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Physiological function of cholesterol sulfate and its role in related diseases
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[Abstract] Cholesterol sulfate (CS), synthesized by sulfotransferase (SULT) 2B1b, is an important steroid sulfate and plays important physiological roles
in the human body. It is widely distributed in human body, such as skin, adrenal gland, liver, lung, brain and endometrium. CS participates in the
formation of cornified envelopes and the expression of keratinocyte differentiation markers in the epidermis, thereby regulating epidermal desquamation
and barrier function. CS inhibits T cell signaling during thymocyte development in the immune system, and CS/ Cholesterol ratio directly affects thymic
selection for T cells, thereby participating in the shaping of T cell receptor repertoire. CS regulates brain metabolism and exerts neuroprotective effects by
reducing oxidative stress, maintaining mitochondrial membrane stability and increasing energy reserves. In addition, CS also contributes to the
development of many diseases by regulating the activity of functional proteins. The deletion and mutation of steroid sulfatase (STS) gene, which catalyzes
the desulfurization of CS, directly leads to the occurrence of X-linked ichthyosis. CS is involved in the development of Alzheimer's disease by promoting
the aggregation of amyloid B - protein (AB). CS regulates gluconeogenesis by inhibiting the activation of hepatocyte nuclear factor 4a (HNF4a). Thus CS
is expected to treat type 2 diabetes. CS has abnormal expression in a variety of cancers, and can interact with matrix metalloproteinase-7 (MMP-7) to
induce the aggregation and metastasis of cancer cells. The main challenges and research priorities at this stage are to reveal specific molecular
mechanisms under different physiological and pathological conditions and to design feasible clinical treatments.
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AR, CIEER AT T S [ B i ), SULT J&—28RgiY
MR, Horp SULT2 T2 2 5 v i 2% [ It A0 55 12 114 i 12
1k 1. SULT2 nI 434 2 4~ A ji% SULT2A1 A1 SULT2BI,
HoH SULT2B1 X 2 4~ F A SULT2B1a il SULT2B1b 41
A%, SULT2BI1bE#EMEAE AL IR [ Es e Ak €S 2
CSSHZR AR (MREEMRAR L. 25
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BBy L R I R AR R R T R s AR .
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1.1 U A LA 23 AL TS 15 B Bt B S

A BT AN AE R B ARG AR, S D)E L BORLE
BEWE, %K. BITEIET IR A ZE, 1E
R — 1B G R B D
141 fRHAAMEFIL R A5l 7E f A i # b el
ARERAE R, WAL . CS. S AR A0 4 e
S X SR AR AT AR AR S ok 1R Y B2 B
W TEMBAT, KREMFEHHEM (loricrin) . WHHE
(involucrin) FIHAMEE#4  H HAHSSHIE AL ERE, 4o
TR T, (0 Bz BR A Rr — 2 O MUBRSR BE , L kg B Il
JE R AL IERfZE A 12 Feingold 55 " & B, fR4NI
T B i T i AR P2 T 384 SULT2B b (Y 33k, il iff—
A CS & i, AR AERIIE .
1.1.2 {3 bR iRk Feingold % '™ &
B, CSHEMG I B i Ml o ehn S N i . 22
H (filaggrin) . 98 W & B M ¥ & 2 Bt i i 1
(transglutaminase 1, TGM1) W3Rk, A& o4 4
o P Bk B R A AN B A A — bR R
Hanley 55 "™ KL, 7ECSAFTEMIZRAMT, M4t N
PR I mRNA MV FHKCFHIT 2~3 485 2290
RIN, CSHTPRNY NP A B 5% 5%, X — il R EE N
P AR LD b o8 B Y B0 85 -1 (activator protein-1,
AP-1) figi, %A s B 5848 25 CS 2k KX N A
FER G S5 % . CS AT 5 Fos A X HT R -1 (Fos-
related antigen 1, Fra-1) . Fra-2 £l JunD i mRNA F1#E H
KV, X=FHETH AP- 10 S 4G AP-1 A, K
I, CS I REELLHE I AP-1 & /KT, SRJ5 AP-1E
5 AP-1 07 i 855 R RN B F AR 1 3Rk, AT i 4%
A oAk
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TGM1 & —Fh 45 &5 UK PE R, 7250 bR I R Ak
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2 16D JE A 2 (i Cy (protein kinase Cm, PKCm) L]
P55 TGM1 1%% 5%, 427R CS ALl R S PKC IR AR i —
G TGMI (e 5%, DU 3 £ J57 4 1 1 e 300 401
1.1.3  ZefeRRBEBESE A ME AR 0 AN i DA 3R Bz 1 ks 2
TR G MR LB 7, BB OS5 LT 0 7
BT A e e LR, TE ORI AN AR R K R B B e
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ML= A R BRI (A0 CS) AT LB AR B E5 4, B 1k
KR HEL A 5T B BE R, X R MERE B BRIE R B E Y
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1.2 P4V T AN 1% e A iR e 1
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(T cell receptor, TCR), 5Pk TG T 40 Mk & #51E
FHo 5T 0 R, CSXF T AUMIAY (R S 14 1 A iR e A
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TCR I ZRIRIE AL, WH CD3 MBEBRILSS S, MM iE Ty
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o RRERE . CS 5 e 18 2 4 i OUBH 4 4 L B BH A3 1 1
ey, SECHVAT: . 1 Sult2b ] FR R 1 HEPE /N RUA DY
M CSEa FRERT, MofR T 48R3 X B S5 H-Y (1)
e U L R A1 R B H-Y R SR T A A
B, CS AIFE IR 2E£E L B p ol oL 87 TCRAF S, ol
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B AR P N G EROR bR R A AR, F R e
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B,

ZAEHT-22 1, CSTI B EL (glutamic acid, Glu)
WRREM AR A, AT HT-22 (2 b AR B L7
THEHT HT-22 99875 BbAh, CS Al in Akt 852 fL A1 B
AN -2 (B-cell lymphoma 2, Bcl-2) ik, AktHl
Bel-2 ¥R EEMBTIH T T ISR CS MK
i PR OME = R ME R
DHEAS) nlifi ik Akt/Bel-2 3l i R HEPTIHT-VER, SO
CS Y 2 A 37 1 7T BE 5 DHEAS 1924 J80H 5% . 541,
Prah %5 4 38 % L CS W] 38 0 S22 M o 440 i 1) i A AR AL f L
WAk . ATP FIARE I it 4, A7 ) 4 28 A A 7 AT o <5 4
Ui A N YRR R A T R

(dehydroepiandrosterone sulfate,

2 CsSTEHXEmPMIER

2.1 XOEB 0

X i 5 (X-linked ichthyosis, XLI) 4 X A
A T G P 35t A2 P 0 B 1) T BT 85%~90% 1Y
XLUEE e R R e, Horh STS B Ak 3 BORE Y
BRI B e Y T STS PR e, XLI AR B
JBR A 5722 g 26 v CS 1Y % 8 AT IR AR NHE IR 9 10 45 LA
by SRS 2R CS B S B AR B R A
fig 220 HEARHLEZ CS — 5 T T 22 2 R 25 1 B 1)
W, SEGIEMEL; S0, MR T CS FIHEE
B LU BRI, IR T BRI, RN T SRR A T
[F]E) C'S 422400 T AEL T it o 52 190 DG B 5 PR R 1 — 1R
HOWE RO A R )R B
reductase, HMG-CoAR) [ 3%, £ JH & B A5 52 BR ,
B T2 T MR SSRGS B | S e e ) R
g 7 2 MG R, 5 S B I i R R AR
FERRE, TR A ML RDE B AT s S A R i s
CS BRI B 45 G, 7E SR Y AR 50 )2 It ~F- 48 )23 )T 1
e[ B3 4% , ITTREZZ e

(hydroxymethylglutaryl-CoA

2.2 PURSCHERER N

BIEM KL 1 (amyloid B-protein, AR) HYERHE &M
IRKUEERIE (Alzheimer’ s disease, AD) M &IRHLHIZ
— Pl ERMEM RS KRR A B I (B-
secretase) Ay 43l (y-secretase) 4 fFf3], FEA
15 ABL AR, 7o LIRSS 2% KRBT, RHFE B AB HYIE
WA EEAEA ., MEREEA G KM, ATRLS AR EAYHK
DXBAHES AR R HE AR YR AE ', CS MM A,
HHAMRNE, SFEFERES AR A . Kk, A HF
g8 20 R, CS FIIE [ B A vk B S A T AR RE TR B v
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g5, X FPES R AL T 5 AR A Y HE BT - BT
W Sk B L AT L AT 5 AR AT AE SR HLPE AT, (R HE YIRS
AB IS, W T AB KRR, A H T AB LM
AR BT e AR, RAEE AR, HCS
PR B R PE B3R, H CSYREERR S, AR, AL,

2.3 HEIRWE

CS I SULT2B 1b & ¢ il ] 46 A QA A T 2208 15 I 17
2B IR RE 2 — RS I, 2Rt TR
SRUFEAIIG I, b EZ R R RS A 2 A
¥ F 4o (hepatocyte nuclear factor 4, HNF4a) JEMH5
A 3 % i GBI 22— CS I SULT2B1b i i 41 il £
BE4l T A A5 WA (acetyl coenzyme A synthetase, AceCS)
12235 KM HNFaa 1) S BEAC R G0, SO0 T0IE
W R Y, [HEE, HNF4o thm] DU #F SULT2B1b #Y
Fik, MHFRORE S AA RURBHRTTE B BidE DY &
BT YUK FRR CSATA WS BENIA L, &I nT L R
Rz WM K-, A B CIRYT 2 BB IRIS 1 2541
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241 ZHMEN LA K EER  CSH SULT2BIb7EA
[ P VR AR TR, BLRBLEA fe e — 2P 0h 5 . e
USSR N DN SR e W gl
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{4 il 5% A% k9 A 6] B dn ok 224 R CS nT BRI R
PKCn A5 1Y Z3 A A R A ] B ke vy A Je Do wif g B
#W], SULT2BI1b TEME B w9 i b & ik, 5
HIF B M UEFR S A OC . SULT2B b RE (2 2 1 91 Bt 1)
R, B RER] LA R R A S O A 1R Bt C3
(aldo-keto reductase family 1 member C3, AKRIC3) &
i, DTS bR A M- (R B AL, S SO T S R Y
28 MRS i B, SOAT LA 5 R A0 A X i I BE
(tumor necrosis factor, TNF) HHEHTHE 7%, SULT2BI1b
AL S T A MR i e B ), (R R4S T e 0 i Y A=
KAMRZE W, (AR A 4 R E R R L)
FIE DA T4 1) 5 98 1 &AL, O s B R AR /)N 200 i il g 1)
L8

242 SASEANMRESKE HEEE&REEDE
(matrix metalloproteinases, MMPs) &4 & 76 41 o f5 7M1y
BE PN UK SR 5, AT R T o 200 B T AR 1 O R i 4 L A R
Jii (extracellular matrix, ECM), TEINRR B MEFER T2
R EEEMER W Hh, MMP-7 78 2R 40 h s &
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M T CSE4NMI A A IR 2 b, A 45 A 19 MMP-T 2 Al
FEIF 2 TN R 1 44 MMP-7 % A= ¥ 52 el 78 i L
TEPEAL R B IR, AR T AR SR a6 .
Ishikawa %5 70 & B, 5 CSZ545 i MMP-7 n {4k 41 it it
WM 40 A KO T s B R
(hepatocyte growth factor activator inhibitor type 1, HAI-1)
JAEIER, WIATER) HAL- 1A 75 SR 40 i B AERIVEH

A, MMP-7 5 CS (AR B.AE AR AT 222 MMP-7 X
ECM s BEHE I 25 A ) B4, BIFgE  4E, 40 i n]
il 38 A 45 1 CS 7 41 i 2 17 ) %% B Ok I Y MMP-7 B f#
ECM BE T . 7E CSAEAEMI &1, MMP-7 i fifk 4 it JH
FI ECM (1 )2 6% 2 14 332 (laminin 332, LN332) FlIF
YA P (fibronectin) (1438058 S 1IN, 17 Ak At s 2
FI (casein) MY R AR . CS X4 LN332 FILF 4 i 12 46 14
WA EMT], "X 2 D EEREPE IR ) S BE B MMP-7 KA
PEER B PR o 24 LN332 F2T 2 i 52 2 11 W A 13 e L
20 6L 60 BV PSS, T B0 A0 M S D RS L W 0
Y2 7E MMP-7 15 5 N A B R4, dbini & AR A0 i
.
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