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Abstract: The liver is an important organ of the body, which has many functions, such as metabolism and
detoxification. Due to the rapid change of lifestyle and the improvement of public health, the incidence rate of
non-communicable diseases has increased significantly, which fundamentally changed the disease characteristics in
most parts of the world. At present, the global prevalence of non-alcoholic fatty liver disease (NAFLD) is about
25%. Moreover, about 59.10% of NAFLD patients progress to non-alcoholic steatohepatitis (NASH) within 5
years, and about 41% of NASH patients progress to fibrosis. NAFLD has become one of the most important liver
diseases in the world and may become the main cause of end-stage liver disease in the next few decades. In
addition, NAFLD and related cirrhosis will bring huge economic burden to patients, health care system and society.
Since there are currently no medications available that have been approved by Food and Drug Administration
(FDA), NAFLD is still treated mainly through lifestyle changes such as exercise and diet. Oxidative stress and
inflammation are the most important pathological processes in the occurrence and development of liver diseases.
Nuclear factor erythroid-2-related factor 2 (Nrf2) is a key regulator of the body's antioxidant stress system, with
anti-inflammatory, antioxidant and other functions. Many studies have shown that Nrf2 pathway significantly
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affects the progression of liver diseases. In this review, we aimed to summarize the regulatory role of the

Kelch-like ECH-associating protein 1 (Keapl)-Nrf2-antioxidant response element (ARE) signaling pathway in the
pathogenesis of NAFLD, and to reveal the potential of Nrf2 as a therapeutic target for NAFLD.
Key words: nuclear factor erythroid-2-related factor 2; non-alcoholic fatty liver disease; insulin resistance;

oxidative stress; drug development
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Figure 1 Nuclear factor erythroid-2-related factor 2 (Nrf2) and
the non-alcoholic fatty liver disease (NAFLD) "first hit". The role
of systemic knockout (KO) Nrf2 in insulin resistance is controver-
sial and needs to be further studies; Nrf2 liver specific KO can
improve insulin resistance; Nrf2 lipid specific KO further aggra-

vates insulin resistance

4 Nrf2 HiEHE NAFLD 8 )3T H”

JHF I I 5 TOAR 51 R R R4 8 A S 98 3 s L £
YEAC S — R 5 P PR B PR NAFLD I “ 58 — IR 4T
i 7, o A B Bk B B AE Y. Keapl-Nrf2-
ARE JH B 75 i ROS HUR SCHEIE ] o R, Nrf2 (38
TR R AT R S T IRAT 7 R4 NAFLD )3 g
(E12). FEAPUEMN R PR 3 ZR T 7, Nef2 B9 1
VF 2 25 ROS & B 1) B2 R [l 8 . 5 57 A 7R /1 )
AH b, Keapl @ i /I B S8 A6 90 B AL B (superoxide
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Figure 2 Nrf2 activation improves NAFLD "second hit". Under
physiological conditions, Keapl binds to Nrf2 and transports it to
the ubiquitin proteasome for degradation. When the Keapl-Nrf2-
ARE pathway is activated, Nrf2 dissociates from Keapl, and then
translocates to the nucleus to bind to the ARE and promote the
transcription of downstream proteins which can improve inflamma-
tion, oxidative stress and fibrosis in liver. Keapl: Kelch-like ECH-
associated protein 1; ARE: Antioxidant responsive element; PI3K:
Phosphatidylinositol-3-kinase; AKT: Protein kinase B; HO-1: Heme
oxygenase 1; GCLC: Glutamate-cysteine ligase catalytic; GCLM:

Glutamate-cysteine ligase modulator; ROS: Reactive oxygen species
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B PR ER R, (B H T35k Z 3515 FDA #HLiE 1 25 i
WBIT TR T I 24Pk, H 4R % NAFLD
(87 2Bk 6 B AR JE AR 4R 3 AN T TN TF S
A 2021 FEJE O A ML 10 B NASH 16T 25 9k A 11T
Wil ARG, A FXR A2 /4 B 5h 71 B2 DLAH R (OCA)
52 A I PR AR S, 25 RS 2 W 7E XU, FDA i oA it
H B F IR K« Keapl-Nrf2-ARE 38 8 7€ S 4k N Al
SERE RO AE P A B R4 BB 69T NAFLD. Hr
JR T R S Ak B B (AMPK) AT Nrf2 3430 75 Oltipraz
L4 N T I R B B . 8 %R0 0 K 22 B0 Nef2 0% 741
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Table 1

Keap1-Nrf2-ARE activators in the treatment of NAFLD/NASH. NASH: Non-alcoholic steatohepatitis; HFD: High-fat diet; SD:

Sprague-Dawley; MCD: Methionine/choline deficiency diet; HFF: High fructose diet; CDAA: Choline deficient L-amino acid defined diet

. Oxidative . R . Clinical
Model Compound Treatment Steatosis Inflammation Fibrosis ef.
tress phase

Male Wistar rat, HFD, 16 weeks ~ Hesperetin 300 mg-kg'-d”, i) ! i) i) Preclinical [65]
16 weeks

Male C57BL/6 mice, HFD, Apigenin 30 mg-kg'-d”, ! ! ! ~  Preclinical [66]

16 weeks 3 weeks

Male C57BL/6 mice, CDAA diet, Aloin 20 mg-kg'-d”, - ! ! - Preclinical [67]

12 weeks 12 weeks

Male SD rat, HFD, 16 weeks Curcumin 50 mg-kg'-d”, i ! } | Phase Il  [68]
16 weeks

Male Wistar rat, HFD, 10 weeks ~ Sulforaphane 20 mg-kg”, 3 times a ! ! - - Phase 11 [69]
week for 10 weeks

Male C57BL/6 mice were Geniposide 100 mg-kg'-d" i) ! i - Preclinical [70]

injected intraperitoneally with

500 mg-kg™ tyloxapol

Male C57BL/6 mice, HFF diet, TBE-31 1.65 mg-kg', 3 times } ! ! | Preclinical [41]

24 weeks a week, 6 weeks

Male C57BL/6 mice were Aucubin 20 mg-kg'-d”’ ! ! ! ~  Preclinical [71]

injected intraperitoneally with

500 mg-kg™" tyloxapol

Male C57BL/6 mice, MCD, Silibinin 20 mg-kg'-d”, ! ! ! - Phasell  [72]

6 weeks 6 weeks

Male Fischer rats, CDAA diet, Oltipraz 60 mg-kg" -dr, 1 1 1 1 Phase II1 [54]

10 weeks 9 weeks

Male C57BL/6 mice, HFD, Osteocalcin 30 mg-kg'-d”, ! ! - - Phase 1T [73]

12 weeks 12 weeks

Male C57BL/6 mice, MCD diet,  Scoparone 80 mg-kg'-d”, ! ! ! ~  Preclinical [74]

4 weeks 4 weeks

Male C57BL/6 mice, MCD, Physalin B 30 mg-kg'-d”, ! ! ! | Preclinical [75]

4 weeks 4 weeks

Male Wistar rat, HFD, 77 days Oleoylethanolamide 10 mg-kg™-d”, ! ! - - Preclinical [60]
2 weeks

Male C57BL/6 mice, HFD, Erythritol 500 mg-kg'-d”", ! i - - Preclinical [76]

12 weeks 8 weeks

A — b B 0 AT AR Y Nrf2 S g, e Bl
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AREHFRKRINT — RFI% NAFLD/NASH H A i #
E FI ) Keap 1-Nrf2-ARE 38 B350 771 (& 114124600576))
6 REESERE

NAFLD (45 JiF I AR B AR 25 8L A L %
SE AR EAL) BRI FIB RGN TS A B O
it fE NAFLD H B A & 2 {E A, Keapl-Nrf2-ARE il #%
eI\ A 7 VR T NAFLD 1 25 B 22368 77 57 40 5,
H 1 1F £E 4 BR Y0l 4 2E 47 91 98 . Nrf2 7€ NAFLD (1)
AT ORERAE A B BT AR W, AR T
B H O RS IEYE R U, Nrf2 (193805 76
NAFLD [ “58 — k4] i " B B B EH . B
AT O R I 2 P4k & 18 0 B80S Nrf2 38 26, 7E NAFLD

HOR TR AR 2 AE F, (Ri2 4 1k v A R 259
R1F FDAfLHE B i . A1 B TF2% P Y Keap1-Nrf2 PPI
F1 ] 32 400 41 7] 2 Sk (17 Pt 487 [ ., Keap1-Nrf2 PPI (1)
L 4 0 1) TR0 AL T B 0 R T R S RGBT 24 .
Keap1-Nrf2-ARE i # [ 24 3 22 00 &2 JA 77 NAFLD 5
I PR BT SRS

{EE STBK: R 6 7 ST IG R N SRR 3RS PR AT
SR
M P A& 25 A AEAE R 28 v R
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