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Abstract: Objective: The main regulated cell death (RCD) signaling pathway of Cordyceps militaris (XG) water extract

that affects the growth activity of the human gastric cancer cell line BGC-823 was analyzed and predicted using

i EEE: 2024-04-23

HEWH: ST 4#F/FMRS50FMA (LIKFZ202202662 ) ;i3 T AAH/T @ LA B (2023-MS-251) 513 7 4 B AR &R A AR BT Ik 4% 4197 B K L3+
%+ER (2024-132) .

EEBIN: B (1999-) %, Mt AFR T w1 R 25 AW FR AL 5 4 A, E-mail: 373215234@qq.com,

*EEEE: TF (1979-) , %, 14, 81442, AR @ 225 A TR A 541 R, E-mail: synu.wangze@qq.com.,


https://doi.org/10.13386/j.issn1002-0306.2024040350
https://doi.org/10.13386/j.issn1002-0306.2024040350
https://doi.org/10.13386/j.issn1002-0306.2024040350
mailto:373215234@qq.com
mailto:synu.wangze@qq.com

5 46 % 5 44

FEIIR , 45 WE A ROKIEYISZ I B AIAE BGC-823 “N[H] RCD Al % sk 240 bt

<11 -

transcriptome sequencing technology. Methods: The effect of XG aqueous extract on the proliferation of gastric cancer cells
was determined using the MTT method. Transcriptome analysis revealed significant differentially expressed genes (DEGs)
and their Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment, resulting in the identification of 10 hub genes
involved in the apoptosis, autophagy, necroptosis, and ferroptosis signaling pathways. Laser confocal microscopy, flow
cytometry, and quantitative real time polymerase chain reaction (QRT-PCR) were employed to further validate the induction
of apoptosis in gastric cancer cells by the XG aqueous extract. Results: The inhibitory effect of XG water extract on the
growth of the human gastric cancer cell line BGC-823 was dose-dependent. A total of 5885 differentially expressed genes
were identified through transcriptome sequencing analysis, with significant enrichment in the apoptosis (P=0.001) and
autophagy (P=0.008) signaling pathways. In addition to ferroptosis, the expression levels of hub genes associated with other
signaling pathways were significantly inhibited, including the key factor of caspase-dependent apoptosis (CASP3, CASPY,
CASP7, APAFI) as well as ULKI, ULK2, UVRAG, Atgl4, and Atg5 related to autophagosome formation. Cytological
examination revealed typical apoptotic morphological characteristics in gastric cancer cells treated with the XG water
extract, with an early apoptotic rate reaching 24.8%, while cell cycle arrest occurred at the G2/M stage. qRT-PCR showed
that the expression of BCL2, BCL2L1, CASP3, CASPY, and XIAP was significantly inhibited (P<0.01), whereas that of
ENDOG and AIF was significantly upregulated (P<0.01), consistent with the results of transcriptome sequencing.
Conclusion: C. militaris primarily inhibits the growth of the human gastric cancer cell line BGC-823 through a caspase-
independent mitochondrial apoptosis pathway while also influencing the activation of autophagy and other signaling

pathways. These findings provide theoretical support for using C. militaris in functional foods.
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Table 1 Primers for qRT-PCR
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BCL2-F GTGAAGTCAACATGCCTGCC
BCL2-R ACAGCCTGCAGCTTTGTTTC
BCL2L1-F TGGTTCCTGAGCTTCGCAAT
BCL2L1-R TATCACAGGTCGGGAGAGGA
CASP-9-F GCCCCATATGATCGAGGACA
CASP-9-R GTTCGCAGAAACGAAGCCAG
CASP-3-F TACCTGTGGCTGTGTATCCG
CASP-3-R TCAGTGTTCTCCATGGATACCT

XIAP-F ATATACCCGAGGAACCCTGCC
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BAK-R CAGTCTCTTGCCTCCCCAAG
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actin-F TCCAGCCTTCCTTCTTGGGT
actin-R GCACTGTGTTGGCATAGAGGT
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Fig.1 Inhibitory effect of XG aqueous extract on the growth
activity of human gastric cancer cell BGC-823
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Fig.2 Expression of DEGs (a) and the top 20 signaling
pathways of KEGG enrichment (b)

FHT-(P=0.001) . AWE(P=0.008)15 510 MEA7TE B35
A, e T (P=0.178) FlgAET-(P=0.111 155
AN,
2.3 44 RCD {5i#E& DEGs B 51

AT R XG KSR B R Ak
RIS HERBLE], XHE T AWE . SRIEHE I T RSB T
4 4~ RCD 15 51l # 19 DEGs #4714 Mr X 55 3iF
P AWENIRSEIEIE T Sl i 53 i 3] DEGs
56 1~ 55 4~F1 52 -, HF % DEGs (&35 F &
V% DEGs. #RFCT-15 5 il K1 DEGs s i/, 1L
A 16 1, 114 DEGs 5 T4 DEGs #5128 8 1~(& 3).
4 4~ RCD 55420 DEGs 435Il 5§ A STRING
BOPE 2, F d H PPT 4% (&1, 4543 e i A B v 1y
DEGs LI EAric (K 4) . T {5 S8 K DEGs &Y
PPI M4 R 2, A% 55 17 dUf1 588 4531, %E
ToA5 538 B R R AT 50, A0 FE 15 719 S5URT 49 281
BAF ST HITFEZES] 10 4> hub LR (18] 5), Hid,
JAT . A WE A IRFEE I T 5B 1 hub JEPRIIA 137
T35 B e 9 PPI AL He b, H A5 hub JEPR Rk 452
) Ml . hub FEF U CASP3. CASPY9. CASP7
1 APAF1 J2& caspase {08 T /5 ShFNPRA T 19 DG
T H. ULKI. ULK2, UVRAG. Atgl4 I Atg5 T8
25T HigMERIIE LGS TR, [FIEF, XG /KEEY et
T ERPET A5 530 B hub 3£ N GPX4. MAPILC3B.
FTHI . FTL F SATI HI3535



20254F 2 H

14 - il Tl B
a 60 b 60 c 60 dlop
49 47
Z 40 40 Z 40 38 z
= =
= 20 20 #20F e
7 8
0 0 0

Sy

Sl S
&’\

& & &
K3 RCD {57 ifi## DEGs KisEHLLEIT
Fig.3 Statistics of DEGs expression in RCD signaling pathways
T a: T b: HIGE o2 SRFEHEIHTS; d: BRI TS, 1B 4~ 5 T,

@ DAPKT @ HVGB1

CASPT HTRAZ
a APAFY GASEiDD @ MAPIKS b oo 2 PR%
@ FoPKY RC2 @ TPR1 ]
& i o TNFREF10A @ EIF2AKS = ® crsL
et THFRSF10B @ EiF2AK3 PIKARY UVRAG ® LAMPY
@0 aseg TRADD ATGS -
® GAODsA FAS @ pan2ip ® TRAFs- @ RETOR .
BID RiPK . AMBRAT BCL2L1
® 2Kkra e IPKY" i@ PaR3IURF-PIKIRA @® PTEN sz
TRAFZ @ PIK3CA
BcLatt e e = NRBF2 ZEvwETD ) ATGAC
} TNFRSF1A )
MTMR4 @ MTMR3
.'r:c?_z L] .. @ FIK3CA WipH ATG16L2
MCL1 POPK1
: @ MAPZK1
@R ® CTsD T ® PikoRd ATET ATG2B
JUNT g Fos Vit ot B itk RBICCH * o @ RABEA
LN NEKETA P
® cisH i LS @ sMCRs
@ BBC3 i @ LvnA @ P3R3URF-PIK3R3 ® coorrr2
ey ® OFFE g @ LvNB1 @ MRAS ® Crso
& o @ PTPN13 @RSz @ PRKACS
® rre @ Pikaco @ MAP3KI4 [} ”:MIGHR ® Per2ce
@ PIK3R1 @ GADD45B @ VAP2KA
@ SPATAZL
c @ SPATAZ d
@ RNF31
TRAFS
XIAP TNFRSF10A @ vorcz
@ cHMPE BIRC3 BID
THFRSE1a TNFRSF108
e FADD
® CHmPT TiRS EIFZAKZ
LA FTH1 GPX4
@ CHMP4B TRAFZ
&l TURA TRADD SLC11A2 ® cves
JA LB
RIPK1
@ rzac1t BOLZ 7@ TrRPM7 fvioxi ® TP3
@ STAT2 SECIAZ FTE
..Jf;g‘TSB ® Ticamt @ MARILC3B
@ H2AC15 ® AR SATA
CYBB SLCTA1 @ ATGS @ MAPILC3A
® cAMKZD ® HMGE1 @ HzAxX
@ HSPSOAB! @ IRFS @ vDAC?
@ rriA @ sLC25A5
@ VDAC! @ FTH1 @ MAP1LC3B2
® Hz2aw @ MACROHZA1
@® cLuo1 @FTL

4 RCD {55l DEGs (1) PPI W45
Fig.4 PPI network of DEGs in RCD signaling pathway

VO PO DO
e &@@é@fﬁ\ R -
S

&

b T e
-176 -159 -155 -148 —1.50
-1.75

X o5 0 NN 6N O -2.00
R IRV NN ey g «F

d : - : I:
1
0

N P BRI I SRR
LN RPN S RUG

K5 RCD {57 hub 2K T
Fig.5 Expression analysis of hub genes in RCD signaling pathway



5 46 % 5 44

FEIIR , 45 WE A ROKIEYISZ I B AIAE BGC-823 “N[H] RCD Al % sk 240 bt - 15 -

24 XGKEPIX ABRAMABTHIES

SR CHR A WAL IC SR T XG /KR A
B4 BGC-823 MU AsZm (8] 6a), CK 4
ZH g Annexin V-FITC F1 Pl Lk G152 5, ¥ MK
gu, XG /KIEPACTE AT LS AN B 5 40 i A B R
BN A TR ZS AR, U8 T A 40 i i R 2 R 28
S, R BT AL LT A6 S e AR T4, IR
UMM AAGIN L5 5 R, 4 mg/mL XG /KIEPALEE A
BIEAIAE 24 h, FRHETHTRIA 54.6%, H, FUH
JAT- RN 24.8%, B I8 T 40 famg 2 F B8 1=
(&l 6b) . [FIEF, FHXFT CK 4H, XG 20 S HA4UME b
i 50.01% FREZE 47.10%, G2/M _FTHZE 17.25%,
H B G2/M BHBE A R L (& 6¢) , ELAg BLAL () 41 Jif

AT HFIE
2.5 ATIES1E DEGs Kir2Tk

AR 7 SR L1 B30 53 BT 485 R B SCRR ST, R HC T
TS5BS i CASP3. CASPY9 Kz BCL2 % 8 |~
SCRERL A, X HAHXT Rk $EAT T AL . 45 R
N, FHXT T CK 4H, M M B i 25 4 T hub 2% 4]
BCL2., BCL2LI. CASP3. CASP9 ’. XIAP [ 3 ik
(P<0.01), F hub XN ENDOG 1 AIF 3355 g 3%
A (P<0.01), BAK F& Al 119 3% 1k 5 % Wb =25 410 i
(P<0.01) (I 7). [HlAst, aRIEPRIAHT ek AR fh i
#5 RNA-seq MF oMl IRILAR—2L, ViIAAEE 5
K BT R R ERf b AT B A

600

105 ] CK group 3 CK group = Dip G0-G1
; 500 5 = Dip G2-M
10° 4 _ 400 = @ Dip §
< 2 300 3 GO/G1: 49.99%
@ 10° 4 . § E $:50.01%
. 0F 16 [Q4-16 200 G2/M: 0%
1077l 100
50 um 04 * E 2,
~152 e [ m—— L e
-131 0 10> 10° 10  10° 0 20 40 60 80 100 120
FITC-A PI-A
_ m Dip G0-G1 XG
XG group 400 1= Dip G2-M group
17 Dip8 GO/GI: 36.65%
5 300 S: 47.10%
e 1 G2/M: 17.25%
5 200
Z m
100 7
ALLLLL) ) LLLLIELL L/ L I AL ) 0 T - i - T
=810 100 10°  10*  10° 0 20 40 60 80 100 120
FITC-A PI-A
a C
Bl 6 XGK{EYITES A B BGC-823 4 jd =
Fig.6 XG aqueous extract induced apoptosis of human gastric cancer cell BGC-823
e a: AUIRAPET-TEAS; b: AT TR 705 o0 400 B ks .
mm 2 25C gverage value  -o- fc value
o 15T BCL2 13 o 121  BCL2LI 180 o 12T CASP3 140 o 15T CASP9 140
= = =1 =
EIO S 09t w160 S 09} I 130 %10 130
5 10f 172 8 29 . 2 g0p g E
5 S 5 06¢ 1405 5 06f & {20 5 {20
S 05F {1€ = & = € 205t &
g - g 03} 120 3% 03¢t {10 g w110
N N N N
o 0 o 0 o 0 o 0
CK XG CK XG CcK XG CK XG
o 15T BAK 130 o 15T XIAP 120 o 20T AIF 4 71160 o 20r  ENDOG 730
E E E E 3
2 o I 0w =10 115 st I {120 2 1sf 2
gp VT 1 2 allr 2 o 2 o 1 2
5 o s 5 T {0 5 of & 180 T 5 10p s
5ost B {102 Fost e = £ = {10 €
g 3 1is 3 05} {40 g 05}
! 3 i h
o 0 o 0 o 0 o 0
CK XG CcK XG CcK XG CK XG
K7 JAT {55 DEGs %A A qRT-PCR Kl

Fig.7 Detection of DEGs expression in apoptosis signaling pathway by qRT-PCR
T 3k P<0.01,



- 16 - £ Tl B4

20254 2 A

3 Hg54t

JATAE AN MR T PEFE T 0 LT = —, B
J ¥z R RE R MIIAYT BT ARG RN FH o F 592
M PEs RN, JAT R0 R EK SR RZ N B e 40 i
AR EMEREEN RCD 55, /ERh—FHEAA
AT SR B2 FH B, 5 SR A T — B
Wil AR B NG PRI ST B N . ASIF ST RS SR Al 4
/R, BCL2 5 XIAP 28T #1Y hub JEH, HFR
IR AZ B XG /KERY) i, H XG 40 BAX/
BCL2 HLHM 8.49 L T+= 24.62, £RBi{IRET &%
32 3| Bel-2 FRJ% & 1 B AE M 28 14 ™ k& 26l . BAXY
BCL2 FLABE B I VA F AR o 40 Mg 08 7= A9 A& A= B, 24
BCL2 B3N B, 40 Mgk A P8 T2 0 B P XT4P S
TAP FEiGH B B AT HP I R, 3= 2t R 2kr
A 345 47 J00 o) 40 B A T B9 S A= B0, i L B B ECY)
(1C4,=73.48 pg/mL) FIHL 7 2 (1C5,=9.58 pmol/L)HE
IS BAX/BCL2 SR b, T 8 XI4P 1 3R
ik, AR5 S AFUIRE AN MCF-7 J8 11 & A=PY,
PLET- 3 XIAP 1 BCL2 WX R, £ssmib g
AT B A T EUREE, IO IR AR A 24052, i
FRIEYI RIS FE MCF-7 F1 HepG241Jifd CASP3 #ik
ARG, 3M i) caspase FRARKES AL AA I T 5
R TR, W B AT S ] CASP3. CASPS R
ik, T bel-2 FRik w2k T R4 SKOV-3 Z4Hifn)H
=B, HE, ARSZE P hub 3L K CASP3. CASP7.
CASPY9 M. APAF1 W3Rk ¥ gk W 2, 4E hub 2
AIFMI1 . AIFM2 Fl ENDOG % ik & i &
(P<0.01), ENDOG F AIF 4 caspaselifid EAKH5 1 U5
ToIRA AR IR (470, by Msim s b & 2k
FURTHEE T, P 2 m] DL au Az EL 7, 5 [ AS 4n Az
gu (o5 KA F DNA F Wi fk, $E 11555 Caspases JE
AR PR T8 2 114 41 i ARG I 2 R
0.05~5 mg/mL XG 7K % AT N H %6 4i ife BGC-823
ARG 5E e ) BAT AR AR, 24 h AR )S,
HH BB (%) 2R TR SR E B G2/M it JE] )
B BARAS . G2/M AR A A 2 a7 B2 )
AL, Ha GRS IR 4l DNA #4055, &35 1M 1R
i G2/M 1, #E— Al &I T-PY, qRT-PCR £
M — 2GS, R T4 SC DEGs AT 2 ik 5
AFfk 5 RNA-seq M7 43 Mt 34—, ik,
XG /KIEYFHT N BiEAIE BGC-823 pyAT-F%H S
LRSS 5, H A caspases BT o

Ak, AW S S AR I B I TE O
BT N, g vh O B AR AL B B S 1Y BRI,
Sk opJRE 4 M A K g B i, AT R 2 IR A s B
B I AU B A E A T DR SRS AR AT
WEANHEOE O g IMA T RS Bl F R A —
R, W K 2 A AW R RS, X R AA T
ULK] W5 &5 (ULKI, ULK2, G13. FIP200 Fl
Atg101 20 %) #07% 11 % PI3KC3 &2 &), Atgl4 J&

PI3K-CI MYAZ.Cr 53, )i 3 A WEARIE i, UVRAG J&
PI3KC3 B EWHRZERI ] ARl 431, 3 R T DA i
UVRAG-Beclinl 5% UVRAG-BAX P &85 BIAE
KM A WEEL I T, UVRAG BRI 215 7T LIE
BEMPE AR & A BAX 5 S IERATH T, UVRAG
I 4 A FIEE Beclinl-PI3KC3 BA4W), AR 7E [ W
REGTE B, SETTFS S AU A W, T AzgS-11 25
(Atgl2. Atg5 T Atgl6 5520 %) T LI 3D A g s
AL S AN L Al 2R A TE B, Azgs D)2 g S i it 1) 56
B P, ULKI., ULK2. UVRAG. Atgl4 }% Atgs
o8 A WA B A hub JEN, Rk W3 N, UL
B XG /KT N B 4 BGC-823 41 iy [ W/
PR ETE a BR T BEHA — 2 A IV E A .

ST S INATAT Y T A RN B s A
RGBT, AR SR X RIE T MR sEt:
PHT{5 510 B0 hub L PEAT T k. GPx4 &
R MFE TR A% . GPx4 DL GSH ik i
7, AN 5T o SR A A S N B, B R S
AN e sz Bg i A B I EE S L . PLAA IR
% System Xc-J& 1 SLC7A411 F1 SLC3A2 P4~V J:&
ZH S S IR AR, B i 3= 2hm sz AR R 3k
WU A2 104 e &R AN A &R LA A Al S5 GSHM 7,
HR XG /KR BIE T GPx4 WK IA, B HF
hub K SLC7A411 1 SLC3A42 3% 35 18 04 B F i,
P EBIE L GSH W6 pFERS, FEMTM 6] GPx4 T& Ak
BIPTAEALBE AR, R, XG /K HE4 nT HEXT B g6 41 i Py
RGBT S A HE R S Y TR A B T HA 5
YEHIS

BRI T AR PR T A R A 300G r 4 e By
A4S . TNF KRG R K H bk 4 & J5, RIPK1/
RIPK3 /-5 T WA MSEHETRT AR 554 T o AWFoE
1, IZA(5 SR AR FADD . TRADD . BIRC3 .,
TNFRSFIA, TNFRSFI0B, TRAF2 ¥E N i) 6 i~ hub
FEDA, M BET B2 AR K HAH GO A L PR 89, [ i)
IEHE W E I . [FIE), hub 2K RIPKT S8 T F1
RFCHEPR T 38 S A P 1 R 00, s e G PR
WIFE2EHH, CASPS X RIPK 1 WIVIEILERS 1 RIPK1 3%
Fifg A S 09 40 i R T AN IR B8 b B R OEAE L A
CASPS Wik, JA sh Al ML P8 15 & CASPS B 3 i ,
RIPK1 3545 RIPK3 8 i B ALIE i RAE/ MA” 52
EHtl, N B4 BGC-823 Y RIPKI I CASPS
MR ERE XG /KEEY) W2 (P<0.01) . FHik,
XG /KEEPIXT TNF S5 S IRSEE I T 5 5 il A%E
FEAEAHI T RE:

ZE E TR, A S i 4 it A 4 24 T BRI R S5
ZHIN P43 AT, SeE T e e R S s T N B A
M BGC-823 JH T A EPTMIETE M, EZEWAE T AH
ST BGC-823 Y Caspase B FAKIS LA IE T
{5 S, W, n] LASEIR E WS B o . %
F RCD 1553 B 19 2250 7] P FO P T IRE B 6 109 52 44



5 46 % 5 44

FEIIR , 45 WE A ROKIEYISZ I B AIAE BGC-823 “N[H] RCD Al % sk 240 bt <17 -

T, FEAAT 5 10 S Y TG ol ) 2 5 SRR ) T i
SR LM A TG, A8 TR R A P SE BT T I AR
FIIESE,

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
(1] $ARAMERANER LMY A EY 4 Z ] P E
£ d 5 IR, 2019, 19(3):92. [ Several edible and medicinal fungi
were included in the protection list of new varieties of agricultural
plants[J]. J Chin Inst Food Sci Technol, 2019, 19(3): 92. ]
[2] KONTOGIANNATOS D, KOUTROTSIOS G, XEKALAKI
S, et al. Biomass and Cordycepin production by the medicinal mush-
room Cordyceps militaris-A review of various aspects and recent
trends towards the exploitation of a valuable fungus[J]. J Fungi
(Basel), 2021, 7(11): 986-1003.
[3] LIUY, GUO Z J, ZHOU X W. Chinese Cordyceps: Bioactive
components, antitumor effects and underlying mechanism-A review
[J]. Molecules, 2022, 27(19): 6576-6593.
[4] JEONG M K, YOO H S, KANG I C. The extract of Cordy-
ceps militaris inhibited the proliferation of cisplatin-resistant A549
lung cancer cells by downregulation of H-Ras[J]. J Med Food, 2019,
22(8): 823-832.
[5] LEE S, LEE H H, KIM J, et al. Anti-tumor effect of Cordy-
ceps militaris in HCV-infected human hepatocarcinoma 7.5 cells[J].
J Microbiol, 2015, 53(7): 468-474.
[6] SEO H, SONG J, KIM M, et al. Cordyceps militaris grown on
germinated soybean suppresses KRAS-driven colorectal cancer by
inhibiting the RAS/ERK pathway [J]. Nutrients, 2018, 11(1): 20-33.
[7] LIXY, TAO H, JIN C, et al. Cordycepin inhibits pancreatic
cancer cell growth in vitro and in vivo via targeting FGFR2 and
blocking ERK signaling[J]. Chin J Nat Med, 2020, 18(5): 345-355.
[ 8 ] SUKSIRIWORAPONG J, PONGPRASERT N, BUNSUPA S,
et al. CD44-Targeted lipid polymer hybrid nanoparticles enhance an-
ti-breast cancer effect of Cordyceps militaris extracts[J]. Pharma-
ceutics, 2023, 15(6): 1771-1790.
[9] TANIA M, SHAWON J, SAIF K, et al. Cordycepin downregu-
lates Cdk-2 to interfere with cell cycle and increases apoptosis by
generating ROS in cervical cancer cells: In vitro and in silico
study[J]. Curr Cancer Drug Targets, 2019, 19(2): 152—159.
[10] JO E, JANG H J, YANG K E, et al. Cordyceps militaris in-
duces apoptosis in ovarian cancer cells through TNF-o/TNFR1-me-
diated inhibition of NF-«xB phosphorylation[J]. BMC Complement
Med Ther, 2020, 20(1): 1-12.
[11] JOE, JANG H J, SHEN L, et al. Cordyceps militaris exerts
anticancer effect on non—small cell lung cancer by inhibiting hedge-
hog signaling via suppression of TCTN3[J]. Integr Cancer Ther,
2020, 19: 1-14.
[12] TUNGKL,WUS Z, YANG C C, et al. Cordycepin induces
apoptosis through JNK-mediated caspase activation in human OEC-
M1 oral cancer cells[J]. Evid Based Complement Alternat Med,
2022,2022: 1842363.
[13] SHIL, CAO H, FU S, et al. Cordycepin enhances hyperther-
mia-induced apoptosis and cell cycle arrest by modulating the
MAPK pathway in human lymphoma U937 cells[J]. Mol Biol Rep,
2022, 49(9): 8673—8683.

[14] GUO Z, CHEN W, DAI G, et al. Cordycepin suppresses the
migration and invasion of human liver cancer cells by downregulat-
ing the expression of CXCR4[J]. Int J Mol Med, 2020, 45(1): 141—
150.
[15] WANGY,LUY, LIU T S, et al. Cordycepin suppresses cell
proliferation and migration by targeting CLEC2 in human gastric
cancer cells via Akt signaling pathway [J]. Life Sci, 2019, 223: 110~
119.
[ 16 ] BINLATEH T, UPPATCHA N, THEPCHAI J, et al. Cordy-
cepin attenuates migration and invasion of HSC-4 oral squamous
carcinoma cells through autophagy-dependent FAK/Akt and MMP2/
MMP9 suppression[J]. J Dent Sci, 2022, 17(4): 1677-1688.
[17] LIU T, ZHU G, YAN W, et al. Cordycepin inhibits cancer
cell proliferation and angiogenesis through a DEK interaction via
ERK signaling in cholangiocarcinomalJ]. J Pharmacol Exp Ther,
2020, 373(2): 279-289.
[18] CHEN C, WANG M L, JIN C, et al. Cordyceps militaris
polysaccharide triggers apoptosis and GO0/G1 cell arrest in cancer
cells[J]. J Asia-Paci Ent, 2015, 18(3): 433-438.
[19] PENGF, LIAO M, QIN R, et al. Regulated cell death (RCD)
in cancer: Key pathways and targeted therapies[J]. Signal Trans-
duct Target Ther, 2022, 7(1): 286-351.
(20 ] Zesikdh, BHRE. Jos bR M am o st = Xy it e 5y
KRBT b B S5 6 R 4 &, 2022,29(5): 582-584.
[ GONG L J, SHI L I. Progress and prospects: regulated cell death
in cancer[J]. Chin J Bases and Clinics in General Surgery, 2022, 29
(5):582-584. |
[21] SONG J, WANG Y, TENG M, et al. Cordyceps militaris in-
duces tumor cell death via the caspase-dependent mitochondrial
pathway in HepG2 and MCF-7 cells[J]. Mol Med Rep, 2016, 13(6):
5132-5140.
[22] HU Z, LAI Y, MA C, et al. Cordyceps militaris extract in-
duces apoptosis and pyroptosis via caspase-3/PARP/GSDME path-
ways in A549 cell line[J]. Food Sci Nutr, 2022, 10(1): 21-38.
[23] JANG HJ, YANG K E, HWANG I H, et al. Cordycepin in-
hibits human ovarian cancer by inducing autophagy and apoptosis
through Dickkopf-related protein 1/8-catenin signaling[J]. Am J
Transl Res, 2019, 11(11): 6890-6906.
[24] B Fkihk g PO B #E ML GXP4 Bt 4k
S T #4725 AL 5 R 84 4 AF %k CN202110692940.1 [P].
2021-10-12. [ En Shi Tujia and Miao Autonomous Prefecture Cen-
tral Hospital. Ferroptosis inhibitor drugs that activate GXP4 enzyme
in cells and methods for application: CN202110692940.1[P]. 2021-
10-12. ]
[25] sRA&. RE &I F M 05 LB AR (D).
Fa. 2L FRIRSE X 3, 2019. [ ZHANG X Z. Comparative study on the
antitumor activity of different Cordyceps[D]. Shenyang: Shenyang
Normal University, 2019. ]
[26] &), Dt ATER], 5. ZAH & T AN R F B mie
# BGC-823 A% & D1 Pl6 B a Rty ®rall]. FEHH S IE
J&,2020,20(4): 508-511. [ GAO C, MA M J, HE Z G. Effect of
dihydroartemisinin on protein expression of cyclin D1 and P16 in
gastric cancer cell line BGC-823 in vitro[J]. Chin Rem & Clinics,
2020, 20(4): 508-511. ]
[27] #4%, M. LncRNA UNC5B-ASI $e%) miR-339-5p A1
AR 0 B AS49 3§ s e A [J]. Jh A B F 5 l6 R, 2022,
42(3):454-460. [ ZHANG J, ZHANG J J. LncRNA UNC5B-ASI
targeting miR-339-5p regulates the proliferation and apoptosis of hu-
man lung adenocarcinoma cell line A549[J]. Basic Clinic Med,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3390/jof7110986
https://doi.org/10.3390/jof7110986
https://doi.org/10.3390/jof7110986
https://doi.org/10.3390/jof7110986
https://doi.org/10.3390/molecules27196576
https://doi.org/10.1089/jmf.2018.4232
https://doi.org/10.1007/s12275-015-5198-x
https://doi.org/10.3390/nu11010020
https://doi.org/10.3390/pharmaceutics15061771
https://doi.org/10.3390/pharmaceutics15061771
https://doi.org/10.2174/1568009618666180905095356
https://doi.org/10.1186/s12906-019-2780-5
https://doi.org/10.1186/s12906-019-2780-5
https://doi.org/10.1158/1535-7163.1.19.1
https://doi.org/10.1007/s11033-022-07705-6
https://doi.org/10.1016/j.lfs.2019.03.025
https://doi.org/10.1016/j.jds.2022.03.002
https://doi.org/10.1124/jpet.119.263202
https://doi.org/10.1016/j.aspen.2015.04.015
https://doi.org/10.1016/j.aspen.2015.04.015
https://doi.org/10.1016/j.aspen.2015.04.015
https://doi.org/10.1038/s41392-022-01110-y
https://doi.org/10.1038/s41392-022-01110-y
https://doi.org/10.1038/s41392-022-01110-y
https://doi.org/10.3892/mmr.2016.5175
https://doi.org/10.1002/fsn3.2636
https://doi.org/10.3969/j.issn.1001-6325.2022.03.018
https://doi.org/10.3969/j.issn.1001-6325.2022.03.018

<18 - £ Tl B4

20254 2 A

2022, 42(3): 454-460. ]

[28 ] ZHANG D, LI X, SONG D, et al. Atractylenolide III induces
apoptosis by regulating the Bax/Bcl-2 signaling pathway in human
colorectal cancer HCT-116 cells in vitro and in vivo[J]. Anticancer
Drugs, 2022, 33(1): 30-47.

[29] B/, bel-2 A B Rakstam e a9 J]. P EES T
¥ (B 9% % ),2001, 15(1): 80-81. [ DUAN X X. Regulation of
apoptosis by bcl-2 gene family[J]. Chin Med Abstracts, 2001, 15
(1):80-81. ]

[30] JOST P J, VUCIC D. Regulation of cell death and Immunity
by XIAP[J]. Cold Spring Harb Perspect Biol, 2020, 12(8): 36-26.
[31] LEE D, LEE W Y, JUNG K, et al. The inhibitory effect of
cordycepin on the proliferation of MCF-7 breast cancer cells, and its
mechanism: An investigation using network pharmacology-based
analysis[J]. Biomolecules, 2019, 9(9): 407—-421.

[32] MAMRIEV D, ABBAS R, KLINGLER F M, et al. A small-
molecule ARTS mimetic promotes apoptosis through degradation of
both XIAP and Bcl-2[J]. Cell Death Dis, 2020, 11(6): 483—98.
[33] JOE,JANG H I, YANG K E, et al. Cordyceps militaris ex-
erts antitumor effect on carboplatin-resistant ovarian cancer via acti-
vation of ATF3/TP53 signaling in vitro and in vivo[J]. Nat Prod
Commun, 2020, 15(1): 1-14.

[34] LIN CH, LIN K H, KU H J, et al. Amentoflavone induces
caspase-dependent/-independent apoptosis and dysregulates cyclin-
dependent kinase-mediated cell cycle in colorectal cancer in vitro
and in vivo[J]. Environ Toxicol, 2023, 38(5): 1078—1089.

[35] CHENCJ,SHIHY L, YEH MY, et al. Ursolic acid induces
apoptotic cell death through AIF and Endo G release through a mito-
chondria-dependent pathway in NCI-H292 human lung cancer cells
in vitro[J]. In Vivo, 2019, 33(2): 383-391.

[36] LIM S, KALDIS P. Cdks, cyclins and CKIs: Roles beyond
cell cycle regulation[J]. Development, 2013, 140(15): 3079-3093.
[37] KIMMELMAN A C, WHITE E. Autophagy and tumor
metabolism [J]. Cell Metab, 2017, 25(5): 1037—1043.

[38] JEON S J, AHN J H, HALDER D, et al. TIPRL potentiates
survival of lung cancer by inducing autophagy through the elF2a-
ATF4 pathway [J]. Cell Death Dis, 2019, 10(12): 959-975.

[39] VERA-RAMIREZ L, VODNALA S K, NINI R, et al. Au-
tophagy promotes the survival of dormant breast cancer cells and
metastatic tumor recurrence[J]. Nat Commun, 2018, 9(1): 1944—
1955.

[40 ] SIMPSON J E, GAMMOH N. The impact of autophagy dur-
ing the development and survival of glioblastomalJ]. Open Biol,
2020, 10(9): 200184.

[41 ] CHANG C, YOUNG L N, MORRIS K L, et al. Bidirectional
control of autophagy by BECN1 BARA domain dynamics[J]. Mol
Cell, 2019, 73(2): 339-353.

[42] HUANGFU L, LIANG H, WANG G, et al. miR-183 regu-
lates autophagy and apoptosis in colorectal cancer through targeting
of UVRAG[J]. Oncotarget, 2016, 7(4): 4735-4745.

[43] YINX, CAOL, KANGR, et al. UV irradiation resistance-as-
sociated gene suppresses apoptosis by interfering with BAX activa-
tion[J]. EMBO Rep, 2011, 12(7): 727-734.

[44] KANG R, ZEH H J, LOTZE M T, et al. The Beclin 1 net-
work regulates autophagy and apoptosis [J]. Cell Death Differ, 2011,
18(4): 571-580.

[45] RANGEL M, KONG J, BHATT V, et al. Autophagy and tu-
morigenesis[J]. Febs J, 2022, 289(22): 7177-7198.

[46] KOPPULA P, ZHUANG L, GAN B. Cystine transporter
SLC7A11/xCT in cancer: Ferroptosis, nutrient dependency, and can-
cer therapy [J]. Protein Cell, 2021, 12(8): 599-620.

[47] YANG W S, SRIRAMARATNAM R, WELSCH M E, et al.
Regulation of ferroptotic cancer cell death by GPX4[J]. Cell, 2014,
156(2): 317-331.

[ 48 ] FISCHER R, KONTERMANN R E, PFIZENMAIER K. Se-
lective targeting of TNF receptors as a novel therapeutic approach
[J]. Front Cell Dev Biol, 2020, 8: 401—421.

[49] VAN LOO G, BERTRAND M J M. Death by TNF: A road to
inflammation[J]. Nat Rev Immunol, 2023, 23(5): 289-303.

[50] XU D, ZOU C, YUAN 1. Genetic regulation of RIPK1 and
necroptosis[J]. Annu Rev Genet, 2021, 55(1): 235-263.

[51] SEO J, NAM Y W, KIM S, et al. Necroptosis molecular
mechanisms: Recent findings regarding novel necroptosis regula-
tors [J]. Exp Mol Med, 2021, 53(6): 1007-1017.


https://doi.org/10.1097/CAD.0000000000001136
https://doi.org/10.1097/CAD.0000000000001136
https://doi.org/10.3390/biom9090407
https://doi.org/10.1038/s41419-020-2670-2
https://doi.org/10.1002/tox.23749
https://doi.org/10.21873/invivo.11485
https://doi.org/10.1242/dev.091744
https://doi.org/10.1016/j.cmet.2017.04.004
https://doi.org/10.1038/s41419-019-2190-0
https://doi.org/10.1038/s41467-018-04070-6
https://doi.org/10.1098/rsob.200184
https://doi.org/10.1016/j.molcel.2018.10.035
https://doi.org/10.1016/j.molcel.2018.10.035
https://doi.org/10.18632/oncotarget.6732
https://doi.org/10.1038/embor.2011.79
https://doi.org/10.1038/cdd.2010.191
https://doi.org/10.1111/febs.16125
https://doi.org/10.1007/s13238-020-00789-5
https://doi.org/10.3389/fcell.2020.00401
https://doi.org/10.1038/s41577-022-00792-3
https://doi.org/10.1146/annurev-genet-071719-022748
https://doi.org/10.1038/s12276-021-00634-7

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 蛹虫草水提物的制备
	1.2.2 MTT法检测细胞抑制率
	1.2.3 转录组测序与分析
	1.2.4 蛋白互作网络构建及hub基因的筛选
	1.2.5 细胞凋亡形态的共聚焦显微镜观察
	1.2.6 细胞凋亡率的流式细胞术检测
	1.2.7 细胞周期的流式细胞术检测
	1.2.8 凋亡相关基因的实时荧光定量PCR（qRT-PCR）检测

	1.3 数据处理

	2 结果与分析
	2.1 XG水提物对人胃癌细胞生长活性的影响
	2.2 XG水提物对人胃癌细胞转录组的影响
	2.3 4个RCD信号通路DEGs的分析
	2.4 XG水提物对人胃癌细胞凋亡的诱导
	2.5 凋亡信号通路DEGs表达量变化

	3 讨论与结论
	参考文献

