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BN MATCS 5 MPM %95 ta feviz @ An X AL e 2 A Y AR a9 R R ATGSEMPMaa e fe 2148 F 2.3 & & ik, B 5MPM
BHGIT B M EEAX (P <0.05) ABIIET,ATCS 5 F KX AMPM & H 9 TG £ £, M mE AR THZ B4 FUE R R
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Expression and significance of autophagy-related gene 5 in human malignant pleural mesothelioma
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Abstract Objective To explore the expression of autophagy-related gene 5 (ATG5) in human malignant pleural mesothelioma (MPM)
cells and tissues and analyze the correlation between ATG5 expression and patient clinicopathological parameters and prognosis. Methods
Real-time quantitative PCR and Western blotting were used to detect differences in ATGS expression between normal human pleural mesothelial
cells and MPM cells and between non-MPM pleural mesothelial tissues and MPM tissues. The Cancer Genome Atlas was used to analyze
correlations between ATG5 expression and clinicopathological characteristics and prognosis of patients with MPM. A Cox proportional
hazard model was constructed to analyze factors affecting the prognosis of patients with MPM. The Gene Expression Profiling Interactive
Analysis database was used to evaluate the correlation between ATGS5 and MPM tumor markers and novel serum markers. Tumor Immune
Estimation Resource was used to analyze correlations between ATG5 and MPM immune cell infiliration and key immune regulatory
genes. Results ATGS was highly expressed in MPM cells and tissues and positively correlated with tumor stage (P < 0.05) . High ATG5
expression indicated poor prognosis (P < 0.05) . ATGS5 expression was significantly associated with various MPM tumor markers (MTAP,
SETD2,NF2,and FIB3) and novel serum markers (HMGBI1 ,SMPR ,THBS2 ,and KRAS) (P < 0.05) . ATG5 was associated with immune
cell infiliration in MPM (B cells, CD4'T cells, and macrophages) and expression of immune-related genes (CD28,CUL48B,CD166,
and MMP14) (P < 0.05) . Conclusion ATGS5 is upregulated in MPM and is associated with poor prognosis and immune cell infiltration.
ATGS could be a key biomarker for early screening, diagnosis,, and prognostic assessment of MPM.
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N i 5 5] 52 983 (malignant pleural mesothelioma,
MPM) 2 e I T e 52 1] 1 200 B 1 = UL e, B s
JE AR ZBYE B A, MPMAY & A4 2 5 L s 2R
AL e 2 E B VARG, H i H A A A 5
LRI 5L BT LR ZHMPM R H 2 Wit
R B0, T 22 A9 ™ R, s AR P S
VAT 23 S g 240 L 7% 18 RIS T B (R A o L AT
< FE [A5 (autophagy-related gene 5,ATG5) J& H Wi it
FERY KBS 53, Ho i RS RE S 1 i 2 40 i A
Wk T A 52 ) 4 6 %0 R A R AR A T R, 7R AR /N
T g | S e B e L LN L b B e S 2 RO
P IRE 1) A R e R AR P R S A ) X A
RS LRI, HATATGSZEMPM () 22 3175 10 K AR
FHAIL N 186 A B o A< IS 380 28 46 00 P M2 i 1 2H 21
FIATGS 1 3k i, 43 HTATGS 5 MPMER 4 i PR 242
SR A R IS AR DG LA S MPM R 3
(2T IR W RN 1305 P S AT i) SEL

1 HRE7®

1.1 MPMAIZUREAFIING A B Rl 5

WSO B~ 5 DU I = e (R i B 3 M
NREEBE) FIR Bk B A R BB g 4 FF 20204E 1 H 2
20224FE12 H 234 I 10HIMPM R & A5 JEMPM (£,
58 5 AR i 45 A S 9 ) B A 1 M B ) g 2 8
A M s 5 T AR B T AR D) B A A 2 A 9 B
SR A MPM BB E AR FTE AR AT RST MR
TRYT AR TR YT AT AR KB 2
PR 20 P23 2 B E (FiE5: 2020-YXLL20), i A5
R E G R A
1.2 4 E A AR

AMPMZH g Z2NCI-H2052 (R 8 A7) NCI-H2452
CUURHVER 5781 RN LE&S M) Bz 240 M R MetSA Y 1 X
DU T B8 A A B AT BR 2> B MPMAH il ZRNCI-H28
(bR RE ) W 1 T N PE A B AR A B2 B s MPM
4 it ZMTSO-211H (- AH 8] Kz 98 il e B A W A vh
E Rl 2= B g AL B 5 | 3 e A s R E )
BHEE e A BR 2 B (R 5D A B RPMI 1640 B
FRHENE F 5215 Gibeo s 1) 5 G A I 0.25% 14 1 k-
EDTA AL 1 i S8 4 R A Wy B A BR S 7
HRR-HERRRRE A KELCEDEARGRS
A 240 RN ASE IO & A Jb s SEse A= 9

FHEA FRAA A 5 e DNA L S50 & 11 e o iAo
A IR Ry A RS W) 5 BERE SR A R G H 56
[ Bio-Rad/\ vl ; s i A% R AR 1 I A 98 e =
PCRAIYM H 2% [E ThermoFisher ScientificZA 7]

1.3 ik

1.3.1  ZHAE G SPh A M 3R 1 fh 38 EAR HE A )
WA O P b B I B AR A M R A L A L R
b v A P R S R AR AT G (i
BRAYHARA BRI 5 KA & AR S AR5 4L
JUT A 4 L 22 350 B 1090 i 44 1T 19075 55 25 - 55
RIF W ARPMI 164085 7 5L AT 1R HP 35 5% o 4t iy
B FRAE U N3T°C 5%C0,, PRI RS FE 1L F180%
DL E ], {8 F110.259% )8 25 1 - EDTATH A6 W2 47 1H
AL

1.3.2  SEAfE PCR (real-time quantitative PCR,
RT-qPCR) £ MIMPM4H ffl 5 1 2H 2L P ATGS mRNA
()63 « A% i B2 2/ AN RN AR U ) £ (ko
TABSE A YR AT BR A R B6HA , AMPM4H it 72 il
AL o PR BUSRNA {88 ol A% R 2 1
ASCAS ) JHC e B2 A4 B, PR IEOD 50 /0D g0 2 AL T
1.8~2.2. % HqPCR SuperMIXf ERNA (1 pg~1 pg) il
B AeDNA, 2% B A50 °C 15 min, 85 °C 5 s fifi
HCham() Universal SYBR qPCR Master Mix (P BL
MEBE A= IR A A FR A ) 4 TRT-qPCR. ATGS
5% IF 15 -CAGACAACGACTGAAAGACCT-3,
215’ -CAGGATCAATAGCAGAAGGACAA-3’ ;GAPDH
5197 1E18]5° - TGTGGGCATCAATGGATTTGG-3" ;)%
6]5”-ACACCATGTATTCCGGGTCAAT-3" . GAPDH
KNS TAEZA:95 CHIAEYE3O s; EFR S 95
°C 105,60 °C 30 s, HA0MGER  f A FER 5 34
S AL, FLIF CHE IR 22<0.5 i 27 2k 155 H A 2
PHImRNA PN 2 3 RImRNA ) 22 5550 S 50 A 3
K IRT-qPCRIZ I LE 1% 1) B N B8 e A7 F Uk
(100 V,30 min), W FHEERE R R G BT as 7,
Y UED | Y FIRT-qPCR™ ) iR S o SC 00 J 42 31K
1.3.3  Western blottingf: I MPM4H L FIZHZL T ATGS
HE 235 W FHRIPAZL A% T 24 i 21 2L sl 240 e, 4
°C .12 000 r/minf5L>10 min, Y4 15, $% BEBCA
H B B R & (B3R s RAEYHARA
BRLZA ) ) 150 3 A3 000 o 1 B o R Iy T 2R TR s e i
BEIE HL UK 53 B 8 5T, % A4 BIPVDEFIE I, % i 34 A
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2 ho S B e Bt NATGS . 5 [ 4T {& (ab108327,
1 : 1000, % EAbcam”\ F]) 764 CF I E 1%,
TBSTZZ MR PR3 UK, B 10 min. SR KRR A Ak
YIREFRIC A L E T lgG 4t (ab6721,1 = 5000,
E Abcam/A F]) 7EZ i FWFE 2 h, TBSTZZ i M AR
3YR, AR 10 min, )5 ECLE (A% (5, LGAPDH N
W2, 411 (8 ] Image 80 1F (V1.8.0) X H bR 2 AN
WS 550 B IR BEAE AT 530 o LB B A 31K

1.3.4 JAEFENZH K3 (The Cancer Genome Atlas,
TCGA) BRI/ HTATGS 33K 1t 5 MPMAE 35 It R
B T HRIE T (4.2.0004) Bcgdsrif
Bl NTCGA (https : //www.cancer.gov/ccg/research/
genome-sequencing/tcga) £ 415 i T 87 H|MPMAF: 4
1) 3 53 A B i , B H 2 R RN Aseq2. [ I Perl i
TR B MPM R 1 I R B RS 4 o I
o, b6, BYETIE]; 4R 128~814 , i AF 64
%, MPMA ZUREA HATGSIE [H 3 3k B 4318.354~
1060.510, LAS7THIMPMAI LA A TGS 3L R e ik 1t
() TR A% (629.045) S FLBR , 73 HATGSHE A v 2Rk
2 (44451) FRFIR AL (4361)) o iH LRI epicaclebR
By, JE— P HrATCSHE K 3 ik B 5 MPMAR % s
PR RS H AR DG

1.3.5  ATG533K 5MPM R Ifi R FiUS (9 AH &1 4
Br : [ HGEPIATEL £ 12 (http : //gepia2.cancer-pku.
cn/#index) XTCCAFIGTEXE i 22 rft (UMPMAE 7 1
RN 263800 0. GEPIAKUHE % vh i 38 & 41
“Gene:ATG5” “Datasets Selection: MESO” , 3R-HLA TGS
KL FkE SMPMER & S 1K 2R o

1.3.6  HL[K 2 Cox[ml T 4347 : 42 HUMPMING IR 5% 4} o
(1) A A B[] RN AR A RS AR % b 28 80 4 i
TNMA G, 45 B ATGS 1 223515 B0 A4 B Cox ] I 5
B RFATGSHE PRI 263K B 5 MPM A% Il IR 2880, il
(9 20 R HEAT HL PR 2R 1A 43, 3153 XU [ (hazard
ratio, HR).95% & & IX[a] (confidence interval , CI) Fll
PlH.

1.3.7  ATG5HE N 25 35 S5 MPMM % b 75 4 F 7 )
L35 7 55 400 0 R DG 43 T = i T i OB P g g ]
F 9 (MPM) 1236 337 ) (20224 hit) H #E7E B-YMPM
i s 2 0 A 4 FH BE 4 AR 5 R K B (methylthio-
adenosine phosphorylase, MTAP) . 2 & H W 3t 7 7%
fitf (SET domain-containing 2,SETD2) 1 2 £F 4E I3 4%

2 (neurofibromatosis 2,NF2), £F 4t & 43 (fibulin-3,
FIB3) 25 Rij [ P 41 SCHRAR 18 AOMPMEET R 1 35
b i W 9 w5 i % #4052 111 (high mobility group
protein 1, HMGBI ), A] 544 0] 2 ZAH K4 (soluble
mesothelin-related peptide,SMRP). Ifil /]M¥i )z i 25
2 (thrombospondin 2, THBS2). Jiii Ji %t [NKRASZ: S
i L GEPTABIUHE 2 75 2 K RATGS 5 45 M PM g
R bR 25 ) 00 TR AR DG, JF BEA T AT RRALAE 151 43
Bre
1.3.8  TIMERALHE )% 43 HTATGS 5 MPM A 22 15 i 1)
FHOCE « 8 3 TIMER2.0%04% % (http: //timer.cistrome.
org/) TFEEMPMHTATGS 33k 5 5 i g 40 B B4 i |
CD8"THH Jil .CD4 T2 . . W5k 48 . v 1 s 240 i
PSR AN AN [ SR R A AN 28 F R SE R I
THATGS 335 5 I I — b 2 40 B I i (4 4 DGk oA
it — B RATCS S MPM R 4 2 % 2 G i A1 Pk
XiF B 2 4GH 1 2 5 G e i i 1 Il T 40 i dr i
CD166" 85 MPMIE 41 1272 | 2 20 3 4
TE IR 1 AR B SR S 4y F-CULA8" MMP14™,
R AE 1.CD28 " S5 ATGS ) ) X6 HEA T 43 BT R L
1.4 GEie#amT

K HISPSS 23085 A4 #4785 73 A o 1 Bk ]
X + 5727, 240 ] LR FHAM ST AR ARG 56, Z2 20 1R] H
BRI 225001 O B R (%) R, R F X
T30 HEAT H A, SR I Spearmandf 0E 234 % 3 A 22 34
PR TAR ARG o >R HH Kaplan-MeieriZ: | log-rankfa; 56
AT AEAE M o >R Cox [IAR RSB 1505 B9 52 M)
HZE. P<0.05hERAGIHEX.

2 #R

2.1 MPMZHIMIFNZHZIPATGS mRNA A 3510 w5
RT-qPCR&5 S B , 5 1E 7 14 1R JI5< [a] 12 20 it 32
Met5AHH L, 41-MPM4H fifl ZNCI-2452 NCI-H28 .
NCI-H2052FIMTSO-21 THHATGS mRNAY 3 35 &
oy 4 2 MG v, LR A A 0 ) Oy LE R e R () B 24 i
A91.521.2.011.1.895.3.4861% (P < 0.01), W [&1A,
5 5f] EMPMB B 1] fz 20 270 L 4, 105MPM4H 41
HATGS mRNA) 5 5 B EH & (P < 0.05), LK
1B,
2.2 ATGSEEFAFEMPMAN AL 2 b 4635 B 5 4
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A, normal pleural mesothelial cell line MetSA and four MPM cell lines; B, non-MPM pleural mesothelial tissues and MPM tissues. *P < 0.05,**P < 0.01,

##%P < 0.001.

E1 RT-qPCRI&MATGS mRNAKA SR
Fig.1 ATG5 mRNA expression detected by RT-gPCR

Western blotting%’i 5 2 W, 55 1F #1149 i 5 7] iz 248
L ZMetSAKH H , 4MPMZH il Z2NCI-2452 \NCI-H28
NCI-H2052HIMTSO-21 1H-HATGS 2 - 1Y A w14 i

Met5A H2452 H28 H2052 MTSO-211H

ATGS | v e s o | 55 10°

GAPDH | wwww S S s s | 37 x 10°

Relative expression of
ATGS protein

Met5A H2452 H28 H2052 MTSO-211H A

Z4E (P <0.01), WLIK2A 5 5613 MPM i a] fz 26
A, 10FIMPMAL 2L ATGS & [ 61k 2 B 5
& (P<0.05), WK 2B,

N1 T1 N2 T2 N3T3 N4 T4

- -
ATGS | SR == gy === | 55 10°

GAPDH | === == v o o e o e | 37 ¢ 10°

2.0- 5 1
z Aa
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A, normal pleural mesothelial cell line MetSA and four MPM cell lines; B, non-MPM pleural mesothelial tissues and MPM tissues. *P < 0.05,**P < 0.01,

###P < 0.001. N,non-MPM pleural mesothelial tissues; T, MPM tissues.

E2 Western blotting#&iIATGSEHRIFZE
Fig.2 ATGS5 protein expression detected by Western blotting

2.3 ATG5 mRNAZILE S5MPMEH I A S 4L
(R

XITCGAK R 2 HATGS mRNAR) 263k B S5MPM
FEE G R TR T 40 HT , 25 R o , ATGS R ik
EMPMM 43 A 5 2 2 AH G (P < 0.05) oiE—20 Lk
5B % B, ATGS mRNAZ 35 B 5MPMER & (19 4F
B TNM 73 B AR 7 T AR OGP L L3R L
24  ATG5EFIKFEMMPM L F 15

fif FHGEPTAKUHE 4 44 K aplan-Meier f {7 7Y |
P Tlog-rank A 5, 25 R, SATGSFE R R A 4H
A EE, ATGS 3 [R] 1y 32 18 21 £ 3 J0 9 E Jre A A7 30
(disease-free survival, DFS) B % (log-rank P = 0.023,

HR=19,P=0.025) . WLK3,

MPM i 2 1) BAR A 23] (overall survival , 0S) 5
ATGS BRI KA B ICAH A, (log-rank P = 0.076 ,HR =
1.5,P=0.079) JLKI3,

2.5 BARZ Cox[nlH 5t

Fa 1R 75 MPM AR 257 1 R S 55011 Coxe L 151 JXURS: [
HBEAY, AT B 3R AT A5 R s i B A 5
M MPM A TUE A R Gk E R (P <0.05), 5 F R
FERIMPM R 25 A Lb , SURH R & TRUMPM B8 (14 195 B
25 W2,

2.6 ATG5 5 HAtMPM IR A5 2 4 FUBT AL I i bR ks
PIAHOCE
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£1 ATG5 mRNARIZEEMPMEZ GRS EHIHEELM [n (%) ]

Tab.1 Correlation between ATG5 mRNA expression and clinical parameters of patients with MPM [n (%) ]
Clinical characteristic ATES expression X’ P
Low expression High expression
Age 0.335 0.720
<60 years 15(17.24) 18(20.69)
>60 years 28(32.18) 26(29.89)
Sex 0.365 0.743
Female 9(10.34) 7(8.05)
Male 34(39.08) 37(42.53)
T stage 3.422 0.490
T, 7(8.05) 7(8.05)
T, 16(18.39) 10(11.49)
T, 15(17.24) 17(19.54)
T, 4(4.60) 9(10.34)
Ty 1(1.15) 1(1.15)
N stage 3.398 0.499
N, 23(26.44) 21(24.14)
N, 7(8.04) 3(3.45)
N, 10(11.49) 16 (18.39)
N, 1(1.15) 2(2.30)
Ny 2(2.30) 2(2.30)
M stage 2.108 0.394
M, 25(28.74) 32(36.78)
M, 2(2.30) 1(1.15)
M, 16(18.39) 11(12.64)
Cancer type 0.444 0.811
Biphasic type 10(11.50) 13(14.94)
Epithelioid type 32(36.78) 30(34.48)
Sarcomatoid type 1(1.15) 1(1.15)
Clinical stages 9.045 0.029
Stage 1 5(5.75) 5(5.75)
Stage 11 13(14.94) 3(3.45)
Stage III 20(22.99) 25(28.73)
Stage IV 5(5.75) 11(12.64)
Overall survival Disease-free survival
1.0 — Low expression 1.0 4 —Low expression

Survival probability

——High expression

Survival probability

—High expression

Time/month

Fig.3 Effect of ATG5 expression on the survival of patients with MPM

T

.
20 40 60

Time/month

B3 ATGSEEFREXMNMPMEE EFRIRT

A, overall survival curves for patients with low and high ATG5 expression; B, disease-free survival curves for patients with low and high ATG5 expression.
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i 2L GEPTA R 25 7E 26 T 404K 73 BT TCC A B 2
R KIMPM R A5 5 ) S ATGSHE R 3 35 i AH 56 1
4 RERW  ATCS 5SMPMAME FR EYIMTAP (r = 0.22,
P=0.041).SETD2 (r=0.33,P=0.002) NF2 (r = 0.31,
P =0.003).FIB3 (r =0.22,P = 0.040) FIMPMH % ifi 1
bR & YHMGBI (r = 0.34,P = 0.001).SMPR (r = 0.23,
P=0.031).,THBS2 (r=0.25,P=0.022) KRAS (r=0.23,
P=0.031) ¥ 2B EEAHAX,
2.7 MPMHIATGSHE [ 13185 e o

TIMERZL 48 /2 53 #7 45 5L 7=, MPMHATGS 1
3K 5BAIM (r=0.30,P=0.005) .CDA T4HAE (r=0.22,
P =0.046) FIEBEANML (r = 0.42,P < 0.001) 27 5% i

F A 5 MR 4l (r= -0.09,P = 0.401).CDS'T
40 Jf (r = 0.10,P = 0.367), 1 P KL 40 i (r=0.01,P =
0.926) FHIIRAIML (r = 0.11,P = 0.340) 1 [ SR A2
Jil (r=-0.20,P=0.061) A S RE IR K ASAE G o

gk —2 W BHA TGS 5 MPM % Ji ALk JE2 i F2 1)
G E R DG, X2 5 G e B R TS R 40 B R 2
TG SN | G AT pst S0 7003 7 46 2 e 1)
oI AH CEE R SATCS () R AT 3 AT 45 SR R W,
MPMMPATGS ) 23k 5 495 53 FCD28 (r = 0.23,P =
0.035).CUL48B (r = 0.40,P < 0.001).CD166 (r = 0.32,
P =0.002) MMPI14 (r = 0.22,P = 0.045) £ .3 1EAH
K.

F2 MPMZEE TSR0 E = # £ E & CoxE A2 47
Tab.2 Univariate Cox regression analyses of prognosis in patients with MPM

Clinical characteristic HR (95%CI) P

Age

>60 years vs. <60 years 1.32(0.81-2.17) 0.263
T stage

T, vs. T, 0.98 (0.47-2.03) 0.949

Ty vs. Ty 1.05(0.52-2.15) 0.883

T, vs. T, 0.77(0.33-1.83) 0.556

Ty vs. T, 2.09(0.45-9.65) 0.345
N stage

N, vs. N, 0.93(0.45-1.92) 0.837

N, vs. N, 0.81(0.46-1.41) 0.459

N5 vs. N, 1.78 (0.54-5.83) 0.340

Ny vs. N, 1.83 (0.56-6.00) 0316
M stage

M, vs. M, 1.94(0.46-8.14) 0.364

My vs. M, 0.68 (0.40-1.15) 0.148
Clinical stage

Stage Il vs. stage | 0.63(0.26-1.51) 0.300

Stage Il vs. stage | 0.76 (0.36-1.59) 0.461

Stage IV vs. stage | 0.71(0.30-1.67) 0.428
Cancer type

Epithelioid type vs. biphasic type 0.50 (0.30-0.85) 0.010

Sarcomatoid type vs. biphasic type 3.42(0.44-26.68) 0.240
ATGS5 expression

High expression vs. low expression 1.39(0.87-2.24) 0.170

3 itig

1 TMPME R HAZ W R, H i e
XEMPMA ORI ik o IR I, 255 & BT

4 300 s A A2 W bs 35, DL o AR R TS 20
i 19 Wk S R ) R AR R R ML S AR G, S
A 1Y) e R i A FfRg A A sl 6 R 24 i
PR, Sy e 3 b B RS R A R L gt
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2% [ WEAH D FE NATGS R IR ¥ . BRI GE R,
ATGSTERIE A ERIIAFAE R . ATGS IR |
B bR (A3, AR ATGS L 33 i 358 [ i
HE S R ATGSTE vk R & A R R
FGYT I A BT & 48 A FBL A5 i AN 5 4
1y, JCHIEATGSEEMPM H 114 3 35155 0 A8 42 AL ]
ATHA WAH CHGE

B ST S B, ATGS7EMPMER Jifd 7l 20 41 7 1 3¢
IR, JF5 R oy 0 A B 2 OGR4 MPM AR
(IATGS 7 22 35 2 B (e, 000 M AR B2 1 O MPMZH
SUPERE [ WK Jb 3 L], 2 A2 S e 4 1
BRI K AR AR M o ATGS R 338 1Y J S TR
B2 A, ATGS A /E AMPMIZ Kb i (4 785 17
H5ZRMPMItE R &Y (MTAP.SETD2 NF2 . FIB3)
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