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Quercetin inhibits the growth of lung cancer cells and promotes cell

apoptosis through targeted binding to aldolase A
Li Lifang’ ,Xu Wei’, Wu Shucai’, Liu Xinyan'
(1. Department of Oncology , Hebei Chest Hospital ;2. Department of Oncology , Cangzhou People's Hospital )
[ Abstract] Objective : To investigate the effect of quercetin on the growth and apoptosis of non—small cell lung cancer (NSCLC) A549
cells, as well as the target proteins of quercetin associated with lung cancer and the potential mechanism of quercetin against lung can-
cer. Methods : NSCLC A549 cells were cultured and treated with gradient concentrations of quercetin. CCK8 assay was used to observe
the inhibitory effects of quercetin on the proliferation of A549 cells; Annexin V/PI double staining was used to evaluate the effect of
quercetin on the apoptosis of A549 cells; Huprot™ Human Proteome Microarray was used to obtain the potential target proteins of quer-
cetin; ELISA was used to validate the interaction between quercetin and target proteins; differential scanning fluorimetry (DSF) was
used to observe the effect of quercetin on the structural stability of target proteins. Results : Quercetin significantly inhibited the prolif-
eration of A549 cells in a dose—dependent manner, and there was a significant increase in the apoptosis rate of A549 cells treated with

™ Human Proteome Microarray ,and aldolase A

quercetin. A total of 279 specific binding proteins were obtained for quercetin by Huprot
(ALDOA) was identified as the target protein associated with lung cancer based on DisGeNET database. ELISA and DSF assays con-
firmed the specific binding between quercetin and ALDOA , and such binding led to a significant increase in the melting temperature of
ALDOA. Conclusion : Quercetin exerts an anti-lung cancer effect by inhibiting the proliferation of NSCLC cells and promoting cell
apoptosis, possibly by binding to the target protein ALDOA and altering its structure, thereby regulating glucose metabolism and acti-
vating apoptosis—related pathways in cells.
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112 350 M R (B ek, 185 :Q817162) , AEW &
FRICH e 2 (R 26 B A B (1 2R) B4 78 B2 w11, DMSO
(3£ [ Sigma) , RPMI-1640 5 2% 5 45 10035 F1 e B 35 1 A
2 [E GIBCO A Al , Annexin V=FITC/PT T4 I3 71 & (5
BD, #5 :556547) , Protein Thermal Shift™ 3 shif 7 & (£
Invitrogen, 5% 5 : 4462263) , Huprot™ A 48 H s (3 H
CDI),

113 Y8 A0 R348 (ESCO) i 2 40 i (34 [# Beck-
man Coulter) ;8 F FAHEAL (AL 5B A W) ) (BEFR AL (L H
Thermo Fisher Scientific) . 52 I} 29¢ 6 %€ 7 PCR Y ( 2% [F Bio—
Rad).

12 F#k

12,1 AS49 4035 3%  NSCLC 40 il A549 JI] RPMI-1640 15
FRHE (R 10% B 4E LS00 UmL s B8 %), 85 T 37 C.
5%CO, AR JE B F2 /0 D 5

1.2.2  CCKS8 BEAG A Kz 28 %) AS49 A 2 B B K
W16 AS49 4 B2 R0 T 96 FLAR h (5x10°4~/4L) , BT 37 “CH5
FEA R IR AT AN E . £ FL 4 B AR 10,2050,
100,200 pmol/L ik Bz 2% 14385 i 15 32, [ sl 35 78 B HR 2
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WSV, CE T 37 CIEFAR TR E 1 he )5 RIS AR G 2 78
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LC-MS(6230B Time—of—Flight LC/MS, Agilent) X4 1™ 4 ()
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1.2.8 ALDOAZFEFEARIA LI HHALDOA pEGX6p-1
AR, AL BT # BL21(DE3) )5 153 P - -Ri AR 5L
B (isopropyl-beta—D—thiogalactopyranoside , IPTG ) if5 3 3%
Kl A B GST-ALDOA . S 2045 I H K B A A 68 e
B a4k GST-ALDOA . 1 10 mol/L i J5 B 43 b H ik (GSH)
Ve, VR A ] SDS-PAGE %5 H I 1, BCA 34T
EAER.

1.2.9  ELISA BEHi# i % 5 ALDOA TAE  ALDOA & (1
£ 28 v CBS #i B 5 wg/mL, 0.1 mL/ALE T 4 ‘CHHT
o FEAMYERIG , H PBST#E3 G A 300 pl/AL3 ]
W, BT 4 CEM 4 he FFEW,MA 10 pmol/L.20 wmol/L,
50 wmol/L YA My R bric it i 3, W] B i B XT 1 (100 pmol/L
AW E),EWRIFE 1 he FFREW, PBST I 3 K5 A
100 pL/ALHY SA-HRP, Z IR IF T 15 mine W BRI WS WA
PBSTH#5#E3 K. B finA 100 wI/FL TMB & (3, = 45
3 N 30 min J5 AT 50 wL/AL 2 mol/L H,SO, % i & 11
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o M2k FHBEAR AL A FL S OAE 450 nm P
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1.2.10  DSF A M4 B2 2 52 0 ALDOA Z5 R e 1k AR i
Protein Thermal Shift™ & 2 7 & 5 B, B LA 5 pg
ALDOA T 4185 1 M 2 (L4 BE R 10 pumol/L 50 wmol/L,
100 pmol/L) 2.5 wL & F 5t #1T # 4L Bt (SYPRO orange)
I ddH,0, S8 2514 0 “melt curve” B2 ¥ : 25 “CJZ W 2 min,
DL °Crs B3G5 FHE 2 95 °CL IE AR BE T AR FF 1 min 453)
I
13 %it#sk

S ZE /R A 3 YK, I ] SPSS 22.0 B AT A M. it
TR R TR = bRUERE (v £ 5) TR, Z4LRIE LR
AR R 7 2204, 4118 P PR LR Sidak 2 8 HLECKE 0
K5 7K #E =0.05

2 & R

2.1 AR R AS49 4m i gk

T AE CCKS AR A Kz 25 X AS49 £ i 34 5 (%) 52 i, &5
WK, 5% A (0+2.335)%AH 10 wmol/L[(21.292 +
5.839)%].20 pmol/L[(24.642 + 6.547)%].50 wmol/L[(34.595 +
3.490)% 1. 100 pumol/L[(56.990 + 1.190)% ] 1 200 wmol/L
[(92.610 £ 0.215) % | A4 Hi Bz 25 X AS549 20 Jifd i) A K i i 25 L
B 500 0 S AR | B 2R A R A B
HIVE PB4 AN (F=269.500, P<0.001, [ 1) $EEAMH i Z X HE/
20 B s 4 R A A R

100 a
80+
60

40 4

AT 2 (%)
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i FIRE (wmol/L)

W, 50 pmol/LZLAHLL , P<0.001
Bl 1 CCK-8i&i& MR = XT A549 £ 12 5 i 22 11

22 M AT AS49 i =

Aol FHAS [ 2 i Bz 25 M 3 A 549 400 48 b 5 AGHT 240 it o4
B, 455 7R, 50 wmol/L A Hz 28 4k 258 4 0T 7 15 20
JAT He 5059 BT 2 (13.285 + 3.076) %41 (7.800 + 1.376) %,
100 wmol/L #fi Kz 2% Ak $L2H F4 91 o T 0 06 300 0 T L 51 433 1
T3 (22.777 £2.261) %F1(11.352 + 1.480)% (B 2A) . W],
5 Xt AL EE , 50 mol/L #1100 wmol/L HIierE R T
(50 wmol/L: t=12.54, P<0.05; 100 wmol/L:=23.01, P<0.05) ,
B SR U8 12 (50 wmol/L: 1=4.719, P<0.05; 100 pmol/L: 1=
8.645,P<0.05) L |52 i 7t (1812B) .
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H:a, 50 wmol/L i Kz K 41HH 1 , P<0.001 ;1,55 50 wmol/L 41 AH I,
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B2 =X A549 4 AR T 220
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FEAE, SRR 279 M RS A, B R
TEAREE M. 3T GO TBE s & M KEGG il = & &L, Fik
WS EES 5/ TG i ES e A YA
RS AT IR A e (R 3A) , V6 T S R A 1 6 1 B AR
VR A AT 5725 30 % (B 3B) 6
24 fRRATIEARX G

K FH DisGeNET &4k 22 i 48 il #H O SE (5] 4 081 4, If:
5 0 2 AR AT 0 B 3RV TE RS SO B AT, K B 60
AEAEAE4A) . HoA ALDOA i 3 {5 5 I i (B 4B) , 4
W ALDOA J& fitiJid #H 56 L4545 08 8 I v Ot Bz 22 B A 1
2.5 #& &5 ALDOA A8 ZAF A 3k

FIFH K I T B B 40 33K R G445 i 4 EE ALDOA 25 11 H]
TG SR 9256 (81 5A) . ELISA S2I6 45 % 75 10 wmol/L
(0.216 + 0.020) .20 pmol/L(0.334 + 0.033)F150 pwmol/L(0.639+
0.026 ) ZH A4 IR 6 2 Bl A6 4 22 b ez 28 v 8 T v T 38 o (<
0.01;&15B) , &AM EIriCH R 5 ALDOA AHEAEA, B
X AAREAE T LABE 100 wmol/L(0.486 + 0.0600) F1 1 mmol/L
(0.440 + 0.031) ) JoAR 25 A M K 3 38 4 Il (F=105.700, P<
0.01). LMY 2 2Z ] ALDOA A 45 51455 .
2.6 Mk &% ALDOA 45 48 2
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P<0.001,[E 6B)., 7EMNA 50 wmol/L [} 2§ ALDOA Tm M
(43.64 +0.297) 71 2(55.197 + 0.029) , LA 100 wmol/L #i B

PP A AR

Jii , B Tm(55.907 + 0.289) ¥4 TR , RIHE A L5 & MR,
FEWAM Rz B 5 HUE (H ALDOA 258 )5 , 25 1 9 P o, 3



— 1592 — FRERAFFIR 2024 F£5 49 £ % 12 8 (Journal of Chongging Medical University 2024.Vol.49 No.12 )
0.8= Hit B¢ 3R (umol/L)
KD M  ALDOA _—
150y a 100 1000
130— =
100—p —" —~
= :
70 —p Sw =)
w
<t
55=» « o N~
%
45— g
35—>
NN NI\ AN
. §&§§g§$@§§
< \Q ,»Q 60 ‘)Q ‘>Q
A FHFGEALDOAE B. ELISABIER R 285 ALDOA S (A AR
E:a, 50 pmol/LZAAH L , P<0.001;b, 5 50 pmol/L ZAAH I , P<0.01
El5 ELSIALR# MM EZES ALDOAMEE
Hit e e ((pmol/L) 60 . a
10 000 ; — _ a
~ — 10 )
E 8 000 § — 50 Z 07
= 4 — 100 B
ﬁ 6 000 | =
! : E 401
2 4000 ; &
& : o ﬁ
2 000
I + T 1 30-
20 40 60 80 100 0 10 50 100

IREE (°C)
A. DSFREINHE Kz ZATLDOA L 1S & PR 52
T ra, 50 pmol/LAIAH EL , P<0.001

6 B EITALDOA &£HMTRE 4

i#

3 3
JIi 98 2 — 7 THE 5 S T N s SR RN BB T 4R
AR Vo P S e 9, ok N S £l B R A i 2 R R
JBlp o AR T AR RN il IR T S T — e R, B
A Z R TR IT M/ 1 25 W) R ST R I IR
W A7) A X i 98 09 A8 S80B 97 T3 AR S I R
AT 7 S Bk, DR G BT RY6 97 7 R I & A
B Y T AR AL R ) [ R e R R T LAAE 2
Tl 9 RE 20 A v & 4R AT, AT LA S i 6 9T A
SR R L EL AR B 43 S SRR FPIL A
NIEHE

it e R 2R BT AR RZ W EIRALEY
Z—  HYTR BrEA PR R E T BT
TS FR B, M iz 22 38 2 o T P aurora B B
18 maspin #P 1 Akt BE" 5L T 98 TLR4/NF-«B i

P FEARCHZ FE (pumol/L)
B. #i iz ZZXFALDOA R [ Tm B 51

IR

BRI VAT IR 0 ) o ARG IA R BRI AT
M NCSLSC 41 it 3 7 e i 2 i 1~

Sy i — 2 ST B 2R 5 T R AR F 9% 3 1
Huprot™ A 4 £ [ 5168 7 i 26 % i je 32 v 78 8
Mo BIMAE279 M RERHSEEEA T,
ALDOA 2 Jifi 4 #H ¢ H. 45 & v i Je s BB 26 1
ALDOA il 53 m 35 i AL 5 1, 6- — Wi iR 24 M A= il H
THITE -3 T RN 55 VO A A T, 2 M T i A B S
I AR G E Z — o WFSY R I ALDOA 7E Z Fih
JeR AU 33K LV TR S A FORE I A A Dy i
Jo BRI, BOR 2 B 9Y DG I ALDOA TE i
SEP AN EEER . B4 0F5IE ALDOA i i
25 Wt {55 538 BE"OH DNA 51455 WL 205 S g 41
UL T R ARG AR I T 200 B 34 R A R
T A i R A A5 Fu HL 22958 , ALDOA 7]
PL¥E EGFR/MAPK i 42 , 42 U H157 21 ifg 34 5if 11



BERERKFZR 2024 £55 49 5 12 # (Journal of Chongging Medical University 2024.Vol.49 No.12 )

— 1593 —

G/G % 2% | IF e i A7 SR WE B A . X S R IR W
ALDOA 75 Mg i#F & i 35 S 2 SR 2
PRBEPIRTEIT R o AR5 &I ALDOA J2H i %
FLEEAE R, S5 B 45 6 )5 , ALDOA 45 E
FEPESE I, A BT . U R g S
ALDOA & H i Bl 1E H

ZF LT A B UUERAM S 2 5 ALDOA
MR e A Gy s = ey AN (b= A DEA Rk
AR, TCTE ok Je 200 YL R A OG5 B . dme e, Bl e
20 38 A O S R T AR R PURE B RCR . ARG
A e R R T IR 4 v 2 24 B 2 A4 B ik A 5 A
VUK , il Bz R PUIREIR YT A B B i

2 % X M

[1] Bray F, Ferlay J, Soerjomataram 1, 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.

[2] Srivastava S, Mohanty A, Nam A, et al. Chemokines and NSCLC:
emerging role in prognosis, heterogeneity, and therapeutics[J]. Semin
Cancer Biol,2022,86(Pt 2) :233-246.

[3] Tartarone A, Giordano P, Lerose R, et al. Progress and challenges
in the treatment of small cell lung cancer[]J]. Med Oncol ,2017,34(6) :
110.

[4] Septembre—Malaterre A, Boumendjel A, Seteyen AS, et al. Focus
on the high therapeutic potentials of quercetin and its derivatives|J].
Phytomed Plus,2022,2(1):100220.

[5] Cheng SC, Wu YH, Huang WC, et al. Anti-inflammatory property
of quercetin through downregulation of ICAM~1 and MMP-9 in TNF-
a—activated retinal pigment epithelial cells[J]. Cytokine,2019,116:48-
60.

[6] Teekaraman D, Elayapillai SP, Viswanathan MP, et al. Quercetin
inhibits human metastatic ovarian cancer cell growth and modulates
components of the intrinsic apoptotic pathway in PA-1 cell line[J].
Chem Biol Interact,2019,300:91-100.

[7] Baksi R, Singh DP, Borse SP, et al. In vitro and in vivo anticancer
efficacy potential of Quercetin loaded polymeric nanoparticles[J]. Biome-
decine Pharmacother,2018,106:1513-1526.

[8] Lan HF, Hong W, Fan P, et al. Quercetin inhibits cell migration
and invasion in human osteosarcoma cells[J]. Cell Physiol Biochem,
2017,43(2):553-567.

9] SRBEIH, AAR , IMESF . Wi R BOHAT L MBI i HL B 5k
JEN]. 2G5 RS IR IR, 2021,37(6) : 231-236.

Wu SQ, Li YJ, Sun WF. Research progress on anti—lung cancer mecha-

nism of quercetin and its derivatives[J]. Pharmacol Clin Chin Mater

Med,2021,37(6) :231-236.
[10] Dong Y, Yang J, Yang LY, et al. Quercetin inhibits the prolifera-
tion and metastasis of human non—small cell lung cancer cell line: the
key role of src—mediated fibroblast growth factor—inducible 14 (Fn14)/
Nuclear Factor kappa B(NF-kB) pathway[J]. Med Sci Monit, 2020, 26:
€920537.
[11] Khursheed R, Singh SK, Wadhwa S, et al. Enhancing the poten-
tial preclinical and clinical benefits of quercetin through novel drug de-
livery systems|[J]. Drug Discov Today,2020,25(1) :209-222.
[12] Cui Z,Chen P,Li CF,et al. Chip-DSF:a rapid screening strategy
for drug protein targets[J]. Pharmacol Res, 2022, 182 106346.
[13] Alexander M, Kim SY, Cheng HY. Update 2020: management of
non—small cell lung cancer[J]. Lung,2020,198(6) :897-907 .
[14] Ulusoy HG,Sanlier N. A minireview of quercetin: from its metabo-
lism to possible mechanisms of its biological activities[J]. Crit Rev Food
Sci Nutr,2020,60(19) :3290-3303.
[15] Cincin ZB, Unlu M, Kiran B, et al. Molecular mechanisms of
quercitrin-induced apoptosis in non—small cell lung cancer[J]. Arch
Med Res,2014,45(6) :445-454.
[16] Zhu XY, Ma PJ, Peng D, et al. Quercetin suppresses lung cancer
growth by targeting Aurora B kinase[J]. Cancer Med, 2016, 5 (11) :
3156-3165.
[17] Chang JH, Lai SL, Chen WS, et al. Quercetin suppresses the
metastatic ability of lung cancer through inhibiting Snail-dependent Akt
activation and Snail-independent ADAMO expression pathways[J]. Bio-
chim Biophys Acta Mol Cell Res,2017,1864(10):1746-1758.
[18] Wu TC, Chan ST, Chang CN, et al. Quercetin and chrysin inhibit
nickel-induced invasion and migration by downregulation of TLR4/NF~
kB signaling in A549 cells[J]. Chem Biol Interact,2018,292:101-109.
[19] Tang Y, Yang XF, Feng KH, et al. High expression of aldolase A
is associated with tumor progression and poor prognosis in hepatocellu-
lar carcinomal]]. J Gastrointest Oncol ,2021,12(1):174-183.
[20] Ji SR, Zhang B, Liu J, et al. ALDOA functions as an oncogene in
the highly metastatic pancreatic cancer[J]. Cancer Lett, 2016,374(1) :
127-135.
[21] Niu Y,Lin ZY,Wan A, et al. Loss—of—function genetic screening
identifies aldolase A as an essential driver for liver cancer cell growth
under hypoxialJ]. Hepatology , 2021, 74(3) : 1461-1479.
[22] Lu GJ,Shi W,Zhang Y. Prognostic implications and immune infil-
tration analysis of ALDOA in lung adenocarcinomal]]. Front Genet,
2021,12:721021.
[23] Chen H, Ye Z,Xu X, et al. ALDOA inhibits cell cycle arrest in-
duced by DNA damage via the ATM~-PLK]1 pathway in pancreatic can-
cer cells[J]. Cancer Cell Int,2021,21(1):514.
[24] Fu HL, Gao HJ, Qi XY, et al. Aldolase A promotes proliferation
and G,/S transition via the EGFR/MAPK pathway in non-small cell
lung cancer[J]. Cancer Commun,2018,38(1):18.

(FAeit:§ %)



