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W E.HW HAEDEEFHALMN HSPBIEMBRE TR RARELMBEENL, A% %A Oncomine,DN-
MIVD,UALCAN #ft Kaplan Meier-plotter 2 #7 & 3k 1 4 # # %, Al A STRING # LinkOmics 1 # B & & 4 #r
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Abstract: Objective To analyze the aberrant expression and complex regulatory networks of HSPBI in
LUAD by bioinformatics techniques. Methods Oncomine, DNMIVD, UALCAN, and Kaplan Meier-plotter
were employed to analyze expression and survival data. STRING and LinkOmics were used for gene set enrich-
ment analysis (GSEA). GSEA was performed to enrich kinase, miRNA, and transcription factor target net-
works.  Results Overexpression of HSPB1 was identified in LUAD. The expression of HSPB1 correlated
with prognosis, stage, and lymph node metastasis status in LUAD, and it was associated with functional net-
works via regulation of the MAPK signaling pathway and VEGF signaling pathway. HSPB1 was implicated in
several tumor-related kinases, miRNA, and transcription factors. Conclusion HSPBI may serve as a prog-
nostic and therapeutic biomarker for LUAD.
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PR AR 2H 22 R o 43 A AR /N 20 R it g R /) 2
JiOR A R I | VAN N Rl N RN R |
Jitd Je8 A0 Jili % 985 (Lung adenocarcinoma, LUAD) 4H 1%,
Horb  LUAD 78 574 ilid b B 5 Bl 60 %60 . i 4F
KR LUAD BE W AR £ R W 4 & R 7 N e R
WrfilHr . (H LUAD & B f e sk g 22, Wik, &
WH Z 1) LUAD 23 545 2 40 X 8808 8 B FAS 1
IR BA EEE X,

PR FEHE H (Heat shock proteins, HSPs) & — 2%
HA— & 57 F YR 8 1, J2 78 FA0R 5 5 At 1 i 2%
PN EEA RS MR B AN —KEN.

HSP27 ,HSP40,HSP60,HSP70,HSP90 A1k HSP110,

GRP170 7 19 7 sl i) 7 385 a8 AH X6 v T 2 455 248 g 28
HWAA S R i E 2 XEZEWIEN. HSPBI #
fir 45 HSP27, /2 /)y HSPs X A 51 . 8K B 22 1Y
UEHE 2 B HSPBL 75 J i 1 1F J& (Tt 24 G B v
EEEH, AR, HSPBL (1 2h g m i 97 15
EMT 11 5 % A 48 PR 9 0 2F 8 AH ¢, $2 78 EMT
5 THE JUR AR A P R T SR T 2 22 ] RT RE AR AE OCHE L
Ak, PtdIns(4,5) p2 KEKATE#E p53 5 HSPB1 Ay HH H
FEFT AN A& 52 #% p53 . 56 F HSPBI1 5 it 24 1 56
Z ,HSPBI i #0i% 9 fe ik AKT 3@ #% . ] p21 M
A0 M A% 1] iR RS S AR ] . SRk I AR T
HSPB1 K1k 5 Z 80 A\ b 7 J5 A5 OC i iR, G &
5 MR R 5 T

YT HSPBI 2k i B2 AL N . BEE AR HOR
(PR R R NTTARAS T RSB0 . AR WA 8 25 4 bk
Tz BT TR AE . fEAS T 2R A
Y5 B2 07 2k 0 B LUAD 5 HSPB1 145 543 4
FEECHE L T RE AF 7 A GG, Il H Oncomine, UAL-
CAN.GEPTA 45 %45 5 43 B He 3R 3k 5 s R Rp AR S A4
VeRINVN P
1 #REFE
1.1 HELEAEZESH FH Oncomine $UHE % (ht-
tps://www. oncomine. org) 1 4> #f HSPB1 %A mR-
NA RHREMW . P8 EIEE PR, I Oncom-
ine FHE I h e 8 22 S LR 43 B BB (Cancer vs . Nor-
mal analysis), TERFAERAIFESE LUAD, — R 51
W98 45 R 7E Oncomine H #t 47 Meta 43 1. TIMER
2. 0% 8 3 F A& % (immune) | £ & (explora-
tion) . 7 fili Cestimation) 3 ~#F 4. Dill Exp B E i A
LR 44 “HSPB1”, s 5 48 3¢, B AT 15 21 3% 3 K 75 2 Fh
e TR A E LR AR R A
1.2 7E€ Human Protein Atlas 8¥g E P 0 A
K AR K% (https: //www. proteinatlas, org)! J&

— NI BT R R A T R SR T E A A
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B, AL EERE R T FEAFIE® A2 RNA
TREEIN R (RN A-seq) FIZH U4 5] G e 4 AL Y 4 20
R E R PR R . R IR bk B AR I
LR H 2 3 B HSPBL S H R RIA .
1.3 UALCAN #1 Kaplan-Meier % G J&E 53 Bt
UALCAN Chttp://ualcan. path. uab. edu)"" 2 —
A3 AT 31 i i 28 Y A 0% 3a ] A2 B U, PR O
ASURUZH 73 Hr HSPBI 78 IE % 4 2R 20 2 (1 3Rk
X8 3 g o RN 3 A 1 O A B2 i, Kaplan-Meier

plotter Chttps://kmplot. com/analysis/) "' J& — 4

N PRI 3% 3K 7 T 3 A R 42 1 A A AR R B &l I i, AR
T2 A e i1 HISPBI (138 75 1 s & .

1.4  cBioPortal ¥ % 5 DAVIA %04 & 7 #r
chiopportal Chttp://cbioportal. org)M? J& — 4~ 4 &
225 WU RE BIF 5T 09 255 1k 2 S g R 6 PR 2 2 B8 4R
T cBioPortal ¥, 43 #f T OncoPrint, Cancer Type
Summary . Mutations, Co-expression % #f 4> HSPB1
B ECHE . W AT DL T Ml i B HSPB1 5 <5 ik 55 P Y
MHEAEH . KL, AR S48 5 DAVIA Ak $ T
LUAD H 3 HAR M (GO) Rt #f 3 R 5 3 R4 H
FH42F5 (KEGG) 43 BT Y 55 R R 72

1.5 LinkedOmics (35 % /3 #1 Linked Omics (ht-
tp://www. linkedomics. org/)M 2 — AN BT
WOt A T BN 32 PR AE 1 22 2 2 5 ds . %0 R
P AV F S A A OC /Y R I, 1) 40 % Sk L mi-
croRNA B¢ 25 H il iy foe ik H AR B2, 53 B 45 2R w] LA
88 R R . AL, Bk 5 TR R A A
AR 8 B A D) R AT | AR A b LIRS AR W)
22 ULf# . 7E Link Finder b, B $2 4L T & 1l & A1k
B, T EEA S LUAD $ 5 HSPB1 A2 1Y A [
RILFERE, AREHALF T LUAD  HSPB1 1 GO
S A KEGG 3 % , I #U BH miRNA F1§% 5 H 1
Y FE AR R 2%

1.6  GeneMANIA 48 737 GeneMANIA (ht-
tp://www. genemania. org) """ A DL 5 fiz 1% L A A
LKA B IR , R 0% 81 FH AR 5 K 09 3 i O B £k 4l 4 O
Ve —2H g AR DRAR G B M R R, PR AR R 2H
FIR T 2 A 8 7 5 8 2 W BB ATM % o [N+
FOXO4 18 H — & H A EAEH (PPD R %5

2 BHR

2.1 HSPB1 7 LUAD iy#% 538k HSPBI fE4
& LUAD 16N Y8 9E th R B & B (WL 1A &
1B), 45 R L U], HSPB1 A] fE /& 33X 26 i 4iE Hr (19 fie 98 2
W, AT i#t— 2% HSPBI 4% 5k %k . R A Meta
3 W 1 22 TRURE 5 Fh BT 53 A 8 07 1% 40 B A R A 2R
TR Z A 1Y R IB G O 25 26 43 B 7R, HSPBI 1Y 3%
KRBT E P <<0.0D, WA 1C,
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Liver Cancer Comparison of HSPB1 Across 7 Analyses
Lung Cancer C Over-expression / Copy Number Gain
Lymphoma Median Rank  p-Value Gene
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2. Lung Adenocarcinoma vs. Normal
Hou Lung, PLoS One, 2010

3. Lung Adenocarcinoma vs. Normal
Landi Lung, PLoS ONE, 2008

Selamat Lung, Genome Res, 2012
6. Lung Adenocarcinoma vs. Normal
Su Lung, BMC Genomics, 2007
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The ran|k for a gene is the median rank for that gene across each of
analyses.
The p-Value fora gene is its p-Value for the median-ranked analysis.
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VE A Bk H TIMER2 %4 ), HSPBI1 & 4 F# 5% 4E 4 40 P oy # %
% 1 8 5 ;C. 3 Oncomine 3 #& JE ¥ 7 TUHF % 1 Meta 447,
F 2022 £ 1 A %4

B 1 HSPB1 £ LUAD # th % F %k 3k (&

2.2

HSPBl FEH A # k3T Human protein At-

las 5090 PR A 20 WL AN ZH 21 1 43 B HSPBI 76 8 1 KF
(2B A o, &l 2A F1IEl 2B fir s . HSPBL 2K 1 7E
FALUh M RE M E TIEEHSL,

2.3 HSPBl £k K HIHKRFFIEN LR EWHAE
s Al 21 25 A Gidt 8 L (P <<0.01), WLIE 3A, 7
HSPB1 £iE H5IGKRFFIECR M, 1.2.3.4 015
X AL A F kA £ 5, 7F NOUNT N2, N3 ] Fil s fig

AL EIF LS (P <0.0D), LE 3B.K& 3C,

= A;FEB%%JT&%W%FE*WQH/A%HIE #
M5 13945 R % 5 : CAB004439,
HSPB1 & & & Human protein Atlas 1 & ¥ 1y % &

//\c
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A Expression of HSPB1 in LUAD based on Sample types B Expression of HSPB1 in LUAD based on individual cancer C Expression of HSPBL in LUAD based on nodal metastasis
stages status
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£ s0d —— 5 o] = ; : e*‘ .n s =
il ! o 4 i ke 2l =l 5
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Normal Tumor Normal ~ Stagel Stage2 ~ Stage3 ~ Stage4 Normal N0 N1 N2 N3
TCGA samples TCGA samples TCGA samples
EA N EFE ML FE 4 4 % HSPB1 mRNA AT 8t 5

B.C % HSPBl mRNA R o Hfu#E Hh AP Kk
3 HSPBIl &3 X 5 i KA AE 8 % 7

. P <0.01,
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2.4 HSPBl #ik 5 LUAD f£i& M X% T
B S T (B % 2 RIS 3R 5k =47 40 4, an il 4A BT
~N.HSPBl BN @RI SMBXIAELEFN LA R
F2EF (P <C0.001), HSPB1 J X 26 1k M A4 i 3 2

A7 B %2, HSBP1-5' UTR 1 cg07681419 {7 s HI
HAk F1 HSBP1-Body 9 cgl17365504 £ i FF 54k 7 5
BB FARIEIAIER (P =0.045; P =0.025) , WL 4B,
& 4C,

A . HSPB1 (201841_s_at) B HSPBI - S'UTR; 1stExon-Island-cg07681419 C HSPB1 - Body-lsland-cg17365504
=4 HR = 1.66 (1.31 - 2.11) e | 3 est pualue=0,
Iogrank(P =2.2e-05 - Lo palieng 00 4 beerags 0
« | . \_
= I s N
:‘LV \_\
5 g 1 Zo | “\, E b= ‘}C\‘_‘
s = " = Y
] = \ % Y
£ 31 S % \1 Ed L M
e, o B L
6 1 = T
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— Iqw — L (n=300)
S 1-_ hfghl ] r ‘ s == hﬁ;‘;ﬁ’r‘[‘;_zfsgz’) 5 — Higher (n=161)
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H:A N LUAD B4 HSPBl %3 5 ¥ k% £ X £;B % HSPBI-5'UTR ¥ 31k
k5 LUAD B # £ a4 ;C 0 HSPBL W9 ¥ (5 LUAD &£ F W % &
B 4 HSPBl % 5 LUAD £ %y X %
2.5 HSPBl MEHA S MM EAERMS LUAD  40MA% 4000 55 A% 0t B B4R Fn PRP19 B &0k B, I

) HSPB1 & A A7 — S & AR T8 =, WK 5A. FH
STRING 4 A I 25 1 — 25 R BAE R 45, & B3
H—EHYS HSPBL M#HEAE M. W CYCS,CDC5L,
MAPK14 45, WK 5B, AT T fifixX 8 [ Dife ., it
i DAVID 8 44F #5147 GO 20 #r fit KEGG i % 43 #r » iX
SR P EAERERK GO §ENAEY ¥ i B kA
AMBERR AL NS T 10 B T H B RR AL
MAPK BAE, WLE 6A, GO &% 44l 5 46 -

A 1.4%4 & Mutation
® Amplification

1.2%1 ¢ Deep Deletion

0.6%

Alteration Frequency

0.4%-

Mutation data +
CNA data +

A 5
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Kl 6B, GO BEMN S TIREEEE . = 5 850K & 1
22 5 IR / 7 5 R T O T S R R O M AR 1 T
PEVATP &54 R dh 454 Al ATP BTG . WLIE 6C, 7
KEGG il #43 #r . & A MAPK 1553 #% . 5 I
Wi B TR G A R VEGE {5 S i a4, WK
6D, 2 45 f% (MAPK 15 5 # §% 1 VEGF {5
Sl X LUAD £ HE %,

.

#H:A N HSPBl B& W R E XA WS ;B N HSPBL 4 E 8y R E W %,

HSPBI # &% & #0248 B 15 A F 4
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A Biological process B Cellular component
macropinocytosis I Prpl9 complex I—
p38MAPK cascade N focal adhesion |
protein autophosphorylation  IEEEEEGEG—_— nucleoplasm I
e cytoplasm
senescence
peptidyl-serine phosphorylation IEEENE—— nucleus |
0 05 1 15 2 25 3 35 4 45 0 0.5 1 1§ 2 25
C Molecular function D
KEGG pathway
ATPase activity, coupled
o P == VEGF signaling pathway [INNEGE
almodulin binding [N
cmotitimdne Legionellosis |
inding NN
ATt inoe Influenza A I
calmodulin-dependent protein e
kinase activity Toxoplasmosis [N
T B —
serine/threonine kinase activity MAPK signaling pathway [N

0 i 2 3 4 5 6

E A K GO AT oy & 4 A2 2475

B & GO 4 e 28 B & 20 20 4 5

2 4 6

CH GO 2t 2 F Fh #2047 ;D h KEGG # # 41 .

K6

2.6 DieMaE LS FIH Linked Omics X} U fig
W24 4T B B4 BT, GSEA iy CC Bk 211, A A
SNV S ¥ VRN NS 3 TR N S B 7/ N R N
NADH &M E &Y AR L. BP 5 Hr 4R B A
2 55 2R I DR 3R 5K L R IR T IR B A G IR 4 %

AR E B AT

NADH Jii U 52 A A 41 %% | B3 4 f R — Bl 2 4% 11 1K
LR, A BT S S AR R 0 S5 48 B oy AR A
BTG EH T NAD(PYH T B 41 E A
545 R BEREIG R IR 1 TR,

=B s

®1 HSPBl ERGHEOMEEMEREZED GO EEM KEGC BREESH

Gene set Description Ontology Count FDR
GO:0140053 mitochondrial gene expression BP 55 0
G0:0033108 mitochondrial respiratory chain complex assembly BP 38 0
GO.:0010257 NADH dehydrogenase complex assembly BP 31 0
GO:0006414 translational elongation BP 62 0
GO:0009141 nucleoside triphosphate metabolic process BP 67 0. 000265
G0O:0005743 mitochondrial inner membrane cC 162 0
G0O:0098798 mitochondrial protein complex CcC 102 0
GO:0070469 respiratory chain CcC 44 0
GO:0030964 NADH dehydrogenase complex CcC 27 0
G0O:0005840 ribosome cC 84 0
G0O:0003735 structural constituent of ribosome MF 70 0
G0O:0016651 oxidoreductase activity,acting on NAD(P)H MF 37 0
GO:0009055 electron transfer activity MF 45 0
G0:0042393 histone binding MF 68 0.002571
GO:0004386 helicase activity MF 56 0. 002571
hsa00190 Oxidative phosphorylation KP 48 0
hsa03010 Ribosome KP 58 0
hsa05012 Parkinson disease KP 44 0.001708
hsa03050 Proteasome KP 23 0. 002049
hsa05016 Huntington disease KP 58 0. 00244

Note: BP, biological process; CC,cellular component; GO,gene o

way; MF,molecular function

ntology; GSEA,gene set enrichment analysis; KP,KEGG path-
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2.7 LUAD i . miRNA Fl 5% 780 5 W 2% 11
AT ST HSPB1 J& & B AT #% 5% 7 L BRE A
miRNA # &5 W%, (i 1] GSEA $EA7 00, W3 2. i%
Peo H B Kinase_ ATM % 5 HF FOXO4, ffi F

GeneMANIA 4 PPI W%, Kinase ATM Fl%% 5t [
T FOXO4 & £ 1 A B T DNA 58 8 PR K 4
DNA 53453 46 25 o 0200 1t J) 1A A e o5, DL 7,

% 2 Linked Omics 43 #7 . HSPB1 $E [ A9 B8 . miRNA ## R E F
Enriched category Gene set Leading EdgeNum P-value
Kinase target Kinase_ ATM 46 0
Kinase_CDK1 76 0
Kinase. MAPK13 10 0
Kinase_ RPS6KBI1 8 0.004386
Kinase_ CHEK1 40 0.005128
miRNA target TTTGCAC,MIR-19A.MIR-19B 219 0
TGTTTAC,MIR-30A-5P, MIR-30C, MIR-30D, MIR-30B, MIR-30E-5P 185 0
TGAATGT,MIR-181A,MIR-181B, MIR-181C, MIR-181D 168 0
TGCACTT,MIR-519C,MIR-519B, MIR-519A 161 0
AATGTGA.MIR-23A.MIR-23B 161 0
Transcription Factor target TTGTTT_V $ FOX04_01 625 0
KCCGNSWTTT_UNKNOWN 37 0.001081
V $SOX5_01 80 0.001261
V$FOX_Q2 57 0.001513
GCGSCMNTTT_UNKNOWN 21 0.001892

Note:Leading EdgeNum.the number of leading edge genes; FDR,false discovery rate of Benjamini and Hochberg from gene set

enrichment analysis (GSEA). V' $ ,the annotation found in Molecular Signatures Database (MSigDB) for transcription factors (TF)
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Co-localization

Pat hway

Genetie Interactions

Shared protein domsins

Functions

B DNA integrity cheekpoint

W DNA damage checkpoint
cell eyele checkpoint

B doublestrand break repair

B recombinational repair

8 doublestrand break repair via
bomologous recombination

G2 DNA damage checkpoint

B7 ¥ ATM §#% %X HF FOXO4 &8 — & atd 21k Al

3 itig

AN HSPBI 1454 & 95wt 0y o 55 18 B (8 7E 98
JiE P R AR ] 5T 4 I AF9E . HSPBI 2R H 412440 B i
N EFE LUAD & R R EE/EH . A
WEFE b A R i 1y AR W 15 2 2 s Sk 58 HSPBI 1E
LUAD i3t R8T ae e L8 b & 3 1 LU-
AD ' HSPB1 Wi 3R 35, 38 o 05 W 240 9 B AR, & 3R
— 116 —

HSPBI1 K3k 5 i RSk BURHE /Y OC R A7 1R 22 5, Rk
SRRk a5 A k., AR T, R
R AEFRBAER G, A Xk AR S T
HSPBI £ LUAD 12 Wr 36 97 F1 IS A= 90 0% 26 4 1Y
L R

AR D HSPB1 AT 83 8 5 Ho b & [ 5 A
HAER W 4 R . R R R A AR S
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HSPB1 A1 B AE I 438 B v, & 303 X 5 9 9 AH G i) 2
WA EHHVNER, RiE GO Al KEGG 23 ¥, i1
KR 3 22 IR Ak N BOA S R B AR A
B AL . MAPK ZC 45, 2 1 50 60 465 85 4R i M 25 11 22
GAR /I I T T S R 2RO B P R T
ATP 454 R4S M ATP #i% ., MAPK 5%
WA VEGE {5538 g R EMMES&RE. b,
XU Z H 4" % 3 MAPK {5538 B 7E LUAD B 80>
HEEFPEE, CHEN T M 20 3 1 GEO i )%
53 B4 7~ T MAPK 5 53 & LUAD /) 8 2258 #%
Z—, LU s MAPK {3 53 B 5 0 98 0 1 22
R 5] 0 44 58 R4 22

GSEA H % T miRNA 3L [H | % 5% 7§ 25
MBS FE . SHI D B U il 7 miR-31C 5
HSPB1 M 1E H 2k 1 HAth miRNA 5 HSPB1 9 1F A
HAATE, k& O (FOXO)FK KT R H K 52 i i
LT R ) B SRR T FOXO4 18 45 41 if J#]
L ST AR R R R 4R i . ATMLCDK1 .
MAPK13, RPS6KB1 Al CHEK1 & ®i 5 1 i .
ZHAO M N %290 % 31 CDK1 & X # 5 A, CDK1 ik
Fik LUAD R E MR AFHHEELL., ATM 5
DNA 5g% P DNA $5 475 A1 20§ JE 309 4G 5 5 7 37 A
St i s gE B g R IREI AL 0 HSPBL A] LA
Hat DNA A OCK: A sl A ¥ E _ATM il FOXO4,
A EYE B E TR R T, R AT —Fh B
A T LK Z R A 0 hr 8 o B 6 0T AE — R, TR &
B AT RE B UL AL . MR v G 2 A 32 i ) 288 R
LR A1) 5 11 PR 45 51 %% DI AH G, AU BB 19 A 7 A T
DU AL, T L 52 Ml fieb 968 XEIE T B B R . R B ATIAE R
25 ) B8 RORIG PR A= 9 24 88 A B T R YRR

B2 ARHESE S HSPBL 78 LUAD A9 4 {8 $2 {3t
T Z B UEdE X R ad Rk e LUAD B & 5k AL o B
HEEZE S, AN, —2 miRNA IR AE A G 3G 5%
SRR F AT 8 & L 5, HSPB1 7F LUAD 1 Bl J5 45 75
Yyl G EAE .

S Xk
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