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Abstract: Objective To explore the efficacy and mechanism of artesunate in intervening glioblastoma. Methods Cell Titer-Blue was
used to detect the effect of artesunate on viability and proliferation of U87 and U251 human glioblastoma cells; Flow cytometry was
used to detect the regulation effect of artesunate on two cell cycles; qRT-PCR and Western blotting were used to detect the effect of
artesunate on autophagy level of two kinds of cells. Further, target genes of artesunate intervention in glioblastoma were studied from
the epigenetic level by using the analysis strategy of DNA methylation combined with network pharmacology, and a protein-protein
interaction network was established. By calculating the network topological eigenvalues of each node in network, core targets of
artesunate intervention in glioblastoma were screened out and biological function enrichment analysis was carried out. Finally, AutoDock
v4.2.6 and AutoDock Vina v1.2.0 software were used to carry out molecular docking virtual calculation, to investigate the binding ability
of artesunate and its candidate key targets, and verify the influence of artesunate on the expressions of key targets in two types of glioma
cells by Western blotting. Results ~ Artesunate significantly inhibited the activity and proliferation of U87 cells (P < 0.05, 0.01, 0.001),
but had no significant effect on U251 cells. High-dose artesunate could affect the distribution of two cell cycles. High-dose artesunate
significantly increased the mRNA expression levels of three autophagy markers [ATG6 autophagy related 6 homolog (Beclinl),
ubiquitin-binding protein (p62), microtubule-associated protein 1 light chain 3 (LC3)] in U87 cells (P < 0.001), while only high-dose
artesunate increased the mRNA expression level of p62 in U251 cells (P < 0.05). Low-, medium- and high-dose of artesunate could
significantly improve the expression levels of Beclinl, p62 and LC3B proteins in U87 cells (P < 0.05, 0.01), only medium- and high-
dose of artesunate could affect Beclinl, p62 and LC3B protein expressions in U251 cells. Furthermore, DNA methylation sequencing
and network pharmacologic integration analysis were performed on U87 and U251 cells before and after drug administration, on the
basis of obtaining the differential gene sets of artesunate-sensitive and drug-resistant glioma cells, and effector gene sets of two types of
cells after artesunate intervention, it was found that key network targets of two types of glioma cells were involved in platelet derived
growth factor receptor o (PDGFRA)-rat sarcoma viral oncogene homolog (RAS)-B-Raf proto-oncogene (BRAF)-mitogen-activated
protein kinase kinase (MEK)-extracellular signal regulated kinase (ERK) pathway, which were closely related to the malignant
progression of glioblastoma, and artesunate had strong affinity with its direct targets (PDGFRA and BRAF). Western blotting analysis
confirmed that artesunate could inhibit the expressions of PDGFRA and BRAF proteins in U87 and U251 cells (P < 0.05, 0.01, 0.001).
Conclusion Artesunate may exert its medicinal effect on inhibiting the growth and proliferation of glioblastoma cells by targeting
PDGFRA-RAS-BRAF-MEK-ERK signaling pathway, which provides an in vitro experimental basis for artesunate in treatment of
glioblastoma, and also provides new ideas and methods for solving the drug resistance problem of clinical anti-tumor drugs.
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FaEETE, TAHERIAEAREH.
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FLAR, #7724 h )5, XTHRAINANEERFREE, U8
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Table 1 Primer sequences
Gk 5 (5°-3%)
Beclinl F: GTGCGCTACGCCCAGATC
R: GATGTGGAAGGTGGCATTGAA
po62 F: TGTGGAACATGGAGGGAAGAG
R: TGTGCCTGTGCTGGAACTTTC
LC3 F: GACGGCTTCCTGTACATGGTTT
R: TGGAGTCTTACACAGCCATTGC
GAPDH F: TGTGTCCGTCGTGGATCTGA

R: CCTGCTTCACCACCTTCTTGA

fig, FOMEXTIRZLINAN 250 pg/mL & 5Emefe . AbFRZH
Mi24 hf5, BT UK ERMGIENED, KA BCA
M EAWRE, BEAEEE, RAfERET ikt
T R4 5 A A IO e e FRLUK , %% %8 PVDF i, F 4]
Ja BN Beclinl (1 :2000). LC3B (1 :2000)
p62 (1 :2000). PDGFRA (1 :2000). BRAF (I :
2000) 1 GAPDH (1 : 5000) #ifk, 4 CHFH#®K;
Vel JE AN —HT (1250000, ZIEFFHE 30min, ¥
G AT RO A A, R H AR Sk, SR
Image J M0 8 FEAT € = AT
2.6 HENMNFESSH

K DNeasy HZAGIENAHIHIH 7B DNA. 3K
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F AL S0 SRR S 1) 500 ng DNA HEATIEARR
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¥ JRIGEHETE R v3.5.2 B A {#H ChAMP v2.16.0
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I8 XTI L5 SR P AH, 18 H Benjamini & Hochberg
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(adj.P<<0.05. |AB|=0.2 B adj.P<<0.01. |AP|=0.06)
PLK LRI R R . 22 BRI DhRe & S s ot
HRHEE R 5 L R 20 F R4 (Kyoto encyclopedia of
genes and genomes, KEGG) ##a T .
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PE, ik 4 35K TAH R AR RO G R
28 ZUELMINEEEE ST
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2 970 75 12 BRI T T A o R A DG 15 5l
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1 BRAF (ID: 7MOX) [f] pdb & xt, 1
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HHEIEH (P<<0.01. 0.001); 1fj 180 pg/mL 7 &5
BEBRTEZG24 10 h J5, W46 U251 4AfiuigiE (P<
0.001) o 20 5 P FL G 5 S5 45 SR B, 75 v DRI AT
i 2 A GBM 40, 5 U251 4UfaAHEL, 5 E B8RS
X UST 4 5 A ik
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W 2 fos, SXIRAEEL, 22.69 ng/mL 7 &
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6.2%; 180 pg/mL 75 = JRERALI S, U251 4 S
WA GyM Widnf AR N, H S HA4H Mg
MEHEFEEZR (P<0.05). F£UFHE RN
il U87 4HAEHI Go/M M, DLJ U251 4Hfr S HAFA
GoyM . LT U251 4188, BART & & BENE
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0 ok sk

ART-H&EHENE  SXTHRALE: "P<0.05

wkk

ART-artesunate “P<0.05 *"P<0.01

3 6 10 20 24 48
t/h

*p<0.01 ***P<0.001, FEF

P <0.001 vs control group, same as below figures

1 ESIEEEXT UST F1 U251 LHAE (A, B) FIHE7E (C,D) BIFINT (X+s,n=6)
Fig. 1 Effect of artesunate on activity (A, B) and proliferation (C, D) of U87 and U251 cells (X £ s, n = 6)
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7504
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10007 OS: 3.8%
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2 3
= 5001
R 1
2509 |
0 dr e |
50 100 150 200 250
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80 -
== ART 22.69 pg-mL"!
e 60
= Us7 4if
\}&_\
B 40
=
§ 20
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U251 4 SR

3 O G/G: 78.5%
15007 [ s 1.7%
1 OGy/M: 18.6Y
£ 10001
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§F 5001
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50 100 150 200 250
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& 7504
2
g 5007 i
2503 j
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. 80 . g
N ‘ U251 4o
= 60 iR
ey
2 40
E
20

Go/G, S Go/M

2 ESIRBEXT UST 71 U251 ARAEHARIRZNE (X ts,n=4)
Fig. 2 Effect of artesunate on U87 and U251 cells cycle (X £ s, n=4)

KR INH] GBM 41 135 1 -

3.3 EHSIEESAT{REE UST 1 U251 4HARAY B
K qRT-PCR #1228 180 ng/mL 75 75 HE fig b BH

Ja U87 Al U251 At HEbrE 3T (Beclinl

LC3. p62) mRNA FIA/KF, Wik 3-A B, 180

ng/mL i BEs A 5, UST 4Uifeh Beclinl « p62-.
LC3 mRNA KA/ EEA S (P<0.001), T
U251 41X p62 mRNA FEH N (P<<0.05).

Western blotting £52£ (& 3-B) &7~, 11.35 ug/mL
(75 B B IE 2 & T UST 4ilid i LC3B £ FARIAK
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SR 10 < < *
JE z 2 Z >
IS 0.5 = =
T o So
AR ART Al ART = Al ART o ART XfHE ART XfHE ART
U87 iy U251 41 U87 4iffa U251 4 Us7 4 U251 4
B U87 4iiff g 1.5 M U251 41l mléjﬂ 2.0
Beclin] | = s— - — - |6.0><104 THK L0 Beclinl | - - - — ‘640><104 ER LS
£T SE 1.0
GAPDH | ————— |3A6><104 o”ﬁig 0.5 GAPDH | ————— ‘3.6><10“ £§ 05
G B0 #0
RES 7111'?? /?2'§;i§{; ™Z B 11352260453 TMZ *HE 90 180 360 TMZ IR 90 180 360 TMZ
ng —i 2.5 ART/(pgmL") ART/(pg'mL™) R ART/(ugmL™)
: : i 25
LO3B-I | o o e e |16} 10° 229 5 | LC3B-I Lox100 B 0]
———— —— « Sk ' S
LC3B-11 1.4X10 51?; 1(5) LC3B-I1 | s s s s s |; 451 gﬂiﬁ 151
Tm =X 101
GAPDH P----'&éxw gjﬁ 0.5 I II GAPDH| U 3.6 % 10* AE
S 0 @ Uw 0
AR 11352260 45.3 TMZ IR 11352269453 TMZ IR 90180 360 TMZ = K 90 180 360 TMZ
ART/(ug'mL ™) ART/(ugmL”) ART/(ug'mL™) ART/(ugmL™)
i 2 g 4
p62|—————— |6.2><10“ ﬁ 1.5 P péz‘ - - — ‘6.2><10“ E 31
S 10 gz 21
GAPDIH | s ————— | 5.0 10" -y caron [ emmm = [3ox10t 55 |
o
I 11,35 22.69 453 TMZ w0 % 0
i ART/(pg-mL) 11352260453 TMZ AHE 90180 360 TMZ 0 90 180360 TMZ
e ART/(ugmL") ART/(pg'mL™") ART/(ug'mL ™)
TMZ- &5z, 187 [

TMZ-temozolomide, same as fig. 7

3 EEUEESNT UST F1 U251 ARBEMEFEXERA A) REH (B) Fiip

=l (X+s,n=3)

Fig. 3 Effect of artesunate on autophagy related genes (A) and proteins (B) expressions in U87 and U251 cells (X = s, n=13)

F-(P<0.05),22.69 pg/mL KI5 & BEER & 3% T+ = Us7
i Beclinl 2 HRIEKF (P<0.05), 4538
ng/mL [ B R NR B2 T = U8T Al p62 HE SR
LK (P<<0.05), 180, 360 pg/mL 75 & BEEE AT
18 U251 402 Beclinl+ p62. LC3B & [ % ik
Fhim, HEEEEZER.
34 BEUMEIBRELCERSTH

RTHI 2R gn e Th g s i &5 R oR, HE 8
et U87 4H s iUk, 1%y U251 4025, A
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Fig. 8 Artesunate may inhibit glioblastoma cells by regulating PDGFRA-RAS-BRAF-MEK-ERK signaling pathway



* 1824

FED 2023F3 8 $54% B 6  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

Yesidk e LSRR A B L EAHT GBM I PE 21, IR
B4l PDGFRA BY BRAF % GBM KIS A R,
HEBERE AU AT 408 PDGFRA, b a] #E—54F

T BRAF, EA¥HIT GBM g,

gk LR, KRR E 2N 2 25 GBM 4iiff
(PR A SIS RN H A B i, RIS DR EE T e
i #0H#] PDGFRA-RAS-BRAF-MEK-ERK i&4%, &
FEHNH) GBM 4RI AE KA BRI T ER » AL
ZERAON GBM 1RAELEHEIT T, WA
PR GBM HE 35 5% 25907 A i 2 LR R R AL 7
5%,

RBAR AR ERRAEF B R

SE R
[1] Pearson J R D, Regad T. Targeting cellular pathways in

glioblastoma multiforme [J]. Signal Transduct Target Ther,
2017, 2: 17040.

[2] Chen S M, Zhang Z Y, Zhang B X, et al. CircCDK14
promotes tumor progression and resists ferroptosis in
glioma by regulating PDGFRA [J]. Int J Biol Sci, 2022,
18(2): 841-857.

[3] Xie Y D, Xiao Y, Liu Y'Y, et al. Construction of a novel
radiosensitivity- and ferroptosis-associated gene signature
for prognosis prediction in gliomas [J]. J Cancer, 2022,
13(8): 2683-2693.

[4 Aah, FHERE, 2R, T H BN E I miR-
21/PTEN @0 AR Ji7fE CCL229 4l PR Y 24T
IEIE R T[] HPRLZ, 2021, 52(8): 2331-
2342,

[5] Wei S P, Liu L L, Chen ZY, et al. Artesunate inhibits the
mevalonate pathway and promotes glioma cell senescence
[1]. J Cell Mol Med, 2020, 24(1): 276-284.

[6] Lian S Z, Shi RY, Huang X, et al. Artesunate attenuates
glioma proliferation, migration and invasion by affecting
cellular mechanical properties [J]. Oncol Rep, 2016, 36(2):
984-990.

[7]1 Kloosterhof N K, de Rooi J J, Kros M, et al. Molecular
subtypes of glioma identified by genome-wide methylation
profiling [J]. Genes Chromosomes Cancer, 2013, 52(7):
665-674.

[8] UddinM S, Mamun A A, Alghamdi B S, et al. Epigenetics
of glioblastoma multiforme: From molecular mechanisms
to therapeutic approaches [J]. Semin Cancer Biol, 2022,
83:100-120.

[9] Kurdi M, Katib Y, Faizo E, et al. Association between
CD204-expressed tumor-associated macrophages and
MGMT-promoter methylation in the microenvironment of
grade 4 astrocytomas [J]. World J Oncol, 2022, 13(3): 117-

[10]

[11]

[12]

(13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

125.

Brennan C W, Verhaak R G, McKenna A, et al. The
somatic genomic landscape of glioblastoma [J]. Cell, 2013,
155(2): 462-477.

Filbin M G, Tirosh I, Hovestadt V, et al. Developmental
and oncogenic programs in H3K27M gliomas dissected by
single-cell RNA-seq [J]. Science, 2018, 360(6386): 331-
335.

Ben Jemii N, Tounsi-Kettiti H, Yaiche H, et al
Dysregulated PDGFR alpha expression and novel somatic
mutations in colorectal cancer: Association to RAS wild
type status and tumor size [J]. J Transl Med, 2020, 18(1):
440.

Chen C CL, Deshmukh S, Jessa S, et al. Histone H3.3G34-
mutant interneuron progenitors Co-opt PDGFRA for
gliomagenesis [J]. Cell, 2020, 183(6): 1617-1633.e22.
PR, BRI, KR, & JEME DNA H5HEAMT
S5 B e IR T S 2L AR SCRIT AT (7], SEFH
B BE2E, 2021, 28(12): 1450-1454.
Avery T Y, Kohler N, Zeiser R,
immunomodulatory  properties of pharmacological
with  RAS-RAF-MEK-ERK  pathway
hyperactivation [J]. Front Oncol, 2022, 12: 931774.

ZouJ R, Lei T T, Guo P, et al. Mechanisms shaping the role
of ERK1/2 in cellular senescence [J]. Mol Med Rep, 2019,
19(2): 759-770.

Llovet P, Sastre J, Ortega J S, et al. Prognostic value of
BRAF, PI3K, PTEN, EGFR copy number, amphiregulin
and epiregulin status in patients with KRAS Codon 12

et al. Onco-

interference

wild-type metastatic colorectal cancer receiving first-line
chemotherapy with anti-EGFR therapy [J]. Mol Diagn
Ther, 2015, 19(6): 397-408.
Miklja Z, Yadav V N, Cartaxo R T, et al. Everolimus
improves the efficacy of dasatinib in PDGFRa-driven
glioma [J]. J Clin Invest, 2020, 130(10): 5313-5325.
Kaley T, Touat M, Subbiah V, et al. BRAF inhibition in
BRAF V600-mutant gliomas: Results from the VE-
BASKET study [J]. J Clin Oncol, 2018, 36(35): 3477-
3484.
Hargrave D R, Bouffet E, Tabori U, et al. Efficacy and
safety of dabrafenib in pediatric patients with BRAF V600
mutation-positive relapsed or refractory low-grade glioma:
Results from a phase I/I1a study [J]. Clin Cancer Res, 2019,
25(24): 7303-7311.
Wen PY, Stein A, van den Bent M, et al. Dabrafenib plus
trametinib in patients with BRAFV600E-mutant low-grade
and high-grade glioma (ROAR): A multicentre, open-label,
single-arm, phase 2, basket trial [J]. Lancet Oncol, 2022,
23(1): 53-64.

[FriEsit Fx48]



