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Effects of loganin on the biological behavior of cervical cancer cells mediated by glutamine
metabolism via regulation of the NFE2L2-FTH1-GPX4 pathway

LEI Yan, FENG Chun,ZOU Qian, DONG Yi, LIAN Hongmei, DU Xin
(Depaﬂmem of Gynaecology, Maternal and Child Health Hospital of Hubei Province , Wuhan 430070, China)

Abstract Objective To investigate the effect of loganin (Log) on glutamine metabolism in cervical cancer through the regula-
tion of nuclear factor red blood cell 2 related factor 2 (NFE2L2) -ferritin heavy chain 1 (FTH1) -glutathione peroxidase 4 (GPX4).
Methods Bioinformatics analysis was conducted to identify common targets of Log, glutamine metabolism,and cervical cancer.
Hela cells were divided into Blank, control (Ctrl), Log, cisplatin (DDP),NFE2L2 activator (TBH(Q),NFE2L2 inhibitor (ML385), and
TBHQ+Log groups to detect cell proliferation ,invasion, apoptosis, glutamine metabolism, and the protein expression of NFE21.2,FTH1,
and GPX4. A cervical cancer xenograft mouse model was established to investigate the in vivo effects of Log on the progression of cervical
cancer. Results Bioinformatics analysis confirmed that NFE2L2 might be a target of Log in the treatment of cervical cancer. Both Log
and DDP reduced the proliferation and invasion abilities of Hela cells,increased apoptosis,and decreased the levels of glutamine and
glutamic acid,as well as the protein expression of glutaminase (GLS1) and glutamic dehydrogenase (GLUD1,P < 0.05). The NFE2L2
activator TBHQ had opposite effects, whereas ML385 had a similar impact on the Log. Additionally, Log treatment inhibited the protein
expression of NFE2L2,FTHI ,and GPX4 (P < 0.05). Animal experiments showed that Log significantly inhibited cervical cancer progression (P <
0.05). Conclusion Log affects cervical cancer progression via glutamine metabolism by inhibiting the NFE2L2-FTH1-GPX4 signaling
pathway.
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AVE IS R UESE AR 1 Fi i 22 K1 (ferritin heavy
chain 1,FTH1) 288 H 09 —FP 7 3L, 25 H G 4R
W4 (glutathione peroxidase 4, GPX4) &—Fh i %A
TR, P Y ENFE2L200 T U5+, FENFE2L2340
I IR AR Y | B IR LogfE %8 i 15 AL NFE2L240 11
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1.1 Ak

PR 12~14 ghJ4 14 HEPEBALB/C/N FRIW A #1E
A S B L, PR ATIEYS - SYXK (55) 2020-0018;
NE i HelaZl i 5 C-33A 40 5 ) M IEH-A= )
FHE A B B NE SURHT-340 M A5 301 %
4 iy (human cervical epithelial cells, HCECs) 14 H 5
DO B AR A BB A PR 7] 5 Loghly A 26 EIMCEZY
) i (cisplatin, DDP) W4 [ 551 254 FR 2 Al
B e A 2R AR MR () e A RS A
D-hanks¥¥ .0.1%45 i 5 18 [ A6 5% 2= AR FTRHE A R
2N W) s RIPAZE W — A ¥ TUNE LA A 4 146 I 1
R & (AP0 W H EgE = RAEVEAR RS A
RN T 5 4%~12% 1) Bis-Tris ¥ B BE I . PVDFE | Su-
persignal West Femtoft2# & iRl [ 58 EIFE B¢
HEIRBHE A A 48 Z LB 1 (glutaminase 1, GLS1),
2 & R I E 1 (glutamic dehydrogenase 1,GLUD1),
NFE2L2 .FTH15GPX4$i /&1 H 5% [E Cell Signaling
Technology s F ; B Ik S8 A W A 6 1) — Bt H
e [Eabeam 2\ v 5 20 M 38 51 K 20 g 1 A 0 5K 7]
(cell counting Kit-8, CCK-8) A4 2 1R & = K M 7] &
(el g | A T A TR (Rl B A BRA A
A 2 ok e e ) (L) W A E iR
IR A B2 7 5 Transwell /N 238 1 [ 26 e 724y
A3 50 U F AR E PRS2 ) B AR SR A
A 36 B ER G A JR B 28 7] 5 Chemidoe XRS+
UL FRGENE B A e R A VIR K A BR A
1.2 ik

1.2.1 AYE B2E 0 e E I A HORAE B
H.0» (National Center for Biotechnology Information,
NCBI) FIGEO%KL 45 & h 4K I GSE6791 .GSE63678
GSE3900 15k 4% 4 , Jf: 0 ¥E34 £ 4f8 2 P < 0.05H.
og,FCI> 1Y 5 595 22 5 A HE ], HSwissTarget-
Prediction (http://www.swisstargetprediction.ch/),
TargetNet (http://targetnet.schdd.com/) FIPrediction
(https://prediction.charite.de/) 2515 Tl M LogHt
M, 455 MsigDB (https : //www.gsea-msigdb.org/) Sz 3C
ik [6-8] 1y 4% 2 Mok e X388 55 X, I Venn® 3 (http: //
bioinformatics.psb.ugent.be/) HAZ 4 A ﬁHStringﬁ i
J (https : //string-db.org/) 4347 3¢ 52§ 85 (9 2 1 Joi-
& H T A HAE ] (protein-protein interaction, PPT) %4
2% . M| H{PubChem ,Chemdraw#1ChemBio 3D3K H{Log
By = 4E S5, SNFE2L2 53R 2544 (AutoDock vinaklb
) X%, PR AR ES A Re X, PYMOLAT ¥ ft Log
ENFE2L2AHEAEH .

1.2.2 43R 504 HelaZl 0 5 C-33 A0 15 557
T4 10%FBSHI90%DMEM ,90%MEMK; 353 HT-3
RIS I T 5 10%FBS . 19%P/S McCoy s SAIRGFE
Frp HCECsK F5 TEFBS A KI5 5H &R 4
FERENEEFRIL T, B T37 °C 5%CO55 544 540
i 42 Ff ZR96FL M (5 x 107/4L) o 3 R BEHL 434 -
25 1 (Blank) ZH (fUfiff JH LAl RG TR0 RS AT A 24
PR, KRR (Ceel) 2 G 254 b FREH R —
FHAYDMSO0), LogdH (Log 10.50.,100,200.500 pg/mL.),
DDPZH (DDP 10 pmol/L), TBHQZH (NFE2L2#4 75 71
10 pmol/L), ML3854] (NFE2L2# 15 5 wmol/L) &
TBHQ+Log# (TBHQ 10 wmol/L+Log 200 ug/mL), il A
TR R SR AR SR 5724 he

1.2.3 43 FE TG 07 K« 4% FRCCK-8i 71 5 Ui ]
45, B 45 2 20 L w FLIE 24 b, ) B AL i AL0
pL CCK-8¥ U, ARLEWF 1 b, 4l FHBEAR S 28 A6 A
FEA50 nmPFE IS LIRS

1.2.4 A0 TR - 42 BRG0S0 B 5 20 BR g
25 AL AN, PBSTRIA ST PA4% 22 5 WS [E1 %230 min il
A0.3% Triton X-1008%7'S min, TUNELRMRIFE 1
h, DAPLJL 20 A% , 96 i UBE T ARk (5 LRI
PRICH P T4

1.2.5 AR ZERN KBTI 5 D-hanksiiH%1 : 9
IR A, B20 pLiin ATranswell | 25,37 CHEE4 ho B
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£ A0 LB 200 pLn A %=, = HAS00 pLy
MR FRHE,37 CHiFR24 he 4%% B HEEF 2 .0.1%
Sy, PBSUE , IR BEREN LIS T4
1.2.6 AWk 5 40 2R O DU - e JR AT S ke
B A I e D R0 U BH A5 AR 4, B0
J5i 3 b3 PBSHEE B, VKT R 75 AR 40 L, PO B0
Je UL, D A5 A B B Ay S R MR B

127 SRS M I A AL 5 25 4 1 7. 24 HBALB/C
WEPE /N BRI 3% T SPRR S ) 5 , Tt FE22~26 °C, 1R
40%~60% , T AE12 ho't [ JE 10 W B8 X 85 A= K 1Y
HelaZll 8, K L e 5 1 3 o0 1 % 10"/m LAY 200 fifd A
W, e /N BRSBTS (0.2 mL), 257 K il
Btk B A HAR R /N RUBERL S g4 (FgeH
6) :ModelZH (%5 & 4= BLEL KB ), Loglk . P . 5
FlHt (Log-L.Log-M . Log-H) 20 (4357 520.50.100
mg/kg Log, 1IK/d, 225 ) S50 45 5 AL B/ N,
Sy E P4

1.2.8  Western blotting:: St 5 2 Jifl 15 /)N BRUI g 2 21
FH 5 28 B 50 A RTPAZE il 2 B R 1, 42
B0 et FBTRE S, LUK B3 05 B2 7EPVDF IR |
5% g - 5 A, PVDEFRE 5 76 B 1 000475 i — 3t
(GLS1.GLUD1 NFE2L2 .FTH1.GPX4) 4 CH & it
&, IMTHRPIRIR 1) — iR &1 ho F k22 & 6K
FIIE B, Chemidoe XRS+% 45 7] MAL 343 41 & 11

1.2.9 s 20 2140 gL o i A AR 22109 i
2R [ E24 WE AT A W U R (4 pm) VTR
25 JI % ALK AL, 53% HL0,7E H b = I E 10
mino ZJ5 17T H B AL 4k F e kU, —$ih
NFE2L2 .FTH15GPX4, —- 31 Ml1gG., DAB & Fl 5
AKGRGLE , WA TSR R Image ) R (41 H34°F
B EEAE, DIVE & A 41 20 NFE2L2 \FTHI
FIGPX4PHMFRIE
1.3 Gt

¥ HIGraphPad Prism 8.08K /- i 4748310 4, it
VOB LAX + s, 410 HECR RS 56 A o IR 2y
225307, P < 0.05 2 R A G L.

2 #R

2.1 Logil & e 4 it A

5Culdl A1 Eb , A A #& B Log FIDDPT- il RE 1 B
A B S AN S 5 TS ) (P < 0.05), fHXTHCECs
TCHA A (P> 0.05), W1 7£200 we/mLik &
', Log %t HelaZfl B3 7 4 30 8 R0 SR £ b BA ., 4k
{6 FH MR 2 Y Log T P H el a4l i 1 A7 i 252 56 2 PR
5BlankZH A1 I, Log#1 5 DDPA 41l i 12 22 i 1 W
FEAIK (P < 0.05) 21 L 9 T~ 2 B S 34 (P < 0.05), I
22 K1,

R1 BEPMBEFALE (xxs, %)
Tab.1 Comparison of cell viability in each group (x+s, %)

Group n HCECs Hela C-33A HT-3
Cirl 3 100.00 + 11.39 100.00 £ 11.51 100.00 = 11.41 100.00 + 11.34
Log 10 pg/mL 3 99.68 + 11.36 62.17 +7.09" 82.85 + 8.87" 75.26 + 8.58"
Log 50 pg/mL 3 97.85+ 11.38 59.14 + 6.74" 75.04 +7.98" 67.72+7.72"
Log 100 wg/ml. 3 102.09 + 11.46 56.06 + 6.39" 71.13 +7.42" 63.35+7.22"
Log 200 pg/mL 3 99.96 + 11.40 50.62 +5.77" 65.07 = 6.85" 59.86 + 6.82"
Log 500 pg/mL 3 100.16 + 11.49 55.98 + 6.38" 66.87 = 7.40" 59.23 +6.75"
DDP 3 98.91 + 11.39 42.07 + 4.80" 49.76 +5.67" 4571+521"

1) P < 0.05 vs. Ctrl group.

2.2 Log il ey £ 4 i i 2 e A 1

5BlankZ #H [t , LogZHl 5 DDPA A A B e 5 45
AR T (P <0.05) (GLS15GLUD1ER H #ik
BIEE5 (P <0.05) , 3 HDDPZH g 2%, L33 K12,
2.3 Loghliil & S 40 M rh NFE2L2 9 52 3 R ik

HEIE B2A T ES R R, Log A &L AR 1
58 B AR RO s R 1 5S4, 4 i S BCL2
PIK3CA .MTOR .AKT3 NFE2L2 .JAK2 .MET .NOSI .
EGLN1, PPIMTESER BN , 28 HAE R 0 54
43 3 ABCL2 PIK3CA \MTOR .NFE21.2  AKT3. %3
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FXFHELE R R, LogMINFE2L22 [8] U 454 5% & i
5 (45 4 fiE 9-8.7 keal/mol) . Western blottingZ 5 i
7, SHCECs (0.13 £ 0.01) A, HelaZ g INFE21.245
[ 2 3k B 12 B4 58 (0.56 + 0.07, P < 0.05), 1fiLoghE %
FHINFE2L22634 (0.29 £ 0.03,P <0.05), L3,
2.4 NFE2L23EIK 500 5 55000 40 i AF K R 43 S B i
R

5 CurlZ1 4 b, TBHQZHNFE2L2EE [ #3554,
Hela4ll g 364 58 1% 3 55 12 22 68 1 58 1, 94 T 40 e 5
AR, A A BE G 5 4 208 & = 7H , GLS15GLUDI
TR AHEE (PH< 0.05) 5 MiML3852HNFE21.2E H

Blank group

-~ wyyoo-

Y
Transwell )" ]
X

TUNEL

Log group

FEIRUEES , HelaZl 3G 5E 15 71 51222 6E JIREAIK, 4N
TR, S A 58 @R & & F I, CLS15
GLUD1ZE H FIARHIL (PY<0.05), W34 .5, K4~6,

F2 FAMMEBEENSATREILE (x+s, n=3)
Tab.2 Comparison of invasion ability and apoptosis rate of the
cells in each group (x+s, n=3)

Group Number of invading cells Apoptosis rate (%)
Blank 122.74 +13.99 422 +0.85
Log 82.27 +9.38" 10.13 = 1.47"
DDP 65.05+7.87" 16.55 +2.26"

1) P < 0.05 vs. Blank group.

E1  Logil#l S S K IHRHFEBET *x400

Fig.1 Log inhibits the growth of cervical cancer cells and promotes their apoptosis x 400

R3 SHMMBSBBRCBIERLER (x+s, n=3)

Tab.3 Comparison of glutamine metabolism in each group (x+s, n=3)

Group Glutamine (ug/mL) Glutamate (pmol/mL) Relative protein expression of GLS1  Relative protein expression of GLUD1
Blank 10453 +119.16 0.26 £ 0.03 0.89 +£0.11 1.25+0.14
Log 611.73 + 69.74" 0.18 +0.02" 0.53+0.07" 0.81 +0.09"
DDP 510.93 + 58.25" 0.11£0.02" 0.41 +0.06" 0.39 +0.05"
1) P < 0.05 vs. Blank group.
2 3

1
& ]
aon | (D . —

1, Blank group;2, Log group;3, DDP group.
E2 LogiM#IGLS15GLUD1 BB &L
Fig.2 Log inhibits the expression of GLS1 and GLUD1 proteins

2.5 Logilid # [MNFE2L2HIHIFTH1 5 GPX43E ik

Western blotting4i i) 75, 5 Cirl4H (0.34 + 0.04,
0.49 + 0.04.0.45 + 0.07) #f Lt , LogZANFE21.2 \FTH1
5 GPX44E A B0 55 (0.17 £0.02.,0.21 £ 0.03
0.24 +0.02,P < 0.05) ; M TBHQ4INFE2L.2 .FTH1Y
GPX4ZE [ 1A 3855 (1,12 £0.12,0.92 £ 0.10,0.97 +
0.11,P < 0.05) ; STBHQA M I, Log T Ml 1
NFE2L2 . FTH15GPX4/ & 17555 (0.82 + 0.08.,0.65 +
0.07.0.76 + 0.04,P <0.05), W& 7,
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1,HCECs group;2, Hela group; 3, Hela+Log group.
B3  Logll = s RNFE2L2H R iE
Fig.3 Log inhibits expression of NFE2L2 in cervical cancer cells

2.6 Logiiil B AR /N BUEy Stz ik Je

EiModelZH /)N EUAH L, Log T 95 BH S 4] 1 44 1y
AU R FUR B (JRI8A~8C) 43S /N Bl g £ 41
11T Western blotting Fl1 6 2 ZH 2L 22K, 25 5%
7N, FGModel ZH A EY , Log-L . Log-M , Log-HZH /N B 88
HAHGLS] .GLUD1  NFE2L2 . FTH15GPX4% k1
855 (P <0.05,%8D .8E) .

F4 FEAMBNFEL2RERMMMEMFEITHLLE (x+s, n=3)

Tab.4 Comparison of NFE2L2 expression and cellular biological behavior in each group (x s, n=3)

Group Relative protein expression of NFE2L.2

Cell viability (%)

Cul 0.46 = 0.05
TBHQ 1.17+0.21"
ML385 0.28 £0.05"

100.00 + 11.23
146.83 £ 16.74"
58.78 + 6.02"

Number of invading cells Apoptosis rate (%)
121.65 + 13.87 6.35+0.84
167.27 + 17.93" 3.17 +0.46"

76.72 = 8.75" 15.21 +2.07"

1) P < 0.05 vs. Ctrl group.

R5 FAMMBSEBEREIERILE (xxs, n=23)
Tab.5 Comparison of glutamine metabolism in each group (x +s, n=3)

Relative protein expression Relative protein expression

Group Glutamine (pug/mL) Glutamate (umol/mL) of GLSI of GLUDI
Ctrl 1027.23+ 117.15 0.29 + 0.04 0.82+0.11 0.49 + 0.07
TBH(Q 1514.09 £ 172.61" 0.42 £0.05" 1.45£0.18" 1.25+0.16"
ML385 630.04 +71.82" 0.08 +0.01"” 0.69 + 0.08" 0.31 +0.08"
1) P < 0.05 vs. Ctrl group.
1 2 3 e
3 itig
NFE2L2
N EEET ﬁﬁﬁ?"ﬁxﬁ%T Jie (R H g 4
S 327 v =Y 2
FFET AT B Logﬁﬁ—m%h%{%ﬁ i
GAPDH

1, Cirl group;2, TBHQ group;3,ML385 group.
[El4 Western blottingMENFE2L2%E B &K%
Fig.4 Western blotting assay for NFE2L2 protein expression

ABIFTE K BR LogHEfE 8. 2541 ) F5 S50 40 U 14 R4
2% AR HE T, O Hok — 1 Rl e S HINFE2L2-
FTHI-GPX4{5 538 e L 52 i 45 2 1t e £ Qi 2 DA
Ko

o - - -

E5 NFE2L2FRIZSEHEMAAESFERX x 400
Fig.5 Correlation between NFE2L2 expression and the survival of cervical cancer cells x 400
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GLS1

GLUDI1

GAPDH

1, Ctrl group;2, TBHQ group; 3, ML385 group.
&6 Western blottingillEGLS15GLUD1 & B RIAKF
Fig.6 Western blotting analysis of protein expression levels for
GLS1 and GLUD1

l >
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Tumor weight/g

=3
[\S]
1

NFE2L2

FTH1

T
'e'.iy j’}"'@?%e
GPX4 5

‘. % .
o i v
A R
P ALY TR LS

NFE2L2

GAPDH

1, Cirl group; 2, Log group;3,TBHQ group;4, TBHQ+Log group.
E7 Western blottinglENFE2L2, FTH15GPX4ZE B %Kik
Fig.7 Western blotting analysis of NFE2L2, FTH1, and GPX4

protein expression

o~ Model
- Log-L
600 o LogM
m‘\é ¥ Log-H
£ 4001
=
g *
£ 200+ i
£
=
=
0 T T T T T
1 2 3 4 5
A Time/week B
I Model = Log-M
szs =3 Log-L 0 Log-H
D
E

A, tumor images; B, tumor volume; C, tumor weight; D, protein expression levels of GLS1 and GLUDI;E, positive expression of NFE2L2,FTH1, and

GPX4 ( x400 ). ¥P < 0.05 vs. Model group.

E8 Logil B EmE/ R EFEitR

Fig.8 Loganin inhibits cervical cancer progression in mice with transplanted tumors
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