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[ Abstract] Objective

To study the effect of co-culturing chondrocytes with osteoblasts on hypoxia-inducible

factor (HIF)-1 pathway of chondrocytes and its mechanism. Methods Chondrocytes and osteoblasts were separately

extracted from the knee joint and skull of newborn mice by trypsin digestion. The co-culturing system of osteoblasts and

chondrocytes was constructed by using Transwell inserts to culture the osteoblasts and 6-well plate to culture the

chondrocytes. We used qRT-PCR to examine changes in the mRNA expression of HIFs and its target gene pyruvate

dehydrogenase kinase 1 (PDK1) in chondrocytes co-cultured for 24 h. Western blot was used to analyze changes in the

protein expression of HIFs and PDK1 and the changes in the activation of mitogen activated protein kinase (MAPK)

signaling pathway after the cells were co-cultured for 48 h. Reactive oxygen species (ROS) staining was done to show the
changes of ROS production in chondrocytes co-cultured for 48 h. Results The results of qRT-PCR and Western blot
showed upregulated levels of HIF-1a gene and protein expression (P<0.05) in the chondrocytes after they were co-
cultured with osteoblasts. The gene and protein expression levels of PDK1, the target gene of HIF-1, were also upregulated
(P<0.05). ROS staining showed that co-culturing of chondrocytes with osteoblasts decreased ROS production in
chondrocytes. Western blot revealed that extracellular signal-regulated kinase (ERK) 1/2 and p38 signaling of co-cultured
chondrocytes were enhanced (P<0.05). Conclusion Co-culturing with osteoblasts enhanced the ERK1/2 and p38

signaling of chondrocytes and upregulated the HIF-1 pathway of chondrocytes.

[ Key words] Co-culture  Chondrocyte

VTAER, B 75 42 (osteoarthritis, OA) [ & R R — 1.
JE AT, T H 32 A L i A T 7R AR DR AS
T, BCE A AL TR B AR I PR, ORAERRE B R AL
BARAARINE . SR, OAR B AR R Rl & & A=
—F YA, K55 S T (hypoxia-inducible factor,
HIF) RGAFTE T Hr A W 7L sh P 20 M v, J2 4i i ApL AR e
AP o7 S 7 H 3 DG B A I, R — el

* [HR [ ARRHE S 4 (No. 81870754) ¥E Bl
A il {E/E#, E-mail: zhouxd@scu.edu.cn

HIF-1a ROS

CRAFRE ) F—A B3 (RS ) S T8 — R4 A o

i, Hflﬂ@ﬁﬂﬁ%ﬂﬁFIVHL(pVHLm;;ﬁ?-EFlﬁ@ﬁiiﬁ:é
H [ K i HIE-o; AR, pVHLINBESZ 290, HIF-af
THOKAFEARE SHIF-B IR AL, W FESE PR A S 3381,
WL Sh W (O HIF - 3530 Y, HIF-1afTHIF-2a7E 45 1) Al
Yrhe i A AL, T HIE-3efF 7R 7R 2 35 148 S0k, Hoh—
S ) g M- s AN HIE- 1 FTHIE-2a 935 S . IR
ﬁﬁﬁfﬁ’iﬁ?ﬁ@ﬁl (pyruvate dehydrogenase kinasel, PDK1)
Y HIF-1# o FR R i )i 3R, flidoni ik i



ERE

R AR A - 4 R SR MAPKAS 5 4 40 B HIE- 138 B O AT 7% 93

i 2 5 S0 (pyruvate dehydrogenase, PDH ) A E1allF F£28
T, T =R BRIEAY . PDK1A] LL#E X Aoy 202k
R SRR L Y iE i . ZORLIAAT FUNT IR ™ A 20
P 444 (reactive oxygen species, ROS) B iy FELiREY
ROSELHE H H A A (0,7) . HH(OH) ., dE A %
A ALE (H,0,) USRS 1 (07) 4R H72k . il B
ROSZFEE M HL AL Z5FEIR, A A At
SR PT

A8 AR, O A b 3 5C vh i i Ay 41 2145
), IF D R G IR A s S Bl TR U AE
o A —FP AR R, mE N E TR RE A B
240 M B B A L A o Pl A 2 A, AT T A e AR
BN B TR EE | A T TE A A R S R A A TS
BT Bsg et V2R N FRSMIESE E 25K,
S AR T DA ok A o 55 43 WA B AR A T R R A
B AR O 20, SR, AT AR 20 T R A0
HIFs X AR S iR Z £/ R, A SEath g 1/
R JEA 200 LR A L P (A P IR R R 458, DABIESE
J B 20 R A A S HTFs P52 M S R HIL A

1 #RFTE

1.1 FERAFIRIEE

6Lk . 0.4 pm Transwell/NE W FH 3 [F T4 7 3%
JEHGFE ML B T8 1 B A AR B A BR 2 w15 i 4 1l
. DMEM};FR 5L, a-MEMIGEFRAE . 1 AU 5 . 11 #05
JE I 35 E Gibeo A F); HHEH R . HEDTAMEHE
fily . 4', 6- — 2 HL-2- R I W (DAPL; D9542) Il H &[]
Sigma/A wil; 4l RN AP A R0 & A To8 A %8 58
HWIE AR R F]; -DNASG RGRFI & . qQRT-PCRIAF &
I [ 5% [EIMBI/A 3 qQRT-PCRG | ¥ H AL 5t 3R L M BB
AR AT AR ROSKIAHI & . RIPAZRTR
(58 ) . BCAZE [ B2 I 2 300 &5 . Western— B BEV .
SDS-PAGESEAC B R & A Bl = RAEYRARA
PR\ E); HRPAK2: & 65 . PVDF LGRS R [ 3% [
Millipore/s &; —HTHIF-1a(#ab2185) , HIF-2a(#ab199) .
HIF-3a(#ab2165) ., PDK1(#ab110025) | 4iff14M5 5445
P (extracellular signal-regulated kinase, ERK)
1/2(#184699) | p-ERK1/2(#201015) 1 4 F[E Abcam /A 7l;
—JiB-actin(#200068-8F10) . p38(#340697) . p-
p38(#310091) . c-Jun& FE K ¥4 B (c-Jun N-terminal
kinase, JNK) (#380556) . p-JNK(#381100). —¥1
(#511103, #511203) 1 F BLAS IE e B A PR
A OGIEER A WA R A L B B A H

A Olympus’A il BgpRiUl H 3¢ [€ Thermo Fisher?\ ml; #E
JBE RGN H € [E Bio-rad A F
1.2 EREEHE.FRERE AL FIiEsT

B S 50 i B ) S 06 3 A R 4G B O A 4 R
(GB/T 35892-2018) YZL3K , U4 25200 sh Wt A BE
M A C57/NRL (2 ~ 3 H i, W )1 R se e sh gy hucy)
3 JELAR O B A0 A R R A, AR AE/INER, T
B, SR 5 FHIRA) B DR 68 (4 IO T SR ISR 2SO R e,
FIES B AL, FIRRER 77 A/NER Sk B 40 88 B AR
AL o o P RR 212U PBSTR R A I DI B/ Nk,
FE0.25% IR A R P 4630 min, SRS BRE S HIE
B BRIV, FH0.15% 1 250 Ji J5 il Ak 35 4 B 20 41,
0.25% T T JE iRk PR B 2 29, T ARSI o SR K i
JI52 D it ALk B 5 B 10% i 2 1L 1 DMEM (i 4 %5 1
DMEM, 0.1 mmol/LAF 75 2 2R, 4 mmol/L L-4+ 24k
i, 1% 5 82 -FERF RO 1 HRE, #IR-A41000 r/min
B05 mine BRZS DI, JEKE PR AR S 58 A R g R
A (F10%J6 25 L FDMEM FH T408 401, & 10% R4
175 Y a-MEMA T BCHE AN o A4 3KA5 10 4 i T v
FREEREFRM, 37 °CL B BN 5%CO, MBS T 153 .
1.3 MEHEiEFaR

ABIGE R AR XIS 35 7 . R A B e 2 A
FEFLE 0.4 pm i Transwell/NZE B, 3R A1 A B 2270 7
6Ltk . I 2%06 4 15 AT DMEM Flla- MEM &S 46 Ji 4%
FEFEIU 16 h, SR GG G SR 3B 40 3 1% 6 4R 15 1
DMEM Fla-MEMK}; 52 56 o [RI B, K A5 1 40 i 1
Transwell/NE A FCE 20 04 6 FLAR Hh 4T 3 F 122 Ak 3
K 7% (Co-culture group) o ¥H{UIMAZ 1% 64 L1 1 a-
MEM5F7IE A Transwel/ NE B #0CE A0 09 6 FLAR H
YE R %} B2 (Mono-culture group) o
14 qRT-PCR#&MmRNAFRIXL

HeBr 3224 W5 P 46 S RN AP 4R R F) 6 4 ik
HANMRNAIF 4l | 2 5, Z )5 H cDNAZE LI ) &0k
RNA# 53R AFcDNA . [ HISE 9058 S PCRAHAT
qRT-PCR, D)B-actinfE R NZ:, Kl E 40 HIF-1a.
HIF-2a. HIF-3aMIPDK1HmRNAZ L, & 5095 1Y%
FI W1, qRT-PCRIZMAKFR A25 uL, %41 uL cDNA,
FFRIEIALFH P94 °C 30 s, I k55 ~ 65 °C 30 s , TEK:
72 °C 30 s , JEUREL25 ~ 28R, R FH2 “pkibfTRE R %
KA
1.5 Western bloti&il| & B &K iA

55248 W, T FRIP AL A 4R U R 40 i s 28
M1, FIBCAIRF G #FAT 8L Mk B2 28 5 /5100 CAR I



94 PUJIR AR (B2 538
F1 AFLBhqRT-PCREIS| T
Table 1 Primer pairs for QRT-PCR used in the study
mRNA Primer sequence Product length/bp

HIF-1ae (NM_001313920.1)

Forward: 5-CGTTCCCTTGCTCTTTGTGG-3' 106

Reverse: 5-TAAACGTAAGCGCTGACCCA-3’

HIF-2a (NM_010137.3)

Forward: 5'-GCCTGACTAACCGCCACAGA-3' 74

Reverse: 5'-ACACCGCTGCCATATCACAAA-3'

HIF-3a (NM_001162950.1)

Forward: 5'-CAGCGCGTGAGGTCGAA-3' 167

Reverse: 5-ATTGTGAGGCGCATGATGGA-3'

PDK1 (NM_001360002.1)

Forward: 5-TCTGCGACAAGAGTTGCCTG-3' 114

Reverse: 5-TGGATATACCAACTTTGCACCA-3'

B-actin (NM_007393.5)

Forward: 5-TGAGCTGCGTTTTACACCCT-3' 198

Reverse: 5'-GCCTTCACCGTTCCAGTTTT-3'
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Fig 1 Co-culturing with osteoblasts upregulated HIF-1a expression in chondrocytes

A: Schematic diagram of non-contact coculture system; B: Western blot; C: qRT-PCR (n=3, *P<0.05); D: Quantitative analysis was performed to confirm the

variation of proteins in B (n=3, *P<0.05).
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Fig 2 Co-culturing with osteoblasts increased the expression of PDK1 in chondrocytes

A: qRT-PCR (n=3, **P<0.01); B: Western blot; C: Quantitative analysis was performed to confirm the variation of proteins in B (n=3, *P<0.05).
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Fig 3 Co-culturing with osteoblasts reduced ROS production of chondrocytes

A: Representative immunofluorescence images by CLSM showing the ROS production of chondrocytes (ROS: arrows; nucleus: blue); B: Quantitative analysis was

performed to confirm the variation of proteins in A (n=3, ***P<0.001).
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Fig 4 Co-culturing with osteoblasts activated ERK1/2 and p38 signaling in chondrocytes

*P<0.05, n=3.

IR, ATIFSE A i 20 X i 400 Py S

CE A A A T B T M — A A I 28 T, A TR L
B2 10785 Ik T A8 R AR IR 4B PR v, i D 245 240 i
VAL SR AR B A L 8 A RN R HE A BT e G
B, AWFIERWI, HIF- 40T 20 M X IR 4 A 1 1 52
N HAS AT SR A R, FEARARAS R, HIF-1afR
SEFIR, I A ZAAZ SHIF-1PIE LS U5 — R4k, 175 4
BEDR e st DT 19 240 M 1 4082 S . PDKLAT LA ik
A7 EPHIE- 188 ] 42, A 1 B RIA R e A T4k
A P B, 3 2k 2 T PDH BT T 1 R 7R 1 A S R I
B, DTSR SR ROSSEZRMEAAT SEUIF I Y 1
PR, ERREARECIRAS T, Hh T/ O, by f P15 3 i e
LR 2K, ROSHE 2R BN, P 1 H LoRL A D) e
KA BEAFI

TEASZIG T, Ry 1 R GT A F 00 5B 2 AL A
PRI AR R, FRAT TSI T 0B A0 B HIFs G 15 1) e (K 3%
KA. qRT-PCREGRF W], G T E T ML HIF-1a
mRNA/K-T1 i, M HIF-2a M HIF-3a% 4 W 5 22 5, $2R
L 4% 5% W BB IE A HIF- 13 [ o] 458 501 200 i i) SR s .
Western blot45 5 [al b 3% B L5 21958 T HIF- 1o 03
K, B ENIE T iX— &% .

R T D B UE R 35 A A0 i P HLIE - L3 7 A8
LIRS IR HIF- 102 6 2 5 TR R 84, FAl]
il T PDK1 mRNAZK A 4L, KBS B0 ARG 757 /5

B 4 PDK1 mRNAK A =2 W] 427, IEW] 3R 7 0
S HIF- 109 S A0S TG S 5R . TT Western blotfY 45
SR DUHIE B 5% 52 0B 20 M A PDK L AR 1 2 K et [ RE RS
FE—UIESE T RATHIE

ARSI 38 Ao X ACE ML ROSHE TG Y (4, WAL H] 5
B A SR IS, PR A A I ROS 1B 2 /b, $27
LR RERE A ], BOA AT . 3 5 PDKI1AYHE
g5 AW &, BILRE SR 0E 0 PDK 1K A B 19 A, 411
il LRI AT, EROSA SIS . £5 BTk, mf
DATA Ay 3% 3% 38 4o HIF- 13 8 45 00 A i AR A 5 —
BT

FETOR, AT IR B S HE- 138 % )_LUiEE, BTl
H T T 22 B4 AL B (mitogen activated
protein kinase, MAPK) {553 %", Hirhr, ERK1/215 54
AR R HIF- 1A S, PR B BIE Sl o 42
il HIF- Lo 52 23006 205 4 B JRTHTE - 1 S 30 1
PER S DAL, FRATTE SR TR AU ERK /215 5 1
784k . Western bloth il 45 5L iF 5215 75 1 1 20 it
tp-ERK1/219 335 5 B i s T PR s S 1 B0 A0, 36
WHERK1/2f5 5@ % 9% [, BR T ERK1/2, p38/MAPKHfL
SRV R A TP HIE- 1 TS TR AR S g™, iRk
B, p38Z 5 T /NG BT 4 240 Jf R 1) B 987 40 i v
HIF- Ll & s>, Rk, R ATH Western blothsil 1
BE b p3siyRik, 4R R, R FRECE A0l hp-



ERE

ZER AR R - G L R B I MAPK S 5 R AR

ZH MU HIF- 1388 5% FIRIE 7T 97

p38HYRIAHG N, $E/np38f5 S MG . 1E N L MMAPK
{550 B 1 59— AN L5, INKAE S8 4R 18 PR 45 HIE- 138

& T Western blot {7 B SR ILEE SR - A1 AL INK 1) £
P 2 K 135 T IR A, (H p-INK A K F- 25 5 0 T 48 2%
=&

25 LTI, ARSI 3 A )N R AR B 4 R R
H AN LR AR, WFIE T R A0S R A A
I X R 240 M HTE - 13 B A 458 B CHL . R R 3, 3t
R SRS T B MM R ERK /2 Fp3815 5, M F il T
HIF-1af) 35, #1 H58 T PDK1W A, /P ROSHE
o B 35 5 o s HIE- 138 46 4 35 5001 4 ) 48 R
Ao BRI OC T I F2 PR 42 0015 4 L HIF - 13 3% 0] 51 4
H@ﬁiﬁﬁ%?ﬂ(ﬁ NP  TCANT IR AE ) B B TR AL AT
AteifE— L W5R .

IR A EE BT i rh 5
2 % X W

(1] FESCHE, FERE, Ml ZORi PR Ko il S 3 1 01T R iR A
TR VEIBFTHE . B 2EF T2, 2020, 49(5): 177-181.

(2] kPh, ATAIRS. BAEIE S T LofE 21 80 T AR OB R R A PR . i
[ 55 @M, 2016, 30(4): 504-508.

(3] #EaENI, TR, Dog AREE S T 1o M ek AR B A i
FIR B R SEFE. R R E AN, 2017, 31(3): 103-108.

(4]  Zetair, 2e, ZRIW. MBS N T 1aRE LR IEDIIT R, Hhx
Pl 24, 2005, 25(3): 197-200.

[5] GUXX, TANGZZ, HEY L, etal. A functional polymorphism in HIF-
3a is related to an increased risk of ischemic stroke. ] Mol Neurosci,
2021, 71(5): 1061-1069.

[6] SEMBA H, TAKEDA N, ISAGAWA T, et al. HIF-1a-PDK1 axis-
induced active glycolysis plays an essential role in macrophage migratory
capacity. Nat Commun, 2016, 7: 11635[2021-10-09]. https://www.
nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635.

(7] EBA, BT, 4455 TR SR 7 Tk P T (O T 5 S0 .
iR TR 55197, 2019, 32(10): 93-98.

[8] JAKUBCZYK K, DEC K, KALDUNSKA J, et al. Reactive oxygen
species—Sources, functions, oxidative damage. Pol Merkur Lekarski,
2020, 48(284): 124-127.

[9] MOLONEYJN, COTTERT G. ROS signalling in the biology of cancer.
Semin Cell Dev Biol, 2018, 80: 50-64.

[10] 22, 457, LRIKROS 5.0 b3
33(10): 1917-1920.

BBy H g A 4 AR, 2017,

[11] YANGS, LIAN G. ROS and diseases: Role in metabolism and energy

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

supply. Mol Cell Biochem, 2020, 467(1/2): 1-12.
FINDLAY D M, ATKINS G J. Osteoblast-chondrocyte interactions in
osteoarthritis. Curr Osteoporos Rep, 2014, 12(1): 127-134.
NAKAOKA R, HSIONG S X, MOONEY D J. Regulation of chondrocyte
differentiation level via co-culture with osteoblasts. Tissue Eng, 2006,
12(9): 2425-2433.
JIANG J, NICOLL S B, LU H H. Co-culture of osteoblasts and
chondrocytes modulates cellular differentiation in vitro. Biochem Biophys
Res Commun, 2005, 338(2): 762-770.
SKAAE, JTF, AR ARSI F Lo AR OB 4 A
JRAIBFFEHE . T TR 2%, 2020, 26(8): 1201-1206.
B, TR, WEA, & RS E T ORIt . B
SFEEIR, 2018, 24(6): 33-37.
PENG F, WANG ] H, FAN W J, et al. Glycolysis gatekeeper PDK1
reprograms breast cancer stem cells under hypoxia. Oncogene, 2018,
37(8): 1062-1074.
XU W N, ZHENG HL, YANG R Z, et al. HIF-1a regulates
glucocorticoid-induced osteoporosis through PDK1/AKT/mTOR
signaling pathway. Front Endocrinol (Lausanne), 2019, 10: 922[2021-10-
09]. https://doi.org/10.3389/fendo.2019.00922.
MASOUD G N, LI W. HIF-1a pathway: Role, regulation and
intervention for cancer therapy. Acta Pharm Sin B, 2015, 5(5): 378-389.
KARAGIOTA A, KOURTI M, SIMOS G, et al. HIF-1a-derived cell-
penetrating peptides inhibit ERK-dependent activation of HIF-1 and
trigger apoptosis of cancer cells under hypoxia. Cell Mol Life Sci, 2019,
76(4): 809-825.
FREDE S, STOCKMANN C, FREITAG P, et al. Bacterial
lipopolysaccharide induces HIF-1 activation in human monocytes via
p44/42 MAPK and NF-kB. Biochem J, 2006, 396(3): 517-527.
YAN L, CAO X, ZENG S, et al. Associations of proteins relevant to
MAPK signaling pathway (p38MAPK-1, HIF-1 and HO-1) with coronary
lesion characteristics and prognosis of peri-menopausal women. Lipids
Health Dis, 2016, 15(1): 187.
GAO W, HER, RENJ, et al. Exosomal HMGBI derived from hypoxia-
conditioned bone marrow mesenchymal stem cells increases angiogenesis
via the JNK/HIF-1a pathway. FEBS Open Bio, 2021, 11(5): 1364-1373.
EMERLING B M, PLATANIAS L C, BLACKE, et al. Mitochondrial
reactive oxygen species activation of p38 mitogen-activated protein kinase
is required for hypoxia signaling. Mol Cell Biol, 2005, 25(12): 4853-4862.
KHANDRIKA L, LIEBERMAN R, KOUL S, et al. Hypoxia-associated
P38 mitogen-activated protein kinase-mediated androgen receptor
activation and increased HIF-1a levels contribute to emergence of an
aggressive phenotype in prostate cancer. Oncogene, 2009, 28(9):
1248-1260.

(2021 - 09 - 2945, 2021 — 10 - 12{&[])

Hifl A


http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.1007/s12031-020-01728-z
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
http://dx.doi.org/10.1016/j.semcdb.2017.05.023
http://dx.doi.org/10.3969/j.issn.1000-4718.2017.10.031
http://dx.doi.org/10.1007/s11010-019-03667-9
http://dx.doi.org/10.1007/s11914-014-0192-5
http://dx.doi.org/10.1089/ten.2006.12.2425
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.3969/j.issn.1006-7108.2020.08.023
http://dx.doi.org/10.1038/onc.2017.368
https://doi.org/10.3389/fendo.2019.00922
http://dx.doi.org/10.1016/j.apsb.2015.05.007
http://dx.doi.org/10.1007/s00018-018-2985-7
http://dx.doi.org/10.1042/BJ20051839
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1002/2211-5463.13142
http://dx.doi.org/10.1128/MCB.25.12.4853-4862.2005
http://dx.doi.org/10.1038/onc.2008.476
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.1007/s12031-020-01728-z
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
http://dx.doi.org/10.1016/j.semcdb.2017.05.023
http://dx.doi.org/10.3969/j.issn.1000-4718.2017.10.031
http://dx.doi.org/10.1007/s11010-019-03667-9
http://dx.doi.org/10.1007/s11914-014-0192-5
http://dx.doi.org/10.1089/ten.2006.12.2425
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.3969/j.issn.1006-7108.2020.08.023
http://dx.doi.org/10.1038/onc.2017.368
https://doi.org/10.3389/fendo.2019.00922
http://dx.doi.org/10.1016/j.apsb.2015.05.007
http://dx.doi.org/10.1007/s00018-018-2985-7
http://dx.doi.org/10.1042/BJ20051839
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1002/2211-5463.13142
http://dx.doi.org/10.1128/MCB.25.12.4853-4862.2005
http://dx.doi.org/10.1038/onc.2008.476
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.1007/s12031-020-01728-z
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
http://dx.doi.org/10.1016/j.semcdb.2017.05.023
http://dx.doi.org/10.3969/j.issn.1000-4718.2017.10.031
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.7507/1002-1892.20160100
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.3760/cma.j.issn.1673-436X.2005.03.012
http://dx.doi.org/10.1007/s12031-020-01728-z
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
https://www.nature.com/articles/ncomms11635. doi: 10.1038/ncomms11635
http://dx.doi.org/10.1016/j.semcdb.2017.05.023
http://dx.doi.org/10.3969/j.issn.1000-4718.2017.10.031
http://dx.doi.org/10.1007/s11010-019-03667-9
http://dx.doi.org/10.1007/s11914-014-0192-5
http://dx.doi.org/10.1089/ten.2006.12.2425
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.3969/j.issn.1006-7108.2020.08.023
http://dx.doi.org/10.1038/onc.2017.368
https://doi.org/10.3389/fendo.2019.00922
http://dx.doi.org/10.1016/j.apsb.2015.05.007
http://dx.doi.org/10.1007/s00018-018-2985-7
http://dx.doi.org/10.1042/BJ20051839
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1002/2211-5463.13142
http://dx.doi.org/10.1128/MCB.25.12.4853-4862.2005
http://dx.doi.org/10.1038/onc.2008.476
http://dx.doi.org/10.1007/s11010-019-03667-9
http://dx.doi.org/10.1007/s11914-014-0192-5
http://dx.doi.org/10.1089/ten.2006.12.2425
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.1016/j.bbrc.2005.10.025
http://dx.doi.org/10.3969/j.issn.1006-7108.2020.08.023
http://dx.doi.org/10.1038/onc.2017.368
https://doi.org/10.3389/fendo.2019.00922
http://dx.doi.org/10.1016/j.apsb.2015.05.007
http://dx.doi.org/10.1007/s00018-018-2985-7
http://dx.doi.org/10.1042/BJ20051839
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1186/s12944-016-0356-7
http://dx.doi.org/10.1002/2211-5463.13142
http://dx.doi.org/10.1128/MCB.25.12.4853-4862.2005
http://dx.doi.org/10.1038/onc.2008.476

	1 材料和方法
	1.1 主要试剂及仪器
	1.2 原代成骨细胞、原代软骨细胞的纯化和培养
	1.3 构建共培养体系
	1.4 qRT-PCR检测mRNA表达
	1.5 Western blot检测蛋白表达
	1.6 ROS检测
	1.7 统计学方法

	2 结果
	2.1 与成骨细胞共培养上调软骨细胞HIF-1α表达
	2.2 与成骨细胞共培养增加软骨细胞PDK1表达
	2.3 与成骨细胞共培养减少软骨细胞ROS生成
	2.4 与成骨细胞共培养上调软骨细胞ERK1/2和p38信号通路

	3 讨论

