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NRR2(ESBEAZLREPIMRIHRE

THE KE mMEE LT
(o R 2R 2 5 R0 U VL5 9 26 6 T A0S %, T 210009)

WE  IARBECERATHRT LGB — PELATLRGT SHELE AR LS
#% B FE248 X B F (nuclear factor erythr01d—der1ved factor 2-related factor, NRF2) £ &i# it 4 é\iﬁ*ﬁf&
F & 3hF £ 69 30 Bk B AU (antioxidant response element, ARE)k 4% & T as3e L B 49 & A,
WL % A AR R PINRF24E SLAR 2 é@ﬁ%*ﬁﬁé‘%—%}ﬂ X EZEAETIAMEFRELS
NRF2A48 ZAE A st LA B R = & % om b9 15 538 34, 2 6L36%& & i 8 B(protein kinase B, AKT).
P53. 135 43424 F 7% B ¥ 3(signal transducer and activator of transcription 3, STAT3)% £ $113
FiB 3, ) A48 B0 T NRF2-5microRNA = 4 #4948 ZAF A st 3URRJE £ R t9%7m. & TNRF2EFLAR
A EEN, XFEELE T ZHEANRF2E F) 537417, XS04 R T i £ LR 69 TR
Fadkf 86 T7 ¥ RIEEZAEA

KRR BT E2MR T FUEE; NRF2FEGE 7

Research Progress on the Role of NRF2 Signaling Pathway in Breast Cancer

DING Muyao, ZHANG Qian, YUAN Shengtao, SUN Li*

(New Drug Screening Center, Jiangsu Center for Pharmacodynamics Research and Evaluation,

Institute of Pharmaceutical Research, China Pharmaceutical University, Nanjing 210009, China)

Abstract Breast cancer has become one of the most common tumors in women, seriously endangering
women’s physical and mental health and even life-threatening. NRF2 (nuclear factor erythroid-derived factor 2-re-
lated factor), mainly activates downstream transcription by binding to the ARE (antioxidant response element) on
the promoter of the target gene. Many recent studies have shown that NRF2 plays an important role in the develop-
ment of breast cancer. This article mainly summarizes the signaling pathways in breast cancer that can affect the
development of breast cancer by interacting with NRF2, including classic signaling pathways such as protein kinase
B (AKT), P53, and STAT3 (signal transducer and activator of transcription 3). It also clarified the influence of the
interaction between NRF2 and microRNA on the development of breast cancer. Due to the importance of NRF2 in
breast cancer, this article also summarizes the classic NRF2 activators and inhibitors. These compounds may play
an important role in the prevention and adjuvant treatment of breast cancer in the future.
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B, NRF2 A% 5 P S S B 1 (antioxidant re-
sponse element, ARE)%: & J5 b Pu 58 A AH 53 K 1Y
FIE B D TE A R R P4 (reactive oxidative
species, ROS)7/KF-, {4 4 K7 A0t J5i~1- 7, |
R R AL . NRF2IET] 5 2 565 Sl R A 4L
Z: 548 2 2 AT IR B, 5 e ik T8 4 A P 1 5
L%, [FI 85 M 26 0. B, F2 et
#HINANRF2(EE N 5 2 5645 S K A # 80, X3
Jhdes (0 Jee P A R, % B NRF27E 7L 11 Je it
B EEER.

1 NRF2ESEEE T

NRF21ER— e 8 1, BL4E 64 i B2 R <7 1)
ECH[RIVESE 3k, B Neh1~6, H ' Neh2 ¥4 DLGHI
ETGE4i#4. IEH 5L T, Neh2m 55 Kelch#E ECHAH
K 1 (kelch-like ECH-associated protein 1, Keapl)
K elchZ5 #3845 5 LR &Y, 5 Cul3-E3iZ 3%
B IERE, (RBENRF2VZ A FEAE, FIHINRF2 0
MR BN . B T 2(casein kinase 2, CK2)
H T Re @ [ R P2 f# keap 1, MITTAT BAfR# NRF2
G52 B AR PR AR BT T 2 40 i 52 B A A B R ek
FR T RN, Keapl o B2 B & R AR R A R 0
FEUNRF25 Keapl 73 B3 NAHAAZ P, (2t FUEpT
ST TR ) P i A D), S 4 N ST A .
A 5 NRF2H ETGE= DLGHIL R ZE P i) s 1 o,
PRI F RS B 1 p62™®), IRk 3 (dipeptidyl-
peptidase 3, DPP3)7, Z R R e XE AL A EH
(hepatitis B X-interacting protein, HBXIP)®, nJ DL L
NRF25% 4456 Keapl, B EBUE NRF2, 4E4F 7L IR
N B AP, B 2 DR A L s 0 AR L X
LI B AR A ML B S TS 7 AR R

NRF2 NG o /% 2tz ), de SRR
5| ) ARBEE &, A sl E AL IE R I (quinone Oxi-
doreductase 1, NQOI). &% MR- e & I % B2 1
(glutamate-cysteine ligase catalytic subunit, GCLC).
AW H K -S-#6 F2 1 (glutathione-S-transferase, GST).
L4125 N4 -1 (heme oxygenase-1, HO-1)5EP15A ML
BRI 7P, X e HE R RES 9 10 TURH AR 2518 , L adk
IEH 40 ROSHHE B, AT 0 ) L e ) 2
FIT ATE IF 5 20 Ff A 380s NRF2 0] DL g () A=
{EL 2 8 41 i - ROS 1) 77 B 2 1 DR 37 7L i i 4 i 41K
PP, 5 BT R A M T 25 2 .

HINQO1 SHEAEIAH G, I MHTFE R INQO iE L
5 PKLR(pyruvate kinase liver/red)fl PKM2(pyruvate
kinase M2)ZEEARUI A G IE IR 45 &, I 28 520 FL IR
FE I AE . R N, NQO 15 FLARE Y 245 5%,
NQO17E FL i 41 v iy 2 308 2% 3 B b i Ak
AU LR R R R BG I THG 5 45 2 i e 24
OO At B 2 24, FH AN NQO 1 #1771 — & &
7Ty Ao B g A L, At S S 24 1t R TR A
L2

HO-1/2 ML£L 3R 53 il A I A2 v 1) PR B, 7] 7
S SR =<4 5 7// M0 ) e R 20 £t 2| A 7 R TS
—J7 1, HO- 145355 3 0t 2 5 30 Al i 1 W e 7L e
e 4 L 0oF 2 BT B 2% SR A B JE SEA T T 25 i 2 1
51, kA I 2RIE HO-1 BS54 4T 1) BRUASEAY
e () it A A, HALE 2 HO-1 /g8 #1# Notch
15 = 30 MR 5 <62 J8 2 11 8 9(matrix metalloprotein-
ase-9, MMP-9) ¥y ), i) 7L s 1 2 22 A i 7%
Ut BHHO- L7 7L i i 24 F0 5 7% v ke =5 B4 PO

2 SNRF2R4% BIHIESEE
EFURIE H, NRE2{EA—Fp R T, A
JEBR T REBUER LR R M RIA , LR IET 524
SRS Sl B AR R, AT RS L e 11 A R e
PR ().
2.1 HNHEIZLARBME R & &, (RS FLAR A & R
7EIEH 410+, BRCA1(breast cancer susceptibility
gene-1). P33%(E 5 S NRF2HHE/EH G, &
WS NRF2, 98/ ROS X IE 5 4H i 1) 452 5 , #0061 L AR
PPRE B R A o E A L R 4T R NRF2 R 05 th 2
FEC B LR e 40 M () 1 Y, AT A1 3 7L s ) R
2.1.1 NRF25BRCA1  FLMJE 15 2 [F (breast can-
cer susceptibility gene-1, BRCAI), s& — M H % 5%
PEFURE A G M R, A XA R R RS
B gL R AR AT =0, BER R I, NRF2 5 4HEH
T o W 55 32 B2 R I CBP/p300JE Fl i M 4% 5%
SEWGE, WTLLS BRCAIJEE)F FIf ARERL 454,
FSMEE OB, 123 BRCALE )T 08,
A AN, e/ BRFACEL R B2 4, BRCALE
H eI 5 NRF21f ETGEIX 345 &, #1il NRF2
FNZ ZACIERE , (2 HE NRF2F&E 0T , BT L4 BRCAI
DR R A B2k B S AR IS, NRF2/45 538 B 52 2 3],
ROS/KF -, 33X A] R FLIRE f & AR kM), I HL
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&1 NRF27EFLARSE T a91E A R AE R ALE
Table 1 The role and mechanism of NRF2 in breast cancer
fEH ENRF2HF 015 = il FEHIBLH] 27 R
Role Signaling pathway crosstalks Action mechanism References
with NRF2 signal
Inhibiting the BRCAL signaling pathway (D BRCAL can bind to NRF2 to inhibit the ubiquitination and degrada- ~ [19-20]
occurrence of tion of NRF2 to inhibit tumorigenesis
breast cancer and @ When BRCA1 mutation occurs in breast cancer cells, estrogen can
promoting the compensatory upregulate NRF2 to protect cancer cells from ROS dam-
development of age
breast cancer P53 signaling pathway (D P53 and NRF2 have a synergistic effect. When NRF?2 is inhibited, [21-23]
P53 will be activated compensatory, which can inhibit the occurrence
and proliferation of breast cancer
@) P53 and NRF?2 synergistically activate the transcription of protea-
some subunit genes and thioredoxin system related genes such as TXN
and TXNRDI to promoe proliferation and metastasis
Promoting the AKT signaling pathway (O Mutant AKT (E17K) can inhibit NRF2 degradation to promote [27]
development of glutathione synthesis to promote tumor proliferation
breast cancer HIF-1la signaling pathway (D NRF2 can upregulate the expression of HIF-1a, which can affect [29-30]
tumor metabolism, promote tumor proliferation and metastasis
RhoA signaling pathway (D NRF2 can regulate RhoA protein degradation and its transcription, [32-33]
which can promote focal adhesion formation to promote migration
@) NRF2 can also directly bind to the promoter of RhoA to induce the
expression of RhoA to promote migration
STAT3 signaling pathway (D NRF2 can combine with P-STAT3Y™ dimer to form a stable [35]
complex to upregulate the expression of IL-23A, which can promote the
development of breast cancer
Inhibiting the FPNI1 signaling pathway (D NRF2 can promote the transcription and expression of FPN1, [39-40]
development of facilitate iron transport from cancer cells, which can inhibite tumor
breast cancer proliferation
Producing dual HER?2 signaling pathway (D HER2 activation can upregulate the expression of NRF2 to promote ~ [42-44]

roles

breast cancer cell resistance to adriamycin

(@ HER?2 inhibition will change cell metabolism, leading to oxidative
stress and compensatory upregulation of NRF2 to induce tumor recur-
rence

(3 NRF2 directly binds to HER2 to inhibit HER2 transcription to inhib-

ite tumor proliferation

AP BT 38 2 e O T R T UL - 3- e /2
fi B (phosphatidyl inositol 3-kinase/protein kinase B,
PI3K/AKT){5 5@ # il NRF2, iX55#h T BRCAI%E
A2 Fr T BUKTNRE 28 2% (4001, AT OR4 2L e 40 i
%% ROS S EILNMISET: ), #F 78 BRCA15 NRF2
2 1] R FLAE L VA T7 BRCA 1528 1 3 i FLAT &
2.12 NRF25P53  P53%:[A e 5 2 1) i 34 K]
Zz—, B MR e, B 50% T A
P53FER ) 9AT . {E PS3AH KA AT =AM
g, P53 AR M T DNA LS & 38 1) aa
98~128 5 NRF2HH HAEH , ¥ NRF255 4 31| 8 [ g 14

P 2 L R RN — ek e B[R] ARE TR I A 21, B
I35 A A IV B A7 5 PR R SR B T R G0 R
35 IR 0 R 4808 B H (thioredoxin, TXN). S0 &
34 J5 ¥ 1(thioredoxin reductase 1, TXNRD1)JE K[
e, Hop TXNIW R s s 5 A s A R A
Ko FHHAEEMPIFM T, AR P53 NRF24H
AR B A ) AR 0 2 880 4 o L e 4 B R A7
LR = A g 21221 AE TR TR R UM AH 2R AR R
FPEFLIR S5 TR A0, NRF215 5 % 52 2 #i i 2
J& , PS3E Tl > M AME VRS , 815 40 H e K
Prea A SO, BN R RRAE o b ) 3L A )
— P 5 e LI bR AR R B R A B R
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(RIFZ I, T 24 3K 79 o4 5 368 B 7 7L R b B &4 e v [
I} 52 BP0, FUAR R 40 4 B R B ROSHK
FE R X SR LR IE R KR B AL R
HIEK . 5 PS3EH RA ) = IVEFL RS+, NRF2
5PS3AEA XM FEIER, BAMHNH NRF2A S 5§
B P53 116 B ORA i 4 M () R 0. BONRF2
B HEBCRIRTT = 7L iR A
2.2 NRF2E#HILIRFEXR R

NRF25 & [ ¥ B(protein kinase B, AKT). it
A %5 T AT -1a(hypoxia inducible factor-1a, HIF-10)
S5 S I R AR R RS R 2 L e A P P Y
A RNEL RS, 11055 LR IR ) R R AN L R
22.1 NRF25AKT  BEARIELE-3- BB/ & s
B(phosphatidyl inositol 3-kinase/protein kinase B, PI3K/
AKT)fE FiB 2 — &4 M EUEE 58, nTbs
M i Rg A A K ST RN AR 24, B TR B, PIBK-AKT
AR R PR R 1R IA, RIINRF2TRES
PR3K/AKT/E S IH A B, —J7 T, AKT{E N —Ff
22 IR /P IR B B, TR NRF2BEIR L )5, Befe
HBENRF2 M5 i% A 4%, B DL AKTSZ 230 2 f5
2B E R NRF2E AR, 5 —J7H, AKT
B 5 RAEEITKRAS, R 2 BREU 1 767 I 2618, R
A5 [ AKT(E 17K) A 18l NRF2LE 2 ff J57 i A, i
HENRF2FSE WO , 22 B H K G s 2k R R 0A
Hhn, b R A i AT DA R (i R
AT, FH e A B H KA B R e 55 I s [
TERFLIE A S , v Ok IE TS S PBKIR 2 RAR
RUA M A AR K, X RSk AT LUE R 4
it H IR A A R VR T PISKG& 47 5848 7Y 7L e o
222 NRF25HIF-lo. #4515 S K F-1a(hypoxia
inducible factor-1o, HIF-10)2 i 5 48 1 7 1) o< B i
ST, AR B LLRR 8 261 T, HIF-1af8 AT
HEONGH B AZ P9 A2 330 0 T AR A G I DL B B9 R 2 A 3
PR AR GBI DR (R 3 28, 3@l ok L e £ 4 4
BT T, KILNRF25 HIF-1af) 31k £ IEM%, H
W LR 4 B R B NRF23id B %k 2 Ji5 , HIF-1a
()23 B J B0, 0 -6- TR I 1) e sk 5 R 1
I, B _F 1 Noteh 115 5 188 A2 12k 7L ity 240 1 1 18
FE AL RS 12930, X SERf SR B, NRF2 0] DLIE [A) 3 5
HIF 1-o R 520 i g AT, (k7L i (1) K e o NRF2
FTHIF-10mT PARRCN VR IT 7L BV TR 2 T ¥4
2.2.3 NRF25RhoA  Ras[l ¥ K 5 i 72 A(ras

homolog gene family member A, RhoA)J& T-RasiH 2
HI, LG GDPCIIF M) M4S £ GTP(HIEH 1) K17
NKEEER) T RAEH . RhoAEHEZZ S5
OB NS AN i %7 L | i = S 1= e )
VTR 7, 78 R I B A AT A e A B AR B
NRF 238 i i #2 RhoA [ £ [ [ i A S I8 K% 5L
JRTRE A R 77 A BN NIRF2 RS 11 M 8 3 AR o6 32 4
o(estrogen-related receptor alpha, ERRa)/ 5 [)JRhoA
Ff# | RhoA DL & Rhol### (Rho kinase, Rock)%s
RhoA NS 5 8 H IR IGIN, f2 2k 5h it BE T2 1k
1L g 40 o i E #% B2, NRF2t2 7] BA5 Rho A J5
T HEGA, 5 FRhoAMRIE, (LEYIYDOS14i#
14 NRF2/RhoA/ROCK 5 53l % , {56 F5 1 =B
P LR e S RS R R 1 AR K 32 B B, YDO514
HAAE e R 1 3L e W B i 25 i /g, wf
DA — 2 AT i PR A A R 7 T AP 55 o
2.2.4 NRF2L5 STAT3 5 5 e I SO T
3(signal transducer and activator of transcription 3,
STAT3)fFE T M5, 7T 48 2 Aofr 40 PR 7 sl H A
AME 5 OE , WO JE T R AR HE N 4 A% 5
DNAF G, BRAESH SR IFENED)
A€o HH NRF2-ome##i FE T | STAT3 A1 NRF2{5
T A AR EAE P B AT REME B fE L IEAEFLIR
i, STAT3 MBS 2R 70507 575 5 K AE R IR AL TE &,
P-STAT3Y™ — B ARAd STAT3 54k, #F 7% & BILNRF26E
% 5 P-STAT3Y” Z_RIAL SR E N E &Y, X
Fi A5 AN & 23 A(interleukin 23A, IL234)
BRI E )T 456, sk B IL23A M5 ok g
LR A AR (1) R B B0, IX K B STAT3MINRF2H
FSCRETT R TR FL B B AR T T
2.3 NRF2H[IFIFLEREERY 4 R

JiEk 12 85 1 1 (ferroportinl, FPN1)/& —FhikiEiz
wH, FEMTT RGNS FIH, BISFI#EAE,
MAKIEIIE LRI EFR LRSS ZMAmd i, H
AR 487 %08 T - 57 248 i T 55 D R FIATL A4 1) 4k B 220K
H L Hepcidin-FPN 15 3= B2 671 51 45 4 S A2 B,
Hepcidin-FPN/E 538 I 1) 5 5 2 14 0 i e % A2 0 fih
Jod AL ARG B ] NRF2 320 571 38 B i e A 2 5L
JE A0 e bR /N B LR L 1 FPNT mRNA, %
NRF2 1] J8 it 2 i3k FPN T3 R 345 i) 9 0 ok 72 o 11
LA B8, NRF2-t 1] DL 17 71 Ji e 240 He A0 2L i s 44
L ) FPN 1S 8y 45 6 R AE i3k FPNT) SRR,
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AT MRS Y, kBRI , 2
O T L P 2 040, S BB RIE R HR R ], NRF2%}
FPN1 ()R 15 i b R 45 2O B MIE A
2.4 NRF2F=EHDHIFRSHFLERE & REVNE(ER
TE AL F o I v LUR ISR B AR KA
¥4 2(human epidermal growth factor 2, HER2)%:[H]
[ B A Rk, FLIE T 15%~20% 7L s i3
SHER2FAMEH, W7 R I, MHER2HHIE 5, HER2
5 NRF2E LS, et NRE2FHSE A ik, ff
SPL R T 40 o o] 2 2 7 A 24 4 1), L e A g
HER2H T A2 g4 AR 81k, e 8L
LA NRE2 AR 0, (e it B b IE R AR S A%
T R AR A R BIRH firv e 1 52 5 1500 1 g — TOUHF 9 I
RN, FH NRF2 1500 7] 22 51 3 40 2 7L e 4 M ik 2
J& , HER2[P)mRNAKV- 5. 35 '~ %, NRF2i#i S 5 HER2
JRENT BELEESS A 1) HER2W B 55, 111 400861 L A e
H ARG EE . IX 3R B2 NRF2-5 HER2:Z [A] (¥ 4H
AR FH AT R 1R FLIIE 18 s

3 microRNASENRF2E S B E{ER

miRNA(microRNA) 2 — F /I 1) 4F 4 FSRNA 73
T, BE20~25MZH IR, B AT SmRNAMK3-IE
BRI X (3-UTR) 78 4= BB 43 45 4 11 470 i 45 5 6 DT 1)
F k. NRF2RE #7 ¥F £ miRNAsHE /], H FimiR-144-
3p* miR-634"IT] B 3 5NRF2[1)3"-UTR X £ & 411
NRF2 /4% 5%, e ity 4 et AL o7 25 i ot . o
miR-155 A DL i B B0 NRF2A5 5 8 2% A il i
Y1 = AL AT 2597k Ak, miRNAsIE Af LL#E
it #8 [ Keap 1 K #ENRF2, WmiR-432-3p*1 0] L H
1 5Keapl 14w 5 [X &54 T Keapl H13RIA, fHINRF2
T P, 0 ) 200 PR XSS M D 4 25 RS, T miR -
14101 /2 #E 7] Keap1 #3'-UTRAE #t Keap] mRNA ] [§
fife, OENRF 245 530 2%, AT S 35 401 Eh - 95 bk i i
5 B 0 i 25 PR, X 1 BANRF2 5 microRNA 2. [H]
RIAH FL A G JRehE P K e A B 25

EFLE T, NRF22 5 microRNAK &2 & Y], —
J5 T , microRNARE# I i 4% NRF2 K 5 8 1 72,
MR RIS SRHFIYE S, MRS T miR-93 %
T , miR-93M I 3% J 45 HLBE L [K] NRF 21 35 P01,
1M miR-28 M3 i # ] NRF2 mRNA) 3'-UTR, [£1I%
NRF2HFRIE BT, 55— J7 1, NRF2 5838 1 i 75
microRNA §Z M 7 J e 40 i (1) A=, A miR-29b-1-

SpfE S B NRF2 [ V4% 2 5 2 K35 FH 4t ffa 1) R 47
PERICST,  [RBRAE 5E R B, NRF 21 AR AT LLER iy miR-
181c/KF, AT B 2R AS R HIF-1at 3 (1 3&E B
PEAR T AR B2, X Sem AL S R W], NRF2fAEIE T 5
% FrmiRNAs/™ A= A FLAF FH 5200 FLIRE I R e, R
B T NRF27E LI i AR

4 FLARFEHEEEINRF2EVLE D)
t T NRF27E 7L s % 2 K e o i) 7 40

NRF26G B Bk L T FE 7 (B s o i 2t
5, WY BRI 24k SRS S NRE2 4
FEAER , X Seb A& Y0 BB 7L 0 T 5 4 B
WP R EEEN .. XSS T NRF2Z 8 (13
T SRR A 70 7 L e R R AR
4.1 NRF2EGET

(Rl Sy IE 85 41 B A NRF2 300 mT BAA 2008 >
ROSE 1F 5 40 M (1545 5, AT 00 ot <L P e 1 % A
FIT DA A K NRF2 ¥ 350375 77 5 7 mT DATE L A9 1) B
R Bhia T R FEER -
411 aRpFiE  WIFRKINHBAZESEAE
BRI A T IR K RS, 22 i nT DU
T NRF2{E 3 N FUAR 1 R 200 i r e o (R4, il
FUAR IR 0 R A, SR bR R AR B30, RIS o 22
P AT DLE W MR N F 1 NRF2)E B T I
Betb, 3 NRF2IEOE . F A 227 B A BREYE ACT
KBRS, AT PR AR B K B Ap L Rt & A 3R IR
KPR 15 5 0 LR R (v AR B B X SRt FL 4
R, [T LUE S NRF2 (1) 3 IA KA
MEBCER B M FLARIE AR, TR R BB 78 FL R 1) 75
B SR Eha T R EA
412 GARABI  AARWEILED c-JunZ FE AR
Uiy P ¥ (c-Jun N-terminal kinase, JNK)/4H g b
%9 2K ¥4 (extracellular regulated protein kinase,
ERK)-NRF2-AREJH I K 1 5 NRF2 K T il il 75
BT 20K, TR ME B3R 15 5 O MCF 1OA 2 i 11
LAY . R A S TR BE N-IE A 3 -N- 3 iR
7 SRR RS, BRI R Az 2 R e (1) PR R
B, I Ae 0] R B LR U S B AL R
JRONE ST, RN T LA SR R LR 138 B Ak 27
SESEYB
413 FREUx  FEZRAHTERT RS E
25 B0 M LR DL X HER2BH 1 i 3L i, (R B 3%
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& L,
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Resveratrol

Curcumin

Atracrylenolide 11

(6] (0]
T
HO OH

Sulforaphane

Fisetin

E1 NRF2HEF
Fig.1 NRF2 activators

(¢}
Parthenolide

Brusatol

Berberine

Wogonin

E2 NRF2§PHI5
Fig.2 NRF2 inhibitors

SERIC AR TR, B AR BN, 24 SRR ot 5 B B R B
Kb 3 L RS /IN BRI, SR R b 8 e R 0 B
NRF2 - ffg 84, Mok b 25 & 5] 2 i O iE s
PEBO, BT LA 24 P B B 3R VAT LR I, SR ARAR b T
BE T CAVE N 28000 C U R4 711, 0k 5 o) 2 2 ) 7L AR
e AR

LI & K 22 % O 40 ANRF 2350035 771 fit 38 ot %
INRF2, i FLARE R AR . Hd, AR N
TR [ 28 7% i ©L 2 00 B . 7EA P A0 L e 1 %
A TR, IX PR 258 e R B ) L AL
TR A LAk A 2 5 R R L B
NRE2J5, BELEARS MM FLIRE AN RS A6 58, X
MEE BRI TR, (AT BN T
FREHBIZ AT RE(E D)
4.2 NRF23N&I5

LRI 41 NRF2 (30, 2 OR4 7L e 40 A
HEHTEA AL, A T A5 7L B e 20 B 0 AL 25 it 2
I DANRF2 (%) 411 1) 750 28V 0 DA o IR0 AR b 2L i e i
24 1) 1) R

NRE2{HH I TR0,/ (58 Py )
B ORI B 2O R NRF2R0 ik, T L
(AT T B2, R R, KT AR
L7 25 U, TR R 2R K (R S
4 S35 BENRF240) 1 771 76 7L I o 07 9 K 25 40 4
o BATE AR, T B AL ORI PR 920 25 10
K A I P, AT 2 I R L e e 7L X 1
T L5245 9 1 R F2)

5k 2 B INRE2IE 5 R0 B 2L 5
b4 THR, R T R T A 4 FONRE 24
LA

5 IhNEFRE

T 2 B W R 2 —, P2
Wt 75 K BUNRF 245 5 18 12 i 1% i i 5 L 6 4 e
PI3KA5E 5 il % P53{5 5 i@ . STAT3ME 5 i ik 2%
— I S 53 % SomicroRNA K A HH HLAE FH K5
i) L e ) % o BE XPNRE27E 3L IR o 19 4 T,
NRF215 518 6 7] LAE Sy FL s 1B AR I7 138 78
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BB, BEFC ORI, VF 22 NRF2H0E 771 1 3 A 5t
AP R P R TISE X A R AT A 7L fl g A Y
# o TR ST AR A, BRI A S SR
T R BRRIE T AR A5 B AE I PR AT, 34 75 B — 2B HEAT I
PRITHIIBE T, I HAR Z4E ] TNRE2HI L & #RAS
HARERIR %, B A B = ML R NREF2
G EE . ARE B XTNRF25 3L iR A
HRFRHIHE— DR IT, NRE2KE ARG FL R 1
FF AL K LR B R ZE 06T TR A%

(1

(2]

B3]

(4]

(3]

[

(7

(8]

9]

[10]

[11]

[12]
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