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Molecular mechanism of CDO1 regulating common metabolic diseases
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Abstract: Cysteine dioxygenase type 1 (CDO1) belongs to the cysteine dioxygenase (CDO) family. CDO1 is the key enzyme in
cysteine catabolism and taurine synthesis. CDOI1 is highly expressed in liver, adipose tissue, pancreas, kidney, lung, brain and small
intestine. CDO1 is involved in the pathophysiological regulation of various common metabolic diseases, such as lipid metabolism
disorders, insulin resistance, obesity, tumors/cancers, and neurodegenerative diseases. This article summarizes the research progress
on the molecular mechanisms of CDOL1 regulation of common metabolic diseases in recent years, aiming to provide new theoretical and

practical basis for CDO1-targeted therapy for insulin resistance, obesity, tumors/cancers, and neurodegenerative diseases.
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AHIR, CDO1 %A 5 3h ¥ H B4k 57 T = 5 2 CDO1
LR FIA R, 0 R e 1 R AR AR R P
CDO1 ThRe R A fEIG= FECE AR ER, &
KA BV, I F 2R 9K R (Alzheimer
disease, AD). MH 4> #% % (Parkinson’s disease, PD) 45
MLBATHER R A, REY., K gikinE
CDO1 X WACE TR (AH0 B AP JERE.
JRE B RE . A IRAT R ) IR A AR A A
THLRI BT et g, DU LR [ CDO1 597 AR
PRI 1 R RN S R AR i

1 CDO1ifR

1.1 CDO1ZEAYN F&EH

CDO1 1) g 14 70 &5 1) 32 B B A% Bk A4 it il
SHERREKR . CDOL & T cupin K & 1,
/NER CDOL 43 1 S5 # FEA7E BB AR —— = BRYR
Pr 2T WA AR - BE 2 R 71 W AZ Bk (£E 93
SRS RN 157 SR E BRI 2 7] )P, 5/
B, 245 ) TP A TR A TG P ) B R NI <8 ) ol
FH, BAMAEER KR CDOL 4314 f s
— PR R DU SRR AL SR Ly, P 3 PP R
(His®, His® A1 His"") A1—ANK07 (B 14, CDO1
BRI TR BFE— AN o WIS, TERE
U 3 A a BRE, BHE 134 BB, X p
BEYE AN 7 N - = IR S R IR R B 2 A B KR
Jeshty . A8 PL AL B2 Z (A1 FLH 3, 1B TE, AP
YA N 7 2% & ml BEE (BL. B2, B4 BT
B9 B12 A1 B13) A1 L1l (1) 6 2% ) 1) B %E (B3 BS5+
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B6. B8, P10 A B11) ZH ik, % Fik i W e #F 41 7 =
BRYVA I R R, TR AN RO (B 1B) 1,
CDO1 [ R ZAEME REMT BRAR B A iy 1.
N R R R, MK A CDO f, X4 h
PIAEW A R R AE A, CDO2 FE DA 8 (1 &5
HEE R T,
1.2 CDO14% Y5 ThEE

CDOL1 & —Fh Bz A M 21 22k (1) XUARE,
TEAL R B A PR R (cysteine sulfinic
acid, CSA), 17 bk 2 B ¥k P A A= T IR 1) AR 4 &
Bo AREPR F BE A AT AE A L, — &R
ZIRAE CDOI MM HEALE N4 A CSA, A58
T 2 e Vs R i FR B (CSA decarboxylase, CSAD) flit
AR, PR 0 A 1 R I SRS (hypotaurine
dehydrogenase, HDH) %8t W42 o — &k
FE NGB A (coenzyme A, CoA), 7E CoA J& ¥ #q]
BETCE W, 8 SN 4 (cysteamine diox-
ygenase, ADO) ¥ > [t i S A0 o W A i iR, gk —
oK WA B RR A A AR T

R, PRERE) 7R R FHMEE
P, T H R A o DRk S S A IR AT
PEFNR, CDOL Al i@ it i 1 > e 2 B2 2o e AR L 2L
I 28 DR ¥ 1 2R 0K R B3 18 Bl 22 T8 503 (motor
neuron disease, MND). PD Fl1 AD % f# 4 18 17 1 95
g ", CDO1 A 38 ek 4% A R R 7K 1 ke 8 25 LA A
REACH, A-mme B (it e g i e e . HH BiG
BERRIE, $EE/D RS R U shae U B
W27, CDO1 i PR il o 400 1) 2 bt 20 R 1) 20 A A

1. B S BRI A B (CDOYE L AL A I R BERFAIE 1) BT 85 FE RS FICD O AR 43 T 45 14
Fig. 1. Electron density evidence for key features of the cysteine dioxygenase (CDO) active site (4) and overall structure of CDO (B).

Reproduced from reference ' (open access article).
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[E] I CDO1 i PR g b 15 5 4H 23 4 B Ao R A 7= A= K &
i M4 (reactive oxygen species, ROS), i & AL W
ORI JERE N, E— 2B AR 2 B8R (type
2 diabetes mellitus, T2DM) ¥R " . HEl, CDO1
FER & — Pl R B s 5L K, CDO1 £ [H 5 3+
HILAL T2 CDOL JEAIR3E, 38 CDOL KKk
T, SRR SR RE (R M BT
FB, — LR RIEE H CDOT 2[R = F A
57 FRH RS M BRI 2 2 25 S s 1),
i 8 B e (0 E B e i R A 48 R R )
CDO1 1E Ay fih e s 254 5% Jee i 12 W 28] 1 4 A 7312
Wik, FAER e AR T G AR A, JFH
CDO1 3 1A A EE Rl il B 0 26 N AR Je 7 AR AN R
ey U7,

2 CDO1S5REHER

i 5 R ARPUE T2DM AT HIRBL, AR E BrpE IR
JRIKHL (IDF) 2021 48 12 H 6 H R A (4 BRPE R
JiH &l (IDF Diabetes Atlas)( 25 10 bz ), 2021 44>
BRY) 5.4 LRAEN (20~79 % ) JAF T2DM (5 10 A
1 NN T2DM ), FEBE R B 1.4 12,
T 10% H E S N B T2DM. R A% T2
YA B )T, BT 2045 4R 4k T2DM 3
BECHEE 7812, BAENEBRFEFEIL 12.5% ",
JBR B F AR F T 7 B 1 R B 3R 7 AR A A T
B AR E RS — FIOIRES I A B 57 R 32 Dk %
RN RN I8 5T, BPALZI0F g 5 2 0 B R B
UL AL A T 4 3 A0 X 1R 8 1 o K7, sl H
PR ATHLHIAL R S B 20 W LLIEH B 2 LA B 2
JUA A5 10 R 2 2 R PR A, AT 5] e il B 2%
Y 7 D S (K7 0 = AVR i R - N
T2DM HLCy ML 293 25 2 R AR M e . T2DM
T R IUN R B R ACPUR 2 g = s, RS
S 2 ZPURT B2 T JR B 2% SRR BRI, R B
L JFE R T 107 2E 23 56 A1 J AE ZR% BLAZR i 1 ) FH 236
NFe, SBCSIEAGE RS R, [F A RE AR
AL U2,

H il & A 2 U 7037k CDO1 2 5 1k 5 =45t
(R, BFE R, CDO1 8 [Hid ik (e i s i /E
FHRA TG D7 R 48 Ak, 40 481) 8 R R A= B RH 38 I Jik 5 2R
gt 2, R R, FRRE S S S AR/ B
NEWT 4141 CDO1 T HFRIA % i, #2758 CDO1 1]
B8 2 55 U 2 B 5 2 HR AR AE Ak S5 AR 4 1k e g 1Y

Elshorbagy 558 7T o, fi# RS2 i3 1 BEH & 28 K
Ja, HERZE LA, JEHZ CDOL R, SR
XPAER SR T AR BRI 28 T R 7K~ 1R B AT A FH B
B, PN E AR ACUHIEE CDOL 5 % i 241K
PLZ AFAE St B
2.1 CDOIS5EBRFSHSIER

iR I 2 5 IR I 2R S AR 4 T TR I 2R S AR IR A
1/2 (insulin receptor substrate 1/2, IRS1/2), {454
oA, R 5 SH2 544 38k 1) i B LI 3- e
(phosphatidylinositol 3 kinase, PI3K) £ &, 454 SH2
#] PIBK &2 &AL 3 P110, P110 {2t AR mEAL
I -4,5- 1R (phosphatidylinositol-4,5-bisphosphate,
PIP2) % At hy i JIg 96 JUL 1 -3,4,5- =% % (phosphati-
dylinositol 3,4,5-triphosphate, PIP3), PIP3 {11,
55 79 TR 1% B &8 B % 1 (pyruvate dehydrogenase
kinase 1, PDK1) 1 Akt & (5 & [r) 57 5, [ i 300
PDK1 431 Akt BEFE AL, WG IR R =05 557 Sl
i U524 TODM BF R RS 55 SR (PI3K/Ak)
WOE 2, 02 B PDK AT Akt BEFR1L KT, 3
T 0 1) L 7] &6 B A% 12 82 1 4 (glucose transporter 4,
GLUT4) H/NFEifm) BT AE ), A2 ik 2H 23 40
g 45 EC R 0 0, GLUT4 % 781 %5 0 1) 46 32 T R B %
ST JR B 2R A S 0 T SR, BRI A R
UL ", CDOT il i 45 2 R K T B e A
ORI 5 B Uk, TR R R AR R T 2 3 R
JEAEF A 2H 25 PIBK. Akt il GLUT4 £ A RIE, K
SRR R
2.2 CDOIXTFR B R P LA THEERE IR R RN

WEFUR I, KAk D RERERG A] Be T BObE MR AR &
L, RiRThReRENG 3 BRI LR AR S E > . 4
M E . AR LTI RE 2 B IR B Ak EE )
IR bR G 5 2 BN A R AT A 2R A H IR
Ihfie sz 45 P27, CDOT J [ 9 T (i 3k A iy 4 i
it FE A TNF-a F1 401 2% -6 (interleukin-6, IL-6)
Gk, FEANEI AR AV G K, 5T AORE ) B
JoR S Z P, (AT CDOT 3 K] i o3 41 i) 82 AL A2 Il
REALBERR LA ATP & eThie " P, A, CDOL
A I R IR B BT AR AR PR 7 R AL, 1R
KR A AR AL N RE SRV R, SO A W T
AR 5 KU P RAhSse it e BoR, /AN TR
RNA (small interfering RNA, siRNA) i {& CDO1 %
BRI AT B AL & (HLS) A2 i, H0 4H 3% C Alfk
(cytochrome C oxidase, COX) 7§14,  [A] 43 52 M 28 Fir
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R AE B EETRE, M ITTHIHI 2R ATP £ 2,
X EeH FT K B CDO1 £ A i R 75 3 i b 2R AR 26
AR RERRAG, 25175 3 J8RE MV
2.3 CDOIM BB RN P LB

A WEH K (glutathione, GSH) /2 1 L3 ¥ 4 Jfd
T EE TR AN A AL SR 2 v ), A 2 P ) P A
PR P, AT YR AR A, BT R B
AU RIEE TR ROS K EA B, B WAL RE /T,
ANRESPANRR RIS TEREATH, FEK
BAH HEE AR AR S, G R A A S
Bt P ROS EERJET-Lehifk, itk 4 NADPH
AR, —E AR AH. AR PS5O HINEMNSE
242 B ROS » 41 g 2214 - A ) B AL B (superoxide
dismutase, SOD). GSH i & {1t ¥ . GSH it 5 g
SEPUEAT], {E40E A ROS A F 1E 5 A BELK P,
T G S AL RO R P A% . ik & ROS {2 {2 0
I PR 5T, U TNF-o, IL-6. SAZ AL AL 2 1 -1
(monocyte chemoattractant protein-1, MCP-1) 2§, ¥
TG SONE R TE T8, 0w R A 2 A5 5 Ik,
A FEUR S R, 10T & ROS Bk 26 KAk,
iR R A B R B A5 S ThRE A U
CDO1 &y Btz B2 73 A I PR g, b~ b
AT LA Ay CSA, 33X A% 2 P P& A 21 I
BRI EE R P, B R & GSH & R H 2K
Y, CDOI1 it % iA i i3 > bt 24 B8 75 A AR T, 4100 1
GSH &k, FEEMNE ", Wit &R, CDOL
WA R L T B 40 GSH /K 7 & 40% B,
HepG2/C3A i 4 i v CDO1 £ [ 23k 38 fin v 41 il
ez TR o AU, 2k 1T PR 1) GSH & B Y,
FHSENE P, 4, CDOI Rk nl etk
R oy AR, E T A GSH &5 H & R AE P,
M5 T4 ML 9 ROS K EHER, T 3L AL N
ORI & R AR TE B

3 CDO15RER¥

S P A4 21 (WHO) A 58 112 14 A 1 2
AFGALRE. T2DM. & IR 5500 L 0, R JHE &
Z g L FEE R R 2R, R KRR AR 6L
LR KR D REREAS, 2155 5 IR B iE R A AR
B, N @R B, Latorre 280 Box, MG
NEWT2H 23 CDO1 KN Rk 5 25 i H- i = e AR A4 1t
EHREREFENMR AS5eEEEEOREEEE
IR, PR EHEAEITAZ CDOL R A& H =R 1A
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3 N 7 BR iz A4k, ) At 25 LA i o7 AL
JoE,  [EDES AR AR 7 AE 40 B AT ASCS2 sk 4 3 A6
fERigr it fEf, CDO1 mRNA #ik & 2% FiF 1,
Elkafrawy %5 58 & 7%, 1E 35 % BFE N 32l &,
M3 PR K SR EAC, RIS =
WA 5 e 07 B B AR IEA G, RSP SIS 45 R ORI
hn S5 AN BT G 197 48 B 4 Bt 24 iRk B2 W] E R CDO1
mRNA % /KF P, Deng £ 5% &R, 7E 3T3-L1
T IR J7 240 LA ) 7 J5T 200 B A g RSt s iy 4 i o A
H1, CDOl & ARIB R F T+, siRNA & CDOI
HERKEE TR, RN 3T3-L1 7 A5 17 401
I 78 SR 400 i 43 46 iR 7 40 i B7, $27% CDO1 &
H 2215 7K1 6 i 10 48 B 2 A A kot B B 2R
PAEWFFLRY], CDO1 &3k 5 LK AL 2 A7 1 %
PIBE & .
3.1 CDOLEEIER MEXES @RS

LR, CDO1 4 R Fak i 1 N5 i 4 FH Al
i 107 R SR A A SR B A A 1 R0k, T ATGL A1 HSL,
i 33 g Iy PR A A ) 8 DR 00 7 e S A P g A 34 T A
15 AR o (peroxisome proliferator-activated receptor a,
PPARo). CPTIB. [t i i A Bt & B K 5% (acyl
CoA dehydrogenase long chain, ACADL) FI{g#E A {2
JIE 197 45 2385 €6 A 1 8 DR B0 455 A AR BE 25 1 1 (uncou-
pling proteinl, UCP1) ik S A4 B A 58 BE A s 52
1K v S R 7 1o (peroxisome proliferator-activated
receptor-y co-activator lo, PGC-1a) & %14 . Guo
SRR, NRITZHZ CDO1 S R R 3 i o 5. 25
PN BAE R L FERE M AR, R,
CDOI1 F:R Rk gt/ R A BTN FE, PRICH K
ARG RN, 2E 1 o g i R B, H A
JRE B BT RORN,  RTE AR R T 2 AR e L]
IE K BRI 7K B Zhao “5 i 5T 2% BA AH LE T
PR ARARR , e 7B 2 R Yl 2 P PP R LA
1My S HH [E] % (total cholesterol, TC). %% & A5 H
JIH [& fi# (low density lipoprotein cholesterol, LDL-C)
AT 3 25 HE T R (free fatty acids, FFAs), fi%. /&
) R A Tt PR 30 (1 3 L35 IR ] e 2 A D MR 1 R B 2
He s, R0 o638 B T FRAs HE AL AN AR o A€ 3 2 4L,
EFPR G R RCR P Kim &0 5% S, AR R
Z [%{% OLETF (Otsuka Long-Evans Tokushima fatty)
KRG H M =0 HEE., K EREAER
KAV, BT e R B AU, AR ) AR BT A
JERE W, wEs ], SEAERVNEMEL, CDOL %
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DAL R o /0N BRI MR s OO i I 24 R i 2 38 I
& T T CDOL 2 [ i I {2 ik A T R 45 ik
JELFRE/IN B € IR 7 A ZRRR E A R € 1 107 2L 2R 7 4R
A PN B 52 Y #E LA I 107 1R 480 AL, DT 400 1) g 07
YU AN S RE RN, e AERE R 3 EL M 4R
TR SRR 2- S OmlR, RN EFE /N
TEMEER, Brr@EdREaie, walmdisn
PRI A RS T, CDOT 3 R g 4 7T i 2
Wee A B 7 A i 0 R0 A0 B 2 B e A e R e A A T
mALIhfE. WEFACEE, CDOI R MRk /N R 414
I 3% 2 @ B /K-F 53 T sy, HoS AR, JH
SCDl FEHKIE R E FiH, FHIEMNRA T,
FENEH 9 =Be . JH & BRI AR S B i 2 (very low
density lipoprotein, VLDL) /K-F-Ft;, #EimdE S51%
AL e 4

ATGL ¥ H ¥ = 15 7 fif v — 6 55 H i (diacyl-
glycerol, DAG) #l FFAs, DAG #% HSL 43 fif ~y 5. [k
FEH W (monoacylglycerol, MAG) Fl FFAs, 1 MAG
7 N5 7 A R 7% 40 8 H i A FFAs, K B ATGL
A HSL £ [ &5 4 FI T g i 4> il ' PPARy & #
B A BRI e R, (REAR T ER TR A . H i =
e R T T T2 s DA B T 07 A7 i, () IS 398 gk 15 2 ke
P, (R HEpERH M. CDO1 &5 PPARy #H H{F F
W5 {2 1t o B S W) B0 W R Med24 35 48 55 2|
ATGL #1 HSL Z: [ J5 3+ FoREOE — &Kk, d%
1% CDO1 FE 1) lg 07 BR A HE (K (CPT1b) Filke % Jk
(UCPI) T AZRIE EE AT 4 PPARa S S i,
A IR A RR bl . LR RS BV FE AT SE A i
ZYEDBERRIE P BT Eo, CDOT % R k4
JIE 15 1 2t 3 ARG M i 8 A A G K] PPARy. CCAAT
Ha0E 125 5 8 H o (CCAAT/enhancer-binding protein
a, C/EBPa) i i 12 45 & 5 H 4 (fatty acid binding
protein 4, FABP4) i H % ik, X W] CDO1 7] g 2
PPARy 5 0d i b 75 1), CDOI1 5 PPARy #H B.AF
R 33 i 7 A i T B 2 I A A i 3 1 B 1 R
Kz, RAMGIEM, BmpeEnFE RHER
TR 08 JIE B e Th e ). R R R S KR
[ B3 7 oo 45 & B H -1c (sterol regulatory element
binding protein-1c, SREBP-1C) & #i AL T I SCD1
W FRIE U SR BRI A I e
iy g, TR AR REAEAE ], $& FFAs /K-F,
Xt B B K L AT 2t B & 3t s
CDO1 A FH H,S AR Y, i HyS Al KR

G 0 L HOe2 40 A b b 453495 512 1) p38 22 34 I
1AL EE I (mitogen-activated protein kinase, MAPK)
HARIBAERFRE LR ™, $#5 CDOL HhkAlil
it i85 )8 & /SCD1 5] K g & HEL. 4% 1, CDOl
Al R YRAS R RE AR AR P AR DG B A R IEAKCE, {2
8 A A D7 B S ook L o e e A A £
Re i R kR etk (K 2)
3.2 CDOV1EZ BB AHE K BE

AT R AR N AR R R - R R R, T
1 1) TNF-o0 F1 IL-6 25 28 i A 2> W U'. TNF-a /&
— i 22 RO ) R G 9% RE 40 AR IR 7 A0 98 RE SR
i, BRI, TR AR B AW, S
FER R W), B TNF-a. IL-6 25 4 5E 7% 5 1
HORE N 5 AR FE . T2DM AR & KRBT DA 5% B
CDO1 J [K it bk il 72 33k 9 55 IR 70 WA F1 R (1 3R
[ B 1) A B R AR A B, 7 CDOT 25 14 77 4101 il
RN M, g2 b, CDOI A4 & 2R R A B, 12
BEARERR - SR E AR, T 0] TNF-o %5 4%
SiE R T 00 S0 S8 (B 2)

4 CDO1EE B FHEN S EE

4.1 CDO1EE BRI FHRELFESMBHBAERFK
H 2010 4= LASK S hE O B A 8 A 826 o i B
Mk 5 2T, AT AR A L R )
JE BT DX A i v R A 1T g 2 S e 2 I 1
YUBRFI TG, 2k g sl e i 4 A DA ROBAE BV 98
S — R FH S SRR AR SR, B B R A R
DA% B0 BE R 10, 75 22 Tl 40 L AR e 983 4 ff o
¥IRPL CDO1 mRNA FikEE i "™, cbol 1k
N N, B BT 0 S R,
CDO1 & [R5 31 F J: Ak 5 22 B 8 B30 i PR 1
ZOHE . BFRERM, EEMEES RAL (I
M. B, . B, B ) H CDO1 A3 #R A
T FREMRES, HiEMf CDOl SEHREEE T
WY, CDOL B FRIE LA 5, il Je 4 i i 1 5
S M, 40 CDO1 FE N 3h 7 X8
SAETKE CDO1 B AKIE, (Rt FRER &, 1
H PR B A R A K R E, R CDOL HA I
Jol B BE R R IR I Th g B2
4.2 CDO1EE Bz FHREASARXRNEE
JOEL B 9 e JOEL ST T 1) LR Y, IR
NS, RIEF PN SIGIT. Bk,
CDO1 FE K] J5 3l 1 FF A0 7K 7 RE % 1 A T 00 JIE 38 8



X ASE: CDOTRFEH WA BRI 73715 R AL

T ACADL

&l 2. CDOUX g AR AN 2 R i 24

581

Taurine-
chloramine

____________

Fig. 2. Regulatory effects of CDO1 on fat metabolism and inflammation. CDO1 indirectly regulates the browning of white fat and

inflammation through taurine; On the other hand, CDO1 improves lipid metabolism disorders by regulating cysteine, lipid lysis and

fatty acid oxidation. The arrows represent facilitation effects, and bar-headed lines represent inhibitory effects. CDO1, cysteine dioxy-

genase type 1; ATGL, adipose triglyceride lipase; HSL, hormone-sensitive lipase; PPARa, peroxisome proliferator-activated receptor a;

CPT1B, carnitine palmitoyl transferase 1B; ACADL, acyl CoA dehydrogenase long chain; MAPK, mitogen-activated protein kinase;

SCD1, stearoyl-CoA desaturase 1; TG, triglycerides; LDL, low density lipoprotein; TC, total cholesterol; UCP1, uncoupling proteinl;

TNF-a, tumor necrosis factor a; PGC-1a, peroxisome proliferator-activated receptor-y co-activator la.

BTG A Fa b, X9 3 B RIS
A BUATT A K T 1 LG SRR L BT, RN
41 Jfa fili & (non-small cell lung cancer, NSCLC) 1 T
iR = U FLRR R R SRR W, R e A ZR
W R m eSS, SEEEAREYMLTL,
CDO1 ik P] F B A4 75 it 787 1R 31 rh B A 5 o 4 A R
P, 2RI R Bl 48 g CDOL. Ras K4
M3k S 1 T2 A (Ras association domain family 1
isoform A, RASSF1A) A1 A&/ A5 & FE K] 2 (short
stature homo box 2, SHOX2) & HKiE, FEHLH|Z
BRI g i 98 B0 i HH 3K 1 5k R S 2 X3 vy AR
1k, W@ & CDOL,. RASSF1A Fil SHOX2 J[A]
PG H 2 0 NSCLC, [Alif CDO1 JE [ Ff 34k,
G B2 W NSCLC ST BRI L 4 T hr iy P,
BRI, il e S IR 4L 2N ML CDOT 2 ]
JRE T A R w, JF H CDO1 28 5 31 H
FEAAS I BURPE AR RS, R CDOL 2 5

)1 H AR DN 2 it e 58 S . YR IT R TI
Jo BRI IATT Ik . PR K TR R I R AT
TR RN R E M 2, RSO R iR T R
WG RCR B REE, WHFFEY] CDOL M P16 [ H
HABE AR B B i E, AR T
IR E T A e . JE R M R B 2 i E CDOL
FER A B X 4 i 4k, CDO1 %: (s 3+
HAKF A LT B IR 52 A (o-fetoprotein, AFP) 7K
SRR T R R R R M AR R BT B T R
AT 75 N R AR T e A, TEA
i AN A SR B P IR 2E R 4 412 kR AR CDOL
FIEESR 2 1 454 (zinc finger protein 454, ZNF454)
PRl v I B4k, B CDO1 Hil ZNF454 H R F AL K
DB R A S, ST A S AR
WIS SO B EE R Y, R,
PI3K/Akt {5 538 #% T 1] B a0 e £% . Xia 25
WF 9T i, m % CDO1 3 [K 3% 3% m 1 i PI3K/Akt
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5 IE s, Rk 5 e 20 i B RN 44 LK 4 & 3
(s, gn AR, Tl %k CDOT J [ 41 i
PI3K/AKkt {55 5 3 i (1 0, [) B 410 o] 15 92 400 it 348
FE A 40 10 R BB T S — bk AR g B A R T 4
MUFR P YESET:, 25T N B w40 BT T R 8
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Fig. 3. Regulation of CDO1 on neuronal inflammatory response and oxidative stress in neurodegenerative diseases. Cysteine is

catalyzed by CDO1 to synthesize taurine through metabolic pathways, which indirectly regulates lipid metabolism and inflammatory

response. On the other hand, cysteine-mediated production of ROS leads to impaired neuronal function and affects neurodegenerative

diseases such as AD and PD. The arrows represent facilitation effects, and bar-headed lines represent inhibitory effects. CoA, coenzyme A;

ADO, cysteamine dioxygenase; CSA, cysteine sulfinic acid; CSAD, cysteine sulfinic acid decarboxylase; HDH, hypotaurine dehydroge-

nase; GSH, glutathione; ROS, reactive oxygen species; TG, triglycerides; TC, total cholesterol; FFA, free fatty acids; IL-6, interleukin-6.



X ASE: CDOTRFEH WA BRI 73715 R AL

6 BEEFIRE

CDOL {4l ot 2 R e A v - Rk g, 2 gk 2F ik
B A= B, AT B0 BEJRE AT T2DM S5 AR 11 14 5% 9
HEAR U 28 RE S B DA K% 200 it 384 5 AN o0 A IR 5 %
AR 715 Sk R K&, 41 UCP1. PPARYy,
GLUT4 F1 Erastin & [, 3 1M # 4 JE B, T2DM,
JIF 98 B A T BRORT i . CDOT 36 R il s (2 25 40161
AR LW & RN UCPL 28 (A %0k, Bk 441 Bg
BRI B IR A SR e tk, BHASRERHAE,
ALRE. T2DM 2R HE R I . CDO1 & (il
BRI Erastin (RRAETE T57) ) ik, MIMTiE S
B A MR SO T TR 2 P R SO E (iR B
it AR 22 S 59 ) R LA, CDO1 2[R 5 3))
TR A B TS EUE CDOL JE R Rk i, hnidk
i 93 B g A T RN R . CDO1 2R [ it ik g i3k 2
IR SR o fd AR, A 28 i S R AT ROS 5 5 4
bR, AT Bea% AD A PD o ki 0 4 2 B T B .
HAl, J5Tizshxt CDO1 & [ AR 1tk 2 o g
M N by T iR R A AN G i R A A R iR
i ) LA AL B 98 EL /b, A BRIl A A DCH L Y
B, ARRAEHHK HEEL R CDOL R HRIBEKE
BB S A B I 256 T R B Ak 7

SE 3

1 Satsu H, Terasawa E, Hosokawa Y, Shimizu M. Functional
characterization and regulation of the taurine transporter and
cysteine dioxygenase in human hepatoblastoma HepG2
cells. Biochem J 2003; 375(Pt 2): 441-447.

2 Guo YY, Li BY, Xiao G, Liu Y, Guo L, Tang QQ. Cdol1 pro-
motes PPARy-mediated adipose tissue lipolysis in male
mice. Nat Metab 2022; 4(10): 1352—1368.

3 Zhang LL (5KNFN), Wu JX. DNA methylation: an epigene-
tic mechanism of tumor production. Heredity (i%1%) 2006;
28(7): 880-885 (in Chinese).

4 Wang TM (£ K*), Ren WJ, Tian ZJ. Growth differentia-
tion factor 5 and metabolic diseases. Prog Biochem Biophys
(WA 5 A ) 2024; 51(3): 564-574 (in Chinese).

5 Stipanuk MH. Sulfur amino acid metabolism: pathways for
production and removal of homocysteine and cysteine. Annu
Rev Nutr 2004; 24: 539-577.

6 Simmons CR, Liu Q, Huang Q, Hao Q, Begley TP, Karplus
PA, Stipanuk MH. Crystal structure of mammalian cysteine
dioxygenase. A novel mononuclear iron center for cysteine
thiol oxidation. J Biol Chem 2006; 281(27): 18723—-18733.

7 Brait M, Ling S, Nagpal JK, Chang X, Park HL, Lee J,

11

12

13

15

16

17

583

Okamura J, Yamashita K, Sidransky D, Kim MS. Cysteine
dioxygenase 1 is a tumor suppressor gene silenced by
promoter methylation in multiple human cancers. PLoS One
2012; 7(9): e44951.

Hirschberger LL, Daval S, Stover PJ, Stipanuk MH. Murine
cysteine dioxygenase gene: structural organization, tissue-
specific expression and promoter identification. Gene 2001;
277(1-2): 153-161.

Krijt J, Sokolova J, gilhavy J, Mlejnek P, Kubov¢iak J, Liska
F, Malinskéd H, Hiittl M, Markova I, Ktizkova M, Stipanuk
MH, Ktizek T, Ditroi T, Nagy P, Kozich V, Pravenec M.
High cysteine diet reduces insulin resistance in SHR-CRP
rats. Physiol Res 2021; 70(5): 687-700.

Stipanuk MH, Jurkowska H, Roman HB, Niewiadomski J,
Hirschberger LL. Insights into taurine synthesis and function
based on studies with cysteine dioxygenase (CDO1) knockout
mice. Adv Exp Med Biol 2015; 803: 29-39.

Chen M, Zhu JY, Mu WJ, Guo L. Cysteine dioxygenase type
1 (CDO1): Its functional role in physiological and patho-
physiological processes. Genes Dis 2022; 10(3): 877-890.
Guo YY, Li BY, Peng WQ, Guo L, Tang QQ. Taurine-mediated
browning of white adipose tissue is involved in its anti-obesity
effect in mice. J Biol Chem 2019; 294(41): 15014-15024.
Latorre J, Mayneris-Perxachs J, Oliveras-Cafiellas N, Ortega
F, Comas F, Fernandez-Real JM, Moreno-Navarrete JM.
Adipose tissue cysteine dioxygenase type 1 is associated
with an anti-inflammatory profile, impacting on systemic
metabolic traits. EBioMedicine 2022; 85: 104302.

Chen X, Poetsch A. The role of Cdol in ferroptosis and
apoptosis in cancer. Biomedicines 2024; 12(4): 918.
Sreekumar A, Poisson LM, Rajendiran TM, Khan AP, Cao Q,
Yu J, Laxman B, Mehra R, Lonigro RJ, Li Y, Nyati MK,
Ahsan A, Kalyana-Sundaram S, Han B, Cao X, Byun J,
Omenn GS, Ghosh D, Pennathur S, Alexander DC, Berger A,
Shuster JR, Wei JT, Varambally S, Beecher C, Chinnaiyan
AM. Metabolomic profiles delineate potential role for sarcosine
in prostate cancer progression. Nature 2009; 457(7231):
910-914.

Wang P (T:22). The role of CDO1 and MARCH11 methylation
in the early diagnosis of lung cancer [D/OL]. Tianjin: Tianjin
Medical University (REEEEEIK2E), 2020 (in Chinese).
https://kns.cnki.net/kcms2/article/abstract?v=kxD1c6RDvB-
wSLfUgrlK3sCzTCDticFGoykrtBjAiWbrANhJuFDjEbSuo-
SZOE100stQIH51rS9177NeYFPQnOEGGJ1A0qThQiFmS-
BOuzEOxmABo6xX6hKJg==&uniplatform=NZKPT&lan-
guage=gb

Li XX (Z&EME), Xu PK, Li SH. Value of detection of P16
and CDO1 gene methylation in plasma in the diagnosis of
glioma. J Anhui Med Univ (‘Z#ERKZZH) 2017;



584

18

19

20

21

22

23

24

25

26

27

LR AR Acta Physiologica Sinica, August 25, 2024, 76(4): 576-586

52(4): 593-596 (in Chinese).

Zheng LF (##]75). Effect and mechanism of IncRNA H19/
miR-181a-5p axis in improving insulin resistance in mice
with type 2 diabetes mellitus through high-intensity interval
training [D/OL]. Shanghai: Shanghai University of Sport (_I=
AR E % Pt), 2021 (in Chinese). https:/kns.cnki.net/kems2/
article/abstract?v=kxD1c6RDvBwdZF7Kk0-OBdeZ7Xk-
5spGEGxmk7E6L6vCmulNeg--zTj6wjU7L2a2vnHkiPdT-
MOtouMIMq-VFF_pCifzt EFNkTEtt-vEwUIO3FOfTtC-
cguYDc9vigS-iH&uniplatform=NZKPT&language=gb

Wei YQ (B4 %K), Li M, Yu J. Research progress on the
relationship between chronic inflammation and insulin resis-
tance mechanism. J Clin Pathol (I5/R5HEEAE) 2019;
39(3): 640—645 (in Chinese).

Zhang H (7K4ir), Zhou Y, Zhang YM. Effect of hypoxic exer-
cise on insulin resistance and blood lipid metabolism in
obese rats. J Beijing Sport Univ (AL FA B K& 24k) 2016;
39(9): 44-49 (in Chinese).

Han YQ (i 7 4c), Yang XY, Chen SY. Research status of
hepatic insulin resistance and exercise therapy. Sci Technol
Outlook (BH g #) 2016; 26(9): 308 (in Chinese).

Zeng MY (% %57). Study on the regulatory effect of taurine
intervention on glucose and lipid metabolism and oxidative
stress in type 2 DM rats [D/OL]. Urumqi: Xinjiang Medical
University GHrig[= £} K%), 2019 (in Chinese). https://kns.
cnki.net/kcms2/article/abstract?v=kxD1c6RDvByJdZBO-
AGDbPVZSG17Q56ZyIBdm2sOSixSpa-WhME4sKqAX-
016SwTgYPMgbU3TL6DWBKDW7PXtitzlwY Oznjz-
jGwk057 mOXtGSUWN-ChDMoBw==&uniplatform=NZ-
KPT&language=gb

Elshorbagy AK, Samocha-Bonet D, Jernerén F, Turner C,
Refsum H, Heilbronn LK. Food overconsumption in healthy
adults triggers early and sustained increases in serum
branched-chain amino acids and changes in cysteine linked
to fat gain. J Nutr 2018; 148(7): 1073-1080.

Chakraborty C, Doss CG, Bandyopadhyay S, Sarkar BK,
Haneef SA. Mapping the structural topology of IRS family
cascades through computational biology. Cell Biochem
Biophys 2013; 67(3): 1319-1331.

Duelli R, Kuschinsky W. Brain glucose transporters: rela-
tionship to local energy demand. News Physiol Sci 2001; 16:
71-76.

Ye JT (M-4:#H), Liang FX, Lei SL. A new entry point for the
prevention and treatment of insulin resistance: mitochondrial
dysfunction and insulin resistance in skeletal muscle. Med
Controv (=2~ 4+19) 2017; 8(3): 49-52 (in Chinese).
Sampath S, Karundevi B. Effect of troxerutin on insulin
signaling molecules in the gastrocnemius muscle of high fat

and sucrose-induced type-2 diabetic adult male rat. Mol Cell

28

29

30

31

32

33

34

35

36

37

38

39

40

Biochem 2014; 395(1-2): 11-27.

Jurkowska H, Roman HB, Hirschberger LL, Sasakura K,
Nagano T, Hanaoka K, Krijt J, Stipanuk MH. Primary
hepatocytes from mice lacking cysteine dioxygenase show
increased cysteine concentrations and higher rates of metab-
olism of cysteine to hydrogen sulfide and thiosulfate. Amino
Acids 2014; 46(5): 1353—1365.

Deponte M. Glutathione catalysis and the reaction mecha-
nisms of glutathione-dependent enzymes. Biochim Biophys
Acta 2013; 1830(5): 3217e3266.

Xie Y, Hou W, Song X, Yu Y, Huang J, Sun X, Kang R, Tang
D. Ferroptosis: process and function. Cell Death Differ 2016;
23(3): 369-379.

Ning CM (‘T k), Zhao Y, An JX. Pathogenesis and treat-
ment of insulin resistance in animals. Heilongjiang Anim
Husband Veter Med (B RVT & P E2) 2022; 21: 23-29 (in
Chinese).

Stipanuk MH, Dominy JE Jr, Lee JI, Coloso RM. Mammalian
cysteine metabolism: new insights into regulation of cysteine
metabolism. J Nutr 2006; 136(6 Suppl): 1652S—-1659S.
Dominy JJ, Hwang J, Stipanuk MH. Overexpression of cys-
teine dioxygenase reduces intracellular cysteine and glutathi-
one pools in HepG2/C3A cells. Am J Physiol Endocrinol
Metab 2007; 293(1): E62-E69.

Wang Y, Li J, Matye D, Zhang Y, Dennis K, Ding WX, Li T.
Bile acids regulate cysteine catabolism and glutathione
regeneration to modulate hepatic sensitivity to oxidative
injury. JCI Insight 2018; 3(8): €99676.

Guo J (518), Cai LL, Xu ZX. Effect of aerobic exercise on
lipid metabolism in rats with high-fat diet. Liter Bull Sports
Sci Tech (A& R CHRIER) 20225 30(11): 220-223 (in
Chinese).

Elkafrawy H, Mehanna R, Ali F, Barghash A, Dessouky I,
Jernerén F, Turner C, Refsum H, Elshorbagy A. Extracellular
cystine influences human preadipocyte differentiation and
correlates with fat mass in healthy adults. Amino Acids
2021; 53(10): 1623-1634.

Deng P, Chen Y, Ji N, Lin Y, Yuan Q, Ye L, Chen Q. Cysteine
dioxygenase type 1 promotes adipogenesis via interaction
with peroxisome proliferator-activated receptor gamma. Bio-
chem Biophys Res Commun 2015; 458(1): 123-127.

Yang Y (#3##), Xiao R, Li XH. Effect of taurine supplemen-
tation on lipid metabolism in hypercholesterolemic rats.
Chin J Public Health (H [E A3t P 4E) 2002; 18(7): 31-32 (in
Chinese).

Zhao YX (X EA), Cao XL, Guo JX. Effects of taurine on
weight loss and lipid reduction in rats. Sci Tech Food Indust
(& TV RHE) 2018; 39(10): 324-329 (in Chinese).

Kim KS, Oh DH, Kim JY, Lee BG, You JS, Chang KJ,



X ASE: CDOTRFEH WA BRI 73715 R AL

41

42

43

44

45

46

47

48

49

50

Chung HJ, Yoo MC, Yang HI, Kang JH, Hwang YC, Ahn
KJ, Chung HY, Jeong IK. Taurine ameliorates hyperglycemia
and dyslipidemia by reducing insulin resistance and leptin
level in Otsuka Long-Evans Tokushima fatty (OLETF) rats
with long-term diabetes. Exp Mol Med 2012; 44(11): 665-
673.

Niewiadomski J, Zhou JQ, Roman HB, Liu X, Hirschberger
LL, Locasale JW, Stipanuk MH. Effects of a block in cyste-
ine catabolism on energy balance and fat metabolism in
mice. Ann N'Y Acad Sci 2016; 1363(1): 99—-115.

Zhuang XD, Hu X, Long M, Dong XB, Liu DH, Liao XX.
Exogenous hydrogen sulfide alleviates high glucose-induced
cardiotoxicity via inhibition of leptin signaling in H9¢2 cells.
Mol Cell Biochem 2014; 391(1-2): 147—155.

Miyazaki M, Kim YC, Gray-Keller MP, Attie AD, Ntambi
JM. The biosynthesis of hepatic cholesterol esters and
triglycerides is impaired in mice with a disruption of the
gene for stearoyl-CoA desaturase 1. J Biol Chem 2000;
275(39): 30132-30138.

Ntambi JM, Miyazaki M, Stoehr JP, Lan H, Kendziorski
CM, Yandell BS, Song Y, Cohen P, Friedman JM, Attie AD.
Loss of stearoyl-CoA desaturase-1 function protects mice
against adiposity. Proc Natl Acad Sci U S A 2002; 99(17):
11482-11486.

Liu Y (XI%f), Chang LP, Gao HL. Research progress on the
pathogenesis of insulin resistance. World Chin Med (1H 5t
B£#4) 2021; 16(11): 1671-1674 (in Chinese).

Biddinger SB, Miyazaki M, Boucher J, Ntambi JM, Kahn
CR. Leptin suppresses stearoyl-CoA desaturase 1 by mecha-
nisms independent of insulin and sterol regulatory element-
binding protein-1c. Diabetes 2006; 55(7): 2032-2041.
Burska AN, Sakthiswary R, Sattar N. Effects of tumour
necrosis factor antagonists on insulin sensitivity/resistance in
rheumatoid arthritis: A systematic review and meta-analysis.
PLoS One 2015; 10(6): e128889.

Liu J (X]45), Ma J, Wang Y. Study on the relationship
between insulin resistance and adipocytokines and its pro-
duction mechanism. Clin J Trad ChinMed (4 [ 25 IIfi R 24
%) 2017; 29(1): 9-12 (in Chinese).

Ishizuka K, Usui I, Kanatani Y, Bukhari A, He J, Fujisaka S,
Yamazaki Y, Suzuki H, Hiratani K, Ishiki M, Iwata M,
Urakaze M, Haruta T, Kobayashi M. Chronic tumor necrosis
factor-alpha treatment causes insulin resistance via insulin
receptor substrate-1 serine phosphorylation and suppressor
of cytokine signaling-3 induction in 3T3-L1 adipocytes.
Endocrinology 2007; 148(6): 2994-3003.

Du J (#£7%). Aerobic exercise ameliorates inflammatory
response in insulin-resistant mice by inhibiting hepatic
IKKB/NF-«B signaling pathway. Chin Sports Sci Technol

51

52

53

54

55

56

57

58

59

585

(h A B BHL) 2017; 53(6): 101-107 (in Chinese).

Zhou Y (FAITN), Yu HG, Cao Y. Application of CDOI gene
promoter methylation in tumor research. Prog Biochem
Biophys (“E#fba 5 Ay st ) 2023; 51(5): 1043
1053 (in Chinese).

Perry TL, Norman MG, Yong VW, Whiting S, Crichton JU,
Hansen S, Kish SJ. Hallervorden-Spatz disease: cysteine
accumulation and cysteine dioxygenase deficiency in the
globus pallidus. Ann Neurol 1985; 18(4): 482—489.

Chen C (/2), Lu C, Lu QIJ. Significance of methylation of
cysteine dioxygenase 1 gene promoter region in tissue and
serum of lung adenocarcinoma in the diagnosis of early lung
cancer. Chin Med Eng (71 [E £ 5% T #£) 2017; 25(8): 4-7 (in
Chinese).

Yun ZL (5 #k), Zhang SB, Zhang ZW. Changes in meth-
ylation levels of CDO1 gene promoter in cancer tissue and
serum in patients with gallbladder cancer and their relation-
ship with prognosis. J Guangxi Med Univ (] 7§ [ R} K 25
#) 2019; 36(11): 1792-1796 (in Chinese).

Chu RY (## H 7). Preliminary study on the methylation level
of cysteine dioxygenase 1 (CDO1) gene promoter in cancer
tissue and serum of gallbladder cancer patients [D/OL].
Hohhot: Inner Mongolia Medical University (N 2% i B RFK
%), 2020 (in Chinese). https://kns.cnki.net/kcms2/article/ab-
stract?v=kxD1c6RDVBw2sVT3nEXHWT5rS48ymp7IC-
MIndhpa-pBYSBxkB2STLEhcYIUsB529QI398tQ5KdC-
FaaEgQEKkRWxYBIZWCorx AK6ENLuBkYjqj9pud-
eD6tZA==&uniplatform=NZKPT&language=gb

Ma XY (H58BH), Zhang S, Jiang ZY. Application of CDOI,
RASSF1A and SHOX2 gene methylation in non-small cell
lung cancer. J Clin Exp Pathol (Ilf bR 15 525695 H 22 4 7%
2020; 36(10): 1175-1179 (in Chinese).

Yang Y (#FH). Study on the methylation status of CDO1
gene promoter in serum of patients with primary liver cancer
[D/OL]. Jinan: Shandong University (1L 4 K 2%), 2014 (in
Chinese). https://kns.cnki.net/kcms2/article/abstract?v=kxD-
1c6RDVBWIQWjzgBW_0fYhY6wX6Zp4kTUBeiQ2vVEG-
79qZHuSS5ulWNcz kUelSwkVPNG2fsqQ_ 7zQnHtxl1-
6rcWxIF9R6 quGjlIPd3P2rPbASIKE6nA==&uniplat-
form=NZKPT&language=gb

Wang L, Dong L, Xu J, Guo L, Wang Y, Wan K, Jing W,
Zhao L, Feng X, Zhang K, Guo M, Zou Y, Zhang L, Li Q.
Hypermethylated CDO1 and ZNF454 in cytological speci-
mens as screening biomarkers for endometrial cancer. Front
Oncol 2022; 12: 714663.

Pan HM, Lang WY, Yao LJ, Wang Y, Li XL. shRNA-inter-
fering LSD1 inhibits proliferation and invasion of gastric
cancer cells via VEGF-C/PI3K/AKT signaling pathway.
World J Gastrointest Oncol 2019; 11(8): 622—633.



586

60

61

LR AR Acta Physiologica Sinica, August 25, 2024, 76(4): 576-586

Xia J (24), Yuan Y, Li JL. CDO1 regulates the prolifera-
tion and cell cycle of gastric cancer cells through PI3K/AKT
signaling pathway. Modern Oncol (FACHR 2= 2%) 2020;
28(17): 2952-2956 (in Chinese).

Hao S, Yu J, He W, Huang Q, Zhao Y, Liang B, Zhang S,
Wen Z, Dong S, Rao J, Liao W, Shi M. Cysteine dioxygenase

1 mediates erastin-induced ferroptosis in human gastric cancer

cells. Neoplasia 2017; 19(12): 1022-1032.
62 Wu JF (8% &), Liu Y, Wei DX, Pu JL, Cai DF, Wang RL.

Research progress on the application of single-cell transcrip-

tome technology in neurodegenerative disease. Chin J Com-

parat Med (4 [H LL# =
Chinese).

N

) 2023; 33(12): 86-92 (in



