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[ Abstract] Background and purpose: Destroying the balance of copper ions in the body may promote the occurrence and
development of cancer. This study aimed to investigate the effects of copper ion on cell proliferation and elucidate the clinical
significance of copper chaperone genes in lung cancer. Methods: The effects of copper ion on cell proliferation were determined by
trypan blue exclusion experiment. Western blot assays were performed to test the effects of copper on the expressions of extracellular
regulated protein kinase (ERK) and phosphorylated ERK (p-ERK). Tobacco carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) was used to induce lung cancer in mice, and the copper content in lung cancer tissues and normal lung tissues was
detected by inductively coupled plasma mass spectrometry (ICP-MS). Databases including The Cancer Genome Atlas (TCGA),

Oncomine and the Kaplan-Meier Plotter website containing the microarray data of patients with non-small cell lung cancer (NSCLC)
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were used to analyze the correlation between the mRNA expression levels of copper chaperone for superoxide dismutase (CCS),

cytochrome C oxidase copper chaperone (COX17) and antioxidant 1 copper chaperone (ATOX1) and the prognosis of lung cancer

patients. Results: /n vitro experimental results showed that copper ions at a concentration of 5 pmol/L was able to significantly

promote the proliferation of lung cancer cells and normal lung epithelia cells, and induced the activation of intracellular ERK

signaling pathways. In the NNK-induced lung cancer mouse model, the concentration of copper ion was significantly higher in

cancer tissues than in normal lung tissues. In TCGA and Oncomine databases, the expression levels of CCS, COX17 and ATOX1

were significantly higher in cancer tissues than in counterpart normal controls. The expression levels were inversely associated with

prognosis of the patients. Conclusion: Under specific concentration range, copper ions can promote cell proliferation. The copper

chaperone genes could potentially be used as biomarkers to predict the prognosis of lung cancer patients.
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Fig. 1 Copper ions promote the proliferation of A549 and 16HBE cells

A, B: A549 and 16HBE cells were treated with equal volumes of culture medium and copper ion solution at a concentration of 5 pmol/L. The cells
were collected on day 1, 2 and 3 for trypan blue staining and counting, respectively. The growth curves were plotted
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Fig.2 The effects of copper ions on ERK in 16HBE cells

The changes of p-ERK in 16HEB cells were detected by Western blot after treatment with different concentrations of copper ion solution for
48 h. A: The results of immunoblotting assay; B: The relative quantification of p-ERK by optical density measurement of Western blot protein bands

normalized to -actin
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Fig. 3 Copper ion concentration was higher in mouse lung cancer tissues than in normal lung tissues

A: The mice were scanned by micro-CT (upper panel; tumors were circled in red) and the tumors were separated (middle panel), H-E staining was
performed on the lung tissues of the mice (lower panel); B: The copper ion concentration in normal lung and cancer tissues of the mice, detected by

ICP-MS



(F@&ER L) 20214315511 1077

A B C

124 P=0.001 0 124 P=0.009 5 12 P=0.008 0
=114 ~ -1 ~
t & 111 k11
& 10 pad Z
2 &' 101 &
g 71 I ug"an =~ 104
Z > " >
= 7 < .l. ] <

[ 1}

Z 6 Z 8 Z

5 . 7 . 7

Tumor Normal Normal
CCS COX17
D E F
2.54
0.005
20 257 0032 2:517.8054
2.04
15 46 4.85E-14

5.88E-6 (015

0.003 0.002 1.5 5.59E-14

_.
ke

2.04B-4 ) 397

1.04

Relative CCS expression level
2

0.5

IS4
b

Relative ATOX1 expression level

Relative COX17 expression level

0.0~

0.0
. > :
Garber Okayama  Wachi 0&@‘ ) @y Q,o" q&&

o

5 S X > > &
S R R S
¢ > °
B4 EHEEARBERECCS. COXITHATOXIEMEEEEARTHREKERES TEEMAR
Fig. 4 The expression levels of copper chaperone protein-encoding genes CCS, COX17 and ATOX1 were significantly higher in cancer tissues
than in normal lung tissues

A-C: The expression levels of CCS, COX17 and ATOX]1 in lung adenocarcinoma tissues and normal lung tissues in TCGA database; D-F: The
expression levels of CCS, COX17 and ATOX1 in lung cancer tissues and normal lung tissues in Oncomine microarray datasets
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Low 361 185 32 7 1 Low 360 175 13 1 0 Low 360 185 30 4 1
High 358 162 37 12 0 High 359 172 56 18 1 High 359 162 39 15 0
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Fig. 5 The expression levels of copper chaperone protein-encoding genes were negatively correlated with prognosis of patients with lung
adenocarcinoma

A-C: The Kaplan-Meier plotter website was used to analyze the correlation between the expression levels of copper chaperone protein-encoding genes
CCS, COX17 and ATOX1 and the prognosis of patients with lung adenocarcinoma



1078

R B %5 UBESXMEARISENFERERERNIERRY

3 it %

B F R N AR A A 3 o T T Y — b
e E . AR 1) &R W Ak
—RHNBR L ARSI, BT T AR
YN N ERKHERR L, T2 28 e 20 B A e
MMEITE . AR Y R, SRR R
PEERE, BB T HE L ATOX VR 1 5 =X 1 245
AMEK, MIMiEIEMEK-ERKfSE 55 S @, 1
/N AR B HR R B F iz S5 1 ( copper transporter
1, CTR1) R FIZEAE AR AT FEARMEK 185 R 1L
ERKAIAE ST, PEHIMEKI1-ERKAH B A/F T B4 55
25, S EHEEHATOX1FICTRITE
i B F SMEK M HAZ45 6 hIh i E 2 M,
BLAk, A BT 0T R ol 2 A I 2 R U
( receptor tyrosine kinase, RTK ) 4F:H) (5
SR, WFEAKTMERK 2, DLW &
TB T RES 5RTK IS, M T B ERK Y #
iRtk

W2 5 | o Bl 10 =B AN IR, WA kA
it Jegs (40 JXURG: S AR IR 00 27 B9 20~30155, H 4
SBANIE A S KURR: 2, I T R AS A
RURIGIE > M SR LR M2 P 60£ Fh
EAIMEUEY, BiEZHI R (WPEIFE) |
K NRE T RSIEZE (IINNK ) 2 xS
Y—M e SDNATE UG, P E sk a5l
98 JEE R AN TP5 3 98 745 % 3% 5 Ja Bk K I K RA S5 A8
W P XM BRI CY P2E 1 — R &
il 2% . 7ECUX HINADPHIWAETE R, Wik
AR NNK FHINNN S 7™ 4= 8 2 /K - DNA
Ak, MG IIRARE & A4 B R 5 RIS, A
Frht A ke R E T, Hh o aamms
T B A S 0] DA B A
HHR 6455, X — 25 B T M i 2 20 v o R 32 4
BRI T

FERLRIE B A2, 4 8 7 32 2558 2 4 18
R SCIAE R R i a8 b iz b, SE I & HE A
NPT RE . BAT, AR O MR Ao
RIFGE . RIFFTE A, CCS. COX1TMATOX1TE

NI A R IA K & TIERHS, H
XL )RR KT 5 il B O s FAE R 2
AR, XAE—EFERE L ULHH & v A B 11
MR ke RIRTRE EEMEH . T
I AR B AR OGO A R R
F AT AR A 40 7 6 3 DR A5 RN A I 11— 04
Wi ATOX1FICCSTHB &M B F A 45 W+ T ke
AATERBRAIE T, H T S TS A LR
XA — S AU . Bl FIDC_ACS0nT DLl
1254 ATOX1FICCS I iz B, BHIWT 25+
FEANE N iz, FERR RS AR A T rh R L i
SRR Y L cOX17 54 B F i =t
NARTEFATOX1FICCS, COX17HEAFAET A
RRARIESS T, COX17 545 1S Al figi@
T VR R A A AT N T E e Mg ) 2 A L R
JEB. WA 7 R, e/ RURE 40 R
b, MEKH BT 456 KW RAESFEAKBRAF
V600E AR WX By (1) {552 T R MboRd 2 A, ] 25
FEA TN oA R R A 25 B BT RL, UL
W TCIE Sl o S B a T AR 2 ik B, iR )2
A I P R A B T s, X R An AR A
BB INRIVERT, V800 25— %8 4 i P
PSS T A IR T T I . RI0, H
T4 B A B —Fh TR e, 1 H
KI5 8 R i B 45 25K, A
IR0 b ST 4 B AR, DR A S et
AR, BN 2+ 5 05 A R N as A
Fop A e s, A SELaR., WMak .
K v T 0 0 2R B RORE o R, e
FEFF 25510 ) 40 5 1 245 90 S 45 25 22 5 1) ) B it i 5
e G T 8 AR BRI RE, R AR R B A
AT KB, e R B BB S R ERK B
fefk, JHEE MR A uRgsE, JFRE TS 1E
iR 2H 20 5 1 H H P Y 25 57 . ERKAF 5%
30 6 1) R R T A ) B B N A AE A DT
AL SR A i B 0 M, e
JE RgE T, AT LGS G T BE A AR G g2 o 4y
ER, SR A Rocad B IR st &4 . R EIL
il BeAh, ABFREERM, WA E g R R



(FPBBEAERE L) 202145315 1Y)

1079

KK i £ TR S AORISG, DR AT D et
SIS AR PR, i) Ff s 4 X 4 1
(i B IBORIBELINT ] 25 12 5 iR A2k L R
AR, DT A B e 7 B AT B R

Ed

[ &
(1]

[6]

[10]

[11]

[12]

[13]

% X Bt
CHENG X, ZHOU Y C, ZHOU B, et al. Systematic analysis of
concentrations of 52 elements in tumor and counterpart normal
tissues of patients with non—small cell lung cancer [T].Cancer
Med, 2019, 8(18): 7720-77217.
LI Y. Copper homeostasis: Emerging target for cancer treatment
[J ] . TUBMB Life, 2020, 72(9): 1900-1908.
ISHIDA S, ANDREUX P, POITRY-YAMATE C, et al.
Bioavailable copper modulates oxidative phosphorylation and
growth of tumors [ J | . PNAS, 2013, 110(48): 19507-19512.
O’LEARY C G, ANDELKOVIC V, LADWA R, et al. Targeting
BRAF mutations in non-small cell lung cancer [ J ] . Transl
Lung Cancer Res, 2019, 8(6): 1119-1124.
ANTSOTEGI-USKOLA M, MARKINA-INARRAIRAEGUI
A, UGALDE U. New insights into copper homeostasis in
filamentous fungi [ J | . Int Microbiol, 2020, 23(1): 65-73.
BLOCKHUYS S, ZHANG X, WITTUNG-STAFSHEDE P.
Single—cell tracking demonstrates copper chaperone Atoxl to
be required for breast cancer cell migration [J].PNAS, 2020,
117(4): 2014-2019.
DENOYER D, CLATWORTHY S, CATER M A. Copper
complexes in cancer therapy [ J | . Met Tons Life Sci, 2018, 18.
MICHALCZYK K, CYMBALUK-PLOSKA A. The role of zinc
and copper in gynecological malignancies [ J | . Nutrients,
2020, 12(12): 3732.
SAYEHMIRI K, AZAMI M, MOHAMMADI Y, et al. The
association between selenium and prostate cancer: a systematic
review and meta—analysis [T 1. Asian Pac J Cancer Prev, 2018,
19(6): 1431-1437.
SHAKERI M T, NEZAMI H, NAKHAEE S, et al. Assessing
heavy metal burden among cigarette smokers and non-smoking
individuals in Iran: cluster analysis and principal component
analysis [ J | . Biol Trace Elem Res, 2021, 199(11): 4036-
4044.
MUECKE R, MICKE O, SCHOMBURG L, et al. Selenium in
radiation oncology—15 years of experiences in Germany [ J | .
Nutrients, 2018, 10(4): 483.
ADACHI S, TAKEMOTO K, OHSHIMA S, et al. Metal
concentrations in lung tissue of subjects suffering from lung
cancer [ ] ] . Int Arch Occup Environ Heal, 1991, 63(3): 193
197.
GUMULEC J, MASARIK M, ADAM V, et al. Serum and tissue
zine in epithelial malignancies: a meta—analysis [ J ] . PLoS

One, 2014, 9(6): €99790.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

BARTA J A, POWELL C A, WISNIVESKY J P. Global
epidemiology of lung cancer [ J ] . Ann Glob Heal, 2019, 85(1):
8.
ZHU C, ZHUANG W, CHEN L, et al. Frontiers of ctDNA,
targeted therapies, and immunotherapy in non-small cell lung
cancer [ J ] . Transl Lung Cancer Res, 2020, 9(1): 111-138.
LU J, LIU Q H, WANG F, et al. Exosomal miR-9 inhibits
angiogenesis by targeting MDK and regulating PDK/AKT
pathway in nasopharyngeal carcinoma [11.7 Exp Clin Cancer
Res, 2018, 37(1): 147.
CHENG J, LUO Z, CHEN G H, et al. Identification of
eight copper (Cu) uptake related genes from yellow catfish
Pelteobagrus fulvidraco, and their tissue expression and
transcriptional responses to dietborne Cu exposure [ J ] . J
Trace Elem Med Biol, 2017, 44: 256-265.
CERAMELLA J, MARICONDA A, TACOPETTA D, et al. From
coins to cancer therapy: gold, silver and copper complexes
targeting human topoisomerases [ ] | . Bioorg Med Chem Lett,
2020, 30(3): 126905.
TURSKI M L, BRADY D C, KIM H J, et al. A novel role for
copper in Ras/mitogen—activated protein kinase signaling [J].
Mol Cell Biol, 2012, 32(7): 1284-1295.
HE F, CHANG C, LIU B, et al. Copper (Il ) ions activate ligand—
independent receptor tyrosine kinase (RTK) signaling pathway
[ J].Biomed Res Int, 2019, 2019: 4158415.
HORI M, TANAKA H, WAKAI K, et al. Secondhand smoke
exposure and risk of lung cancer in Japan: a systematic review
and meta—analysis of epidemiologic studies [ J | . Jpn J Clin
Oncol, 2016, 46(10): 942-951.
KHUDER S A. Effect of cigarette smoking on major histological
types of lung cancer: a meta—analysis [ J | . Lung Cancer, 2001,
31(2/3): 139-148.
CORRALES L, ROSELL R, CARDONA A F, et al. Lung cancer
in never smokers: the role of different risk factors other than
tobacco smoking [ J ] . Crit Rev Oncol Hematol, 2020, 148:
102895.
CHASOV V, MIRGAYAZOVA R, ZMIEVSKAYA E, et al. Key
players in the mutant p53 team: small molecules, gene editing,
immunotherapy [ J ] . Front Oncol, 2020, 10: 1460.
MANISALIDIS I, STAVROPOULOU E, STAVROPOULOS A,
et al. Environmental and health impacts of air pollution: a review
[ J].Front Public Health, 2020, 8: 14.
FAJERSZTAJN L, VERAS M, BARROZO L V, et al. Air
pollution: a potentially modifiable risk factor for lung cancer
[J] . Nat Rev Cancer, 2013, 13(9): 674-678.
LERNER C A, SUNDAR I K, WATSON R M, et al.
Environmental health hazards of e-cigarettes and their
components: oxidants and copper in e—cigarette aerosols [ J | .
Environ Pollut, 2015, 198: 100-107.
LE MARCHAND L, SIVARAMAN L, PIERCE L, et al.
Associations of CYP1A41, GSTM1, and CYP2E1 polymorphisms



1080

R A 5 WEIXMmEMREENRIn AR ERNIBRRN

[29]

[30]

[31]

with lung cancer suggest cell type specificities to tobacco
carcinogens [ J | . Cancer Res, 1998, 58(21): 4858-4863.
BRADY D C, CROWE M S, TURSKI M L, et al. Copper is
required for oncogenic BRAF signalling and tumorigenesis [ J | .
Nature, 2014, 509(7501): 492-496.

NAJAFI M, AHMADI A, MORTEZAEE K. Extracellular—
signal-regulated kinase/mitogen—activated protein kinase
signaling as a target for cancer therapy: an updated review [ J ] .
Cell Biol Int, 2019, 43(11): 1206-1222.

SUN T, ZHANG G, GUO Z, et al. Co—delivery of Cu(l) chelator

(R E

= e 32 1) 2 FE A T e 28 2 AR )
B Hop g R Wi, ButfEE” .

[32]

[33]

A% R RN e ER,

and chemotherapeutics as a new strategy for tumor theranostic
[J71.J Control Release, 2020, 321: 483-496

YU Y, ZHANG Y, WANG S, et al. Inhibition effects of patchouli
alcohol against influenza a virus through targeting cellular PI3K/
Akt and ERK/MAPK signaling pathways [ J | . Virol J, 2019,
16(1): 163.

GUO Y J, PAN W W, LIU S B, et al. ERK/MAPK signalling
pathway and tumorigenesis [ J ] . Exp Ther Med, 2020, 19(3):
1997-2007.

(ki HIY: 2021-06-15 & HIY]: 2021-09-28 )

ZeE Y 2021 FEMEITEE

CrhEEAEZ ) 199 4RI, S il s AR IE R o i 4

52 BRI e
G B

CrPEDRAE 2 R ) AP SO O (iSOG P2 H RN (20204E0) ) ik

) . P EBEAZCHT

rhE RS SO (CSCD ) SR EBT .

R [ G R

BT EARIEIC (F5000) 7 350 ORI, JFREE N 2 2 R8s el . Ebs L,

ChEEREZSE ) B AT#T == ScopusBdin 2 . B (fh2=3ddi) (CA) |

H AR AR

MAUEHEE (JIST) LI WHOPE K- X BR2pR 5] (WPRIM ) ik,

Crp AR 245 ) F2 24l [ N A1 iR

2 FembEE

ANEAGE . HE S HRAE

ChEpEREZE ) MA T, A4TFA, 801, HIRR4L (BHSCRAE ) |
1570, 241807, EFrbrfsELL i s (ISSN) 1007-3639, [ M4 —
31-1727/R, WRAACT4-575, 1338 A 24 MR =y 11 el o
TR A H5 27075 5 HLCA4 J R g = B 10545415

I ZR - -
EEK éﬁ :
CER
lm ilJ:'
HL T M4

200032

www.china-oncology.com

45

- AT AR . TR B ALAE L k

. zgazzz(@china-oncology.com

021-64188274; 021-64175590-83574

SRR BIBETE N2,

R RO NS
7

FS5ieE . BE . LR, ipEmE.

BH30H B, B
SIS (CN)

(i ERAEARE ) S



