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(AHES1/NCI N87R), ¥8 5T HES1 7E B J 5 38V T id 24 vh i 7EAE o« R 8 2 8 A T 40 2% 73 B AHES 1/NCI NS 7R 4]
B A R IE W BT S K42 & 42 3 B (GeneSet Enrichment Analysis, GSEA) Al Metascape %1 ## /22 131 47 3 [K] A< 44 43
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VI 4 (glutathione peroxidase 4, GPX4) [¥)321k, H AR T8 7T 1 HUR 4, 275 HES1i#id TP53/SLCTA11/GPX4 i
% 2 5 45 NCI N87R 4t i i 5 F€ VT i 247, # //] HES1 45 ¥ TP53/SLCTA11/GPX4 15 5 fil o] §8 /2 180 % 15 9 ik 78 VT
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Abstract: Drug resistance of cancer cells is the main causes of chemotherapy failure, and gene mutation or
function loss is key factor to induce drug resistance. Previous studies have shown that hairy and enhancer of split 1
(HES1) is up-regulated in herceptin-resistant gastric cancer cells, and inhibition of its activity can reverse its
resistance while the potential mechanism has not yet been elucidated. In this study, we employed CRISPR/Cas9 to
establish HES1 knock-out cell line ( A HESI/NCI N87R) to investigate the functions of HES1 in herceptin
resistance of NCI N87R cells and its potential mechanisms. We investigated proteomics profiling of AHESI1/NCI

N87R cells based on quantitative proteomics. Gene ontology analysis was conducted by GeneSet Enrichment
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Analysis (GSEA) and Metascape database, and pathway enrichment analysis was done using GeneAnalytics
database. The selected molecules were quantified by Western blot and some pathways were verified by using
inhibitors. The results showed that the resistance to herceptin of A HES1/NCI N87R cells decreased compared to
NCI N87R cells. Proteomic data demonstrated that the expression of 1 263 genes changed significantly in AHES1/
NCI N87R cells, among which 761 genes were up-regulated while 502 ones down-regulated comparing with NCI
N87R cells. Pathway analysis showed that ferroptosis, fatty acid f -oxidation, autophagy and glutathione
metabolism, etc. exhibited notable changes in A HES1/NCI N87R cells. The functional studies showed that the
levels of iron ion and malondialdehyde increased, and glutathione decreased in A HES1/NCI N87R cells. It was
further found that Fer-1, a ferroptosis inhibitor, could reverse the expression of pTP53, solute carrier family 7
member 11 (SLC7A11) and glutathione peroxidase 4 (GPX4) in AHES1/NCI N87R cell, and reduce the sensitivity
of AHESI1/NCI N87R cells to herceptin. It is suggested that HES1 regulated the resistance of NCI N87R cells to
herceptin through TP53/SLC7A11/GPX4 signaling pathway, and targeting TP53/SLC7A11/GPX4 signal axis
mediated by HES1 is a potential strategy to reverse herceptin resistance in gastric cancer.
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HES1) #& —2K DNA 45 & 8 - S5 A 0L, 0 48 i 434k
B E A, HESI BT 45 & 3 N 3 7 X84
SE T R e SO AR XU EE ) R, SR T G T 4 AL
HAEHE . IR FT R, HES1 i 1A 5 e % 1
178 K it 575 9% . HES1 i@ i 1 32 45 f e T 40 i B 3%
SR e S M EUR M2k L #2, H HES1 ¥5% b —1A]
it ¥ 1k (epithelial-mesenchymal transformation, EMT)
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HES1 1] Jo & P, v A 2408 % H i 2, 275 HES1 ]
A2 5% B ARV T 24, SR B AL i R 1A

AHIE 5T AR FE T T 24 15 6 40 i (NCT N87R) Ay
%, % T CRISPR/Cas9 14 £t HES1 ¥ 5 4 il b 2 i
( A HESI/NCI N87R), 2 T & & & [ i 41 % W 5
AHES1/NCI N87R #i il 5 [ Jii 235 % (A2 4k, i 2k

W{E B 54T AHES1/NCI N87R 41 12 2 18 B& 1)
AR SE S TR 9T 18 B HES 1 76 B 0 ik 28 VT T 245 1)
TELENLH]

MR5HEE

FE{UEE LTQ Orbitrap Velos Pro ¥ i Bi i 1
X+ Basy-nLC 2000 nano & #H t& 3% % 4t . 40 )il 5% 7% 46
(Thermo Fisher 24 #); 2695HPLC & # {4 i & 4
(Waters A m]); SP8 %6 & B (Leica A A]); 145 &
%1% 24t (Tanon 2~ 7]); HLFKAX (Bio-Rad A &]); £ ThEE
8 7 X (Sonics 2 7]); S810R K 2% ¥ 4 1 (Eppendorf
AT,

M SR B4R NCINGT HE R EA A
22 B 5T A0 BN s R FE VT T 24 40 e (NCI N87R) A&
A HESI/NCI N87R 4y H # 4 Jifil & . I T 410 1 77
Z-VAD-FMK (HY-16658B) [ W 11 il 7] 3- FF & Ji v
(3-methyladenine, 3-MA, HY-19312) & & € T~ 411 ] 571
ferrostatin-1 (Fer-1, HY-100579) I MedChemExpress
O] AR T RS U 7R &5 . DMEM #5757 5 |
[ B M BT/ R P T Beyotime ZE M RHE A 7] B0
TR MR B (1291) F1 CCK-8 2 g 184 5 46 i 1k 77 &
(CKO4) 19 T H A R A 2= W e B B A € = 0 &
(MA0081, K K AEMHEA); #HFETT (IR 2); g
LR 1IfL3% (fetal bovine serum, FBS, Gibco 24 &); i 7
% B (dithiothreitol, DTT). 5| W&-3- Z % (indole-3-acetic
acid, IAA) R W BE . S I A1 H R (Thermo Fisher 22
Al); $i & TP53 (60283-2). pTP53 (28961-1-AP).
SLC7A11l (26864-1-AP). GPX4 (14432-1-AP) } % /&
ool B A (reduced glyceraldehyde-phosphate
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dehydrogenase, GAPDH, 60004-1) %4 J- Proteintech 2
] ; Lipofectamine 2000 (Invitrogen A 7]); BsmBI (NEB
N, T4 ESL R TAKARA 2 7).

MBEEEFE 40 NCI N87.NCI N87R ;2 AHES1/
NCI N87R #% e SC kP85 7% .

515 RNA (sgRNA) B91& 3+ XM &E K H http:/
www. e-crisp. org/ ¥ i1 58 [ HEST 3 [A] [ sgRNA J¥ 1],
i% B 3T 4 BT W5 47 f9 sgRNA, 43 %l i sgRNAT Al
sgRNA2. sgRNAI1IE[H] 5-CACCGGAGAAAAATTCC-
TCGTCCC-3', 2 1] 5-AAACGGGACGAGGAATTTT-
TCTCC-3" sgRNA2 1IE [i] 5“CACCGGTAGCAGCCA-
CCGGGGACG-3', X ] 5-"AAACCGTCCCCGGTGG-
CTGCTACC-3". J¥ %I 1 K R & f, FFd it T4 3%
PEMFI%E N\ U6-sgRNA-SFFV-spCas9-puro Jii $i .

MR RIEE ¥ 1 pg pMD 2.G. 1.5 pg
psPAX2 i1 2 pg Cas9 Jfi #i 5 15 uL Lipofectamine 2000
TR A, BN R A 2 80% 11 293 T 41, % & 8 h %
e ORI 7 3L, PBS TR 1 IR, NN BT 6 1% 77 W 8%
3£ 48 h, 3 000 xg B0 10 min, Y HE & 95 75 J0RE 280 i
3%, =20 °CHEAE . NCI N87R 4 il 4% 5 2 T 1x10° 4>
HeFp T 6 FLAR, 1577 2 4 Rl B 29 70% B I N 18 97
, 48 hJG N 0.5 pg-mL " FEMS B R 55 9% 72 h, i\
LA, B KHR R .

Y0 R 5E S M E K NCI N87. NCI N87R Al
A HES1/NCI N87R 4l i 43 7l 4% 5 000 /4L ¥ Fh T
96 FLAR H, 4 SRR A I 40 BT T

H#I5 F 71 A HEST/NCI N87R 40 Bt X} i 22 3T #1
MR EZE KR HOH A K 1) AHES1/NCI N87R 4
F B+ 96 FLAR H, FEFL & 4B ECH 5 000 A, K 7R it
(7 80 pg-mL ' FHFETT), 23 A 8 pmol- L™ I T2 417
] 75 Z-VAD-FMK. 16 pmol-L™" & & 411 ] 7] 3-MA Al
5 wmol-L™" 2k 8 T~ 401 ] 751 Fer-1, 41 g £5 7% 48 h, F| H
CCK-8 A W #11 i) 771 - 7l A HES1/NCI N87R 4t Jitg X
FEVTHUBHE AR

RBRATLE  XF % NCI N87.NCI N87R Fl
AHES1/NCI N87R 4fl i 53 7 F PBS ¥ ¥t 3 ik, 4% X
BRUOHEAT S e R IR

iE ST SE 6 HU NCI N87R A1 A HES1/NCI
NS87R 4l i, 4 5 F 2.5% & B [ 2 ik % . PBS % 3
O, BEXR 10 mine 1% #KFERf5 8 %€ 1 he PBSPE2K. 1K
TN IK < 70% 90% £ B i 7K 10 min, P F & 1 1
90% L BE/90% P « P A 43 7 7K 10 min. ] Epon812
AN EHNE (vv=1:1)1R¥H 1 h, F% 13 R .
60 °CHEF A 24 ho I 35, T TR ey F0 ) A% R 0%
SR th 30 min, iR TR, A .

SRETFREM  XFH I NCI N87R fil AHES1/NCI
N87R 4 il 2 ¥ 7% 5 mL, HX 0.5 mL I BCA L 25 (1 ik
B, F 4 4.5 mL &0 J5 F 100 pL assay buffer 5 &%, $
TEVR AL 3 IR, UK 24 10 min, 3 000 xg 250> 10 min, |-
ERFH . T 96 FLAR H &AL I 100 pL A5 Wl 37 A1
5 uL assay buffer, 37 °C ¥ & 30 min, & FL 04k % 18
£ 100 pL, 37 °CHEE G F 1 h, K910 593 nm Ak W 6
JE, FRE A FE R FE b il 2R T F Sk B IR

2 Bt H B (glutathione, GSH) #&3M  # x} %5 1Y)
NCI N87R Al AHES1/NCI N87R 4 i, 4% 3x10° AN /4L 4>
SR E] 6 FLAR 1, 40 i @A FE 20 50% I, Iin N4
PRDTVE 3 A5 AR AR AR B 1 25 R 70 S VA o 200 i R V7
39K, 12 000 xg &0 10 min, EiEH T GSHll @ . %18
PRFE EESRAG I 412 nm AR RO FE, HR 488 s o ol 2% 115
GSH % .

A —® (malondialdehyde, MDA) #0 K % ¢
I NCI N87R Fil AHES1/NCI N87R 40 jig (2x10° 1) H
PBS # &, iR H 75 24 4%, BCAVEINE & AR, I8
MDA TAE# . B 100 pL ¥ 55 1 mL TA/E IR 2,
95 °CN# 1 h A H E =, 6 000 xg 250> 10 min, B I
o HL200 pL A 96 FLAR, B bR ORI 532 nm W)
B, ARAR O RE I B K EE T MDA

S Z ENESCIE (Western blot) Y4 X $UH NCI
N87R 1 AHES1/NCI N87R 4 fitt, 4% ST k! i3k 47 4 2%
[ ZF S 8 . — $T TP53. pTP53. SLC7A11. GPX4 J%
GAPDH 73 5l #: B¢ 1 000 fi5, — Hi# B 3 000 fi5; £
Image J 3 47 7% & {8 i1 5, GraphPad Prism 8.04 /& &
3T .

BIEL M Easy nLC 2000 24 T & RO 53 %
Gt, $EHH C18 43 B A (2 cm x 100 pm x 3 pm) Al
C18 43 H7 #F (15 cm x 75 pm x 3 pm, 3 [E Thermo
Fisher A &)). W EIAH A: 0.1% R 1) /K W& ¥, W 51 AR
B: 0.1% FHER ¥ 2 ¥ W, We 6 FE 90 0~5 min, 0~
5% B; 6~90 min, 6%~35 % B; 91~110 min, 36%~
98% B; 111~120 min, 2% B; Ji1% 200 nL-min".

FRIZEH M LTQ-Orbitrap Velos Pro & i i 4%, 44
TFR R B YR, LR 2.5 KV, B AR B A R T
300 °C, Orbitrap F4 7 fif Lt (m/z) 300~2 000, MS 14
73 #3530 000, 165 B 5 1 1 Top 20 5+ MS/MS
AYHT, ZF HEZE N 7 500, MS/MS 4 L8 X Al 48 5 5
2 (CID), JH— 1kl 5 68 (NCE) N 35%. )2 HE i
i) 40 s, #5 H 1, BT R E 30 s, HEFR 51 5E 50,
HERR B T 1] 180 s

MHARE A RIEE . TR kT B 1L & FASPEgY) Xt
O 40 FH PBS I 2 7%, I\ 8 mol L' JR &, B )5
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VK b2 f# 10 min, i 7 2 min, 4 °C. 12 000 xg &5 L
10 min, HX_F7%, Bradford ¥: I 5 &5 (K .

I R e L4k e FASP g U] 42 B SC ik 75 i1

MESEREMN kB4 Waters 2695 HPLC |
RGBS, WahA A: K, WA B: LM, Be s B2
N 0~34 min, 0~98% B; 35~40 min, 98% B, i i#
0.5 mL-min", W8 e ML, 4% & B ISURE & JF Bk B
D 1.6.11.16.21; @ 2.7.12.17.22; ® 3.8.13.18.
23; @ 4.9.14.19.24; ® 5.10.15.20.25; ® 26~30;
@ 31~35; ® 36~40, Ji W4, SRk .

ERREENMRESFREERARE KEE
0.1% F I E ¥ )5, T 12 000 xg B0 10 min, &2
Easy-nLC 2000 nano 73 & i A\ LTQ Orbitrap Velos Pro
i i, % Proteome Discover 1.4 B4 # E, RS
N BEES T B 22 20 ppm, T T 0.5 Da. BR S
MRV E 2 M B R T AL D B e B 1, B IR N-
O J A A A B A AE A, K B KT B R R
(false discovery rate, FDR) /M T 1%.

FTFHBARAT T (data dependence analysis, DDA)
REEHAR, F S AR AT IH— g &, J7 kN B
R ARE A 42 05 2 1 W [ BR - P, B0 I A R O 06 T
YK 10° 5. RREIGE bR i 9. BEA 8 B A R ) 2]
R S M R BB = 1, Mascot = 20, F:T 2 J A58 (fold
change, FC) J ¢ £ 56 i 0t 72 e ik B [N, 5 Bk R 3%
BAEWHARAPRIMEZE > 158 <067, HP<
0.05, W HIZEE R ENFEA P RIE A REZER.

SEM) R, K SPSS 26.0 #E47 48 it 2400 #r, 4 1H] 3
LB H /5, P<0.05 B EFBEARIER Y,
P<00l EREZFHFRERITFE X, P<0.001FE
NERAAMEERITERE L. EEEEXH
GraphPad Prism 8.0. %) 15 5 %% 1 & R FH RStudio

(version 3.6.2).

ZFR
1 AHES1/NCI N87R I 22 B 1T

Western blot . 7~, 1T 2% sgRNA 41/, H
H sgRNAT RERS 5] T Cas9 = 2 V) EI S K] (K] 1A), BL
I K 2 ) 40 B i 4% 9 AHEST/NCI N87R . i3k ifif 5%
Western blot 16l NCI N87R F1 AHES1/NCI N87R 41l i
1 HES1 #)7KF, 75 HES1 £ AHES1/NCI N87R 1 A
Fik (B 1B). & A A EIE R, 5xF A,
HES1 7£ AHES1/NCI N87R H ff) AF Xt~ 241 e T BT
799.92% (F 1C), % B AHES1/NCI N87R 4i fitd 1 2
By, CCK-8 o, fESIR 45 & FI &, 4 is /1-24
VIR B RO R (B 1D). 5 NCINSTR A L,
AHES1/NCI N87R 4 il % #f € VT 1 0 24 1 F A (P <
0.05). #FE 7T % NCI N87.NCI N87R X AHESI/NCI
N87R 1 IC,, 53 A 147.5.614.1 f1401.3 pg-mL", H*¢
AHES1/NCI N87R 4H il i¥) 411 1] 58 77 % NCI N8 7R #& i
T 153 M. 6 BN, NCIN87 5 AHESI/NCI
N87R 41 il = B4 AHALL, 177 NCI NS7R 41 g B A5 b iz ]
L AL RFAIE (epithelial to mesenchymal transition, EMT),

FIFE o BUE B £ FRUE R (mean + X5 AR 2 F T T g RAE — 2 (B 1E).
Q.
A B 53\
& & B Acti DAPI Merge
AHESI/NCI N8R & & fAtin _—
NCINS7R sgRNAI sgRNA2 © VQ‘ - ! ;
—_ [+ .
HES] M= HESI g — é P o
B-ACHN | e s e GAPDH il S S S 2
~~NCI N87 ICso= 147.5 pg-mL"
C ke D 0 o~
40 100 —=+~NCIN87R ICs0=614.1 ug'mL’ =
P . -+ AHES1/NCI N87R ICs0=401.3 pg'mL’ z
g 30 § g
4 E 5
; 20 5 g
2 10 E % 1 g
) @)
= =
0 25 T T T T 1 @
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Oé% oé*’ Ig (Herceptin / pg-mL™") <
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Figure 1 Establishment and evaluation of AHESI/NCI N87R cell line. A, B: HES1 was detected in NCI N87R and A HES1/NCI N87R

cell lines by Western blot; C: HES1 was quantified by mass spectrometry; D: Cell viability of NCI N87, NCI N87R and AHES1/NCI N87R
cell lines was detected by CCK-8 kit, respectively; E: The morphological comparison among NCI N87, NCI N87R and AHES1/NCI N87R
cell lines after immunofluorescence, respectively. n = 3, mean = SEM. P < 0.05, ""P < 0.001. HES1: Hairy and enhancer of SPLIT
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2 FPRHES1 SHMZAMAERIAET L

B ToE B8 E B4 5 4 B NCINSTR il AHES1/
NCI N87R 4 fig & [ i R 1A ik, 75 & [ A& KB FDR <
1% 24 IS EREA 6 0954 . RIEL KK 34 K
PLEREARF AR M E S GEit4 1271 ANAEE
. B4 45 BT (principal composition analysis,
PCA) {75, NCI N87R Fl AHES1/NCI N87R 43 5l ¥t 3=
H 4y 1 (PCL) F1E B2 2 (PC2) W AN4EJE 22 1, PCL 5
PC2 2 FIRENS R B 2H 1] 70.6% FRIAS S, 4H PN B8 45 B 4T,
] B R X 4 (B 2A). SR 20 B 7R, NCI NS7R Al
AHESI/NCI N87R Re % 56 4> 4 2H (&1 2B). AH R4
Hr 22 B3, NCI N87R H1 AHES1/NCI N87R £ 4 # 5% &
BRI KT 085 (K20). # K &<, NCI N87R Al
AHES1/NCI N87R 4 ffl 2 (I R IA 1 A7 /£ %2 7 (K] 2D).
P b SRR, BBk HES1 JF 0 i) H 7% M % NCI N87R
41 B s Rk 1S = AR e, H AHES1/NCI N87R 4]
it £ 25 19 5% 3% %5 NCT NS 7R 72 58 W] AN ] o
3 ERRIEERATFIEZR GSEAEE N

R BEA e B T 50% 1947 &, AR E
K ] K-Nearest Neighbors (K = 10) 7[5 #b, 48 J5 Xt By
A B BTIAE— 1. SR Kol B i i 22 72
i, AHES1/NCI N87R 4 ffd i 3k ki i 2 R 7E k1l
B dbRvE AL (FC = 1.5, P < 0.05), T # AR
RN (FC < 0.67, P < 0.05), 433 D0 N 78 7§ 41
RIBTLRZFEZS, b AKE (K3A). SR ER, L

H 1263 Fh 3L K fE AHES1/NCI N87R H ik o 4,
H B 761 Fh, R S02 R, X2 S R TA KL R A R AR
e HER, 235 b 1% SRl 3 473 8 4 %) 4 MRPL41
FAU Al CHMPS %5 ; '~ W £ £ 5 3 A7 2% K 7 il A
NKTR.SLC34A1 fTHESI (K 3B). {HAEE M
HHEFEFE FTHL MRS+ FTL R AE T A G ]
GPX4.SLC7A11.GCLM F1 GSS 7£ AHES1/NCI N87R
w5 N A, 1 TP53. CASP1/4/8. mTOR . ATG7 Fil
ATGI12 &% L. #EEHAEIR, 5 NCINSTR
A, AHES1/NCI N87R 41 g /b % 50 K i £ ik
W, HARESAIT)E T 2 D KIEE (cluster) (B 3C.
D). AN IN4TH T f# HES1 mt B2 % NCI N87R 41 fitg &
DA 4 T e (1 R ), T8 020 1 22 S 6 DR BB R AT 2
AT TS 3 AN B BA FE A r Bl A 21 1) 4 127 A2 A
BEAT T GSEA 3 M. S5 R EIR, B AR 3 AR E
BT (P =4.6<10", ES = 0.62).DNA & #l| (P =
5.0x10™ ES =-0.51) }2 DNA WK & BE (P=1.1x
107, ES = -0.54) DJREAH 5% (K 3E), HEAE T 5 5 £ 1
6] 4, 11 DNA & il K& DNA XUEE W7 2415 5 5 60 34
I, N IX L FE R T B8 2 T A 5 HES 1 Ak 27T
i 24547 5%
4 ERFREEFAINGEERE

K H Metascape £ 4 2 X 7= S5 6 38 36 K k47 40 B
IR 28 ¥ 3, o) SR e ) R R AT DO e VR, 4%
5 I FNORH AL A 9 4% . 45 R RO, R D R AR it

A C NCI N§7R
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©NCINSTR S y=r0302%x0.1154 2 [ y=1.1027%x-03586 [l pyrrreryyyn
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Figure 2 Proteomics profiling of NCI N87R and AHES1/NCI N87R cell lines. A: Principal component scores of NCI N87R and AHES1/

NCI N87R cells, respectively; B: Dendrogram plot analysis of samples in two cell lines; C: Spearman'’s correlation coefficients analysis of

NCIN87R and AHES1/NCI N87R samples; D: Comparison of heat map of proteomics profiling in two cell lines
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Figure 5
pathways; B-H: Quantitative analysis of proteins in activated signaling pathways. n = 3, mean + SEM. "P < 0.05, "P < 0.01,
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Figure 7 Effect of inhibitors on herceptin resistance in AHES1/NCI N87R cells. A-C: Relative cell viability of AHES1/NCI N87R cells
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Figure 8 Expression of some proteins detected by Western blot. A, B: The expression of TP53, pTP53, SLC7A11 and GPX4 in NCI N§7R
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Notch fl TPS3 7E £ Fp iR (5 5 i S R h A=
AR, A4 Notch T i [ 2 2288 55 (K], HES1 7E W 7L
)P R v R T 3 R S LSO TPS3, S B BER
AP AR R IR FE R ik & B0 E
B2, BRI LE R g 24 v ARV P R B . A5 R UK, R
B HES1 7] ¥ i& TPS53, & 4 ¥ TP53 i i % 5% 41
SLCTAL1 ik, 4k 5 B GPX4 7% 1t FAA, A5 40 A bt 48
TR BE 77 BEA, AT T4 Mk B8 T (K 9), $27% HESI
/S 1) TP53/SLCTA11/GPX4 {5 5l i 42 1 B J 41 iy
X AR EEIT TR 2. AR1, HES1 5 TPS3 22 [6] {45 HL
il v A B e, AR B e R SRV T I 24 Hh 4 G R —

e B SR H B ST, S0 SRR K
P W B SCEBEE IR0 7 T30 4 SEIR AT W R 9T
R T TESUE RS RT; H EEA PRE BRI RF .

FE Mo frA Ve 5 B R s v R .
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