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ATGS regulates type II collagen expression by modulation of autophagy
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[ Abstract | Objective  To explore the regulative effect of autophagy-related protein ATGS on the
expression of type [ collagen in human chondrocytes through affecting autophagy function. Methods
Transcriptome data of 13 human cartilage tissue samples were downloaded from GEO database to analyze the
correlation between ATGS and COL2A1 expression. Western blotting and immunofluorescence assay were used
to detect the expression of type I collagen ( Collagen II , COL2) in human chondrocytes C28/12 after
rapamycin ( Rapa) and bafilomycin Al ( BafAl) treatment. Human COL2A1 promoter plasmid was
constructed, and dual-luciferase reporter assay was applied to detect the effect of overexpression of ATG5 on
COL2AT1 promoter activity. mRFP-GFP-LC3 autophagy dual fluorescent virus was used to dynamically monitor
the changes in autophagic flux of C28/12 cells with overexpression and knockdown of ATGS5. Western blotting
was used to detect the effects of Rapa and BafAl on COL2, LC3 II/LC3 [ expression levels after

overexpression or knockdown of ATGS. Results The results of correlation analysis showed a positive
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correlation between the mRNA expression of ATGS and COL2A1 in human chondrocytes samples. Rapa and
BafA1 significantly promoted and inhibited the expression of COL2 in C28/12 cells (P<0.05), respectively.

The human COL2A1 promoter plasmid was successfully constructed, and the transcriptional activity of the

COL2A1 promoter was up-regulated by the overexpression of ATG5 (P<0.01). Treatment with autophagy dual-

fluorescence virus resulted in LC3-GFP fluorescence quenching after overexpression of ATG5 (P <0.01),

suggesting autophagy activation; and a greater fluorescence intensity of LC3-GFP was observed after knockdown

of ATG5 (P<0.05), demonstrating autophagy inhibition. Rapa obviously promoted the expression of COL2 and
LC3/LC I , which were up-regulated by ATG5 (P<0.05), but BafAl showed the opposite effect of Rapa
(P<0.05). Conclusion Overexpression of ATG5 up-regulates the expression of type I collagen, and the

regulation of ATG5 on the expression of type I collagen depends on autophagy in chondrocytes.
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1 #MRERE

1.1 =244

FANFFRERE Ad-siATGS & pcDNA-ATGS Jihi A
SEHE AT . RPMI1640  DMEM 5 B 55 95 3 |
a4 MiE W B Gibeo; Hiif4& : GAPDH Collagen IT \LC3B
ATGS 1 H R =8 A W AR A BRZS B (Proteintech ) ;
I W 38 2l 770 0 40 ) 5770 - 75 A % 2% ( Rapamycin, Rapa)
(Solarbio) | LI} % & & Al ( Bafilomycin A1, BafAl)
(Selleck ) , SYBR qPCR mix ( Vazyme ) , PVDF Ji&
( Millipore ) ,Trizol ( Thermo Scientific ) . /\ i% % ( Thermo
Scientific) \RIPA ZLf# & (5% ) ( Beyotime ) \DH5q &%
B4 ( TaKaRa) |j¥%% 5% RT Master Mix (MCE) |Gk
$EHUA & (Omega) .mRFP-GFP-LC3  H B XK i ik
B (DUIE A ) L X5 3R WA K 50 & Dual-
Luciferase® Reporter Assay System( Promega) .
1.2 F&k
1.2.1 ATG5 Fii COL2A1 FH 4 i 808 ZE 43 ¥ i
JH Gene Expression Omnibus %{ #& /£ ( GEO database,
gov/geo/) Ay
GSE10024" ™/ 1 GSE183954" "' S iA4E M Kl . X 44K
AL 13 Bk B I H A HARE AN RIAEG R
PE—2 4001 ATGS Hil COL2A1 [ mRNA 3k {H 22 [ 1)
M, TRITEATZ 1A B v] BESCHK . i F Graphpad
Prism O ZRARBAESEA TS0 b, TR B AT Z R A AH
KRB KT
1.2.2 giffadsse ANECEAN C28/12 3k E 4]y
RAF PR BEXIAL R M, 293T I 24 Ml oy A< 52
B R Ar . H5 C28/12 AHMIEEIRAE R 10% 57 ML Y %
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1.2.3  fRyEalye C28/12 4 BE A K 5 24 85%
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4% %2 58 B R 2 A0, A VR IEA T 0. 5% TritonX-100 38
% 10 min,ddH,0 7Ky, COL2 —$i 4 C 3% (1:200)
ddH,0 7K ¥k, 9¢ 6 —hr =R MEOLME R 4 h, ddH,0 7K
Uk, DAPL#EIF B Smin, HT2¢ = E 7 M & R )5,
SRR AR A RS R

1.2.4 [N C28/12 4 iu i BEA:
KIG 2 85% % FEI , A TGt 16 I 45 240 422 2 44
€ J, 70 200 M 0 B I A B W5 U it 975 B ( mRFP-
GFP-LC3) J&Zs C28/12 4Hjf 6 h J54ii,24 h |5 Bidss
TSR LT 4 UL e 5 B L2 AN R b P 5
LC3-GFP 9GRS B Wi B AT U5 , BR M PR B fif
GFP %GV, 1 mREP B EANZ 52, [ W 75 il 4 2
ML, i LC3-GFP 5 mRFP 5558 B 1 Lb (i
e, o LC3 #E A W BEHA 1 K-

YL /AN . (DRapa 307 F0H 40 18 W50 E -
Rapa 0% FCB 4L H W53 0.6 .12 h 41, JLA Rapa
(25 wmol/L) 43 HI/E FH T C28/12 4iijitd 0.6,12 h i N
%8 LC3-GFP Z8y6am " . @BafAl 11 41 4 i [
WSS : BafA 1 $HI 4B 4 A sk 0.12.24 .36 48 h
ZH. fA BafA1(500 nmol/L) 4> BIVEFF C28/12 4y
0.12 24 36 .48 h AW LC3-GFP #¢yesmpE"™ . @
FeIk ATGS BOGHCE AN M A W5 63k ATGS 5 B I
T I AL HL SR NC 41 (XFRZH) . peDNA-ATGS
4 .pcDNA-ATG5+Rapa 4 ,pcDNA-ATG5+BafAl 41, H
pcDNA-ATGS JFURIAL YL 4 i, 6 h BT 3 58 55 52 5L 5
A Rapa(25 pmol/L)Zb¥H 6 h BafA1(500 nmol/L) 4k Fi
24 h JEWLEE LC3-GFP ¢y )i . @K ATGS )
TERCE 20 W5 Ad-siATGS 55 B g 751 L 40 il 77 2
AbFES3 R NC 2 (X B84 ) (Ad-siATGS 4 Ad-siATG5+
Rapa 4 . Ad-siATG5+BafAl 4, F Ad-siATGS5 Jif ik 25 5%
YA, 24 h 5 BEE TSR RSO E U B R )
JIA Rapa (25 pmol/L) ZL ¥ 6 h BafA1 (500 nmol/L.)
QbR 24 h 5 LK LC3-GFP #oipimgt ™ .

1.2.5 pGL3-COL2A1 jHahFEmA kMM E 78
NCBI # ) A COL2A1 F:[H 2 31 F ¥ %)) ( Gene 1D:
1280) , 33 COL2A1 A J3 3 T [X-1267—+285 [X [i]
MRS STt 49, 974 COL2AL A S8+, B
FEBR/NZ) 2R 1500 bp, B fEWEE R HL UK 25 0 7 BEK
NGRS BN, # pGL3-basic A4 5T AL #E 47 XU 1)
(Mlu I \Bgl Il ), i U] J5 1) pGL3-basic & {4 i ki A

4 818 bp ¢ Fik [Hi ) PCR 724 Bt (1 500 bp) i#
AR AR, e AL TR ARG PR B e B B 7%, i LB
LA 37 CHEIRIESE 12~ 16 h, JERUTORLE 6 T 8}
AR A B R A T R B0 E
1.2. 6  Western blot & Il #H ¢ & 1 & ik 2 Fp
C28/12 #iffdF 6 fLA T, 1-p 2 Bf 1305 29 85% % L Bif,
Fi2 1.2, 4 A4 4 VEAR I AR B, RIPA S84 5 4 B AN i
1 ,SDS-PAGE JiE43 55,300 mA {8 i, 103/min #5%
H & %2 PVDF 55, 5% B8 95 83 2 B P41 2 b, anti-
GAPDH(1:7 500), H:4—$i(1:1 000)4 °C 3%,
TBST PR, B —HiFHif (1:10 000) Z i 2 h,
TBST P, ECL 5%
1.2.7 qPCR#&M  C28/12 4uiFh T 6 LAk,
TR FE 24 85% W % Yt pcDNA-ATGS Jit ki, 48 h J5 i
TRIzol Z4f#AHMIFRIL RNA B RNA S RG0S 56 45
Wikl ¢DNA | i#£17 gPCR 5245, COL2 IE X4k 5'-
TGGACGATCAGGCGAAACC-3', JX X 4% . 5'-GCTGCG-
GATGCTCTCAATCT-3'; GAPDH IF ¥ 4% : 5'-GGAGCG-
AGATCCCTCCAAAAT-3', Jz 4. 5'-GGCTGTTGTCA-
TACTTCTCATGG-3'
1.2.8 2% & M0 Pk Al 293T 4 ffL 4 Fp T
12 FLHR, TR 4 BE A= 1 24 70% % B2 sk F PEL 3647
BEUy UCE A4 41, A 3 AN AL, Al ol B X R AL
(pGL3-basic [iikr:500 ng) ; FHH: X i 2H ( pGL3-control
J5kE: 500 ng) ; COL2AT 44 ( pGL3-COL2A1 Jivkir: 500 ng) ;
ATG5+COI2A1 41 ( pGL3-COL2A1 ki . pcDNA-ATGS
Fokiss 500 ng) ; ATGS5+BafA1+COL2A1 25 ( i ki F -
[f] ATG5 +COL2A1 &4, % YL J5 Jin A BafAl 4b P 2 g
24 h) . JIrE SEEG AL AN B A0 L e 24 b JE L R R
B S I A S T R AR 2% 10 min, &0 20 s
(12 000 r/min) , W b3 W 28117 EP & H T
R im A LAR T FiI Stop & Glo® Reagent fifi
Promega GloMax® Luminometer B4 % S8 {3 3k 47
RO, 75 2% RLUs Ko HUAE, S WRAE i 2 6 K i 1)
TP, RS 37 BT
1.3 %itF o

BARAL B AN GraphPad Prism 9, 8 HRFIR
Sy xks R HBMSTREA ¢ K36 B B PR R Ty 250 BT R e
P<0.05 FESAGIF o A SCRMsr :A 3 K.

2 HR

2.1 A#Fawtkd ATGS #= COL2A1 £k 2 iE
B
GEO H¥ia i AH PR 43 A 25 5 B, 78 13 1) 3K
HHLREA T ATGS Fi1 COL2A1 ff) mRNA k7K 2
PRIEAHSE (7 =0.623 2,P<0.05) ,
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0.01, & 3C) , 2 g R H RS2, 5% IH
(NC) #H L, Rapa Ab 2 6 h 15 B 15, COL2 (5851
SR JIE 1 E SR (P<0. 01, & 3D \E) .
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5 AWM CER, M T A COL2AL J5 ¥ i k:
FFIRUFH A R 1 1. WL R 45 R woR,
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L DGR R 2 e T L s COL2AL 5 3)+ i
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RGP T RE(P<0.01, & 5A) . qPCR 45 R 8K, 559
pcDNA-ATGS 33 # A Fki i FiH COL2 ) mRNA /K3
(P<0.01) , A BafA1 10 28 i 5 W5 i) [] B, i — 25
Il T ATGS s FRikxt COL2 1y _FiH4EH (P<0.05, &
5B), 1B ATG5 [ COL2A1 [y %5 5 1 mRNA %3k
M T 20 0 1

FIH mRFP-GFP-LC3 [ Wit BUbR Bt s 5 38 B5 A Wit
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(P<0.01) 47~ B W& , Rapa i — B i g (0580 &
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(1) B W 5 7 3 W57 BafAl B peDNA-ATGS 4b 3
AR T id #3k ATGS 4, LR a5 e ok, #2278 BafAl
3 3k 00 S A ) B A R 8 W, 2 A R A
ATG5 SR H Mg (P<0. 01, K] 6A .B) ., Western blot
SRR AT NC 4, 12 3Rik ATGS Geeg I g 14
COL2 #1 LC3 I /LC3 1 15518 (P<0.01) ;Rapa i —
{EiE 323k ATGS [ COL2 1 LC3 1/LC3 [ f3E
ik (P<0.05) ;7 A BEAP 175 BafAl W] ATGS i
f) COL2 LC3 T /LC3 I AYy#35 (P<0.01,E 6C.D)
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