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[ Abstract | Objective: To observe the effect of realgar nanoparticles ( a representative drug in toxin
eliminating therapeutics) targeting hypoxia-inducible factors ( HIF) , which act as effector molecules on metabolic
reprogramming of lung cancer stem cells, and to explore the effect mechanism of lung cancer stem cells and
metabolic reprogramming in the process of lung cancer metastasis, so as to verify the effectiveness of toxin
eliminating therapeutics in the prevention and treatment of lung cancer metastasis. Method: Lung cancer A549
cells were cultured in vitro, and lung cancer stem cells were then identified and selected. The stem cells were
divided into blank control group, cisplatin group (5 mg-L "), realgar nanoparticles low, medium and high dose
groups (100, 200, 400 mg-L~"). After intervention, glucose oxidase method was used to detect the effect of
realgar nanoparticles on the glucose metabolism of lung cancer stem cells, real-time polymerase chain reaction

(Real-time PCR) was used to detect the mRNA expression levels of hypoxia-inducible factors-1o¢ ( HIF-1ar) ,
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C-myc and p53, while Western blot was used to detect the expression of related proteins HIF-la,
phosphatidylinositol 3-kinase (PI3K), protein kinase B ( Akt) and mammalian target of rapamycin ( mTOR) , and
enzyme linked immunosorbent assay ( ELISA) was used to detect the glucose transporter 1 ( GLUTIL ), pyruvate
( PDK1 ), pyruvate kinase M ( PKM ), phosphofructokinase ( PFK ), pyruvate
dehydrogenase (PDH) and lactic dehydrogenase (LDH) expression. Result; As compared with the blank control

dehydrogenase kinase 1

group, realgar nanoparticles can reduce the glucose consumption of lung cancer stem cells, and the glucose
consumption was reduced with the increase of dose in a time-and dose-dependent manner (P <0.01). Realgar
nanoparticles can inhibit the mRNA expression of HIF-1a, a key factor in metabolic reprogramming of lung cancer
stem cells (P <0.05, P <0.01), down-regulated C-myc mRNA and up-regulated the p53 mRNA expression ( P <
0.05, P <0.01), down-regulated protein expressions of PI3K, Akt, mTOR (P <0.05, P <0.01), and inhibited
the expression of related enzymes GLUT1, PDK1, PFK, PKM, PDH, and LDH levels (P <0.05, P <0.01).
With the increase of dose, the regulation and control ability of realgar nanoparticles gradually increased.

Conclusion; Toxin eliminating therapeutics can drive the metabolic reprogramming of lung cancer stem cells by

targeting HIF effector molecule, and then inhibit the invasion and metastasis of lung cancer.
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nanoparticles; hypoxia-inducible factors
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Je BB BET £ o IR R A TR R B i R S L
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(HIF-1a) ,CD133 BT BB AR (32 H Cell Signaling
Technology 7\ &, it 5 43 5l & 4249, 4685, 2983,
14179, 64326 ) 5 /v B Bt H ol BE-3-8% R it & i
(GAPDH) Hifk (Jb st b 2 & M AE W R A R A A,
it TA-08) ; ECL B UK W (L RIK EFRHEA
FRZ W, 4t 5 PE0010-25) ; 4 49 B ¥ iz &5 1 1
(GLUTL) , N R 7R it % it ¥t 1 ( PDKL) , MY Py R
P e ( PROML) | e 192 2R 0% i Bl ( PRKC) , DA D T2 e L
fits (PDH ) , FL BR fbi =0 A ( LDH ) il 15 4 22 W B ik
(ELISA) 50 & (I R AR A DR BR A AL it 5
4y 9 /5 MM-1186H2, MM-13436H1, MM-14172H2 ,
MM-13234H2 ,MM-13434H2 , MM-0354H2) , 4 F
TR ( 5% & il 25 A BR A A, B 25 1 7 H20023461)
S A TAY TR (B B A RA "B &
AL,

*x1 5|¥F5
Table 1 Sequence of primers
519 75 K JE /bp

C-mye [ 5'-CAACCGAAAATGCACCAGCC-3' 97
F i 5'-TAGCTCGTTCCTCCTCTGGC-3'

pS3 % 5'-GGAACAGCTTTGAGGTGCGT-3' 125
F U 5'-CAGTGCTCGCTTAGTGCTCC-3'

HIF-1q % 5'-GCACAGGCCACATTCACGTA-3' 84
Tt 5'-GCACCAAGCAGGTCATAGGT-3’

GAPDH % 5'-AGCCACGATCGCTCAGACA-3’ 66
T 5'-GCCCAATACGACCAAATCC-3'

1.3 {¢# INCOI153 % CO, ¥ 324 (15 [E Memmert

N ) s Axiovert 40C Y (3] & A 22 B #3858 , Axio Vert.
Al TR E 500 B s (18 Carl Zeiss 24 ) ;
5424 R Y5 H v VR B0 AL (78 [ Eppendorf 24 7 ) 5
FA L 224043 Y66 1, 5020 B Arktik £ 5 fiE PCR
AL, Multiskan B #71% ( & [E Thermo Fisher 22 &) ;
LightCycler 480 Il £ = i 52 I 5¢ O & it 5 & i 5%
L M ( PCR) 1% ( #i &+ Roche 2% %] ) ; PowerPac
Universal % g 35k /Y , Trans-Blot Turbo A 4= fE %I & 1
¥ ED R 58 (K [ Bio-Rad 24 7] ) ; FluorChem Q R 5E i
AL 53 M Z 58 (L & Protein Simple 23] ) .

L4 gk ROLERH & Aokl s,
F 1L AR v R 24 R A B B e 24 5 B I 3K e, el il
AR e BB S AT BR 2 mffE ) LVM-80WE Y g fik
RERIEAIL T 25, o 5% R Gl 0L ASC 2 IR A BR 2w Al
FHOG 7 AH S 40 K O RE B2 43 B A4S , 8 A6 0 B 1)
7 (0 B2 K BORL 5 KO8 L RN A P SRR 4

72.79 nm BG40 K 25 W il R BSR4 K e T
5, T 0 R AR G VA A 1R 1 mL A BE I A AR
TG KEE 0. 4 o, FETRGHE TN A KCL K 215 Wi
A, BRI 5 KCL A A 82 75 WK 40 pL i A RPMI
1640 Kr % 5t 40 mL, 1R & 35 5) B il 55T & V& Bk
400 mg- L™" f) 409 K i B ¥ W, NaOH % Ui 4 4% pH
7.40,0.22 pwm GEFLIERS L PEBREA 4 CORAT
2 FHiE
2.1 AU S AL AT ] 25 8 5 A 2 25
FIEI(5 mg- L") s 4K i B A% . op s 0l 4145 T
4l K M 3% (100,200,400 mg-L°")
2.2 FHIMIAE RS A KRS B
AS49 2L, 40 A T A, UR % 4 B %5 B2, in A CD133
UK B, BEOCIE R 30 ming YRS HIA B A ICAR
BF &5 G 40 L 0 PR PE &85 5 Al i, B 9% BT 8 R 41 i
I 3 IR TR I SE 0 AR IR v R IR B 5
W s LT 25 R 3 I AR 40 i BR B (] A4 85 A
TR AE 732 R O A0 B AR VR O LR 80 12% L FF A
SR
2.3 HAIMEAALEEL AR R T AR R T 2 AR
W, VR P RN R 3 M HR S A A T L, 4y
IS 24,48 h, SR R 4 W SEU A0 T 00 2 45 B B 5 2
20 B 5 R ) A AR BE AR X 505 nm 38K A0 N
WG EE A, 1545 2 40 B 1) 2 MR T R 1O o
2.4 SCEF IO E & R A W #E R W (Real-time
PCR) Kl #H ¢ mRNA &3k o4 fili 98 1 40 B, il
AR, VR R B AR R AR 3 AL M, RS
LT, KE 3% 48 h ffi A trizol il 4 45 2H B RNA,
i F§ NanoDrop 2000 Ui filf 1 58 41 73 6 6 B 1 H 00
RNA ¥ B ) 5 3 i, F A7 3% 5 0 hi, 37 C
15 min,85 C 5 5,4 C37%. PCR )W 4R 95 <C
5 min,95 °C 30 5,58 C 30,72 °C 30 5,30 MEIF,
72 °C 5 min, SR AN BT, R 27 R OR
mRNA FXf F ik &,
2.5 G RPEEIERE (Western blot) £ il AH OC 4
Tk MM R R R 204 T A0 R A
BCA 35 & 8 (o f o S, ke, sLvk, e, 5%
JBLRE W3 A5 4 P4, A —$T (121 000) ,4 CiE7, mA
ZHL(1:5000) fEIRFEIR 1 h, B E, WA S0
RS DL, AR K AR, A T 45
2.6 ELISA # i GLUTL, PDKI, PFK, PKM, PDH,
LDH Fik/KF  4iHE 54l K B 52 1R) 2. 4 300, 353K 71
B UL B A U AT 40 M Ak B A Bk B Pk
FORE e 2k N A R AR ST R AR A R K
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492 nmAbE A, THE 4 440 GLUTL, PDK1, PFK,
PKM ,PDH,LDH (/)5 7K F,

*x2

MAREEWETHRRAEEERNIZM(x s, n=6)

Table 2 Effect of realgar nanoparticles on glucose consumption of

lung cancer stem cells(

x+ts,n=6)

mmol-L '

2.7 GitsEgrvk isH SPSS 22,0 FE, EdE R
PR R IT AT, L v s FoRk, P <0.05 WA it g ;ﬁﬁ‘df%ﬁ 24 f;fgﬂ*fé 48 }f«;*ﬁ
mg~
L, S
TR 2 - 1.873 £0. 062 6. 191 0. 053
3 #R
. . ’ i 71 5 1.372 £0.054"  4.936 +0. 048"
3.1 GHOKHE TR TR AR M BRI A s e S N
N e 9 Kl 100 1.705 +0. 044" 5,317 £0. 048"%
2 He A, 4525 25 21 24,48 h Jili 982 T 41 i % 265 0%
o ) ) 200 1.346 £0.045"  4.649 +0. 050"
FEH R FEML (P <0.01) o 5IHEAAL L AL, 9 K i
400 1.026 +0.039"% 3,641 £0. 042"

PRGH 2 24,48 h A A BEIH AR E TR (P <
0.01) 5 gy K b B b ) 52 2H 48 h W FH B (P <
0. 01) s ZH K Ml B iy 57 58 4 24,48 h 4 % Bl 1 € 122 %
AR (P <0.01) o AT DL, 29 K Hf 2 i 77 0 3 o, 240 i
1 25 B S AR A DB 628 K 5 2 75 A oK e T AU i o T
200 60 T e W G, L S I [R5 AR . LR 2.

3.2 4K M B ok A 4 P2 AH ¢ Comyce, p53,
HIF-la mRNA FIREE0 523 QA LR, & 420

HE S EA B P <0.01; 504141 > P <0.01,

ZHA] K 3 C-myc, HIF-la mRNA [ %35, I p53
mRNA [ ik (P <0.05,P <0.01) , H v 4 ok I %
E 2 S =) | O O 5 o N B ) | IR R i
o BRGIKHE T H 5] 4 C-myc, K] F 41 HIF-1a
HhLRAIOKHEE A 5 A A L 22 U W (P <
0.05,P<0.01), W3,

R3 QREFEXET AR EREMRX mRNA KX

Table 3 Effect of realgar nanoparticles on metabolic reprogramming-related mRNA expression in lung cancer stem cells(x s, n=6)

IR (x £,

n=6)

21 5 iR /mg- L7} C-myc ps3 HIF-1a
25 - 1. 170 £0. 085 1. 047 £0. 089 1. 157 £0. 085
5 5 0.994 0. 076% 4.026 0. 133 0.752 0. 060%
2y K e i 100 1.058 =0. 083" 3.867 £0.110*% 0. 824 0. 059%
200 0. 807 +0. 059% 4.305 £0.102%% 0.612 +0.067>%
400 0. 643 £0. 052%% 4,923 £0. 129%% 0.517 £0. 053*%

M52 A D P <0.05,2 P <0.01; 514 LY P <0.05,9 P<0.01(F4,5 ),

3.3 gy AR A I g R AH OC B 1 PI3K, Akt
mTOR ,HIF-1o 5 I RIX M 525 A K, %
YEZ A ] i AR PI3K, Akt, mTOR, HIF-1a % [
Ik (P <0.01) ; B 94 K I 2 b %) & 44 mTOR, 4}

K e WA R 20 HIF-1a 4, 4y 90 K I 85 2 5 40
HILEZFHE (P <0.05,P<0.01) ;44 K i &
Wi 751 e 9 R R R R R, S R R MM

W4, 51,

R4 MREBENHETHERRGEREEXEORENOHM (x5, n=6)

Table 4 Effect of realgar nanoparticles on metabolic reprogramming-related protein expression in lung cancer stem cells(x +s, n=6)

24 4] vk B/ mg - L PI3K/GAPDH Akt/GAPDH mTOR/GAPDH HIF-10/GAPDH
25 - 1.309 0. 088 1.382 +0. 091 0. 896 +0. 075 0.936 +0. 068
IG5 5 0. 940 0. 085% 1. 066 +0. 0827 0.669 0. 078% 0.661 £0.057%
2 K e o 100 1.162 0. 077> 1.197 £0.091%*% 0.748 £0.057* 0.702 0. 054%

200 0.818 +0.078* 0.934 +0. 086 0. 605 0. 053% 0.577 +0. 058>
400 0.671 £0.072%% 0.785 =0. 0632 0.512 £0.047%% 0.493 £0.045%%

3.4 YR B 5 g B2 A DGR GLUT1, PDKI,
PFK,PKM,PDH,LDH /K- m 525 14 s,
244 25 40 T B B B9 GLUTI, PDKI1, PFK, PKM,
PDH,LDH 7K -3k (P <0.05,P <0.01) ;& &

.78 -

¢ GLUT1,PKM, PDH J {5 & 41 PFK, PKM, LDH
O RHK I S A S A bR 2 R R (P <
0.05,P <0.01) ; Horfv, 2 K i 2 4% 2H 52 50) 5 4K i
P ) e R R . WS
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PI3K e s s w289 kDa
Akt “““” e 120 kDa
mTOR “ . — 110 kDa

Ml W T 0O

GAPDH 37 kDa

A B C D E
A ZS FAL B AL 5 C. 299 KM 2 {0 R0 e 4L 5 D. 98 R B 3 v )t 41 5
F A K M e ) et 4
B 1 gk % 3B E T 480 PI3K, Akt, mTOR, HIF-la % %
A
Fig.1 Effect of Realgar nanoparticles on expression of PI3K, Akt,

mTOR and HIF-1« in lung cancer stem cells

RS GREFEMNHETHABKHEEREAXBREAZM (v £s5, n=6)

4 itig

Jiek Je &4 L O G- T e L E 20 122 20 AR AR R B
fEE Oto Warburg H & K, LML R 2Z H
“Warburg %N 7, HL i 22 9% & BT 12 47 78 45 Fl 52 4
v IE S5 o R 2R R R BT O ARk
5T % B, i 988 240 e 1 A 8) 5 8 1 100 4 #¢ Warburg
B AT B AR A, HIF R S o — £ 10 i Y R
LR O (P S A N gt D e T T e N IR A
FEU 2 MU A I R g FEED HIF B9 2, PI3K/ Akt
W IS AL, pS3, C-mye FE R G KR8 1L, A S AC i
SRR B IR G ISR L AR 46 g HIF-1
I TE I RS 200 RN T o o R b R LA e,
figp I Sh 3G R 5 HIF-1 K SF T A e o ar L, A i
SR e A R R Ak R A — AN A% TR AR R
255 g 2 28 1 78 %5 U AH O, 2 A 5 20 A W v Ak

Table 5 Effect of realgar nanoparticles on metabolic reprogramming-related enzymes expression in lung cancer stem cells(x s, n=6)

21 5 Bk /mg- L GLUT1/pg-L~" PDK1/U-L™! PFK/pg-1.~!
=] - 30.787 +2.918 33.782 +3.230 16. 134 +1. 907
M5 471 5 21.324 = 1. 8567 23.515 +2.079% 10.778 +1.782%
4 K I 100 24,158 +2. 11523 27.298 +2. 05323 12.432 +1.574%

200 19.989 +1.943% 19. 143 £2.338%% 8.577 £1.546>%
400 15.746 +1.576>% 13. 803 +2.265%% 6.598 £1.135%%
21 51 JB U B /mg - L PKM/ng-L "' PDH/ng-1.~" LDH/U-L"!
2= - 42.460 £3.992 10. 439 +1.233 50.518 +4.582
g 5 31.372 +3.371% 7.180 1. 083% 41.872 +3. 089
4y K I 100 34.383 =3.790% 8.598 +1.022%% 45.185 £4.167%
200 28.078 +3.301% 6. 106 +1.000% 36.703 +3.412%%
400 20. 344 +2. 54324 4.247 £0. 788> 30. 020 +2. 602%%

AN AT Bl 0 A A, T T 2 S 96 200 Y 1% A IO e 1)
B FE 22—, T B HIF 3% 3l n] 4 27 il g i 7

i 988 = 200 R e i R A A ke R Y KRR i Y
SR RS (T 247 S 2k R R R AR 2 L5 i T A0 AT
XK IR T SRR B ) AR R B B R
IS ) AR e A, 22 DUBB R A 8 |, 76 70 Ak ad 7
Hh 2 I 1] S A WA TR A B L B T PR AR R R
T, SR I PR S 2 o A, DADRAIE 40 9
AT AN R AN AR AR L i
968 T 0 A R R g AR 2 TR T At i A 23 Ak
iR BB Warburg 2% )% AT fie 7F 3% 58 BE 1
P, HEARPLH T 2 — R . IR BT K B
58 T 200 i R A O A A R T SR A SR R TR A R A%
2, 0732 B 3R BT b 400 T K OB TR A B R
e T UL AN A R R AR A
Warburg 200 B9 % A= 5 i i -+ 20 M0 1R 2% % %% 4% U

AHOC HIF R A 4545 CHEE . s Bt Mg &
AR B AR AR 2 U IR R R MR iR T R R
— I A FP T AR A R LA 1 4 AR I R I
Bk FEERE SR MR A
B A R B2 R ERHIZA R
A B S 09 BT R VR SR 9 K e R il e L
[B) R, AN AN i i v 26 0 R FH B R 245 3%, i B 3 i X R
240 6L £ 00 1) e B AR 2 A Y L RIS R B,
9 K Hfi B AT A R AR AS49 ANITE RS R 2B, T
i 1 BEAIK B-i% B 2K 11 (B-catenin) J& C-myc F ik, H
fe TR A N B A K B (VEGE) [ HIF-1 1) 3Rk,
A AN AS49 4 Mg s, R 22T BESEIE
SC LV 24 g oK ik B AT 5E ok B0 ) R 4% HIF-1, C-
myc 55 3R 3K AR ) R 2 A 5 4R 28 (0 CEER
AT B B () HLARBL A 1 i — 25 12

BN SR I =il < (A g et B )
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A FE LS BT ) 7 S B 5 T 00 e i T 4
R g FE B T HIF-1a B9 35, JF A F 9
C-mycK: A, b8 p53 FE 1y ik, Ml PI3K, Akt,
mTOR, GLUT1,PDK1,PFK,PKM,PDH, LDH 4 4H ¢
SO OCE ) Rk o A5 RBLR B IR A T E
1) HIF 200 53— 9K 2 i 6 1 20 A A 300 = 4 72,
AN HI R B . A, RS R 4T TR
AH OGS0, 40 A 3 () AT 9 el i 5 T 400 M) BROBE
AR, PR AR AR I B A o I RS
IR B B I 8 PR B A S AR 15 95 0 1) M 8 A8
o R R R A RS T AR KR BA Gt
2 5 (AR OC 25 1 TR T RO 1 R AT

Zi L WSS T HIF R0 43 9K 20 fili 6 1 20
JHLA 3 i g B A R R E R R EE
TFAEW A HOR R Z — PR UL, TIE 58 T 40 K i 3 Al
L o) it 9 T 200 L 3K A X3 A R L G o R (R
R PR IR IR L B A I R e R AT AT S A
R, by B I i 98 e B AL 1 OB B IR T SR I
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