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Advances in the function and mechanisms of stearoyl-CoA desaturase 1 in

metabolic diseases
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Abstract: Metabolic diseases characterized by an imbalance in energy homeostasis represent a significant global health challenge. In-
dividuals with metabolic diseases often suffer from complications related to disorders in lipid metabolism, such as obesity and non-
alcoholic fatty liver disease (NAFLD). Understanding core genes involved in lipid metabolism can advance strategies for the preven-
tion and treatment of these conditions. Stearoyl-CoA desaturase 1 (SCD1) is a key enzyme in lipid metabolism that converts saturated
fatty acids into monounsaturated fatty acids. SCD1 plays a crucial regulatory role in numerous physiological and pathological pro-
cesses, including energy homeostasis, glycolipid metabolism, autophagy, and inflammation. Abnormal transcription and epigenetic ac-
tivation of Scd! contribute to abnormal lipid accumulation by regulating multiple signaling axes, thereby promoting the development
of obesity, NAFLD, diabetes, and cancer. This review comprehensively summarizes the key role of SCD1 as a metabolic hub gene in
various (patho)physiological contexts. Further it explores potential translational avenues, focusing on the development of novel
SCD1 inhibitors across interdisciplinary fields, aiming to provide new insights and approaches for targeting SCD1 in the prevention

and treatment of metabolic diseases.
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Fig. 1. SCD1 molecular domain map and protein sequence alignment among different species (Drawn by NCBI database). 4: The mo-
lecular structure domain diagram highlights the critical functional regions of the SCD1 protein. N-terminal signal peptide is repre-
sented in gray; 4 transmembrane o helices (TM1-TM4) are represented in blue; and 2 histidine clusters (C1-C2) are represented in
green. These domains show a high degree of consistency across species. B: This alignment compares SCD1 protein sequences from
human (NP_005054.3), rhesus monkey (XP_015003410.1), mouse (NP_033153.2) and rat (NP_631931.2). Among the 4 sequences, 2
identical residues are represented in blue; 3 identical residues are represented in red; and 4 identical residues are represented in black.
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SCD1 Expression in Different Tissues
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Fig. 2. Tissue specific distribution of SCD1 in mice (Drawn by NCBI and PaxDb databases).
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Table 1. The mechanisms by which SCD1 affects different metabolic diseases

Diseases

Signaling axis

Effects of SCD1 on metabolic diseases

Obesity

NAFLD

Diabetes

Cancer

NDUFB9”!
FOXO1!"%*
AMPK-ACCP
NRF2-SREBP 1'%
STAT3!
ADGRF1"
FGF1-SREBF1!'*™
AMPK-SREBP1!""
NcDase-Wnt?”!
SIRT3P"
PPAR-RXR!"!
AKT-mTOR™
AMPK-SIRT ]!
SREBP1M!
AKT-GSK3p [
mTOR-SREBP1 [

METTL16-YTHDC2 !4

Wat-IGHM '
PI3K-AKT-mTOR ™
FBW7-NRA41 '
XBP1-CHOP "9

Excess MUFAs production through SCD1 promotes lipogenesis, leading to hy-
pertrophy and proliferation of adipocytes, which promotes fat accumulation and
leads to lipid toxicity.

Overactivity of SCDI1 reduces fatty acid oxidation and increases lipid deposition
in the liver, contributing to the development of hepatic steatosis, lipid accumula-
tion, and insulin resistance. Furthermore, SCD1 plays a role in promoting inflam-

mation and oxidative stress by altering the fatty acid composition.

High SCDI1 activity promotes elevated triglyceride levels and indirectly affects
insulin signaling sensitivity. On the other hand, SCDI is able to maintain the
number and size of lipid droplets in B cells and the structure and function of
islets.

SCD1 promotes tumor proliferation, growth, migration, invasion and metastasis

by maintaining the lipogenesis of cancer cells.

NAFLD: non-alcoholic fatty liver disease; INSIG1: insulin-induced gene 1; SREBPI: sterol regulatory element-binding protein 1;

AMPK: adenosine 5-monophosphate (AMP)-activated protein kinase; ACC: acetyl-CoA carboxylase; NRF2: nuclear respiratory factors 2;

NcDase: neutral ceramidase; SIRT3: Sirtuin 3; PI3K: phosphoinositide 3-kinase; mTOR: mammalian target of rapamycin; FBW7: F-

box and WD repeat domain-containing 7; NRA41: nuclear receptor subfamily 4 group a member 1; CHOP: C/EBP-homologous pro-
tein; Bax: BCL2-associated X; NDUFB9: NADH: ubiquinone oxidoreductase subunit B9; STAT3: signal transducer and activator of
transcription 3; ADGRF1: adhesion G protein-coupled receptor F1; FGF1: fibroblast growth factor 1; RXR: retinoid X receptor;
METTL16: methyltransferase-like protein 16; YTHDC2: YTH domain containing 2; MUFAs: monounsaturated fatty acids.
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Fig. 3. The impact of SCD1 inhibition on various metabolic diseases. Inhibition of SCD1 improves obesity by activating the AMPK-
ACC signaling axis, increasing f-oxidation of fatty acids in mitochondria and reducing lipid synthesis through decreased conversion
of MUFAs. This mechanism also enhances hepatic fatty acid oxidation, improves hepatic lipid accumulation, and alleviates hepatic
steatosis in NAFLD, while attenuating the fibrosis and inflammation responses driven by the NcDase-Wnt--Catenin signaling axis
in non-alcoholic steatohepatitis (NASH). Furthermore, loss of SCD1 adversely affects islet structure and functionality, reducing the
number and size of LDs in B-cells, thus exacerbating susceptibility to lipotoxicity, and accelerating structural and functional changes
associated with type 2 diabetes mellitus (T2DM). Eventually, it leads to abnormal differentiation and dysfunction of B-cells. Addition-
ally, inhibiting SCD1 suppresses ER stress, ferroptosis, and immune responses in cancer cells, hindering their proliferation, migra-
tion, invasion, and metastasis. TAG, triacylglyceride; LDs, lipid droplets; NcDase, neutral ceramidase; SFAs, saturated fatty acids;
ER stress, endoplasmic reticulum stress. The other abbreviaions are the same as those in Table 1.
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SCDI 7€ J N AN I AR Wi Al 4 v 2k, b B g
JI7 2043 SCD1 ¥ R 1k It £ 44 ot 2 45 2 14 I 22 12
F ETHas, 4 B SCD1 % K Rt/ B AE I8 34T
HFD 51 A2 AL, [R]85 22 UM AR R AR 1 22
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AR AL, AR FE R E 58, AR T

Scd1™ leptin®™® /N FR R I H R B RALHL . RIS &R
ILRE vy IR, (4 Bl 30 e 6 R B Th el BT
I, SCDI1 7ERE AR o] R AW EAE . SCDI
SRR T RE IR Y, (EPF B R 5 Th R R b AR AR
WERELN, AT I R B SCD1 Bl = 4 5 e g
B A B 1) o 40 B0 A, R I ik 5 A 8 R 5 ) DL
B IhaeEmgRY, Hr, SCDI1 2 531 54k p 41t
Rl (G Pdx1 F1 MafA)J5 8§ EAGIRAS, #l#] SCD1
2 5 3 B Ak 5 20 AR B 41 A e A N R HE AR K
POy A, AR, 7E INS-1 40 id 54 SCD1 K4
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I SFAs [] MUFAs #5461 20, KEAEHR F 9 MUFAs
Z—, ReWSIE TR FoxO1 ¥ sidm e, f# INS-1 48 fuxf
PR 5l IR S R B A1, R &
1552 g 75 145 & 19 ER ROBCRI 40 g 200 00, A
R, RS I B /N B AE SCD1 BE % B A1k
JIE D7 A R 14 sk PR S A, AT 3B HCD 1
AN J& HFD 5 200 (B2 T R0 A A i 28 23 1% iR o 3
F o/ BROIE AN B R A . A Sedl
J& B IR KT 5 2 5 R & A0 L5 8 2= KT
B IEA DG, 52 3w BE [ B R AT HFD (1 1E 1) 1
A0, X PER AT SCD1 Thfig vl R B A 44Uk S b
YER, I ELAERF-HE W Gl i 240 “Xiig” PRk
SEPERD, 2 E- A e R A2 A A A o

i Rk /N A B UL SCD1 & 2 98 59 AMPK
FRAt, AMP/ATP LU FEAS, /N BRI H X HFD 5
S0 i P AR B R 5 BRI B AR R IR TR
RNE B VLA T, G ik SCD1 R 2D 45% R
Ak, EL 40 Py H- I = S RN B K P 2 3 3
22% F127%" . [E K, AMPK F1 ACC2 2 1k /K
SR, OV MR DR A R RS Y
Gb, HIE®W AL, 7EHE RN EEFHEIE,
SCDI & M S MR RANE . Hil =84
B3 0 BA &% MUFAs /K P b7+ 2 53 IEAH9G, 1X AT
AE AT 52 R MIBAE AN/ B 35 AL AL DR sh 71,
4.2 SCD1. NAFLD #1NASH

NAFLD 0,45 H 55 ™ 5 72 FF 1Y) NASH 4 Bk i
REIE 20%~25%, A& AT BRE KA e T4 ) ke,
NAFLD = ERFAE 2 T G 07 A2 P R B = 4Kt
LRAR DI RERERG . AORE A S T, SCD1AE
RIER EFAERAR R RS ED R ED, 1
NAFLD K A2 AR J ik 35 B 2AE Y. Bl o5 I
P T i 10 2H A BT 40 B A (e B R A, AR N AR
NAFLD [ JRU; 2 22 36 hnt=, - 8 & ik 80 25 )3 h I AE
AMPK-SREBPI1 15 5 il F SREBP1c [ 24 fif Al #% %%
A, BEJ5H 5 SCD1 /E3)¥ W SREZEFAHL &, 4l
FEC T 41 P H i = R B, T AR S e U
SCD1 Befs Jd /> T AE MR i & i, RN B e 32 1 &
WAL 45 R (I g B A 21

FEBE NASH KR, IR KA — &R 51 e g 3
Ak, JUUARF B R R A R N AN
W W 2T 2 4k g T SRR AR 0, sk, SR EA
FHOAS 50 5 7 UG, X S ke AR 4n i i
JERELF e S AR LR B, 4T 4E 4k
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T B RE AL AT D Re g v, IF BRI 1 K
JRUIN T R R M 2 It JH I (neutral ceramidase,
NcDase)-SCD1-B-4% &5 H (B-Catenin) JE B 1 S 152 [7] 2%
T I T 40 P B R B A FFAs KF, {23 NASH 1
(1) 98 RE LT 4E4L07 . 7E HFD M2 5% 7, NcDase ¥ )8
D P TE A B R N R ERE A
(immunoglobulin A, IgA) 1724, MM K NASH /)
Rz R R e R R EREE 2 AR
il SCD1 Wy R ik, AT 98 20 /0 Bl JiF I A [ Jigg o
MUFAs 4 5. SRk 35, NeDase it 2% 8 i g 48
Jo JE AR P VA A SCD [ Rk, i3k i 77 AR 1 o
Whnt i 1 F1 B-Catenin 1% % 12 [f] SFAs. 1 & SFAs 7|
2 Wt g ik 4k F1 B-Catenin #035 , %5 & HFD T T JIE
FRE RN, G, OBEE HED IR /N BT
JE A F 44k 3 DR (A0 11-6h FN ACTA2) 32157, HE B
J&, Wnt & (A IE A2 NeDase i, X8 S & %,
NcDase-SCD1-Wnt 2 [0 ¥ IE = i 1§ &, jn Jl
NAFLD J% F£07 . 75 55 — 1056 T 11 38 il A= 40 s e
WE P AR R A HR,  E T A A A P A R R M T TR
(short-chain fatty acids, SCFAs) il i | ] #% ik iz % 21 T
I, JEAEAD B A% 4L A SFAs. SFAs B Ji i i {ie 32t T
4 i Fh SCD 3Rk SR 40 B sl g ERER
/&, SCDI [RIEW KIS FFUIERA G AR
B AL AR AR OO, Rt 3B siRNA 1]
SCDI {5 & B& A% 1 HepG2 41 A 1748 5 LA 2 T 41 g 2%
PE RN E AR S, BT, I SOy
JE I T8 YA M) REAE AT E SCD1 3RIA, 155 NASH
HR TR 0 P AR O SR I D RR AL TR — MEARIR R T
BIT IR, SR, BUMVER L, SCD1RIAM
AT A ) 485 o e B 2 5 B0 40 A R T SR R
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XA E M EAE S S 1 L. k4, SCDI
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5T

4.3 SCD1FnFER»

WFFL R I, SCDI1 1 V3 38 5 T2DM 1) & A
AR R IE ARSI P8, — T 3000 A )R 4 X
BT IEVEBAZI BT 78 R B, SCD1 i 1tk 5 8 PR % 1 &
R E AR, SR, T B uE 4R K,
SCD1 R IA#inth n] G #5 Bh A\ Pt T2DM. &40
i 25 14 52 M JR 5 B A Y DNA 34k, SEp i
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FORBIEDY . B, 45 B A
SCD1 1A /K~ 35 5 25 Fh it 19 180 18 it e A0 2L iR
JEH, SCDI1 @K PRk 54 R TG & & /A,
Horf, SCDI1 K b3 3 i MUFAs & /8%, (R4
Y M G52 SFAs R 1 B4R 5, (a3 4 a3 % A
JEE AR, W FUUESE, 28 IR Ab B 5 e 4 g v] i
% 1 SCD i 4 #0151 S B0 s 248 Jf o T A A KAl
il 0 Brik 2 Ab, SCD1 IS 5 iR 1 b I8 41 B 11
JEJJFIAAF AR, WERIET . BRIE T2 — PRk
P A BB E il B R AR G K KRR T
PRt TR A (AR, IR
BRAET: (OB a2 — U AR R e A
[P OCBEA T, SCD1 1E i 240 M HE A 2R B8 1 Hh ke O gt
YE Y. %0 SCD1 i it PI3K-Akt-mTOR j& 42 it 7
Jed 201 O HK PT 75 14 %A (reactive oxygen species, ROS) 1%
SHERIET:, R B RE R ™. Bl I TR
B, N4 LINCO1606 (— 35U 5 [H) it 2%
i, @il 5 miR-423-5p AH BAE F SR8 5% SCD1 (1)
RIK, WIEZ M Wnt/B-Catenin {5 5 IEES, {24
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SAGER Y BB, 3k — AP T 1 s 4 T
PR T 40 M 1 B RS AL R )M

& Pr & B H X M (unfolded protein response,
UPR)Z& — M AEAFHLE], B ER R8RS
ARl A . SR, 55K UPR 59
i (R R AR FR e . ARG, SCD1 Al et 2 5
LR N I AR, IR B AR Rt R AR K RN
FU. SRR SR, H0E MR SCD1 3 B0k 5
& B W B (glycogen synthase kinase 38, GSK3pB) 2=
TR IEIL, GSK3P &2 AktIHEES 1) R4t s, Eid
175 '3 B-Catenin FH4H i J& 1 85 (1 D1 B A ok BH 1 240
M kg sE" >, KA, 7E NSRRI SCD1
FiE SR UPR A+ S Xbpl mRNA 87, elF2a fik
iz 46 LA & C/EBP [A] J§ &5 M (C/EBP homologous
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8 TR A B R T Bedlt, Ben-David S5 A 5T
iof vy 7 % % 8 /N4 PluriSIns,  HRE8S 41
N 2K £ B8 T 40 M0 (human pluripotent stem cells,
hPSCs)H SCD1 i £ . PluriSIns &b P Ji5 5 Z50kE A R
R SR R e AL Bk /b, 51 hPSCs 1) ER BLi, {2
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HEREAHNIN 000, BT &, SCDI B 574 T
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Ji& 30 HE R ) R VR 97 9 U R (RE ARV E R
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BRI ERAE, NRUHEE RT3 4EA 71
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SCDI i P # il SR W 1 e vt Ak R BT AR i
J977 2E 23 R B i L ) ) K RIORE 0 R J5 490 K Sz 55 2H 23
R AL GNAR R8Ik T7 A (— Fh A TR AR S5 K
2525775, FEAAAEERTIRREER GV EE N
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6 REEERE
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TR U A R 4%, 8 4% ) MUFAs #5 4L 3k 1)
VARENS AR AR WS A R . AR B B
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Fig. 4. Precise amelioration of various metabolic disease pa-
thologies through specific SCD1 inhibition. As a key factor in
metabolic diseases and their complications, SCD1 is expected to
become an important target for the treatment of obesity, diabetes
and cardiovascular diseases by developing tissue-specific SCD1
delivery drugs to safely and effectively improve the excessive
accumulation of lipids, insulin resistance, inflammation and car-
diovascular risk in patients with metabolic diseases. NAFLD:
non-alcoholic fatty liver disease; T2DM: type 2 diabetes
mellitus.
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