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Abstract

Objective: Nuclear factor-erythroid 2-related factor 2 (NRF2) is a transcription factor and has a
dual role in distinct tumour types. Herein, we aimed to explore the expression of NRF2 in gastric
cancer, determine its prognostic significance for immunotherapy, and establish its relationship with
immune cell infiltration. Methods: We used PCR to explore the regulatory relationship between
NRF2 and PD-L1 at the transcriptional level. We screened patients with advanced gastric cancer
who received first-line treatment in the Affiliated Hospital of Qingdao University from 2020-1-1 to
2022-12-31. Their gastroscopic or surgical specimens were collected and the expression of NRF2
was detected by immunohistochemical method. We assessed first-line progression-free survival.
The differential expression of NRF2 and its association with the immune microenvironment were
assessed using the TIMER and TISIDB databases. Results: We identified a clear positive regulatory
association between NRF2 and PD-L1 at the transcriptional level. Additionally, within the patient
cohort treated at the Affiliated Hospital of Qingdao University, we observed a superior efficacy of
immunotherapy compared to chemotherapy in cases exhibiting elevated NRF2 expression. Fur-
thermore, analyses of online databases indicate a substantial correlation between NRF2 expres-
sion and the immune microenvironment. Conclusion: NRF2 can be an important immune-related
factor capable of regulating PD-L1. NRF2 may hold critical implications for guiding immunother-
apy in patients with gastric cancer. The study provides insights for the design of novel targeted
drugs.

Keywords

Gastric Cancer, NRF2, Immunotherapy, PD-L1, Biomarker

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

B B m ROR R AGET R, RO T ARG N — IR [ AL DA . 8 2020 F40it, B
15 36 P iE B 5 5 A, ERREHHSHGIRIT 108 JIFI[1]. Tkt S U FUE AR ERR, S
CWEAEREL, BMIHCKHAEESBRUEAR, FERRE] 7 XHMGT 8 Ba T A BT R[2]. 5, %
PEST AR R — P SZ S R IT SR, TERG B T BRI B I [3]. TEREERITH, RIENERT
G 2 GORTUR (93 B AR B o 20 2 T F) AR 2 20 1) B TR, I 308 R Gt vh 5 M 2 2 F 20 o T
AR T HEAME. B #MEAM. BRG] 8RR S o X LU 20 fd kA AR R AR TS 2 B IR 1 4%
T, WhEEERIAT R im . BT R NE R R, 127 A B I AR AT AE B35 % e [4].
I, B R RO R TS (AR AR S, T RS HERLAR SR T R B R .

¥ E2 #HOCRF 2 (NRF2), HH NFE2L2 B:[Mgwtsd, 754 Neh Z58938, & — P e G 40k
R RIB TN 1. TEMRIRES, NRF2 RAEEXNENEH . — 751, @ Bs i, NRF2 o] i
Bt 80 R A, 55— 7 TH, NRF2 (13 B R0 15 HE e Jgd (14 i S AR 25 P 24 1646 D% [5] [6] [7]. HE ki,
1E B EF T, NRF2 EFHMERIAMEFH BARAAFH BT 2 HEREH[8]. thab, it gn i F 3
WVISEIR 78 50 SCHF, NRF2 LR v 2 (0 3008 TR R P MEAE T A 1 (PD-LL) I — AN B8 i 4% K1 [9]
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YT PD-LL A A 7 i R B 5, ] LU NRF2 R0 5 5008 7 1L TiUE Z (B AR AE — 2 KRBk

AR B ERAR VT B NRF2 Al PD-L1 Rk Z AIMAHE G R, PG HAEIRR B ETEE N, I
SIHTEAT S MR S O R IR R . FRATTAIBE FE 4 98 7 NRF2 76 B ST ikl gE R 448 5
R 25 IV AEVE

2. MRIASE
2.1. AR

NZKH R4 R (HGC-27)K 5T Procell Life Science & Technology Co., Ltd. Ff-7EA S48 %= H115 LA
Y4, FTH 4R Z 978 Dulbecco’s Modified Eagle’s #%53: % (Invitrogen) 5595, RN 109 5 4 i
(Hyclone), J# T 37°CHl 5% CO, E:7£3 A B .

2.2. RNA 2Bl ¥ 3% - & PCR (RT-qPCR)

BN A 2R R R AL RNA S TRIZoI™ 71 (Invitrogen) 15 B8 sl it i B AL A 7 2334732 L. RT-gPCR
SIS T Nrf2 FIRTA 5128 5-GCTGAACGCCCCATACAACAAAATC-3, IA 51 YN
5’-CTCAGGACTTGATGGTCACTGCTTG-3’; GAPDH £ N W Z I H{ 1] 5|48 5°-GTCTCCTCTGACTTCA
ACAGCG-3’, [51%1 4 5-ACCACCCTGTTGCTGTAGCCAA-3". X THANKEA, Nrf2 fZik/KF1
1%y GAPDH )3 iE 7K.

2.3. BEMER

AW T ALE 2020 - 1 H & 2022 4F 12 JIIARAET & K20t a8 = B fopa Rt — i X 512 11 30 441
CNBENEE . PAPRHECSS: (1) @R 2 kil 8. (2) Bzl —4dbyy B>2 A &
s (3) BATEEMNINCK: (4) —LIBITHIET 8K 8 = bt &AM bR A . HEBR B A HAR S A%
PR s FCAR MR R T R DU R IR PRIC A e B B 3 . BT B I B g Rl . JRATT Rl
I T 30 & EBEMIGRR IR, SIS, PD-L1 £ & TS (CPS). & A7 7E AT 6% FI A I 4%
o AFIBIEM/RERES, 25 HRFWRERICEZ A S/,

2.4, RELHESH

PATREE 13X 30 44 B3 (1 B HAUAEREA, BEJREAT T U R A B . XX S IR A AT G ie 4L 2R
A gets,  LAVFAG NRF2 RIS TS L.

KH H-score R40%F NRF2 KA (158 HEAT VA, 12 R GEH LT 2 3t AT 115 H-Score = X (pi % i),
Horp p RoRBHEE S BRIV EEK LS | REEORE . H 2 H0E (R E [ 2t < 1), (F
SR E b x 2)RI(am R o b x S)AEARIN T E « ARIE A B B, A 4L i NRF2
RIEHME NRF2 RIAH . BJa, HI—Rof B 500 8 R BT I .

2.5. VEE

Pify EE G E, EId B BE R Bl ST AR AEAT TR B R B 22 . T AR A
H P o7 2056 = o 1 B2 SO BEAT R B W, ELAE W A A v ot R 1 e AN = R Bt — AN 1
Tt e AF(PFS) RE S M —E a7 THAR K I EI o e S 3k i sl s — kB ELARE Je 1) H 32 1)
RO BB AR — 2RI T W R U I BE DT TR, i RIESR BRI A EAT — ke &, SRS A S
R E AR I ERXEPEAE D, FERA SRS Z34(CT).
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2.6. Ggitoran

BdE 8 H SPSS 27.0.1 (IBM Corp., Armonk, NY, USA)EAT 70 #1. $ds AKE AN i 2 b R B, I
225 Fisher [IREHRG Y. X PFS SR H Kaplan-Meier J575H log-rank 563 T VPl . BT IER 2 8081
i Cox LU RS AR Y B AT PR AR B 2 AR A A7 Wi 2 IRIZR [B1UA 43 B4 FH logistic [=1 U A1 a1 1B 45 77 v
gits LR E N p<0.05.
2.7. BIRES R

TIMER A1 TISIDB ##& g TiHT Z R RE T, 8RR NFE2L2 5% MR R, 1E
TIMER 73#, FRATIESRE T EPIC HyL[10].

3. &R
3.1 $BREFIFIE: PD-L11EXN NRF2 f9¥B S

T A NRF2 % PD-L1 % s (4%, AT 0K AR 2SR siRNA 51\ HGC27 4tififl, LA FEAIK NRF2
EIL, FEEE AR SiRNA 5]\ HGC27 4ifigfE i . ] RT-gPCR #li PD-L1 mRNA [k, Jf
438 PD-L1 mRNA 7K. 7E HGC27 418 h {2k NRF2 & Z F#{X T PD-L1 mRNA [k (& 1), iEsET
NRF2 7£ PD-L1 V¥ OCEIE » X2 R IR PD-L1 7§82 NRF2 [ ii%.
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Figure 1. RT-PCR analysis of NRF2 expression post SiRNA transfection
[ 1. RT-PCR 4347 siRNA 33/ NRF2 B3Rk

3.2. BEMIGPRFBEEFHE

A Bl BRI FESRIAN 30 4 B B o XY B AT T AU A, S5O NRF2 18 B
240 1 £ SN A L T 8 o 7E 400X TR A B T 20 WL 82 51 NRF2 i A AR (4 2).

R N Goi s

-

Figure 2. Microscopic observations of NRF2 overexpression and underexpression
2. NRF2 S 3RIEFRFTILHIIR TR

DOI: 10.12677/acm.2024.142647 4671 I IR = =23t e


https://doi.org/10.12677/acm.2024.142647

TENAN 30 4k, VA 21 4(70.0%), LA 9 £44(30.0%). B2 THCE RILIBITINEEH
22 44(73.3%), (IEEZWITHIEH A 8 £4(26.7%). A 8 L EE(26.7%) 1AM, 9 4 &34 (30.0%) A
NGRS . BT S SR 2 IV BB . ARYE NRF2 Rk AP 3, NS B AN T4,
LR TN EF AR EAHE. 75 NRF2 (@ RB AR RIEH S, EESI(p = 1.00).
#(p = 0.215). EEER(p = 0.426). PD-L1 #ik(p = 1.00)F1¥477 77 % (p = 0.215) 7 M ¥ R ML 3 8 % 2= F .
Table 1. The correlation between clinical pathological characteristics and the expression levels of NRF2 in gastric cancer

patients (n = 30)
# 1. BEELIERRIEHHEM NRF2 BIFRIAKERIMEEM (0 = 30)

e N NRF2 Hik&/KT p A
EE n=30 fkFik(n = 15) I (n = 15)
BT T 0.215
RIEE ST 22 (73.3) 9 (60.0) 13 (86.7)
FRALST 8(26.7) 6 (40.0) 2 (13.3)
PER 1.00
2 9 (30.0) 4(26.7) 5 (33.3)
S 21 (70.0) 11 (73.3) 10 (66.7)
4% 0.215
7 8(26.7) 6 (40.0) 2 (13.3)
% 22 (73.3) 9 (60.0) 13 (86.7)
iyt 0.426
& 9 (30.0) 3(20.0) 6 (40.0)
% 21 (70.0) 12 (80.0) 9 (60.0)
PD-L1 CPS ¥4} 1.00
<5 11 (42.3) 5 (38.5) 6 (46.2)
>5 15 (57.7) 8 (61.5) 7 (53.8)

3.3.NRF2 BRIEBEPRBITENEE PFS

FATRM RECIST L1 ARAEPFA 73677 75 N7 AL FHRNBIIL 7 H 5 Nrf2 ZRIE 2 [ RIE (R 2).
FEAW T, A 22 Bl FEER T RBIRERTT, Hoh 7T7%) 88 R T sAIC $B.41(17/22), 9%
B T EIm A BT(2/22), M0 149%01 B MG 1 REGINER ALPT(3/22). fERBEIBCAIRIT 4L, £ 13
il 3 R I NRF2 K30k, 17 9 B8 RN NRF2 /m3RiE . 76 NRF2 IR M T, 30.8%(1 3
FERERIRTT IR R I Z2 A% (413), TIAE NRF2 mRIEHIEE T, A 44.4%0 S # 2RI T 248 (49), 1X—
SR HRAL T N TR IE B AR T RUKF - AN, 30E 8 BB E 1252 1 s alifbyr, Horb 2 6109 NRF2
kL, 106 Bl NRF2 ik . £ NRF2 RERIAHEFE T, RUWE S BEEIRT A RO EM: R,
7E NRF2 s3Ik b, A 50% ) B F ARG T Ja R I H Z24# (3/6) -

AR Xt NRF2 kil SIRRIE B 1 —2k PFS AT, 25 RRW 2 [REA LB G0
& 225 (p = 0.842) (K 3(a)). R HTELEL T ANFGIT 70T 0 PFS. SAESZALST I EHILL, #2521k
7RI IEIR B iR T I 3 PRS SR 1 835 3% (p = 0.015) (] 3(b)).
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#R F
Table 2. The association between optimal therapeutic efficacy and the expression levels of NRF2
= 2. BRIERTTITHM NRF2 B9FRIAKFHY KB
Al ST (n = 8) SIEIRIT A WIT (n = 22)
7 2 L NRF2 {£#i% NRF2 73k NRF2 {4k NRF2 ik
(n=2) (n=6) (n=13) (n=9)
CR 0 0 1 0
PR 0 3 3 4
SD 2 1 6 4
PD 0 2 3 1
Tumor tissue
10 p=0.842 NRF2
_INRF2(High)
—INRF2(Low)
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Figure 3. (a) Kaplan-Meier survival analysis based on NRF2 expression; (b) Kaplan-Meier survival analysis
based on treatment modality; (c) Kaplan-Meier survival analysis based on the treatment modality in the NRF2
overexpression group; (d) Kaplan-Meier survival analysis based on the treatment modality in the NRF2 un-
derexpression group

3. (@) EF NRF2 RiAR Kaplan-Meier £F247; (b) ETF8IrAA Kaplan-Meier £F 5 #7; (¢)
NRF2 SFRIXAFETAITARA Kaplan-Meier £HF24; (d) NRF2 RRIXBHETRTARH
Kaplan-Meier 4% 72 534

RN, FATH NRF2 SRl AR RIA M B /3 At 7L . 75 NRF2 mRIAM EEBATIH, #:52
ST RGBT VR VR T I R B AR T 52 AT 1 B8 3 3R B Y 38 S 1) PFS (p = 0.008) (1 3(c)). 1
4F PFS #4351l 16.67% (1/6) 1 66.67% (6/9) - SR 1T, 75 NRF2 {214 1 8 # Hp R L8 211X — & i (p = 0.711)

DOI: 10.12677/acm.2024.142647 4674 I IR = =23t e


https://doi.org/10.12677/acm.2024.142647

[l

*

farey
=¥

(1 3(d)) - B THE— 2R H COX E il KU [l A ASEBURIE 75 1 5 Al R IR 5 — 2R ER 35 PRS2 R IR AH ek (2
3). AR B AT HT R B, 7R R IR A, A2 AT S PFS f7(E 2 2 R (HR = 3.27, 95% CI: 1.20, 8.93),
mtEsl. BFERs. BEREEER2 . PD-L1 CPS 3435 PFS oK. £ NRF2 ik T /K P d s, S
B RPITIER B E AL, A2 AT I S TS B ZE(HR = 5.58, 95% CI: 1.36, 22.92), 1A &%
1) B U HGF(HR = 0.14, 95% CI: 0.02, 0.86). HEFX L = FIIGIKE L, BAITKEITALEMANZL
BRI X TR, BATRKRIMSL I HEE T SRMERERENE, £ NRF2 mRIAMEHF,
BATVRIEI AL — DML TS R, 832 07 10 88 TS B2 T2 e BRI S (HR =
4.51,95% Cl: 1.06, 19.22) (% 4).

Table 3. Cox proportional hazards regression for PFS in a cohort of 30 patients
3% 3.30 & EH& PFS H) COX LI [EYT

FHIE PR AN
HR (95%Cl) p i HR (95%Cl) p i

NRF2

RIS 1.00 [Reference]

K& 0.91 (0.36, 2.29) 0.842 0.978
WBIT TR

S IR BB T 1.00 [Reference]

Baifhyr 3.27 (1.20, 8.93) 0.021 0.054
P

2tk 1.00 [Reference]

Sk 0.82 (0.31, 2.17) 0.694 0.440
5

= 1.00 [Reference]

5 0.82 (0.31, 2.16) 0.684 0.802
R

= 1.00 [Reference]

%5 0.69 (0.25, 1.89) 0.474 0.477
PD-L1 CPS ¥4}

<5 1.00 [Reference]

>5 1.35 (0.47, 3.82) 0.578 0.269

Table 4. Cox proportional hazards regression for PFS in a subgroup of 15 patients with high NRF2 expression
e 4.15 % NRF2 S5RiA B & PFS B9 COX EL IR pE =3

HEAE LSE R ESEN
HR (95%Cl) p 1l HR (95%Cl) p i
ER AN
SRR A T 1.00 [Reference] 1.00 [Reference]
itk 5.58 (1.36, 22.92) 0.017 451 (1.06, 19.22) 0.042
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PERI

ECg i 1.00 [Reference]

Fitk 1.47 (0.39, 5.61) 0.572 0.939
%R

= 1.00 [Reference]

% 1.35 (0.39, 4.64) 0.632 0.794
[ s 7

= 1.00 [Reference]

& 0.14 (0.02, 0.86) 0.034 0.164
PD-L1 CPS if-4>

<5 1.00 [Reference]

>5 0.75 (0.20, 2.84) 0.670 0.455

FEBATOBE T, BRI R 52 T R G RS WL T 3 IR BEAR RIS, il
PEVEIG 28« eVl 28 . BB TESE AR, TR S2ALST 1 8 A RN 2 T ATERE IR K rh kL 20 )

TR
3.4. NRF2 ik 5 R EMIAEE X

N7 P EHIE NFE2L2 78 B e 2 13RI 1S 0L, A MEB) TIMER £0d FEXt LG 1 8 e A AH
RLIEF R NFE2L2 [IRIAK . /i 4R, 168 IR (STAD)ZHZid NFE2L2 IR & 1t ik
(1 4). Ak, ABFFRAIH TIMER B8 FE#RZR T NFE2L2 Rik 5 B v g 40 e AR o, JRAi T
25| NFE2L2 (IEE 5 HARAG4IM(NK Z0/) (p = 2.69e %), CDA+T 4Hfiu(p = 4.22¢ ™). W 4HME(p =

1.82e )DL K CD8+T ZHiffi(p = 1.31e 3) (KK iE 2 (A1 FEAE 5 35 AH S 1k (1] 5).
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Figure 4. Analysis of differential NRF2 expression patterns in various cancer types using the TIMER database
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Figure 5. The correlation between NFE2L2 expression and immune cell infiltration in STAD
5. NFE2L2 FRik5 STAD iz 4AR= EA0ME X 1

I TISIDB B AN T, 4558 B8 NFE2L2 76 I T L RIS B . A %
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Figure 6. The correlation between NFE2L2 expression and immune checkpoint molecules

[# 6. NFE2L2 FRiIA S S ZHIF] 5 FRIFE K 14

DOI: 10.12677/acm.2024.142647 4678

Wi PR = 73 Ji


https://doi.org/10.12677/acm.2024.142647

_EXp

TNFSF4_ex|

Clogrfsa ™ I -

X
I
—
>
N

1
m

1l B

TMIGD2 |

TNFRSF13B

TNFRSF13C
TNFRSF14
TNFRSF17 7]
TNFRSF18

TNFRSF25 ~
TNFRSF4~

|
1
o
n
ql
m

TNFSF4 =
TNFSF9 ~
ULBPT - ||

C PRl e PorheGRebia? (OO eleO A 190G 0 10 e O A (Bl (G
v%,»%q&c%"g\?(o%scfc,%:é"&p““@“‘»"o‘l&@‘;‘@‘? %y%dqq%:&&*&ib\e‘,;xx%@\)&ﬁ"‘

STAD (415 samples) STAD (415 samples)

N
o

p
p

N

o
o

TNFSF15_ex
TNFSF13_ex

INd
3

6 7 8 9 6 7 8 9
NFE2L2_exp NFE2L2_exp
Spearman Correlation Test: Spearman Correlation Test:
rho = 0.139, p = 0.00471 rho = 0.101, p = 0.0388
STAD (415 samples)

STAD (415 samples) STAD (415 samples)

5.0
o o
x x
qJI qJI
& 3
& 251 P
%] (%]
o o
e .
=z =z
= 0.0 =
. 251 ‘ .
6 7 8 9 6 7 8 9 6 7 8 9

NFE2L2_exp
Spearman Correlation Test:
rho =-0.126, p = 0.0102

NFE2L2_exp
Spearman Correlation Test:
rho = -0.149, p = 0.00229

NFE2L2_exp
Spearman Correlation Test:
rho = -0.119, p = 0.0153

DOI: 10.12677/acm.2024.142647

4679 I PR [ 27 32k Jié


https://doi.org/10.12677/acm.2024.142647

STAD (415 samples)

P
N

TNFRSF13C_ex|
o

'
N

NFE2L2_exp
Spearman Correlation Test:
rho =-0.117, p = 0.017

STAD (415 samples)

p

TNFRSF13B_ex

NFE2L2_exp
Spearman Correlation Test:
rho =-0.123, p =0.0124

STAD (415 samples)

2.5
£
©, 00
o
L
7]
£ .25
L-2
=
-5.04 . =
6 7 8 9
NFE2L2_exp

Spearman Correlation Test:
rho =-0.113, p = 0.0215

Figure 7. The correlation between NFE2L2 expression and immune stimulatory molecules
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Figure 9. The correlation between NFE2L2 expression and TILs
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Figure 10. The correlation between NFE2L2 expression and immune types and molecular subtypes
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Figure 11. The correlation between NFE2L2 expression and chemokines
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