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Abstract
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Background and Aims: Hepatocellular carcinoma (HCC) is the most common primary liver cancers, and
has a poor prognosis. Dysregulation of autophagy can promote the occurrence and development of HCC. This
study was designated to investigate the potential prognostic roles of autophagy-related long non-coding RNAs
(IncRNAs) in HCC patients and construct a risk prediction model based on autophagy-related IncRNAs.
Methods: The transcriptomic and clinical data of 374 HCC samples and 50 normal control samples in TCGA
database were analyzed using bioinformatics approaches, and the list of autophagy-related genes were obtained
from HADDb. The IncRNAs associated with autophagy genes were screened by Person’s correlation analysis. Three
hundred and forty-two HCC samples obtained by selection were randomly assigned to train dataset and validation
dataset with a ratio of 70%:30% using caret package in R. The autophagy-related IncRNAs with prognostic
significance were identified by Kaplan-Meier method and univariate Cox regression analysis. Then, the autophagy-
related IncRNAs with independent prognostic significance were determined by multivariate stepwise regression
Cox analysis to construct a prognostic prediction model. After the risk scores were calculated using Cox regression
coeflicient, the patients were divided into low risk group and high risk group, the relationship between the risk
score and clinicopathologic features as well as the overall survival (OS) was analyzed, and then was verified in the
validation dataset.

Results: A total of 347 IncRNAs were identified as autophagy-related IncRNAs (|R*|>0.3, P<0.001), including 26
IncRNAs with prognostic value for HCC patients. The risk model for predicting the prognosis of the patients was
derived from the multivariate stepwise regression Cox analysis based on 12 autophagy-related IncRNAs (CYTOR,
DANCR, LINC01138, LUCAT1, Mapkapks-AS1, NRAV, NRSN2-AS1, LINC01871, LINC00864, LINC02362,
TMEM?220-AS1 and PSMB8-AS1). The risk scores of the 12- autophagy-related IncRNAs prognostic model was
sufficiently associated with tumor grade, tumor stage and T stage (all P<0.05), but irrelevant to the age and sex of
the patients (both P>0.05). In this model, the area under curve (AUC) of the time-dependent ROC for the 1, 3
and S-year overall survival were 0.801, 0.819 and 0.787 in the train dataset, and the AUC of the time-dependent
ROC for the 1, 3 and S-year overall survival were 0.694, 0.733 and 0.746 in the validation dataset.

Conclusion: The identified autophagy-related IncRNAs may play critical roles in the oncobioloy of HCC, and the
12- autophagy-related IncRNAs has certain predictive value for the prognosis of HCC.

Carcinoma, Hepatocellular; RNA, Long Noncoding; Autophagy; Prognosis
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®1 1245 HCC fi/FH X BHEEX IncRNA
Table 1 The 12 autophagy-related IncRNAs significantly associated with the prognosis of HCC
IncRNA KM B SE HR 95% CI P
CYTOR 0.002 0.064 0.018 1.067 1.029~1.105 <0.001
DANCR 0.014 0.028 0.009 1.029 1.011~1.047 0.001
LINC00864 0.046 -0.372 0.182 0.689 0.482~0.986 0.041
LINCO1138 0.002 0.472 0.127 1.604 1.250~2.057 <0.001
LINCO1871 0.004 -0.146 0.069 0.864 0.754~0.989 0.035
LINC02362 0.014 -0.106 0.043 0.899 0.825~0.980 0.016
LUCAT1 0.023 0.282 0.067 1.325 1.163~1.510 <0.001
MAPKAPKS-AS1 0.002 0.104 0.041 1.11 1.025~1.201 0.01
NRAV <0.001 0.197 0.053 1.218 1.099~1.350 <0.001
NRSN2-AS1 0.029 0.24 0.096 1.272 1.054~1.535 0.012
PSMBS8-AS1 0.009 -0.089 0.042 0.915 0.843~0.993 0.033
TMEM220-AS1 0.002 -0.278 0.095 0.757 0.629~0.911 0.003

& 1
Figure 1
nodes indicating the autophagy genes)
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HCC #1124~ IncRNA 5 B EFHRIZMMEE (IncRNA BT BT R, BEERAERTR)
Network of the 12 IncRNAs with the co-expressed autophagy genes in HCC (the red nodes indicating the IncRNAs, the blue
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2 lgEF 124 IncRNA BT 42 E

Figure 2  Survival curves for the 12 prognostic IncRNAs in the train dataset
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Table 2 Multivariate Cox regression analysis of the 12 IncRNAs
in the train dataset
IncRNA coef HR 95% CI P
CYTOR 0.044  1.044  0.990~1.102 0.109
DANCR 0.033 1.034 1.010~1.057 0.005
LINC00864 -0.536  0.585  0.397~0.862 0.007
LINCO1138 0.421 1.524  1.138~2.040 0.004
LINCO1871 -0.162  0.851  0.710~1.018 0.079
LINC02362 -0.075 0.927  0.863~0.996 0.039
LUCATI1 0.242  1.273  1.094~1.482 0.001
MAPKAPKS5-AST -0.107  0.891  0.785~1.028 0.119
NRAV 0.164  1.178  0.972~1.429 0.094
NRSN2-AS1 -0.262  0.769  0.534~1.101 0.158
PSMBS8-AS1 -0.119  0.887  0.800~0.984 0.023
TMEM220-AS1  -0.181  0.834  0.679~1.024 0.083
mRNA IncRNA risk Type
3 124 IncRNAs 5 EEEREX R KX HCC B&E WA
BRI
Figure 3 The relationship between 12 IncRNAs and autophagy
genes and its effect on the prognosis of the HCC
patients
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FAFRS SAEAFISIE] ;. C: HCC [ 12 1 IncRNA RIA A FAIE]
Figure 4 Risk score analysis of the autophagy-related IncRNAs in train dataset

E 4

A: The low score group and high score group of the
autophagy-related IncRNA signals; B: The survival status and duration of the HCC patients; C: Heatmap of the expressions of the 12
key IncRNAs in HCC patients
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P=5.233e-09

5 IGEFARERKEITS HCC BERETFHL
Figure 5  Survival curves of the HCC patients with different risk

scores in the train dataset

%3 lZkE HCC BF IR ARFFHERKKITH £ E R Cox
B35
Table 3 Multivariate Cox regression analysis of characteristics

and risk score of the HCC patients in the train dataset

A 1.004 0.986~1.021 0.679
el 0.88 0.539~1.436 0.608
JiIed 534 0.956 0.685~1.333 0.79

Jisgeq 431 1.363 0.61~3.048 0.449
T 4445 1.237 0.584~2.623 0.578
KU TPES) 1.201 1.141~1.264 <0.001

— 5 4FE AUC =0.787
— 34 AUC =0.819
— 1 4F AUC =0.801

6 JGEHRRBERN 1. 3. 5 FAEFH ERBHE
ROC %k
Figure 6 Time-dependent ROC curves of the risk model for the

1-, 3- and S-year survival in train dataset
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®4 FEHEBERRITSSEEFRKAERKXR
Table 4 The relationship between risk score and clinical factors

in patients train dataset

(%)

<60 122 17021959

60 103 17332802 02 0977
el

s 66 1.606 = 1.685

L3 159 1762x2614 000 0%
JifIRE 73 4

1~2 142 14702437

3~4 83 213x2221 20 0097
Jifsed 401

-1 160 1410+1.750

WAV 65 2471x3360 0 0018
T 704

Tis 161 1.426 + 1.757

Ty 64 2446:33g9 86 008

2.5 MERIEIE & RIS IE

M coef(H7E N FIRIEE (n=100) H
HE— 25 B ik BE 45 B MR 4l XU B 43 1 v L (B R
XS B 2 A oAy e AU AR U 20 . 5 NI R A 1S
AR — 2, KU BB 1 T AL OS B AR XURS BB
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Inc RNARLAUAE N RS e AR v il i 3 1. 3. 54F
A A W B TR RO C R A AU C 4351 24 0.694
0.733F10.746 (E8) .

p=2.36e-02

P=2.36e-02

47 34 15 1
53 47 26 1

7 WIESEHPARREITS HCC BEEFHL
Figure 7 Survival curves of the HCC patients with different risk

scores in the validation dataset
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Figure 8 Time-dependent ROC curves of the risk model for the

1-, 3- and S-year survival in the validation dataset

SR =R T I e s N5 < P U Y i
Inc RN A2 3K Y 2048 S 100 H C.C B 105 A6 7F 5% Al
¥, BIEUCAIPYFIHOTAIR™, © A Bigx >3]
AL LU 224 WA 6 Ine RN A Ry 28 458 50 A 450 114 51
A2 e B R A LS . BRIk, %A T
LTI HCC B A A7 0 H WA G Ine RNABL AL A
U, b B N7 A OC T A5 RO T H CC AR 1
i -

TEARMFE T, S TCCARE 2 b HCC B 4
WITHCCH F A WA X Ine RNAR FUS VE T . A BIF
FEH B Ine RN A — [ W 5 PR 3 58 58 B 2% S5 5 13474~
F R G Ine RNA . Bl 0 26 12 i HL TR 2 X
) WEA K Ine RNA . FE 1250 [ BEA B Inc RN A
1, CYTOR. DANCR. LINCO1138, LUCATI,
MAPKAPK5-AS1., NRAVAHINRSN2-AS1HY & %
RS EHE S AEFW R A, MLINCO1871 .
LINC00864 ., LINC02362, TMEM220-AS1
PSMB8-AS1 /& &K ik 5 B3 09 8 A A7 W] i 1F A1
Ko TESCRTBIHESE P B S IRGE T X e I ok
2 B0TE H C C gl H b S 4 i 98 1) 19 )5 %% 10 A O o
LINCO1138" " EHCCH L rh ik B E 8,
IF H 5 HCCHY I R R BEAR AE 52 0E A ¢, 7T BB 2
HCC 3 T J T A Vs A (B 9 468 18 4 75 0
DANCR™HIEfEHCCH L A B3 £k, IF
SHCCERHEMWW )G 2 A, H 7SN FR P2
BEHCCH M R AL AR JE M it 25 1% . MAPKAPKS-
ASIPTEHCCH 5 B IRAEIE R BB MG, A HE

© WA )T i [ & F I F 2P H

HHCCHI TG F . LUCATIPYEHCCA 21 rp i 32
ik, HHS5BEEF® . WEAR%0% . WETS
WAAEFRE R EMXE, ZEHCCREEMFARD
GV 54 S b S N 0 e | B S Y (VYRR

ffi 12— H WA X Ine RN A 4 8 7 ji 455 A
TR RS B 43, 43 B RURS: 37 43 5 I PR B8 4R AiE
MWUG R o g5 R BoR, 7812 4 KU oF
Gy SHCCE A M oy . s 43 1R T 20 B3 A
(P<0.05) , 7EBEWMMIE S, 570, B
(KU PE 53 T3, R WZIne RNABL AL ] fig &
HCCH#E A X, it 248 7 Cox M/ HT, %K
W T J5 5 780 2 5 S 0 HLC.C R 35 TS 1 0k 7 1 I R
£ (P<0.001) o ZKES BRI R EEHCC R H 1Y
1. 3. SEAAFR BT EHR S PEROCHT & A AUCH
90.801, 0.8194110.787, [H] W} 7E 56 3F 4 v 5] kf L
AEERBMEE S, H1. 3. S AAE A R
PEROCHIZ BIAUCH I H0.694 . 0.733F10.746.
A58 H B ] W Ine RN A T 5 A5 750 78 P 350 56 3F 42
o [e) A EL A A Y RO VR S o MR A X e 2
W% 12— [ WEAH X Ine RNARL R HCC B /Y T
Jo PR BE AT SE A TN . i H 12— A WA K Inc RNA &
WEFEY A W AH IR S, X AR R
[l B T B A S H N E

AW FANAFEAE SR B, B 5, R — 0 ] Ji
PEWFSE, WFRSEIE IR A FTCCASE %, ikl B
e R HOR, XA B B
fib ik 7 ) BA B T ik — 25 AT IR UE DA B B i T
R e M, X T 2 R R R v R A IE S o i
55 90F 52 5 HCCH 5 A1 56 1Y 56 I 7% 2k — 25 2 56 4
N H IS TEAE AL

Wit [ WS - Inc RNASLRIA R 2%, 2
SE T 120 F WA E i Ine RN A FY F5 00 5 50 | 2 45 70
XFWMHCCEF 1. 3. SAEEA R B R
BE R R e . BRI 12— A WEAH Elnc RNA
AU 90 )i B R0 AT LA o ff G T H C C R B T
Jei o ARATY T B3 3 i A S 56 ok 1 — 25 R IE .

5% CHk

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2018,
68(6):394-424. doi: 10.3322/caac.21492.

(2] Btk BALGr. I 2k e R AL B A 5 e B Gy 7 B

http://www.zpwz.net



557 S

, % FF4 e Bra AR R K EE JE R0 RNA TR AL L 5 7

847

[3]

(4]

(5]

(6]

(7]

(8]

9]

(10

=

(1]

[12

—

[14]

IR[T]. AP E AR, 2018, 27(7):910-923. doi:10.3978/
j-1ssn.1005-6947.2018.07.016.
Chen SF, Zhao LJ. Research progress on mechanisms for
occurrence of liver cancer and its treatment status[J]. Chinese
Journal of General Surgery, 2018, 27(7):910-923. doi:10.3978/
j-1ssn.1005-6947.2018.07.016.
Song X, Du R, Gui H, et al. Identification of potential hub genes
related to the progression and prognosis of hepatocellular carcinoma
through integrated bioinformatics analysis[J]. Oncol Rep, 2020,
43(1):133-146. doi: 10.3892/0r.2019.7400.
SRBE, ORI, SO, S5 JRUR VIR A T AR IR A F 4
KRR R AT HI[I]. AR A AR, 2019, 28(1):18-23.
doi:10.7659/j.issn.1005-6947.2019.01.003.
Le Q, Zhu TE, Mo ZY, et al. Analysis of factors for early recurrence
of patients with hepatocellular carcinoma after resection[J]. Chinese
Journal of General Surgery, 2019, 28(1):18-23. doi:10.7659/
j-1ssn.1005-6947.2019.01.003.
Maluccio M, Covey A. Recent progress in understanding,
diagnosing, and treating hepatocellular carcinoma[J]. CA Cancer J
Clin, 2012, 62(6):394-399. doi: 10.3322/caac.21161.
Levy J, Towers CG, Thorburn A. Targeting autophagy in cancer[J].
Nat Rev Cancer, 2017, 17(9):528-542. doi: 10.1038/nrc.2017.53.
Luo L, Qin ZH. Autophagy, Aging, and Longevity[J]. Adv Exp Med
Biol, 2019, 1206:509-525. doi: 10.1007/978-981-15-0602—4_24.
Kocaturk NM, Akkoc Y, Kig C, et al. Autophagy as a molecular
target for cancer treatment[J]. Eur J Pharm Sci, 2019, 134:116-137.
doi: 10.1016/j.ejps.2019.04.011.
Rajendran P, Alzahrani A M, Hanieh HN, et al. Autophagy and
senescence: A new insight in selected human diseases[J]. J Cell
Physiol, 2019, 234(12):21485-21492. doi: 10.1002/jcp.28895.
Gual P, Gilgenkrantz H, Lotersztajn S. Autophagy in chronic liver
diseases: the two faces of Janus[J]. Am J Physiol Cell Physiol,
2017, 312(3):C263-273. doi: 10.1152/ajpcell.00295.2016.
Deng S, Shanmugam MK, Kumar AP, et al. Targeting autophagy
using natural compounds for cancer prevention and therapy[J].
Cancer, 2019, 125(8):1228-1246. doi: 10.1002/cncr.31978.
Cirone M, Gilardini Montani MS, et al. Autophagy manipulation
as a strategy for efficient anticancer therapies: possible
consequences[J]. J Exp Clin Cancer Res, 2019, 38(1):262. doi:
10.1186/s13046—019—-1275-z.
White E, DiPaola R S. The double-edged sword of autophagy
modulation in cancer[J]. Clin Cancer Res, 2009, 15(17):5308-5316.
doi: 10.1158/1078-0432.CCR-07-5023.
1 BT, BET, BB, A5 M T A M N A A K 3
i K H5 RS R [0]. R RS AMRF R, 2020, 29(1):61-68.

© MR IT F EHFFNHFEIH

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23

—_

[24]

[25]

doi:10.7659/j.issn.1005-6947.2020.01.008.

Hu RB, Yang YX, Li XL, et al. Effect of chloroquine on growth of
liver cancer cells and its relationship with autophagy[J].

Chinese Journal of General Surgery, 2020, 29(1):61-68.
doi:10.7659/j.issn.1005-6947.2020.01.008.

Lee YG, Jeon TI. Modulation of the Autophagy-lysosomal Pathway
in Hepatocellular Carcinoma Using Small Molecules[J]. Molecules,
2020, 25(7):1580. doi: 10.3390/molecules25071580.

Kiruthiga C, Devi KP, Nabavi SM, et al. Autophagy: A Potential
Therapeutic Target of Polyphenols in Hepatocellular Carcinomal[J].
Cancers (Basel), 2020, 12(3):562. doi: 10.3390/cancers12030562.
Li P, Du Q, Cao Z, et al. Interferon-y induces autophagy with growth
inhibition and cell death in human hepatocellular carcinoma (HCC)
cells through interferon-regulatory factor-1 (IRF-1)[J]. Cancer Lett,
2012, 314(2):213-222. doi: 10.1016/j.canlet.2011.09.031.

Lin A, Li C, Xing Z, et al. The LINK-A IncRNA activates normoxic
HIFla signalling in triple-negative breast cancer[J]. Nat Cell Biol,
2016, 18(2):213-224. doi: 10.1038/ncb3295.

Rachagani S, Macha MA, Heimann N, et al. Clinical implications
of miRNAs in the pathogenesis, diagnosis and therapy of pancreatic
cancer[J]. Adv Drug Deliv Rev, 2015, 81:16-33. doi: 10.1016/
j-addr.2014.10.020.

Guo Q, Cheng Y, Liang T, et al. Comprehensive analysis of
IncRNA-mRNA co-expression patterns identifies immune-
associated IncRNA biomarkers in ovarian cancer malignant
progression[J]. Sci Rep, 2015, 5:17683. doi: 10.1038/srep17683.
Pang W, Lian F Z, Leng X, et al. Microarray expression profiling
and co-expression network analysis of circulating IncRNAs and
mRNAs associated with neurotoxicity induced by BPA[J]. Environ
Sci Pollut Res Int, 2018, 25(15):15006—15018. doi: 10.1007/
s11356-018-1678-y.

Yang L, Zhang X, Li H, et al. The long noncoding RNA HOTAIR
activates autophagy by upregulating ATG3 and ATG7 in
hepatocellular carcinoma[J]. Mol Biosyst, 2016, 12(8):2605-2612.
doi: 10.1039/c6mb00114a.

Jing Z, Ye X, Ma X, et al. SNGH16 regulates cell autophagy to
promote Sorafenib Resistance through suppressing miR-23b-3p via
sponging EGR1 in hepatocellular carcinoma[J]. Cancer Med, 2020,
9(12):4324-4338. doi: 10.1002/cam4.3020.

Zhang Z, Li JZ, Wei ZW, et al. Correlation between expression
levels of IncRNA UCA1 and miR-18a with prognosis of
hepatocellular cancer[J]. Eur Rev Med Pharmacol Sci, 2020,
24(7):3586-3591. doi: 10.26355/eurrev_202004_20820.

Gong X, Zhu Z. Long Noncoding RNA HOTAIR Contributes

to Progression in Hepatocellular Carcinoma by Sponging miR-

http://www.zpwz.net



848

B E A RS

9529 &

[26

=

217-5p[J]. Cancer Biother Radiopharm, 2020, 35(5):387-396. doi:
10.1089/cbr.2019.3070.

Luan F, Chen W, Chen M, et al. An autophagy-related long non-
coding RNA signature for glioma[J]. FEBS Open Bio, 2019,
9(4):653-667. doi: 10.1002/2211-5463.12601.

[30] Zhang J, Fan D, Jian Z, et al. Cancer Specific Long Noncoding

RNAs Show Differential Expression Patterns and Competing
Endogenous RNA Potential in Hepatocellular Carcinoma[J]. PLoS
One, 2015, 10(10):e0141042. doi: 10.1371/journal.pone.0141042.

[31] Jiao Y, Li Y, Ji B, et al. Clinical Value of IncRNA LUCATI

[27] Li Z, Zhang J, Liu X, et al. The LINCO1138 drives malignancies Expression in Liver Cancer and its Potential Pathways[J]. J
via activating arginine methyltransferase 5 in hepatocellular Gastrointestin Liver Dis, 2019, 28(4):439-447. doi: 10.15403/jgld-
carcinoma[J]. Nat Commun, 2018, 9(1):1572. doi: 10.1038/s41467— 356.

018-04006-0

28 (AXpm#t £0F)

[t

Jiang H, Shi X, Ye G, et al. Up-regulated Long Non-Coding RNA
DUXAP8 Promotes Cell Growth Through Repressing Kriippel-like
ARSI AR B2k, AR, o, S5 T4 A A DG BE
FEGHASRNA TG AL A7 55 Ar )], b RS E SRR R, 2020,
29(7):839-848. doi:10.7659/j.issn.1005-6947.2020.07.008

Cite this article as: Chen S, Zhao JS, Li JH, et al. Construction and

Factor 2 Expression in Human Hepatocellular Carcinoma[J]. Onco
Targets Ther, 2019,12:7429-7436. doi: 10.2147/0TT.S214336.
[29] Liu Y, Chen L, Yuan H, et al. LncRNA DANCR Promotes

Sorafenib Resistance via Activation of IL-6/STAT3 Signaling analysis of prognostic model for hepatocellular carcinoma based on
autophagy-related long non-coding RNAs[J]. Chin J Gen Surg, 2020,

29(7):839-848. doi:10.7659/j.issn.1005-6947.2020.07.008

in Hepatocellular Carcinoma Cells[J]. Onco Targets Ther, 2020,
13:1145-1157. doi: 10.2147/0TT.S229957.

RFIX KRB ST FAERFRER

L geitwtgeisit: RGeS i 2 Pl 2ok . id & Bt (2 N RTREYE . [BUPE sk Wy i e ) 5 58
Foriit (WASACRARRBTTERL, A Blcx ot Mt X80T, BRI 5 Rt (s Us 745 )L
W RIS, SR TR R A RESE ) o ERUMOR N FISE 4 AN EEAEI (RENL, XTI, EEA. ) MR, LB
L E Ay IS SRS E IR Rl A TR

2. GORIFIR S A % £ s FRE DR IES AR E TR, HI M (QR) Kk B mAMu M Em Ok JHgeHRN,
BEE PRSP EUR B0 & SRR s FIGETHIE Ty, B HGE R R 2E RN 5 GO BURPERC, 4l b 20 B (5
BIPRIEAF SR 5 s AR RN, M REARE/NT 20, EHEBEX ARG AT,

3G R R W TR R BORE, RARYE PRSI TRA  BORIT B A BRI T H Y, S E M SE T4y
Wik, ARiE HE ¢ R AN R T 220075 0F TEvERor, ROAREEITR BB 28 | e v i PR BRI HL 46 5%
TR, SRS STk, ARiE BEM x s, X FRIAGHT, MA5E Ll myREAR &, BEHAE i bl
E2ERY, ARLHE HE IR B BI04, % BA FA2 SO i) DR AT BOoRE, ARLR ALARBE ;s P T2 INER . ZHEPR%
B, B —TT AT SR b, R REE 2 TG i, DA P 3 2 A0 58 AR R RN 2246 bR 22 18] (4 N ZE IR R 2FA 74T
B B HREANPEA o

4. GOTEER BRI 2 P<0.05 (2K P<0.01) ff, NEBEHIRS HOZH 2 ) 22 5 et S0, AN BE T Hu g 2 fi] B
AR (SRR BEME) 1922005 WEWRT G ANOINER B (. RSO TPORS K5 TR R M5
(977 225001 . BB I P LAY g K055 ) | St A EARE (11 6=3.45, X *=4.68, F=6.79 4% ) I Al BEZ tH B P (
P=0.0238) ; M MEEAESE (G SRR ) i, 7Eg D M I A RIS, P4 95% EAF XA,

© WA )T i [ & F I F 2P H

http://www.zpwz.net



