPDH .E 14
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(-]
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BMP2 MMP13

4-7 DAPT i@ Il Notch i@E&ETY MP i5F8) BMSCs 53 LK P
Fig. 4-7 DAPT regulates MP-induced cell differentiation by inhibiting the Notch pathway
A, C~D. i#ii qRT-PCR Hl Western blotting £l 5% T- MP 1 DAPT ) BMSCs 7 Col2al Fl Aggrecan [fIZRiA/K
*¥; B. i qRT-PCR £l DAPT %} BMSCs 1 BMP2.Runx2-MMP9 Fl MMP13 [ mRNA 7K K501 ; E~F. BMSCs
t BMP2 ¢ MMP13 (I8 FA/KF o BTA 454 DL meanSD oK. "P<0.05 FR 2R3, "P<0.01 FoRZRIR .
A, C~D. The expression levels of Col2al and Aggrecan in BMSCs were determined by qRT-PCR and western blotting; B.
Effects of DAPT on the expression levels of BMP2, Runx2, MMP9 and MMP13 in BMSCs tested by qRT-PCR; E~F. The
protein levels of BMP2 and MMP13 in BMSCs. Data were presented as mean+SD. "P<0.05 were considered statistically

significant and **P<0.01 means extremely significant.
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3 1Wig

BMSCs 7585 R R s 14 F 5 3 i A 2010 P-4 %5 DA ¢ (Hernigou et
al., 1999; Li et al., 2005). FHN H¢fik 72 %15 4 Bl AR 4K B 22 1 (Bruderer et al.,
2014). FHN FIRIEHLAI AT 4754, FHN B al W 8 i B kil it BMSCs B
At AE 20 B R 9k B A6 7 T 2038 (Aldahmash et al., 2012; Feng et al., 2010; Jin et al.,
2016; Jones et al., 2008; Lee et al., 2006; Maruyama et al., 2019). A< L Fi JHF 77 & IH
H R FHN WX R AR B 258l i faas o, s (ECMD TR R0#D |
BB B S TS (Fan et al., 2021; Huang et al., 2010). 5 400 ECE 19> A4k &
PR AT BEAE FHN KA M FE LR K (Hernigou et al., 1997).

AREAR T T FHN RS H Notch i@ % BMSCs LS. Notch JE# &
—ANEERST IS 5L 324, 83T Notch 5244045 40 o _b i c 4 2 18] F) B 2 e Bk
1715 51%'F (Oldershaw et al., 2008). A5 R H A1 FHN PIEKIE T BMSCs
() Notch 8 4 47 #4035, [FIHS 4R 4h MP ALFE ) BMSCs 4l 57 T [FIFERI 45 3 . Notch 15
ST MSCs ML AT H W Fi&4E (Ongaro et al., 2016). Notch 15 5 3B B L it
VRN 4k, (Diaz-Tocados et al., 2017; Osathanon et al., 2019). Diaz i 7% & BLELE
Notch i &GS i MSCs HI R E 704t (Diaz-Tocados etal.,2017). Notch i #EHE [A]
Hes/HEY 1 it 1A GE#% 38 1S 47 Runx2, M€ MSCs B RiE 73 fk (Sharffet al., 2009),
Uit Notch 15 5 EH T FIARMRAEH . 5358, Notch-RBPJ % BMP 53 [#] MSCs 41
A #I/ER (Engin et al., 2008; Hilton et al., 2008; Shang et al., 2015). 22 (PS-
2) RN N RSB EER N, 3 H HEY1 e/ B MC2T3 A1 C3C2 i
A Runx2 ¥ 3E 1M, 1X R Notch 15 5% & B#0#|/EH  (Zamurovic et al., 2004 ).
Notch 15 5% SR B I 5 E FAEMER (Feng et al,, 2019; Hurtado et al., 2019).
Notch SZARTE 3T @A it FE L, #0H] Notch 52 4R E 2% B 7 8 & (Hurtado et al., 2019),
[A] i Notch Bk JAG-1 A ZRLUIMEH (Feng et al., 2019). Osathanon %5 N\ K I JAG-1
REBSIEHE N MSCs IR 73046 (Osathanon et al., 2019). AHF 7T JAG-1 AbFR{EE T
MP %5 5 1) BMSCs Bus WIRekSs, 1X—25 85 Oldershaw 55 N 4R IEAH —E, B JAG-
1 4b# 5] 2 BMSCs [ Notch i B FrELIH0E <4 4 & 7746 (Oldershaw et al., 2008 ).
Ty /BN S D)E R G 3) Notch {5 516 SIBRED TR, Kk v 2 BN 7)-
DAPT =47~ Notch 5 5% B I REIA B 7L T H . Notch 15 5% 34 v 73 Wb g4l
Hl 7 CDAPT ) BELIKT, BT 1] T Y 38 K 2 0k, 52 4 i 2B K AN 58 (Feng et al., 2019).
FEATFLH, DAPT il ] y 43 WAme A 35 R 9k 55 MP AL 5 31 Notch 15 5@ B
BOE K, RN I 4 v R A AR DGR Col2al. BMP2 & Runx2 R H K&
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mRNA /K, BRIEFR4EEE AR (MMPI & MMPI13) [I#iE, MIMEEME MP &5
(] BMSCs RSB AR B BE 10T %« AW A7~ 7 Notch il %25 5% T BMSCs 1)
BeE MR e (B 4-8)

4-8 Notch-RBPJ #£ BMSCs St & M & E A B BT R EE
Fig. 4-8 Schematic representation of the regulation of osteogenesis and chondrogenesis

metabolism by Notch-RBPJ in BMSCs
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#H# Notch-RBPJ il #iHid Col5al 4% IS BMSCs 731k

ZHE Notch-RBPJ @B IT Col5al FIF RS BMSCs
VARLA

V IZJR (Col5) & —Fhifl 5 JRLF4EIE IR E R B (Birk et al., 2011), H
WRRH al (V) a2 (V) Fla3 (V) AR 7R =4 (Sumpter et al., 2004;
van Kuppevelt et al., 1995), Col5 [ FEEW B EW K al (V) FEEM— a2 (V)
53 I Col5al 1 ColSa2 ZEHGtd . Cols fAET 2 H LM LR+, BA 2 RetE

(Mak etal.,2016). ‘EFEMME Bk BT A5 2H 25 AT 25 £ 4 AL s o e L
7o AR, Col5 R AFAE T M A S VE i [l 45 4 H 2R b IR E IR SR R, A2 M [ o
SEARFE A HE R B 18] 2 [ N #E AR (Haque et al., 2002; Mares et al., 2000; Yasufuku et
al., 2002; Yasufuku et al., 2001). 7EJZKk (Wenstrup et al., 2004). JLf# (Connizzo et al.,
2016) AR (Sunetal.,2011) EHZIH, Cols FIE/ D2 FEEHLNUMMERE T 5. i
BN BUUL T 40 BB B Colsal BE WS S E0 4 Mo S 5 3k N 48 g & 390 3 ok 20 T 40 o 2

(Baghdadi et al., 2018). #Rifi, T Cols &AM HIH B A g b

Notch 8 #% A& —FpiE 4k b & FE AR ST B4 M [AS 5% SALH], Joedifidris, fE4E
Bk R B b ie EEA/E A (Bray, 2006; Hori et al., 2013). H1T- Notch 3244 J i f&
SR A, R T AR AR AR R A BEAE . PABGE B (Chenetal., 2014). Notch
TR T Hes Ml HEY FRME N AN HI R 7R W TR i, ER%SEZ M
HAP T INEE (Engin et al., 2010; Zanotti et al., 2012). AHF 5 &K I H & P FHN
PIXS ) Notch JBEKGE, H BMSCs BIBUHE M BECE 73K T B, 1 RUIE 73 AL RE
PLr . Notch 3 B E 77/ 77 7T 2028 MP &85 AT 51 2 /) BMSCs s B s 1k 7K
PP, $27% Notch 384 AE 15145 BMSCs FI/MME T2 5 FHN R4 . MRS
B Notch-RBPJ 1] {45 ColSal %% 5% M8 T 52 20 A 53 5 32E N A4t b o) A - e 5 L AR 25
£ (Baghdadi et al., 2018). [AJIN IS A FE L B AU T4 H Notch 18 & 1 ¥0E 3 2L
Col5 &£ mRNA FlEg [ FUK-F L IRIER N . B AR ST Noteh il %7 BMSCs 744 i
FEAH AL, A SO0 H &M FHN RS B SR A 24T T RNA-seq $08 701, %
i B0 EE B % AT ColSal BIE R HEAT T 20 H

7



Notch-RBPJ-Col5al i i X e B Sk VR HE PRI X1 i 18] 78 53 120 i 70 A RO 20 S P AT LR 7

| RS

1.1 XEE 55

FENAREGAFME =5 1.1 RENE 1.1, HP AT si-Colsal K si-RBPJ
9 B 8 M B ARV RH A TR A 7 1) RFect™ J5 AR M /MZ B 5 Yeialfl, Al
Yo% 98 ARG BT A& anti-Col5al (Cat No. WLH4136) K [ ULBH /3 5L MR A TR
/N7, Western blotting FIT I Ji4& anti-ColSal (CatNo.AF6537) W4T KA AR:
BRAF] .

1.2 {ApEISESE

BMSCs SKJE T BRI, f£2H 10%FBS. 1% 5 2 /845 2 ) DMEM/F12 £33
Herr, fEH COLIKERN 5%, RN 37°CHEFE/E kATl i 55 77

1.3 ZAREsE 348
i CCK-8 yEA AN TS /1, BEARRICHERIEIRSE = 1.4,
1.4 BEBSSL

X RIURE T FHN M B R XS ) BMSCs HEATHCE 35 5401k 21 d, BARIRIGE1E [H) 58

= 1.5,
1.5 BEEFSML

X SRVRE T FHN M A8 BRI XS ) BMSCs HEAT BACE 7 501k 21 d, BARIREGHA4E [F]

Sfe —

=5 1.6,
1.6 HEEBES S
X RIUR T FHN M8 B A XS ) BMSCs HEAT AR S04k 21 d, BARIRIGEAE [H) 58

=% 1.7,
17 BRI SHEE
SFRCE 74k 21 d 1 BMSCs BT PR 4L S Yetty, EARRIGHRAERISE =5 1.8,
1.8 PAFIHEIERE
XFECECE 7K 21 d ) BMSCs BEATRAIFT Gt BRI R AR [ 258 =% 1.10.
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1.9 A4 0 #f&
W EIE 4 21 d ¥ BMSCs #H4TIH4T O ett, EARRIGHAER S =2 1.11,
1.10 RNA Fit

AREE T GenePharma 24 7] ¥ it & ik RBPJ ({45514 siRNA, HH si-RBPJ (1) /7
%] N 5-AUUUCACUCCAAAUUUACGTT-3> , si-Colsal M F % KN 5-
UGGUAUCACAAGAACAACATT-3", Negative control siRNA (NC) KIF %N 5°-
UUCUCCGAACGUGUCACGUTT-3"s BMSCs 43| LAAS[F] 1) % B $e 4 82 (1) 20 i 1%
TN REFE 24 h, B 9E B EIAF] 30%~50%0F, 28 RFect™ JFEACYH T /M%ER 5%
GG U T EAE, HIECE AR R W 5-1 i
# 5-1 RFect™ JR X 4R/ MZELEE IR FIBCHI =

Table 5-1 RFect™ primary cell small nucleic acid transfection reagent formulation system

Culture vessel Vol. of growth medium Vol. Dilution siRNA RFect™
(well) (nL) (nL) (pmol) (nL)
96-well 100 2x10 1.2 0.4
48-well 250 2x25 3.0 1.0
24-well 500 2x50 6.0 2.0
12-well 1000 2x100 12.0 4.0
6-well 2500 2x250 30.0 10.0

1.11 FHN RIBREE 3440 & BMSCs A1 2 RNA A3 EUR qRT-PCR #6357

PEHL FHN 2 1E % AR i Sk 423 K BMSCs FH i RNA, 48 ] qRT-PCR & 3
mRNA 7KF, EARIGEE DRI — % 1.8, =% 1.12, H Colsal KI5 ¥
N Forward :  5-TGCTTATGTTGCCTTTCCGC-3° ,  Reverse :  5'-
CTTCGCCCTTCAATCCTCCA-3",

1.12 FHN PBEZE kA28 &% BMSCs A Western blotting 25 3R I&HM

PEHL FHN K IE 5 ARSI A Sk 2143 & BMSCs F1 8, 3% F Western blotting %
M EKY, BRI 1.14.

1.13 [EERERN
X e si-Col5al/si-RBPJ FI4H Mo 3EAT ()42 Gy o Y e o, BARERIERIZE D &= 1.11,
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1.14 BRSS9 H

SPSS 25.0 XJ P A i 30 Em 2 AT G vt 20 # o EUIRE I3 A P A B0 W) s P MO R A £ 4
5. R RRE T Z5HT (One-Way ANOVA) LM 2 4R, U K P E=:
brifEZ (meantSD) M FE R, ] Graph Pad Prism 7.0 23T #liE. X+
FRAE 53, "P<0.05 RanEREE, BESIUEEN, "P<0.01 #RERTEE.

2 HER5HH

2.1 FHN R8BI FHEF X BREFEIFIE
2.1.1 EBEEMEKERLE

NERFT Notch JBH 4% MP ALHL 5] #2 1 BMSCs 007K B038 IAR AL H], X A
PR RS B KM FHN RS E SLZH 2 RNA-seq 048 (JGWiH, 2022) iH47#
HHT . B SCIEEAE LR MG String X RNA-seq 0 #E4T 04, H3HTHE A LAEM% A
Rzstl, a5 R 5-1 fros, Rk Hdid & 865 N2 RRISHR, Hrh FiREER 246
A, IR 619 4.

5-1 EHEEMEE

Fig. 5-1 Protein interactions network diagram
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2,12 <EERFMIFHIE

81t Cytoscape 3.7.2 #4417 RNA-seq 4 70, MHEEUHET 10 £ 2 7 3Rk
(Bl 5-2A), 4r%19 BDNF. BMP4. SMAD2. DCN. FBN1. COLIAl. COLIAl.
Col5al. COL6A1 /& COL6A3. [Ali@T Mcode BRI H AT PN Thaetste (& 5-
2B~C), A& %A/ 5H8 COL1A1. BMP4. COL6A3. SMAD2. BDNF. COL1A2.
DCN. COL6A1.FBN1.LOX.FSTL.SPARC.COL6A2.COLI1A2. THBS2.COLI6AI.
COL8AI. POSTN. FBN2. ITGA1l. LAMA5. LAMA3. LAMB. LAMB3. ITGB4.
LAMA2. Col5al } Col5a2, Jfidid 35 R EAE X ik s FE R ColSal (& 5-3),
B C

COL4A1 LAMB2
COL1A2
LAMA3

COL1AY ITGA11
AMB3
Gl ITGB4

COL1BA1

LAMAZ2 LAMAS

COLBAT

POSTN LOX

5-2 @it Cytoscape i X HEEHE
Fig. 5-2 Key genes were screened by Cytoscape
A. it Cytoscape-cytoHubba ik Hi i e F# L K, B~C. i#id Cytoscape-Mcode & Hi T A>T REREER o
A. The top ten key genes were screened by Cytoscape-cytoHubba; (B~C) the top two functional modules were selected by

Cytoscape-Mcode.

Top 20 differential genes in

transcriptomics

WIFI, XXYLT1, MATN4,
ECM2, VIN, TMEMG63C,
SPIC, RBPIL, Ptprv,
PLA2G10, ANGPTL7,
PRSS35, Fhll, SGK2, Scart2,
ATP1BI1, COL14A1

5-3  RERLATFIEMAT 20 AL EE S Cytoscape ik AT BEARREI 5 B
Fig. 5-3 Venn diagram of the top 20 genes of the transcriptome screen with the functional modules

screened by Cytoscape
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2.2 FHN AMBAEELLB40 Colsal EE R EHKFETL

Colsal 5ZFIEESZmAH G . AR FHN WS ELHZH Col5al K
mRNA 8 EKFEN (B 5-4), KIAERIET FHN RIASH I E L H R Colsal Y
mRNA FIAKF-EE TR (P<0.05), MEHXREKFEEAR (P<0.05). XA[FEE
T3 5% Ja AR BRI R IR IS 2 PR R T mRNA BN A R, AT pk
ColSal FIFERHE 5% e & AR ACEA—5. 1T FHAN BXYRE L4 4 F Colsal Kik
RAET RER, FIEX RNA-seq 7T 3R 12 R RIEFEF AT T ColSal fRELEE
R ffii . 45 RN 5-5 Fizs, ColSal 5 Notch 15 5l R %K T RBPJ KA 51 5%
BerE, HASCZ ATRIwE 7T 7R RBPJ () Notch JE % BMSCs 1701 F A o4
PEER, R ARE 3 — 587 T Notch-RBPJ i X} ColSal FIHTT & ColSal %
BMSCs 7344 B0 .

>
S

The mRNA level of Col5al

Control FHN

Colsal | W 9 %% S8 8B 88 |_22010q
B GAPDH g e 8 BB 8 88 |- 36

in

1.

n

=

d
n

bl
n

e
S
The protein level of Col5al
=

e
-

Control FHN

5-4 FHN BB R IEE RIS E LAY Colsal B mRNA (A) REH (B) KkF
Fig. 6-4 The mRNA (A) and protein (B) levels of Col5al in femoral head tissues of FHN broilers and
normal broilers
BT 45 R Lh mean+SD £7R. S5XTRAMLL, "P<0.05 RAREFEE, "P<0.01 £RERNEE.
Data were presented as mean+SD. "P<0.05 were considered statistically significant and **P<0.01 means extremely

significant, compared with control.
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5-5 Col5al HXEAEE

Fig. 5-5 Genes associated with Col5al

2.3 MP 4RI BMSCs § ColSal EERERKFETL

BT FHN R A4 Colsal KA T REAL, FUARAN 7 MP
AL PR BMSCs ' ColSal HIRIEKF. SR ER, MP 45K BMSCs ' Col5al 1]
mRNA [ HRIAKF5 FHN WX R E L H 20 1224 — 2 (B] 5-6A~B), MP At
HUHEE ColSal A DGR (B 5-6C), Bl MP 4bFE ) BMSCs 5 FHN PR KA
() BMSCs 23 1 AH R Col5al FKiEAEAL .
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B

in

Control MP

=

i ColSal | M S S B S 8 | -220kDa

in

The mRNA level of ColSal 2>

GAPDH | yuus % S S S s | - 30kDa

e
e

The protein level of Col5al

Control MP

DAPI

Control

Col5al Merge

@]

Control

15 pm
.

MP

5-6 MP AbIEHJ BMSCs # ColSal 7K F3E4k
Fig. 5-6 Changes in Col5al levels in BMSCs exposed to MP

A~B. i#iid qRT-PCR F1 Western blotting ¥l %% #& T MP ] BMSCs H Col5al H3RiEKF; C. ffi AR F e
2% MP AL EEY) BMSCs ' ColSal [k 7KF, HH AlexaFluord88 7t (44€4) Xf ColSal HEAT S5t i
fLRe7R, Witz DAPL i) #EATH6(, BAfFFmME. AR 15 pm. A 4R L meantSD Fox. SXTIRAL
L, "P<0.05 FoRZEREE, "P<0.01 REFNEE.

A~B. The expression level of Col5al in BMSCs exposed to MP were detected by qRT-PCR and Western blotting; C. The
expression level of Col5al in MP-treated BMSCs were observed by indirect immunofluorescence, where Alexa Fluor 488
fluorescence (green) was used to visualize Col5al by immunofluorescence, and the nuclei were stained with DAPI (blue),
scanned and photographed. Scale bar: 15 um. All results are expressed as mean+=SD. Compared with the control, *P<0.05

indicates significant difference and **P<0.01 indicates extremely significant.

2.4 Colsal xf MP 4L32E) BMSCs 53 L7k FEYET1ER
2.4.1 si-Col5al #5353

J9HIHf Col5al Xf BMSCs 73KV Bz, Ailie kit IF& a7 Colsal H)/M T
L RNA (si-Col5al). NIGIUE si-Col5al HIHEHR, HGi@E qRT-PCR Failfs 4y
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si-Col5al & BMSCs ' ColSal #3%/KF, 458 (K 5-7A) IR si-ColSal [ YRR
79 58.81%. Western blotting A 52 2 6 LBkl si-ColSal X &5 AR IE KR L,
7 LR YL si-Col5al BEMSHR I35 PR ColSal &5 AFRIA/KT (P<0.01) FEAENLIRTS
HAE Rt (B 5-7B~C).

A = 1.5
£ Colsal MP _ + _ + % %4
g . s
Z si-Col5al - - o+ + Z .l
P 3t
E wae Col5al | S S B WS | -220kDa 2
_; sie g ol
- -
GAPDH |t s s |- 36101 =
& Control  siCOLSal - = 0.0-

NC NC+MP  si-Col5al si-ColSal+MP

C DAPI Col5al Merge

si-Col5al

5-7 si-colSal 35FE

Fig. 5-7 The transfection efficiency of si-Col5al

A. si-Col5al ¥ HeR0%; B. si-RBPJ Xf BMSCs 1 RBPJ & FIRIE/KF IS ; C. Fie si-ColSal Ja, HIMIE G
WICIFEIERANM ColSal FRIBKF, Hrh Alexa Fluor 488 70t (4k€4) Xt ColSal BEAT st nl AL IR, 4
JuRZH DAPT (Hith) #EATSa, HIHFMME. AR : 15 um. ATA 458 L meantSD KR, *P<0.05 RFoRZRE
%, TP<0.01 KR ERMEE.

A. Transfection efficiency of si-Col5al; B. Effect of si-RBPJ on the expression level of RBPJ protein in BMSCs; C. After
transfection of si-Col5al, the expression level of cellular Col5al was observed by indirect immunofluorescence, in which
Alexa Fluor 488 fluorescence (green) was used to visualize ColSal by immunofluorescence, and the nuclei were stained

with DAPI (blue), scanned and photographed. Scale bar: 15 pm. All results are expressed as mean+SD. *P<0.05, **P<0.01.
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2.42 Col5al 3 BMSCs A Notch 1B I&HE X E B AR {ER

RNA-seq 731145 R Z7R ColSal 5 RBPJ A el (K 5-5), Kb ARK @
F 4y si-ColSal FHi BMSCs H' ColSal HFRIE AR FTIHNT Notch i 2% (1) 1845 S 40 i 5>
eisgm . Wikl 5-8 Fion, 54 si-ColSal J&, FARMAE MP 5| BMSCs H Notch
A& Notch2 J Tl % %l RBPJ & HK = A2 (P>0.05), Ff H AN RBPJ
a2 5 BRI AR B (&) 5-9), R Col5al %t Notch-RBPT 38 %0 5 35 B R T,
D] LI L FT BB A2 T Notch-RBPT 3@ R i o

MP - + - + 20_
: g %
si-Col5al - - + + B =
Notch1| S S8 %% S |-95kDa =15 ot -
B NCHMP
Notch2 | s Sheh S8 & - 110kDa . iColsal

Bl si-Col5al+MP

CAPDH| e e s # - 361D

e
bl

The protein level / fold of NC
-
=}

e
@

Notchl Notch2 RBPJ

5-8 53 si-Col5al ¥ Notch B HH X T HKFHIRNT
Fig. 5-8 Effect of transfection of si-Col5al on Notch pathway-related protein levels
I A 45 R L mean+SD KR, "P<0.05 IR ZER R

All results are expressed as mean+SD. *P<0.05 indicates significant difference.
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DAPI RBPJ Merge

si-Col5al

5-9 %% si-Colsal ¥F RBPJ RRIZRAIRE HIFZNT
Fig. 5-9 Effect of transfection with si-Col5al on the immunofluorescence intensity of RBPJ
Y si-ColSal J&, FHII B89 E7EMEE BMSCs H RBPJ [3iA /KT, Jr Alexa Fluor 488 %<t (4%£5) %t RBPJ
BT DO PTG R R, A% A DAPL () #EATH 6, HRIIHE. AR 15 pm.

After transfection with si-Col5al, the expression level of RBPJ in BMSCs was observed by indirect immunofluorescence,
in which Alexa Fluor 488 fluorescence (green) was used to visualize RBPJ by immunofluorescence, and cell nuclei were

stained with DAPI (blue), scanned and photographed. Scale bar: 15 um.
2.43 Col5al ¥ MP 232/ BMSCs 73 L7k FRI M

T Col5al & FHN RIS K BE Sk 4H 23 RNA-seq Hd 7047 Jo 07 18 H A S B L 1A
PRl i it 4% % si-ColSal il BMSCs B S 8CH AR EIAH S8 AR IARfk, AT B
Col5al %t BMSCs 7Mb sy, ks R (B 5-10~11) KB, T4 Colsal FERFRKIE
REA IS MP A3 B i AR A FRAICI 25 R, B si-Col5al Refig i MP ik
FEI 4R BMP2 25 7K F R & A MMP9 & /K F-THE (P<0.05), XS BMSCs K]
B BETT
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MP -  + - 4+

S 15
si-Col5al - - + + E _x
] = B NC
—-— - e, =10 B NCMP
COlzal | | i 141kDa E B si-Colsal
GAPDH | gy iy WD O | _ 31D 2
- oo Col2al Aggrecan

5-10 Col5al ¥ MP 5|#2H) BMSCs 3 & R HE X E BKFRIF/T
Fig. 5-10 Effect of Col5al on the levels of MP-induced cartilage metabolism-related proteins in
BMSCs
A 45 R L mean£SD KR, "P<0.05 RIRZE R R

All results are expressed as mean+SD. *P<0.05 indicates significant difference.

MP -+ - 4
si-Col5al - - + +

BMP2 [ % % S |- 75KDa

MMP9 | s S S &% | 781D
GAPDH | s @0 S8 was | 361D

g
<

=
b

Il NC

Bl NC+MP

Il si-Col5a1
Il si-Col5a1+MP

The protein level / fold of NC
-
=

0.0-

BMP2 MMP9

5-11 Colsal 3f MP 5|24 BMSCs BB X EHKFAIF M
Fig. 5-11 Effect of Col5al on MP-induced osteogenic-related protein levels in BMSCs
A 45 R UL mean£SD KR, "P<0.05 KR ZEREE, TP<0.01 LR ERMEE.

All results are expressed as mean+SD. *P<0.05, **P<0.01.

2.5 Notch IBEKIEE Col5al BIFRIA

RIS TR I T ColSal BIRIBREMS T MP 5[ BMSCs i A& 71 T F%,
BRI 5-8~9 45 B E R Col5al T AEXT Notch i % I HHE/E F , (H AR H o] GEA7 T8 i
)R PRI ASRIG 3 — B4R T JAG-1/DAPT/#: 3 si-RBPJ, £i&421H4% Notch B
PAFR T Notch i #% 5 colSal 1A FH I 7E BMSCs -4k [ s2mapLi o

2.5.1 JAG-1 X% DAPT %t BMSCs H Col5al ZHKFAIZ M0

K H Notch 1@ BEEUE ] JAG-1 56155 DAPT AbEEAHMI, il Colsal W HIK
FARL, G5 R R, TAG-1 AP ) BMSCs 1 Col5al 2 /K P ioxt B4 2 25 T (B
5-12, P<0.05), i DAPT ZFEA4HMEH Colsal HI&E AKX BEILEERI, HE TR
&% (K 5-13, P>0.05), iH] Notch 1 AE 1% Coldal HFRIE, HAHIKIBLITH
LA
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32
g

MP -+ -+ Z
JAG-1 - - 4+ o+ S1s = S
Colsal | e @D D W |- 220kDa £ 10] T
§_0.5-
GAPDH| e e W e |-36kDa =

Control MP  JAG-1MP+JAG-1
B 5-12 JAG-1 3t ColSal EAKFAIFZM
Fig. 5-12 Effect of JAG-1 on Col5al protein level

Fif 45 R LA meanSD F£/R. "P<0.05 FREFLE.

All results are expressed as mean+SD. "P<0.05 indicates significant difference.

MP -+ -+ e .

DAPT - - + + %15 1
cosat | S0 N B B |- 220000 £ 10
GAPDH [ S W | - 361D ="
50.0-

Control MP DAPT MP+DAPT

5-13 DAPT % ColSal EHKFHIFMN
Fig. 5-13  Effect of DAPT on Col5al protein level
Ji A 45 R LA mean+SD IR, "P<0.05 KRR B

All results are expressed as mean+SD. *P<0.05 indicates significant difference.

2.5.2 RBPJ X} BMSCs ' Col5al & H 7K FBIE4E H

AT L L si-RBPJ T4 RBPJ %Kik, HKH qRT-PCR. Western blotting %
Ga P R NCY B TTIFAGI T ColSal Rk T 4HM S K i AR K TP AR 4K o

qRT-PCR. Western blotting M %7 asLguntaill si-RBPJ MU Jui®, 4R ER
si-RBPJ HIFE YR IER] T 69.62% (& 5-14A), #: 4t si-RBPJ 5 3404 7 RBPJ (¥
HHEKF (K 5-14B~C, P<0.05) KGErtamE (& 5-15), UiWl4%% 3¢ si-RBPJ REf
BFTI RBPI £, BIEY si-RBPJ Joxt Colsal & AKFHIFM, KT
RBPJ ik )5, si-RBPJ+MP 1 ColSal #H /KP4 MP AR B E AL (P<0.01), %%
4L si-RBPJ AEMS U MP 4B 5|42 BMSCs ' Col5al & F/KFFHE 481k,  [R]IF%
ik BMSCs H Col5al H%yutinfE (B 5-16), $&78 RBPJ i#% ColSal HIFKIA.
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C= 3
RBPJ
A B we B} + - +
si-RBPJ = = * +
2.
RBPJ | s M |- S6kDa

30.38%
e

—

-36kDa

GAPDH

Relative level of mRNA expression
The protein level of RBPJ

Control  si-RBPJ

=

NC NC+MP  si-RBPJ si-RBPJ+MP

[&] 5-14 si-RBPJ Xf BMSCs 1 RBPJ 7K Y5500
Fig. 5-14 Effect of si-RBPJ on RBPJ level in BMSCs
A. si-RBPJ #4247 ; B~C. si-RBPJ %f BMSCs 1 RBPJ & 145 K-F HIEENA . JiT 5 45 R LL mean+SD #75» "P<0.05
FoREREE, TP<0.01 FonEFREE.
A. The transfection efficiency of si-RBPJ. B~C. Effect of si-RBPJ on RBPJ protein expression level in BMSCs. All results

are expressed as mean+SD. "P<0.05 indicates significant difference and “P<0.01 indicates highly significant difference.

DAPI RBPJ Merge

5-15 ¥ si-RBPJ %J BMSCs # RBPJ % &5 38 B HY #2010
Fig. 5-15 Effect of transfection with si-RBPJ on the immunofluorescence intensity of RBPJ in BMSCs
¥ si-RBPJ J&, FH IR G 5 75 W58 BMSCs i RBPJ [{1#547KF, b Alexa Fluor 488 2% (4¢{5) %t RBPJ
HAT S RO AT ML IR, 4% DAPL (IR EATH M, S miE. ER: 15 pm.

After transfection with si-RBPJ, the expression level of RBPJ in BMSCs was observed by indirect immunofluorescence, in
which Alexa Fluor 488 fluorescence (green) was used to visualize RBPJ by immunofluorescence, and cell nuclei were

stained with DAPI (blue), scanned and photographed. Scale bar: 15 um.
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MP - + - + 5: 0 ek Sk ==
si-RBPJ - - + + % 1.5
Col5al 210 s
GAPDH ;“

NC NC+MP  si-RBPJ si-RBPJ+MP

Merge

NC

si-RBPJ

15.pm

5-16 RBPJ % ColSal Z&H7KFHIFMT
Fig. 5-16 Effect of RBPJ on Col5al protein level
iBid Western blotting Al %% 4% si-RBPJ J& BMSCs ' Col5al [ KT, FFiBid 3 a2 5 e ik M2 40 M Colsal
MRIEICE, FAfIHA. EBIR: 15 pme Jra 4R UL meantSD KR, "P<0.01 RKon 2% .
The protein levels of Col5al in BMSCs after transfection with si-RBPJ were detected by Western blotting, and the
expression levels of cellular Col5al were observed by indirect immunofluorescence, scanned and photographed. Scale bar:

15 pum. All results are expressed as mean+SD. **P<0.01 indicates a highly significant difference.

2.6 RBPJ %t MP AMERY BMSCs BB &&=

g (B 5-17) &R si-RBPI+MP 414 BMP2 # mRNA 7KV K 5 [ R IE KK
MP HEFERF (P<0.05), 1 MMP13 ] mRNA /KFEZFH T (P<0.05), $E/R si-
RBPJ et 22/ MP 5121 BMSCs i #HR 11324k NHAHH RBPJ % BMSCs
HACH IR, AR T Col2al [ Aggrecan ) mRNA & FH/K 34T 1A .
iR (K 5-18) WoRi%4L si-RBPJ 5, AeRE LM MP BT IR Col2al FEH A
mRNA 7K FHIFEK (P<0.05), #&7x RBPJ 2511 MP 5| 2] BMSCs i & iR
AT 1281k
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A 2.5-I
< 22
E 2.01 %
X% Il NC
E 1.54 = BN NC+MP
2 i I si-RBPJ
% 1.0 B si-RBPJ+MP
P
— 0.5'
0.0-
BMPZ Runx2 MMP9 MMP13
Bw - -

si-RBPJ -

2.57

2.0

The protein level / fold of control

BMP2 Runx2 MMP9

5-17 si-RBPJ X BMSCs B B 18 X B F2RiK K PRI #20E
Fig. 5-17 Effect of si-RBPJ on the expression levels of osteogenic metabolism-related factors in
BMSCs
ifit qRT-PCR A, Western blotting 4|4 4 si-RBPJ J& BMSCs H R S T/ mRNA (A) K&EH (B) KTF.
A 45 - UL mean+SD iR, "P<0.05 KR ZEREHE, “P<0.01 XRERTEE.
The mRNA (A) and protein (B) levels of osteogenesis-related factors in BMSCs after transfection with si-RBPJ were
detected by qRT-PCR and Western blotting. All results are expressed as mean=SD. "P<0.05 indicates significant difference,

**P<0.01 indicates highly significant difference.
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>

Il NC

Il NC+MP
0 si-RBPJ
B si-RBPJ+MP

The level of mRNA

Col2al Aggrecan

154
W
1

9
o

*

—_
(9]
!

-
[}
r

&
<

The protein level / fold of control

Col2al Aggrecan

[ 5-18 si-RBPJ X BMSCs ¥ & R ifi#E K B F Rz K F RIS
Fig. 5-18 Effect of si-RBPJ on the expression levels of cartilage metabolism-related factors in BMSCs
B3 qRT-PCR }% Western blotting #&3|#4 4% si-RBPJ 5 BMSCs 8B AR B SSR T /) mRNA (A) KEH (B) /K
o PSR L meantSD FIR. TP<0.05 RoREFLE .
The mRNA (A) and protein (B) levels of r-chondrogenesis-related factors in BMSCs after transfection with si-RBPJ were

detected by qRT-PCR and Western blotting. All results are expressed as mean£SD. “P<0.05 indicates significant difference.
A N
3 Tig

FHN 5200 XS AR KR B AR RE FRIE 4 5 et S B 4a A (Olkowski etal., 2011;
Sanchez-Rodriguez etal.,2019). FHN HJRHIE B 400, & REAIMIAIE ., BB T BT
Hr S 7 B e Sk, A& F RIS DIRERERS  (Guerado et al., 2016; Marciniak et
al., 2005; Mont et al., 2020). FHN A /& 2 M A 5 A BRI 45 2R« AHORHT 7R W]
FHN [{)& 45 BMSCs [R5 HE T e Ui 5 BOs A0 R EAH G . AR BT
7RI FHN IS ) Notch il 53835, H BMSCs [ H K B LK R B, Tk
Masr e aE i3, MP AbFEK) BMSCs R HAHF 45 2R « Notch 38 BH0E 7 JAG-1 5L
017 DAPT 7] eg4E MP AbEEFT 512 () BMSCs i K s ig b AKFIAR ML, iz
MP % BMSCs BUE A 8CE ARAH ICRE R Kt 1 R IE 7K 2
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R Noteh il 2% BMSCs 75 A5 AT 4% FHN & A2 BRI, AR ialge
FHN RSB SR 24T T RNA-seq HlE 0, ik tH OCEEBE K] ColSal, [RIHS X
Col5al W EHCERIB AT I 1k, KIVE K KT RBPJ 5 Col5al EARICEE. /E N
—MIRER R H, Cols FAET RKZH A MR+ (Mak et al., 2016; Sumpter et
al., 2004; van Kuppevelt et al., 1995), Col5al Z[H 4wt Col5 1] al 5 (al (V) #E)

(Collins et al., 2011; Wenstrup et al., 2004). ColSal miFx/N IR KLIZE 10 HES 224
FETZ, R ColSal X MEAGHIIE R ZE S EEL, Bi S5l i 70 b 25 4 o Ak i IR 52 o (1)
M, WE T Cols B AZ e TAM - s 2888 H (Bietal., 20200, FEASH,
FHN RIS [) ColSal ¥ sx/K -5 HE AR EKTAR, AlEe2H T/ FHN &G, &
T E, HUATRESEE BMSCs BUE KUK 7 RE 71 MBS 240 AL, AT
T Col5al Hi#%k, MEAFRIEH THILGRE. BEFELRIF G AESRRE mRNA
K S BRI =38 KA TR o AT I G si-Col5al B8 22 MP i& 51 BMSCs
FCH S KSR %, 1X 3R B ColSal Ref% 1845 BMSCs 734t

Notch M2 55 K E MASSWITT, LN BCE A E N B R v ke =52
VEAEH . BMSCs HA W s 7468 77, HIGTE AR 75 % Notch 15 5% % (Jin
et al., 2018; Long, 2011). Notch Ftf& DLL1 J#3F Notch 155, ] 7 BB i /1L A
SR AR ThREVE B AR, TR D T E IR (Muguruma et al., 2017). KB
SR e & I RBPJ 5 Col5al A7 s, H I i Notch i #% 528 1% BMSCs
o34k, BRI AT Notch-RBPJ. Col5al X BMSCs s AL 2/ BT 7. T4k
Col5al Xt Notch 52k (Notchl % Notch2) J¢ R #4353 K1 RBPJ [ & ([ 7K1 S Hu s ¢
R TG B A, 7R ColSal {55 % Notch S8 B A HIEMEH, AT fEZ 7T Notch-
RBPJ @ ) R s 51K 7. NIIE Col5al 5 Notch JEEE K _E RO E, AiREET
K AER JAG-1. #0157 DAPT %% 4% si-RBPJ 1% Notch i# %, #ill Col5al [ %
#& T MP [1) BMSCs B K ACE UKW . g5 5K, WOEEENH] Notch 18 72
8 53 A 5REk S ColSal [ER FIRIE/K-, T#i RBPJ HRIE 2855 Colsal I H
KPR v sk, I H AR A MP 512 BMSCs B & B RK AR .
EIR¥E G si-ColSal AKX Notch i 2% A2 il 2 5200, {H BE 0% Jal 55 MP Ab P i B ) BMSCs
BCE M A ST A RIB K FRERIESS, K8 ColSal X} BMSCs 7MbEALY
Notch @ EAH R K T5EA, [ Col5al £ Notch JHES 1 N, FF5 Notch JH g3
]84 BMSCs BB KB AR

BT T4 RBPJ HIRIAREW AL Colsal HIE /KT S RBEDetamE, Bt HEw
ColSal JZ#4 3K RBPJ [ Fif#E3E[K . Baghdadi 25 AW 7E & I Notch-RBPJ REfi5 5
Col5al WI¥Gg 454, MMABIIA T4 (FEAMMD MASA (Baghdadi et al.,
94



Hh | &N

#H# Notch-RBPJ il #iHid Col5al 4% IS BMSCs 731k

2018). X 5ARIG 451840 —5L, B Notch-RBPJ fig5 4% Col5al [f)3iA, H Colsal
7& RBPJ [ R4 . ColSal /EA FHN RIRS I E kA b 2= RIAH N, RElg
W+ BMSCs [0 7KF K MP 51 2 140 i S SR B 43 A 7K IR e g

XL E T RNA-seq 7M1 KB Colsal T H K ME FHN XY HIBE Sk kA
BEBN, FHRHT ColSal FKiLM LA MP A BMSCs F1EHLY
FHN ARSI E LA A8 bAH . T-H Notch 15 5@/~ T Notch-RBPJ i it
Col5al BTz L H G 40 i R B A 3| 70 KPR 2, 7E RIS FHN (/)R A2
MEZEAYEER (K 5-19),

RNA-Seq Coldal

5-19  Notch-RBPJ i##%i&id #8F5 ColSal EHERI3E BMSCs 43I
Fig. 5-19 Mechanism of Notch-RBPJ pathway regulates the differentiation of broiler BMSCs through
regulation of Col5al

95

https://www.cnki.net



REM  hitps://www.cnki.net



IR R, QR AR

2R 5%ER. (e RARRE
| &Xitig

LI FRIEA G I 7 PR AR K i FR XS R R e, B s LA 1 e R
shrEF) (ZE157%, 2015; Olkowski et al., 2011; Sanchez-Rodriguez et al., 2019). &
SKIRFE (femoral head necrosis, FHN) & RIXY iz WL AIESH < — (Dinev et al., 2019;
Kincaid, 1993; McNamee et al., 1998; Mcnamee et al., 1999), HIFKE I, BEZHHHR
MEAMEHME R, Rl PIRZE A FHEN RIEHLEE, RSO0 3 KM FHN RIS I G
KPS B AU S S RS HEAT TR

B I8 I SR RN o A AR R B AT AT, DAIE N A A AR B 055 BRI (Carina et al., 2020;
Feng et al., 2011; Kimmel, 1993), &AUITaA 2 & T BAE BRI 204 . BGP
BALP & MM K H bR &4 . BGP Z 5 AL M b id A s gu i vt 58
F:HA7 >¢ (Chopin et al., 2012; Niimi et al., 2014). BALP & 55 LRI FE, 6EW KR
WieE 2 2R P BB T RGR (Sarvari etal., 2015) . FEABT 7L, FHN WS BGP A1 BALP
IR IR RIRS R 25 R B, #2277 FHN PRSI E T BOKF . RRBARE S5 hkE 2
(B fFE 2 V)L R (Packialakshmi et al., 2015; Packialakshmi et al., 2016; Wang et al., 2018 ).
Guo I\, MMRSAK. EE. BEMMERAEZHA K (Guo et al, 2019).
Packialakshmi 45 & 3 44 5 M1 IS B9 22 A6 AT LAAE DY FHN IR R AR Y38 E W)

(Packialakshmi et al., 2015; Packialakshmi et al., 2016). AHF7E4E R Eo~, FHN RS
HDL & & %% N4, TG KFEE A, HHRFRINRRHERE R, $#27- FHN RIXSH
REBUARE AL T 22 ELRAE, X5 DRI AL R — 2. WE AR R 7] REE XS FHN 1
KAEMKEFEEZEEN (Yuetal, 2020; Zhang et al., 2017; Zhang et al., 2019). Yu 2§
fid, HERER (MP) 531 FHN WX B IR H 5 2 0 o AU R 7 1 = A f
FARHT R 4] (Yuetal., 2020). FHN RIZSH Col2al FlEE H R BE I FRIA/KFAE
WX R N E, RUTECE A 0 S 3 32 B E RN, X5 Zhang 55 NI FL 4G
R —3 (Zhangetal., 2019).

AT I E K PE FHN PRI RIE I BMSCs JCE M RHCE 730K S B, T Bl
SAGEE PR, KW FHN &4 5 BMSCs /UK FISUE 2 IAHSE (Al-Khalaifa et
al., 2019; Gangji et al., 2003; Li et al., 2005; Wang et al., 2008; Wang et al., 2003). AHIHF
FER WL ZE KR/ TR B X531 FHN 3 () BMSCs #i LI (Zhou et al,
2021), HASE TS (Houdek etal.,, 20160, MUiR/AK-FHEm, KA SCEH MP 4
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Hif¥) BMSCs 47 T AHCHEFC, KB MP 4bHE ) BMSCs /KT8 5 FHN Rk
JE ) BMSCs AR LA —5.

BMSCs 52 % fi s S 1875, o Notch 15538 % JH5 BMSCs 41 g ) 3 5 Fn
434k (Chia et al., 2020; Dong et al., 2014; Sprinzak et al., 2021). Notch i &1k I 5
FEORSFIE 54 &40, eSS nRmIgsE. . Bt d i, wS2 6
HABRERERKKEEYIMIE, W 428 (Enders et al., 2012; Meurette et al., 2018; Siebel
et al., 2017). fEABFLH, FHN XS RIEE LA L & MP 43 (K] BMSCs H' Notch i
FEIOE, RINN Notch JHEE 32K HoAA SR R 2 e SR P R B K R AR BB AR
1k, FHFE B BMSCs 767K T3 Notch 8 #% 4% .

Notch 15 5% MSCs B 7 AIEAE A E S+ Notch 5515 F RES (L1
N B AN 14 (Diaz-Tocados et al., 2017; Osathanon et al., 2019). i Notch-
RBPJ %} BMP 53] MSCs 73 A7 £E T 5207 (Engin et al., 2008; Hilton et al., 2008;
Shang et al., 2015). A 7L i Notch 8 BEEUE T JAG-1 &40l 5] DAPT/si-RBPJ, 45
MBS LR S y 0 WAEE R AT E] Notch 3244 K T30 Rl K 7 RBPY =4
ANEIAE 11 Noteh 8B 05, LR SR ST Noteh i@ 284 BMSCs 7L IA#E1EH ,
S MP 52 BMSCs 7 /KA SR« S5 3K JAG-1 A2 3 T MP
75211 BMSCs BUE ThREIRSS, X455 Oldershaw “54iRiEAH—2, B JAG-1 4b#E
5|2 BMSCs 1) Notch il B HF 22 30E = 0 B0 7046 (Oldershaw et al., 2008), DAPT
I y WA 1, 1) Notch 18 B FBUE FIAH L AE K | 3558 (Fengetal., 2019).
DAPT 43514 7 MP 5I#ZH] BMSCs BUE B BCCE KPR, o ad i #i i)
MP AbH I I Notch 3@ ES, FH42E = Bl L CE A s 8 Col2al . BMP2 /& Runx2
[PIFRIE KT, RS 48 S MMP9 J2 MMP13 188 315 . T4t RBPJ FRiAHT,
ARSI MP 5121 BMSCs 70 /K-F 123 . iX 5 Hilton 25 A\ I B 5 2 [A] 78 5
AR RBPY 25 5 2 AR AR 4B 20 B A . i ol 7 A 185 % 1) 7 Joid 48 e 1) ol 154
JEL 3 AR 7P B2 e DT 5 50 BB P A B B AR AR BG iR 45 R — 2 (Hilton et al., 2008; Tu
etal.,2012). I, AHF 5T B Notch-RBPJ 13 51 I G2 % 145 BMSCs J& B A ik &
SR NI 25 FHN R

AT TR FHN PRS0 Sk 23T 7 RNA-seq 43 #1, K ColSal i 35424
et RN, H 5 RBPJ HA 58 ICIHCE: o Al 25 W7 FHN AIXS & MP AL 1) BMSCs
H1 ColSal RIEKV A REZN. PHEKM ColSal /NG LILE 10 HESFET:, X
HH ColSal X IEAGHIFE R E R EE (Wenstrup et al., 2004). AT H, T Colsal )
FIEXT Notch i %G 2 2 540, 11 T 7 Notch i 5, Colsal fIEE AR X KT KA R
24k, F W] Notch-RBPJ MK GETS T Col5al 931k, H ColSal fir TR Fiff, X
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55 Baghdadi %% A\ (Baghdadi et al., 2018) KIUM[F. si-Col5al REfEHiE: MP AbEE )
BMSCs H i E SR E K2, si-RBPJ GEBZIE LT T-1i ColSal fJZRIE = BMSCs
o4k

S22, FHN PIXSKRA T MAGKE B AR /KT 525 S H l Ra A e 4,
BMSCs HUE M CE 7 RE IR, T RUIR 706 fE 13 &, Notch il X I0% . Notch-
RBPJ jE %S ColSal #% BMSCs 72 5 FHN k4, X R FHN A&
MU 52 WP it s s it 1 37 i BRAR AR 224K

2 EXLHEie

2.1 BAMREXMFEABLE MK ESERFFREIKERE. X
TR ERASKE

AR E LI PE (FHND SR A IR K- S5 AR IR S 78, BeE e
AR, B RRTTHCE MM E T AR BT R GE S IREL-a. ATF-6 il
PERK 2L A4 E, 1] PERK J0E Nrf-2/ARE #12 KIEH A IIAE
FHN PRI XS 5 4 M 12 5 9 5 X R 58, CHOP ORISR A %

22 BRESLIFAFEEAEH, Notch-RBPJ iBERIEIE BMSCs BB REREE 5
a

FHN RIS B Sk 20444, Notch-RBPJ {5 5l E, FIRJE AL EE ) BMSCs
1 Notch i8¢ T & A AHILZE 4L . JAG-1/DAPT. %% si-RBPJ -7 Notch-RBPJ
T B 85 T FE UK JE X BMSCs 74k 521, $27% Notch-RBPJ il #% /1 5 FH ik Jé et
BMSCs BuE B R H 7 KA

2.3 BEELIFTAEH BMSCs 43445 Notch-RBPJ-Col5al J81%E

Col5al 12y FHN RIXY K Z R RIAFER, GE1$E BMSCs BI04k, I IR e kb
PRI BMSCs s MECE A Be Ik Es A8k, H RBPJ @#id Col5al 4% AINE
BMSCs 71k
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3 fAFEh =

3.1 RIET Col5al FFFI*E BMSCs LAY EE

AR R IIFFIUE T ColSal £ FHN RIS KRG B Sk H R v B 35 2= 7 %145, £ FHN
JRFEHR Colsal =R IAHEN N BMSCs U E M & KT .

3.2 BAFAT Notch-RBPJ i@#& % BMSCs 434 HI A= 4E

AWFF AR T Notch-RBPJ i %X ik JE e AbH 1) BMSCs 4Ltz E A, HP
Notch-RBPJ i &/ 5 B L JE Je %t BMSCs FlH % B HCH 440 B3mkIE H o

3.3 #7~ T Notch-RBPJ-Col5al BEK{EAXS FHN &4 & R rEIE{EA

A7~ T Notch-RBPJ IS ColSal HIHIE/ER, @ 1H$E ColSal WIFRIA K
BMSCs 462 5 FHN f& 4. 7 FAN KA KRB, Notch-RBPJ-Col5al JE &
75 M ] BMSCs IRCHE S UCE i, &S 3 FHN Bk 4E,

4 MRRE

ABFFEEIE Notch IHEEHIEF . f0#I7). # 44 si-RBPJ Tl Notch iHE M T4
Col5al HIFKIE, il H &M FHN WG LHZ K BMSCs 1A H1 Notch-RBPJ Xf
Col5al B, & B Notch-RBPJ X Col5al [ 4E FH#E 1 T 7 BMSCs 734k
PRI, 7 5 2 B 9 b n] ol i A R B0 BT Noteh-RBPJ-ColSal dfik, #—3
AT FHN KA 1S S48 S M4, ARAMRLE RN 4 5 7% JiiE (ChIP). XU
TG BR 5 FE K 455 IR AR 5T Notch-RBPJ B &% Colsal 4% i B ARH LA .
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