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[ Abstract] Objective To investigate the effects of stromal cell-derived factor la (SDF-1a) on the apoptosis and
autophagy of chondrocytes and the underlying mechanisms. Methods Chondrocytes were isolated from the knee joints
of neonatal mice. The chondrocytes were then stimulated with 0 (the control group), 50, 100, and 200 ng/mL of SDF-1a.
CCK-8 assay was performed to determine the effects of SDF-1a stimulation for 24 h, 48 h, and 72 h on the viability of the
chondrocytes. Wound healing assay was conducted to determine the effects of SDF-1a stimulation for 12 h and 24 h on
chondrocyte migration. The changes in the expression of Akt signaling pathway proteins in chondrocytes were
determined by Western blot assay. Chondrocytes were stimulated with 0 (the control group) and 200 ng/mL of SDF-1a.
Flow cytometry was performed to determine the effect of SDF-1a on the apoptosis of chondrocytes. Transmission electron
microscope was used to examine the effect of SDF-1a on chondrocyte autophagy. Immunofluorescence staining assays
were performed to visualize the differences in p-Akt expression and distribution in chondrocytes treated with SDF-1a.
Results Compared with the control group, findings for the experimental groups showed that SDF-la at the
concentrations of 50, 100, and 200 ng/mL did not decrease chondrocyte activity at any time point (P<0.01) and it
consistently promoted chondrocyte migration at 24 h (P<0.05). Western blot results revealed that, in comparison to the
control group, SDF-1a at concentrations of 50, 100, and 200 ng/mL significantly up-regulated the protein expression of p-
Akt in chondrocytes, while no significant difference in Akt expression was observed. Flow cytometry demonstrated that
SDF-1a could inhibit chondrocyte apoptosis (P<0.05) and transmission electron microscopic observation showed that
SDF-1a promoted chondrocyte autophagy (P<0.05). Immunofluorescence staining showed that the expression of p-Akt in
chondrocytes was concentrated in the perinuclear area of the cells and this expression was further enhanced in the
perinuclear area of the chondrocytes after treatment with SDF-1a. Conclusion SDF-1a inhibits chondrocyte apoptosis
and promotes chondrocyte migration and autophagy through activating the Akt signaling pathway.
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Fig 1 Chondrocyte viability after SDF-1a treatment for different durations

" P<0.05,”" P<0.01, vs. control group. n=>5.
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Fig 2 Effect of SDF-1a on chondrocyte migration examined by wound healing assays

" P<0.05,”" P<0.01, vs. control group. n=3.
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Fig 4 SDF-1a activates the Akt signaling pathway

A, Western blot results (" P<0.05, " P<0.001, "™ P<0.0001, vs. control group. n=3); B, representative immunofluorescent images demonstrating the expression and

distribution changes of p-Akt (p-Akt: red; cytoskeleton: green; nuclear: blue. bar=50 um); C, linear fluorescent quantification was performed to show the intracellular

distribution of p-Akt in Fig B (n=3).

N ARG, B A A £ Bl 2R AT o g
B Al JRTORT A SR AR TR R
A R M — P A M 2 AR, BRI G RCB 20 M P fras )3
PP A 2 e 4 B R ™, B ATE A AT
SEAIE B 00 40 B U T R O A 2 1 U A R S I A%
OAFR B A IR T~ A= ez v T I 00 4 i, ELYA T2
JiU £ 5 O A BB L SV IR AR FE 52 IEAHOEP ™, OAMREE T
T T A5 B A AR PP R Tt B D) S AR
M Z R T RER | 3 A — BSR40
JLJAT-FEOA K IRAILH r i1y P 5 I 2 55 3 M LA E A A
Y, AEO AP HE R L, SCAT Rl T R B A bRk
Yo 2 L, LR BE A Bk R B N R AT
R IR A WA DG 1 23K AP 5 B A R T i B B
U S SN

BCE A MIZET R O A 1 JRe 1) R R 22, (EUAR [ 26
RBET - ek R f rh R4S AR VE Y, Fof
AR TR R HEUABE T i RV RS K 2
INEOA™, A5CH 40 A 1 1k D) 4 A A BB A% VR Y 26k B 4
TEPEMTIANHIOA™, FHAEOAZL L 1 SDF-1afr 2 LRI TH™,
{HSDF-1 o 7538 3 I R A M T B A W2 il O A i
JRA AN AE . PRI ASBIF 5% R FH 32 41 SDF- 1ol 001 2
Ji, 0 RE A4 T AR, LR ST HEE i S AL

R T K SDE- 1okl ¢ H 20 L& P A 52 ), AR 5236 R

FHAS TRV 466 FE 1 SDE- Laa i RIS 01 A0 L, A 24>
i E) SR A T ARG RN . CCK-845 3 /R, SDF-1afE
Jo R 1R 35200 ng/m LA, A B TR A0 i ) B
PE. OARBRE AT P, SDF- 1R ESTHR 2
100 ng/mLEA B, Z R 487K, SDF-1a/EO AN HFR T
BOVE TR LAVE S 40 B M SE T A HL

N T P2 KIE SDF- 1ot 5B 41 i 1 8% 6 ) 15
Wi, AWFFE B 7 RR A A S AT RN . S5 2R WoR
SDF- 1o i 35 H2 T+ 4001 20 M (19 10 B %, PRty o8
4, YE/RSDF-1afg A s 51 AT . i 4 |
FIECXCHaTLIH F 22 144(C-X-C chemokine receptor 4,
CXCR4)™, FJ B8 f&SDF- 1ok 1 4l it S Bk Ak iy S AL
WA, FEAK BRI ST ik — 20 S I SDF- 1o 4R 1 20
43 FHILE, GE A 4 20 T AR B A A SR

Fe oA SR T AN A M AR S TEM S50 S R,
R SDE- 1ot 4CH 4N T~ A WA 52 . X An iR
SIPELER R SDF- 1o E IS , 2CH 20 1 rh e s o Tk
-1 2 AR, P ANMAE TR R TR . TEMSEERZE R
7R, SDF-1fI RS 1 8K 0 A ) W 0 B i,
PERBCE AN B WK E . TEOARNN HE e, i 4
JFET SR R, BRI M TG EESS
OA LR 1 AVE A, (B I T2 5 O ABR B G PR 2
HAAHCNE . SDF-1afig % B IR B i ML 77K, [A)



58 PR AE2A A (B 2R

5 554

BE A E 00 A I, A B T AR A LURR S, R
SDF-1ar] BEFEOAFG HE e vh LA — 2 AR VE

Aktf5 5 30 B TR 224 B s SO B A b R BT
SEPHPEVE Y, Aktfs 5 38 B — 7 T AR B A0 A TS
F AL G WS 7 T R 3 U 7 R, 55—
5 T XAE O AW I v 52 7 S A AL R 38R 7 sl 41 1)
R UM F SRR PEVE TR R, A T R SDE-
1o 75 TE SR A N T A3 53 6 LA IR 4 A 7
K FHWestern blotilll 52 SDE- 1 ol {8 2 & 20 i 5 AKtFIT#E iR
TR AKtE I F AR, 455 WK, Akt E R I i
#2225, (ASDF-1aib # 5 B MR (L AktiE (R A 1 0 3 -
Fho #F—2LE S TFSE R I IE S5 5 & B, SDF- 1ol , 5K
BN p-AktZRik i B, DL LS53R RSDE-1afF
BCE 2 N VTG Akf 5 3E 6, [P SDE- 1o ] BE Sl S7 T
Akt{55 538 [ LASI, S50 AV 7 {5 5 3 B LA s i 4
i Wi S

25 TR, AR SR A FE 41 SDF- 1 B 4, &5
A LSDF- 1N 5 M 41 A M % 1 , I BB A% 10 1 401 40
AT, R HERRCE AN A W RIS SDE-1afBRE FLTE Akt
5 S 5 O AR A AT R o SR,
FEARSLR i = T X ARG [ 1 R AR DGR S8 bR 1 1k
— 2RI, AR SO RE T o 4 v b i R A 5 I
PO AMAE Y2 AT R A F AL . AR, Rk AR50
LB T 56 AR N S8, B0 4 1 b PPA SDF- 1 7E
OAFRIRAELARY i 1y T8, LA g O A 1) & AE B2 i
A, HOABIRIIRTT B AT i) R %

* * *

EBERBAH  BEARTORSOE  BRF 4 ERX T AT
FE. BRI B, TTAAL RIRR SR S e S A, R S ST
FEOiH AR AL MRS Bk, TR WIS MR S g
HEAE, W2 R RITE R PO S S A S S
1o B e QA SCRAR ST A T, HXPH 2R R AR A7 e
Z5E R, IR AR A 7 5157

Author Contribution LI Jiazhou is responsible for conceptualization,
data curation, formal analysis, investigation, methodology, validation,
visualization, writing--original draft, and writing--review and editing. XIE
Jing is responsible for project administration, resources, supervision,
validation, visualization, writing--original draft, and writing--review and
editing. ZHOU Xuedong is responsible for funding acquisition, resources,
supervision, and writing--review and editing. All authors consented to the
submission of the article to the Journal. All authors approved the final
version to be published and agreed to take responsibility for all aspects of

the work.
RIZEIPR A EE LR AR £ vh 5
Declaration of Conflicting Interests

All authors declare no competing

interests.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

2 % x o

SAFIRI S, KOLAHI A A, SMITHE, et al. Global, regional and national
burden of osteoarthritis 1990-2017: a systematic analysis of the global
burden of disease study 2017. Ann Rheum Dis, 2020, 79(6): 819-828. doi:
10.1136/annrheumdis-2019-216515.

RN, BRHE, SRIERE, 45 AT AEANNIAE KK T R R
ASRBFTCIEE. PR 22 4R (B 22 1), 2022, 53(1): 54-57. doi: 10.
12182/20220160509.

HUANG H C, WEIJY, ZHANG D M, et al. Research progress of
fibroblast growth factor 8's role in the regulation of bone development
and homeostasis. ] Sichuan Univ (Med Sci), 2022, 53(1): 54-57. doi: 10.
12182/20220160509.

FELSON D T. Risk factors for osteoarthritis: understanding joint
vulnerability. Clin Orthop Relat Res, 2004, 427(Suppl): $16-S21. doi: 10.
1097/01.bl0.0000144971.12731.a2.

SUNK, LUO]J, GUO]J, et al. The PI3K/AKT/MTOR signaling pathway
in osteoarthritis: a narrative review. Osteoarthritis Cartilage, 2020, 28(4):
400-409. doi: 10.1016/j.joca.2020.02.027.

NELSON A E. Osteoarthritis year in review 2017: clinical. Osteoarthritis
Cartilage, 2018, 26(3): 319-325. doi: 10.1016/j.joca.2017.11.014.

ZHANG Z, YUAN L, LIU Y, et al. Integrated cascade nanozyme
remodels chondrocyte inflammatory microenvironment in
temporomandibular joint osteoarthritis via inhibiting ROS-NF-kB and
mapk pathways. Adv Healthc Mater, 2023, 12(10): €2203195. doi: 10.
1002/adhm.202203195.

PAWIG L, KLASEN C, WEBER C, et al. Diversity and inter-
connections in the cxcr4 chemokine receptor/ligand family: Molecular
perspectives. Front Immunol, 2015, 6: 429. doi: 10.3389/fimmu.2015.
00429.

MURPHY P M, HEUSINKVELD L. Multisystem multitasking by
CXCL12 and its receptors CXCR4 and ACKR3. Cytokine, 2018, 109:
2-10. doi: 10.1016/j.cyt0.2017.12.022.

MENG Z, FENG G, HU X, et al. SDF factor-1a promotes the migration,
proliferation, and osteogenic differentiation of mouse bone marrow
mesenchymal stem cells through the WNT/p-catenin pathway. Stem Cells
Dev, 2021, 30(2): 106-117. doi: 10.1089/scd.2020.0165.

CHENY, WU T, HUANGS, et al. Sustained release SDF-1a/TGF-p1-
loaded silk fibroin-porous gelatin scaffold promotes cartilage repair. ACS
Appl Mater Interfaces, 2019, 11(16): 14608-14618. doi: 10.1021/acsami.
9b01532.

DONGY, LIU H, ZHANG X, et al. Inhibition of SDF-1alpha/CXCR4
signalling in subchondral bone attenuates post-traumatic osteoarthritis.
Int ] Mol Sci, 2016, 17(6): 943. doi: 10.3390/ijms17060943.

JARRAH A A, SCHWARSKOPF M, WANG E R, et al. Sdf-1 induces
tnf-mediated apoptosis in cardiac myocytes. Apoptosis, 2018, 23(1):
79-91. doi: 10.1007/s10495-017-1438-3.

L1J, CHEN H, CAIL, et al. SDF-1a promotes chondrocyte autophagy
through CXCR4/mtor signaling axis. Int ] Mol Sci, 2023, 24(2): 1710. doi:
10.3390/ijms24021710.

SHACHAR I, KARIN N. The dual roles of inflammatory cytokines and
chemokines in the regulation of autoimmune diseases and their clinical
implications. ] Leukoc Biol, 2013, 93(1): 51-61. doi: 10.1189/j1b.0612293.
KANBE K, TAKAGISHI K, CHEN Q. Stimulation of matrix


http://dx.doi.org/10.1136/annrheumdis-2019-216515
https://doi.org/10.1136/annrheumdis-2019-216515
http://dx.doi.org/10.12182/20220160509
http://dx.doi.org/10.12182/20220160509
http://dx.doi.org/10.12182/20220160509
http://dx.doi.org/10.12182/20220160509
https://doi.org/10.12182/20220160509
https://doi.org/10.12182/20220160509
http://dx.doi.org/10.12182/20220160509
https://doi.org/10.12182/20220160509
https://doi.org/10.12182/20220160509
http://dx.doi.org/10.1097/01.blo.0000144971.12731.a2
https://doi.org/10.1097/01.blo.0000144971.12731.a2
https://doi.org/10.1097/01.blo.0000144971.12731.a2
http://dx.doi.org/10.1016/j.joca.2020.02.027
https://doi.org/10.1016/j.joca.2020.02.027
http://dx.doi.org/10.1016/j.joca.2017.11.014
http://dx.doi.org/10.1016/j.joca.2017.11.014
https://doi.org/10.1016/j.joca.2017.11.014
http://dx.doi.org/10.1002/adhm.202203195
https://doi.org/10.1002/adhm.202203195
https://doi.org/10.1002/adhm.202203195
http://dx.doi.org/10.3389/fimmu.2015.00429
https://doi.org/10.3389/fimmu.2015.00429
https://doi.org/10.3389/fimmu.2015.00429
http://dx.doi.org/10.1016/j.cyto.2017.12.022
https://doi.org/10.1016/j.cyto.2017.12.022
http://dx.doi.org/10.1089/scd.2020.0165
http://dx.doi.org/10.1089/scd.2020.0165
https://doi.org/10.1089/scd.2020.0165
http://dx.doi.org/10.1021/acsami.9b01532
http://dx.doi.org/10.1021/acsami.9b01532
https://doi.org/10.1021/acsami.9b01532
https://doi.org/10.1021/acsami.9b01532
http://dx.doi.org/10.3390/ijms17060943
https://doi.org/10.3390/ijms17060943
http://dx.doi.org/10.1007/s10495-017-1438-3
https://doi.org/10.1007/s10495-017-1438-3
http://dx.doi.org/10.3390/ijms24021710
https://doi.org/10.3390/ijms24021710
http://dx.doi.org/10.1189/jlb.0612293
https://doi.org/10.1189/jlb.0612293

ERE

R BT ATAE Y T 1odl I Akt

A5 5 0 A A1) 2 A L T R 59

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

metalloprotease 3 release from human chondrocytes by the interaction of
stromal cell-derived factor 1 and CXC chemokine receptor 4. Arthritis
Rheum, 2002, 46(1): 130-137. doi: 10.1002/1529-0131(200201)46:1<130::
aid-art10020>3.0.c0;2-d.

RS, KA, R, A U AN - AR AR A 5 1 MAPKAE
5 VR R AU HIE - UE B A5 D0 R 222 R (BE 2 i), 2022,
53(1): 92-97. doi: 10.12182/20220160104.

LIJC, ZHANG D M, XIE], et al. Co-culturing of osteoblasts and
chondrocytes upregulates HIF-1 pathway of chondrocytes via MAPK
signaling. J Sichuan Univ (Med Sci), 2022, 53(1): 92-97. doi: 10.12182/
20220160104.

FRRWF, FAFE, AR, DRI S8 T RO RTTEH
HERE. DU K22 (BE 24 ), 2023, 54(1): 49-53. doi: 10.12182/
20230160508.

WANG XY, DUXM, ZHOU X D. New developments in research on
the relationship between osteoarthritis and oral-gut microbes. J Sichuan
Univ (Med Sci), 2023, 54(1): 49-53. doi: 10.12182/20230160508.

PRIERE, BHE, W, S5 I/ DMRATAEAE KA T-AATE S R R A
KRR TR 4R (B 2A ), 2022, 53(2): 349-354. doi: 10.
12182/20211260201.

XUSQ, WEIJY, XIE]J, et al. The role of platelet-derived growth factor-
AA in the pathogenesis and development of osteoarthritis. ] Sichuan Univ
(Med Sci), 2022, 53(2): 349-354. doi: 10.12182/20211260201.

TANG X, WANG S, ZHAN S, et al. The Prevalence of Symptomatic
Knee Osteoarthritis in China: Results From the China Health and
Retirement Longitudinal Study. Arthritis Rheumatol, 2016, 68(3):
648-653. doi: 10.1002/art.39465.

ZHANG Z, HUANG C, JIANG Q, et al. Guidelines for the diagnosis
and treatment of osteoarthritis in China (2019 edition). Ann Transl Med,
2020, 8(19): 1213. doi: 10.21037/atm-20-4665.

WU Y, LIJ, ZENG Y, et al. Exosomes rewire the cartilage
microenvironment in osteoarthritis: from intercellular communication to
therapeutic strategies. Int J Oral Sci, 2022, 14(1): 40. doi: 10.1038/s41368-
022-00187-z.

L1J, CHEN H, ZHANG D, et al. The role of stromal cell-derived factor
1 on cartilage development and disease. Osteoarthritis Cartilage, 2021,
29(3): 313-322. doi: 10.1016/j.joca.2020.10.010.

ONUORA S. Osteoarthritis: chondrocyte clock maintains cartilage tissue.
Nat Rev Rheumatol, 2016, 12(2): 71. doi: 10.1038/nrrheum.2015.183.
HERAUD F, HERAUD A, HARMAND M F. Apoptosis in normal and
osteoarthritic human articular cartilage. Ann Rheum Dis, 2000, 59(12):
959-965. doi: 10.1136/ard.59.12.959.

HASHIMOTO S, OCHS RL, KOMIYAS, et al. Linkage of chondrocyte
apoptosis and cartilage degradation in human osteoarthritis. Arthritis
Rheum, 1998, 41(9): 1632-1638. doi: 10.1002/1529-0131(199809)41:9
<1632::Aid-art14>3.0.Co;2-a.

UO Q, CHEN X, CHENJ, et al. Sting promotes senescence, apoptosis,
and extracellular matrix degradation in osteoarthritis via the nf-kb
signaling pathway. Cell Death Dis, 2021, 12(1): 13. doi: 10.1038/s41419-
020-03341-9.

CHARLIER E, RELIC B, DEROYER C, et al. Insights on molecular
mechanisms of chondrocytes death in osteoarthritis. Int ] Mol Sci, 2016,

17(12): 2146. doi: 10.3390/ijms17122146.

[28]

[29]

[30]

(31]

(32]

(33]

(34]

[35]

(36]

(37]

[38]

[39]

[40]

WEI L, KANBE K, LEE M, et al. Stimulation of chondrocyte
hypertrophy by chemokine stromal cell-derived factor 1 in the chondro-
osseous junction during endochondral bone formation. Dev Biol, 2010,
341(1): 236-245. doi: 10.1016/j.ydbio.2010.02.033.
CARAMES B, TANIGUCHI N, OTSUKI S, ef al. Autophagy is a
protective mechanism in normal cartilage, and its aging—related loss is
linked with cell death and osteoarthritis. Arthritis Rheum, 2010, 62(3):
791-801. doi: 10.1002/art.27305.
CARAMES B, OLMER M, KIOSSES W B, et al. The relationship of
autophagy defects to cartilage damage during joint aging in a mouse
model. Arthritis Rheumatol, 2015, 67(6): 1568-1576. doi: 10.1002/art.
39073.
LIUS, PANY, LIT, et al The role of regulated programmed cell death
in osteoarthritis: from pathogenesis to therapy. Int ] Mol Sci, 2023, 24(6):
5364. doi: 10.3390/ijms24065364.
SHARIF M, WHITEHOUSE A, SHARMAN P, et al. Increased
apoptosis in human osteoarthritic cartilage corresponds to reduced cell
density and expression of caspase-3. Arthritis Rheum, 2004, 50(2):
507-515. doi: 10.1002/art.20020.
LUO P, GAOF, NIU D, et al. The role of autophagy in chondrocyte
metabolism and osteoarthritis: a comprehensive research review. Biomed
Res Int, 2019, 2019: 5171602. doi: 10.1155/2019/5171602.
CHEN Y, LIN S, SUNY, et al. Attenuation of subchondral bone
abnormal changes in osteoarthritis by inhibition of SDF-1 signaling.
Osteoarthritis Cartilage, 2017, 25(6): 986-994. doi: 10.1016/j.joca.2017.01.
008.
YANGK, XIE Q, TANG T, et al. Astragaloside iv as a novel CXCR4
antagonist alleviates osteoarthritis in the knee of monosodium
iodoacetate-induced rats. Phytomedicine, 2023, 108: 154506. doi: 10.
1016/j.phymed.2022.154506.
LIJ, WANGX, LIX, et al. Mechanical loading promotes the migration
of endogenous stem cells and chondrogenic differentiation in a mouse
model of osteoarthritis. Calcif Tissue Int, 2023, 112(3): 363-376. doi: 10.
1007/500223-022-01052-1.
PARK D R, KIMJ, KIM G M, et al. Osteoclast-associated receptor
blockade prevents articular cartilage destruction via chondrocyte
apoptosis regulation. Nat Commun, 2020, 11(1): 4343. doi: 10.1038/
541467-020-18208-y.
HWANG H S, KIM H A. Chondrocyte apoptosis in the pathogenesis of
osteoarthritis. Int ] Mol Sci, 2015, 16(11): 26035-26054. doi: 10.3390/
ijms161125943.
XIEJ, LINJ, WEI M, et al. Sustained akt signaling in articular
chondrocytes causes osteoarthritis via oxidative stress-induced senescence
in mice. Bone Res, 2019, 7: 23. doi: 10.1038/541413-019-0062-y.
COLLINSJ A, KIM CJ, COLEMAN A, et al. Cartilage-specific sirt6
deficiency represses igf-1 and enhances osteoarthritis severity in mice.
Ann Rheum Dis, 2023, 82(11): 1464-1473. doi: 10.1136/ard-2023-224385.
(2023 - 12 - 1545(Fi, 2024 - 01 — 024& 1))
Gt BB
TTHERHRL
Open Access

© 2024 (PUJIRAF2EAR (BRI YAmAREE WU A

Editorial Office of Journal of Sichuan University (Medical Science)


http://dx.doi.org/10.1002/1529-0131(200201)46:1%3C130::aid-art10020%3E3.0.co;2-d
http://dx.doi.org/10.1002/1529-0131(200201)46:1%3C130::aid-art10020%3E3.0.co;2-d
https://doi.org/10.1002/1529-0131(200201)46:1%3C130::aid-art10020%3E3.0.co;2-d
https://doi.org/10.1002/1529-0131(200201)46:1%3C130::aid-art10020%3E3.0.co;2-d
http://dx.doi.org/10.12182/20220160104
http://dx.doi.org/10.12182/20220160104
http://dx.doi.org/10.12182/20220160104
http://dx.doi.org/10.12182/20220160104
https://doi.org/10.12182/20220160104
http://dx.doi.org/10.12182/20220160104
https://doi.org/10.12182/20220160104
https://doi.org/10.12182/20220160104
http://dx.doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20230160508
https://doi.org/10.12182/20230160508
https://doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20230160508
https://doi.org/10.12182/20230160508
http://dx.doi.org/10.12182/20211260201
http://dx.doi.org/10.12182/20211260201
http://dx.doi.org/10.12182/20211260201
http://dx.doi.org/10.12182/20211260201
https://doi.org/10.12182/20211260201
https://doi.org/10.12182/20211260201
http://dx.doi.org/10.12182/20211260201
http://dx.doi.org/10.12182/20211260201
https://doi.org/10.12182/20211260201
http://dx.doi.org/10.1002/art.39465
https://doi.org/10.1002/art.39465
http://dx.doi.org/10.21037/atm-20-4665
https://doi.org/10.21037/atm-20-4665
http://dx.doi.org/10.1038/s41368-022-00187-z
https://doi.org/10.1038/s41368-022-00187-z
https://doi.org/10.1038/s41368-022-00187-z
http://dx.doi.org/10.1016/j.joca.2020.10.010
https://doi.org/10.1016/j.joca.2020.10.010
http://dx.doi.org/10.1038/nrrheum.2015.183
https://doi.org/10.1038/nrrheum.2015.183
http://dx.doi.org/10.1136/ard.59.12.959
https://doi.org/10.1136/ard.59.12.959
http://dx.doi.org/10.1002/1529-0131(199809)41:9%3C1632::Aid-art14%3E3.0.Co;2-a
http://dx.doi.org/10.1002/1529-0131(199809)41:9%3C1632::Aid-art14%3E3.0.Co;2-a
https://doi.org/10.1002/1529-0131(199809)41:9%3C1632::Aid-art14%3E3.0.Co;2-a
https://doi.org/10.1002/1529-0131(199809)41:9%3C1632::Aid-art14%3E3.0.Co;2-a
http://dx.doi.org/10.1038/s41419-020-03341-9
https://doi.org/10.1038/s41419-020-03341-9
https://doi.org/10.1038/s41419-020-03341-9
http://dx.doi.org/10.3390/ijms17122146
https://doi.org/10.3390/ijms17122146
http://dx.doi.org/10.1016/j.ydbio.2010.02.033
https://doi.org/10.1016/j.ydbio.2010.02.033
http://dx.doi.org/10.1002/art.27305
https://doi.org/10.1002/art.27305
http://dx.doi.org/10.1002/art.39073
https://doi.org/10.1002/art.39073
https://doi.org/10.1002/art.39073
http://dx.doi.org/10.3390/ijms24065364
https://doi.org/10.3390/ijms24065364
http://dx.doi.org/10.1002/art.20020
https://doi.org/10.1002/art.20020
http://dx.doi.org/10.1155/2019/5171602
http://dx.doi.org/10.1155/2019/5171602
https://doi.org/10.1155/2019/5171602
http://dx.doi.org/10.1016/j.joca.2017.01.008
https://doi.org/10.1016/j.joca.2017.01.008
https://doi.org/10.1016/j.joca.2017.01.008
http://dx.doi.org/10.1016/j.phymed.2022.154506
https://doi.org/10.1016/j.phymed.2022.154506
https://doi.org/10.1016/j.phymed.2022.154506
http://dx.doi.org/10.1007/s00223-022-01052-1
https://doi.org/10.1007/s00223-022-01052-1
https://doi.org/10.1007/s00223-022-01052-1
http://dx.doi.org/10.1038/s41467-020-18208-y
https://doi.org/10.1038/s41467-020-18208-y
https://doi.org/10.1038/s41467-020-18208-y
http://dx.doi.org/10.3390/ijms161125943
https://doi.org/10.3390/ijms161125943
https://doi.org/10.3390/ijms161125943
http://dx.doi.org/10.1038/s41413-019-0062-y
https://doi.org/10.1038/s41413-019-0062-y
http://dx.doi.org/10.1136/ard-2023-224385
https://doi.org/10.1136/ard-2023-224385

	1 材料和方法
	1.1 细胞培养
	1.2 CCK-8实验
	1.3 划痕实验
	1.4 细胞凋亡和自噬的检测
	1.4.1 流式细胞术检测细胞凋亡
	1.4.2 TEM观察软骨细胞内自噬囊泡生成

	1.5 检测SDF-1α对软骨细胞内Akt信号通路
	1.5.1 Western blot实验检测Akt信号通路
	1.5.2 IF观察p-Akt在软骨细胞内的分布

	1.6 统计学方法

	2 结果
	2.1 SDF-1α处理不降低软骨细胞活性
	2.2 SDF-1α促进软骨细胞迁移
	2.3 SDF-1α抑制软骨细胞凋亡并促进软骨细胞自噬
	2.4 SDF-1α激活Akt信号通路

	3 讨论
	参考文献



