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Research and development on the physiological functions of cellular

desmosterol, a cholesterol precursor molecule

GAO Tian-Qi, YANG Bao-Yu, LU Xiu-Li*
(School of Life Science, Liaoning University, Shenyang 110036, China)

Abstract: Hypercholesterolemia is an important risk factor in the pathogenesis and progression for cardiovascular
disease such as atherosclerosis. Lowering cholesterol therefore has become an important therapeutic strategy for
prevention and treatment of cardiovascular and cerebral vascular diseases. However, lowering cholesterol is not the
lower the better. Desmosterol (24-dehydrocholesterol), a major precursor molecule for cholesterol synthesis, which
can be reduced to cholesterol as a substrate catalyzed by 24-dehydrocholesterol reductase (DHCR24). Desmosterol
has a C and C double bond difference in molecular structure with cholesterol only in the branch chain. Desmosterol
can replace cholesterol in some physiological functions while can not do it in some other aspects. This review
summarizes the structural features and physiological functions of cholesterol and desmosterol, aiming to provide
more references for the development of new drugs and clinical treatment for lowering blood fat.

Key words: cholesterol; desmosterol; cholesterol physiological function; desmosterol physiological function;

desmosterolosis

JIH [ B (cholesterol) J2 M L3N 4 23 140 i H (1)
FEEEE . 24- [ SUIH [ BE L )5 (3b-hydroxysterol
A*-reductase, DHCR24) HE i 1k 5% & B% (desmosterol,
AR 24- it SNH ] P ) A= R E o e L ] e A
FUIX — I & IR 2 P AW D e I K A 5
WA, BN G AU R0 (HCV) B,
T E AR JR K G BR9% (AD) 25 M, fRj B ok, JH [
BBV 6 R N GRS A PR, B R R
R (mevalonate), %A 5 28 i M4k [ B F64k N = B
fi# (lanosterol), X & JH [ B2 A=) & OS5 38—

A R EE PP H 2 S A I A A
] #2452, 1 Bloch il Kandutsch-Russell 435
P2 Plo 7F Bloch 2, FEHEES T —Lrdin)
PRV REE S, 2 )5 B DHCR24 JEAL 4% K W5 & il

WS HER: 2017-11-06; fEEIBHER: 2017-12-07
E&TH: EXARR RS EWH(31271494);
T8 w5 R A A A H (LT2015011); 1L T4 )
A EBHRI(LR2016063); 1L T4 #E IT RS 17
T H (LFW201701)

*BE1EE: E-mail: luxiulidr@gmail.com



5 FORE, S JEERE

R HS I 1 A B B Tt 511

JE[E I, 7F Kandutsch-Russell i&2%, &—4 2 H
DHCR24 ff: 4k 3 & & BE % 1 ik 24,25- 5 & 8 R B
T e e Rl A SOE E (B 1D,

AT 60 JE (3] P 20 47 24 o I ) 2 2
Gy, I L o R A5 e Bk AN 4 S 6 B A Y
T B 55 W S 44 24- o S0 0E ] P, R L ] e 5 Rl )
BT, I HLAE G RO [ B A A B — AN B R
BB SR TE R, AR A e AR A E ] e 22 350 1 itk Jir £~
24 125 2 (A1 B, 1 R Dk JE [ B 5 458 AT 45 4
REAE—AS C=C XUER 27 (B 1), S5k AL
PEA A B AR L Th g b A7 bE, AT DA B
B s HZ AR, 45 A [ A S 2 7
HITIfe e AN Re R B R . A SRS EIL K
A O [ e AN BSR4 4 S D RE A 7 DA &
B S T A L I T AT A

1 FB[EERLEH) KA X S BRI BE (2
IEL ] — R A e 2 A AR AT AE . RAAE

ACETYL-CoA

!

HMG-CoA

l HMG-CoA Reductase

18 22 AATE MRE A Hh R 3 1 BE[E B, 1816 4EA4L,
5 R BROR X T B A RS R ) 5 i 44 9 R ]
iz WIWV&@T?@%%W,ﬁu%&W%ﬁ
Ao FE, 8. M. Bk RS
fm%jmm%@m%%%77ﬂ¢mig%ﬁw

O ] T2 v 5 A P A A AT e 1) — ol I /N 40
T, REEEBENEYFEIRE. EVREEH —%
£ 58 36 I R TR 4 AL ] e (R AR~ DAGR R4
L JUEL ] 7 S PRI S, 3K PR ) 1 (1% 24 o R ] e
AKPRERR A G A AR ] e RS e 48] AL e A
JHL P ) B R B, TR VR AR B EIE
ﬁ,%ﬁﬁ%%ﬁ,u&ﬂﬁﬁﬁmm“ﬁﬁﬂﬁ
Ho 45 (caveolae) 25 7 T EL A B EAEH . tbab, HH[E
B IR AT LA AR IR e L 3h 28 S MR R S L AT
AW R

PR AR AR KR B i R #E — 2 FIfE . Hed-
gehog(Hh) 15 538 i 5 WG & B AR & A2 0 R
oy %), WERGES ] Hh (5 538 B S A B 2 5 i an

MEVALONATE
A?*-Reductase
LANOSTEROL » 24-DIHYDROLANOSTEROL ™)
: (DHCR24) :
VCEEE\N A%.Reductase V/EI@\/\(
g -> H
(DHCR24) 7-CHOLESTEN-3p-OL

7,24-CHOLESTADIEN-33-OL
A‘-Desaturasol

5,7,24-CHOLESTATRIEN-38-OL

Bloch pathway
v
Y
Kemyped [assny-yosynpued]

A'—Roductuol

a5t

A?24.Reductase

(DHCR24)

A%.Reductase

(LATHOSTEROL)
lA’ Desaturase

7-DEHYDROCHOLESTEROL

lA" Reductase

DESMOSTEROL

(DHCR24)

.
>
H

CHOLESTEROL —

Bl PEBEREMEMIRE



512 AR

H30%:

4 T T BB FE W T ) e R BRI AR e R
Hh {5 5l Bt TIEBRN 2 51 R 2 FlomiE, ke gt
PR K BEREAT MR 25 . #F Hh {5 5388+, Smoo-
thened(Smo) 1A Frizzled(Fz) K2 —, +& Hh
G5 AL G O . 7E Hh {5 5 BRI 25
N, PR3 A Patched(Ptch) B¢ Smo,  [AIRS A
5 B [ B R 940 i P9 Smo 0TS FIEGE Hh {5 5
P& 5 1M Smo 3l — M ERTEAE Asp59(D95) Fk AL B
AR [ EE AR, TS Hh (5 5@, &
KREsh 5AKKE A RN H IR KRS 1Y,

PR BETE M2 RS A IR KA [
5T ME U R R RAARER IR R, 4R
PR T AL S BB Ay, Had 5
J F AL RT R 7 TR 11 45 B ok ik 2D 9% ik B 2 1) 1 9
ik, [ A AR S A Th g U

O [ 7 2 R 4 B R T I TR A / A 25 25 4 1
HER Sy, nl@E AR/ A R AR KA
T RZARPEAEAE 5 I R A AH LA A A, DRk AL
BEAT (5 5 i i v th R s s B s

JRE R B S EAES TR S Ea S
SO TR ARSI IRE,  4E R0 P R EEAQ
S 11 2 B g 5% IR A B R R A, B RE R
519\ N A = 15l Gl

2 HEEER RAEXEIRTIREFIRIEIER

1956 4E4E 8 B e & B0 1, 9F H. Stokes 25 1Y
RS IR B S B B ok s RE, R
R TS T TR, R bR B (S I, AR AR i R S H
U BRI, BHE RS RS — AP 24- B
SUH [ 2 OE SR B (DHCR24) f 4k, 38 3 IE J5UR v
VB S5 T A 1 L e U

TE R 22 BN 2H 23 20 i vh A7 A5 58 4% () TE [T e
ARG, F, AT EE RS E AR . SR,
FE— SERRRR 1 40 e S Y B AN [F K R B BB, H L
P FNBE (S B ) & B LA PN filtn, SRS+
YHH T DHCR24 BN FRIR=F FERAR,  [RI 3= 2 DA
SN, R A S AR M, BN
TEA M A A iis sl A HOhRs A BE D RE . R 4h, 1
NIRIG & & 530, AR R 0)& St ] DHCR24 %
PEAS R TR AM, AT 51D H AR o P 5 S A A
JIig Jot R R IR . IR JIG i o DHCR24 2]
gt sy FIRFREM R R T, HiEgHE+ (REL-
silencing transcription factor, REST) 7F fixi 7 ) & ik &
ORI . 1A% 5 Rl -F REST BE 4 & 1) DHCR24

R BB F KT, iR R TTER . G
HAK i H o6k DHCR24 FE Rk 4], vl g2 Mfia
FHEE R BN 55 T 177 AN 2 JIH ] Pt 2L A B K75 SR
By X2 RN, EMEYfkEdET,
B SR AT RE R AE T AN AT E R B R ERAE I . AN
TEMRIG R E F N aE S B & 5 H AL 240 i
ANE], T HBEE F R G, N SR A &
9 H RSN S TR B AEG FR 7K1 T 52 30328 T v () A 3
{HIXFh DHCR24 B2 [RIZRIE 7KV 5 B i B (1) i 5
TTENIN, EXEZ N MR R BE T )
IEHAERA L, H AT ANE 2 P

JLE IR G 1) i 9 [R) DHCR24 & [K 3 15 7K °F
MM ZEHF KT I BE & 1, (B REMB R E
1 DHCR24 JE Rl 878 18 1 4% B 2H 2R 240 Hf JIE [ 1952 g ke
DS TERB R, WA RS A i, X Pt fE
PR AR N “BE S BEIMAE ” (desmosterolosis).
£ W ALY /& DHCR24 45 R FEU —Fh NSl
A DL ) e AR BRI B e, 125 NIk, 4
AN (7 ) CHOERESR, 22 HEAE
TP (0 S Rk S B2, 9 Wk %49 £ FitzPatrick 25
i BB LR IR 2 B M S R T (R AR
TIUAN/NED ), 7R AR, B ER A 30 1 % S B
TENAE. TSR R DHCR24 BRI KA =
AL RS CRAR, 1K =N A & Y4T1S,
N294T 1 K306N ™, HarCEmmp Az, o
RESE HH T DHCR24 R RA 22 2 8UiR ) Lid KL iRt 58
T TR G o i S L kA A 2 b e R
R TR R B IR R BV Rt ik,
JIEL 5] B e L 8 1 Hh & & AH 9GS 5 38 B 1) Smo
B, DR S I RE A AR K A A 1A I [
AL FE Hh {5 518 5K 705 R IE K G 7 A
IR F 2R A .

PR JH 2 0 25 e 8 18 s 189 i 55 7 21 PN 1)
T R 2 L A AR S b s e S B 1) B 2SS
o XL TR E N B AR E L, FoviEdER
BH A1) B S B 0B G A BUR B E A . LI AT R
FAE HCV B GL I R B AE T 12 A,
B 668 T AR 3k i SR 8 iR WUZ B i sh i 2

I FR A B B B P 7K1 5 RS P R o e P
A%, T HE R SR ) KT VA R OTE [
FE AU ST — MR EY . BAEIRPAE R
0 PR, e S T Al L 5] e T A A LU A2 15 BT Y
REAE AR, WE P P

FE S AN AL B AR A FH A 0 AR B M4z )



5

FRE, A IE [ AR 2B S I G A B BT T 513

J7TH, 20,25- U A [ i O PP AS w4 Dy — ok
YWy, 20,25- 5 2 HELE B mT LA RH B I [ - o
SR H R E B e A A BT, AT 5 S50 S KT
FR T v, DR T L 9 68 8 K P e | DAY SR 20,25-
TR R B S B R N R, AR AR R
F 20,25~ 54k AE R 8 AR ) R R BT

DA 1) SCHR IS SE 30 B IR SE T i B IR E
R H B %2 AL R T I SE R . X sy
A58 B 4 I 1 B THI 0 38 EE A 1 O,
B2 GRS R M 2R, RS 50
TR S SRR T iz s P

eI PRI PR 99 9 0T BERE T2 R B, 55 0] REZELAR L
B0 J 9K e B S T T P B S I ) A S
NFE, WE R EE SR AT DUE A — AN B AR R AR B
IR IR BRI A 3 A= b 74 B

AR, EUNE I RN B S R SR A
VE 2 Fa A O ML a8 B AT LAV 4 LXR (158
FN, $H) SREBP WBEREN, [A i & w] AT AR B
R ARHE B ME B gm A, JF H B AT HH] JORE & M1
Ihag B,

DL A FER B, i S B AR R N B A R
A FRTHEE AT BE R ERAEF, AR AR BT I 5l
NAZRTH, v RBOAE A H R M IE
W ERAET, REFERBNRLE.

3 EEER AR EERE S mAR

UL 2 (1 A 200 A7 V55 R R B 1) G . (EA
2 BT (20 Fi 350 5 2 AR ] A4 e 4 5 15 1 AR AR
WagE, i, ANECRAZ /BRI J774 400 ) BT
DHCR24 FERIGR I, 1240 M 1 [ B AR g #2 )
B H5S WS BRI A RO T I, R T 4 L Ay [ e D
£ T 5 A RN DL [ B o Z MR AE o TR FPE LR,
JIEL o] LT 56 4 B 55 B O, 3774 440 ff mT LA
RIFTCIRIE K, AR R AN 5 AN 52 ] B i = 1)
o B2

o T 6 [ 2 55 77 1) /0 BB £T 44 4 i Ak L 400 i,
B S T T E 2R WU ERF AT L 4N TE
To RS FRFE A KA U, [RS8 T 6 FhAh
HZUEE IR AN 2R [ B 2R Do [ B A 45 SR o
FABZH L IR0 R TR A PR E RS AR s FoAth 6 PRt
Iyl N AR AL (WI-38), WI-38VAI3 (Sl
JRERFE G WI38 A AR5 2] ). AN R4 (Hep-
2). NFREFHEAM (KB). O R4 R (Nil-2). /)
BATH R (ST-3), X —gE RN, 76/ R LT 4k

L Zip i A, i 65l s v DAACRS JE [T e

[#] e 5 e 44 45 2 A (sterol regulatory element-
binding protein, SREBP) i 4 71 4 £ JJH [&] B4 PN ~F- fhip
Ty oG E S, SIS SREBP g2 AR B D (1)
Lk, A RIS AT X 324K (liver X receptor, LXR)
(REEEDN . B DLE4ERFAM I GE 77 1, 5 IEHRIA
DHCR24 & F 4 faAH L, #E DHCR24 = 141 i
o £ 1 T LB I [E 9 5 SREBP @ B

JOE [ P EE L AN T 2 R U 2L S ) 4
MR, RFAZMEIEAR F05% 58 6N fL TR 3
PRICTE S AR I, RS R e B (Wi A
Re—FF ) JH A B BYCRE S B AR R AL . BT DL
AR A ) A R R A, L[] PR S I A P AR
7], 7 b 77 T B S T BT ] e ] 8 A 2 el LA 1)
Fads B3 SR, BRI BOAE T AL, (B A P
J& 75 T & TR AEAE X b 75 Z gt — P i A .

TETR B 28 9 B UL R AR, % 55 W ] 388
AR AUZ i shve . 7R 2SI 48 0 2 vl e 2 = % S
RELELA LN B 3= FEIEREm Hog An, R e Hh sg e H
AT, X EE B IR R, PO BE
MG AT R BN PR FEER, AN 78 AR S AT
THERTUREREH

I I R (R 4H A SRR UE B, fE HCV JFHI
RNA( 75 24 BT 4 9% 35 Fk RNA) 9% 2 5 1l 7 T B &
BRI EAER . POGEEAKE (fluorescence recovery
after photobleaching, FRAP) S8 45 R H 0, B & B
B AN [ B my LA 2 59 I o B2 i sh P, R 2
E AN G AN fh 228 IR A7 AE S DL T o YRUBT I FH 5K
gk Wt —uE ], MO AR B OK B S R
Wi 7 AR OUZ I s 2

4 FEERFFANFRERESEERERINEERR

IR ] T2 A2 Tl L 00 420 o B ) — A L2 it 4
AT R B (R AR 1 o TR 1 B[] e (%) P50 A ANV
FEIEAE T30 1 gk B,

4 DHCR24 it 37T I [ i A= W & B v 1) B v
PEIE, 7] {E A caspase-3 #7711 F S AU FN B0 BB
AN I 3 B 1 S R ST T /E . DHCR24 4t
S B U T 7 T D9 R TR 52 38 R A [ KT R
5, U B JEE [ i A Y 5 DHCR24 g 77 0 A B
B SRR BT,

1T L 725 A2 0 TR 1) — A ) P T R B g
W, FCTEAG R B R R IR . 1R 24K
DR 52 AR il % 36 2 AR 5 e v T af i s, Hohge



514 AR

H30%:

LA S MR A0 M s 5 A (1 e Bk X DHCR24
DRI i B B A VR i £ 2 4 B (R it 98 22 B, DHCR24
DR P i o 5 5 [ Pl = R S IR AR, R T
JoR & R S ARAESE M A R e Ar,  JETT AR R B 2R A
1715 538 #% (insulin survival signaling), [F]HHiiF B
e §88 T A R A R 2 5 40 TG S e £ 5 L T g B

JIEL 3] L b 22 A2 B 7 1A AR A A A2 0 AN ] /b
1) o L[] A A 24 L S %) 3 2 20 Rl 38 4 R 248 [ Pt i
RIWATE, BRREREIRILZEAE Y, &
RAFEEAE R . JH R IS BT R s
UMK A - 4 AR B DL RS A 5 2 ]
AL AN, Tk RE ] a6 10 S5 B T e 2 B0
ZRALEE, WK KGR (AD). F EWUH
(HD) F1f < #%0% (PD), £ 22 MR [ ZE N/ T
ReRrs B NBIRMN & 23% MfH B, 760 A,
R A A P K ] R 0 G i R ) 2 SRR 4
LG s, TR T o A A 5 R A L e, DA
YRR IR A A R A HO

— BERIF ST IE WA 2 20 i A A R R e, T EL
22O M b i JE TR b T 2 2 o JIE A A
RIS RGN B ER 7, AMUAERE RG
REECRIER, T HLAE 75 A2 B3 B A rh okl o
BORHEBMME . HorbIH b B i E N — N DhRg 2
4 ae AU LR 2 5 21 R4 B AN BE . I [
AU ZFL R BT R KIGBIR I K, 33U Rl
B & e

A 55657 B DHCR24 6 = 2 B AR JH [ 1 7 &
T JIEL 2] P ) /D P H  B- VE R R R I
2 T 0 R R 2R 2R e B A AR A . DRIt IR
P E EAER I ER AL, REE S R A R
Fags it ot ™,

JOER ] T2 2 Y T AR IS 1) e AR A R 38 70 o S T e
H P22 OO i S e Ve AR F AL AR AL
BRI BN VA AR IR N BB pH B 224k DA B VA A4 J5
TR, Znd B- HEFROMIRG (I8 [ i 2% 550 )
S0 T k> Y T A B L 2] P 2 & S, S A B
G, RN RSO B AR
P, AR i R S A i 1) T g N Bl A . L[
W (1) 2 ] Rt 1 1 IS AR TR B E AR E T, 2
Wi A A I e B8 o T ARG L 3 e 7 92 i V% Pl
(1) BB R0 BT ¥ 38 AR M T T K T AR
AT A7 B JIEL 3] P2 (%) R 2 0 R0 PR PN SRR AL, 2
M 41 ) e B

JOE ] A A 0 A B ) e A S A T 44 N A

AT, JF HAESAS T3 T AR E R -
5 IhEK

JIEL 2] 2 ER AR AE 254 b 5 i S A AE 24 A7 B AT
25 Rl 2 A —> C=C BRI Z 5, (HAER L)
fE_L,  JIEL[E B A By A A AR v A RE AR
(1. S AT SERT U s B S I R] DU QI [ A, {H
WALIR T 4R M 0 B A S Ty T . (E,
SR PR 2 % L[] 12 A0 B ES I A 4 i AT e 12 40 A=
KAEE T R D RE, ARBHRBT R ER, 170
M35 3R 51~ DHCR24 3Rk 2K (/) R G £F
O BR A0 0 AR R W SRR T AR R, T ELN I
DU T (At A T B S R . R AR RR AN
5% AR 21 1 T R I R S 1 A AR AL A
(B IR 8 S0 s 5 B S I 1) 200 M LA SR A R 3
P g b, AR DAHCRRA 1 45 K 0 T e k) 4
BEATRIE, JF H4ERr AR i s s, HA
Ty RE 48 K 22 B2 AN RE AL PR 4 ot i S 1 P AR
(7, AT A5 7 i 5 1 mT RE ol o — L5 L[] A Gt A
KPR AR 2 FARie B 448, i
[P P 5 £ I ) BEIAAT % B 2R A D RE W R 1)
B, RRAE BE A 2R Ar B A0 R 2 B0 DA S BOR 1A
RS, JIELT P R S I S A LG R T T 2 B
RN

(& £ X #f]

[1]  Zerenturk EJ, Sharpe LJ, Ikonen E, et al. Desmosterol and
DHCR24: unexpected new directions for a terminal step
in cholesterol synthesis. Prog Lipid Res, 2013, 52: 666-80

[2]  Vainio S, Jansen M, Koivusalo M, et al. Significance of
sterol structural specificity. Desmosterol cannot replace
cholesterol in lipid rafts. J Biol Chem, 2006, 281: 348-55

[3] Rog T, Vattulainen I, Jansen M, et al. Comparison of
cholesterol and its direct precursors along the biosynthetic
pathway: effects of cholesterol, desmosterol and 7-
dehydrocholesterol on saturated and unsaturated lipid
bilayers. J Chem Phys, 2008, 129: 154508

[4] Bloch K. Sterol molecule: structure, biosynthesis, and
function. Steroids, 1992, 57: 378-83

[5] Altunayar C, Sahin I, Kazanci N. A comparative study of
the effects of cholesterol and desmosterol on zwitterionic
DPPC model membranes. Chem Phys Lipids, 2015, 188:
37-45

[6] Zerbinati C, Iuliano L. Cholesterol and related sterols
autoxidation. Free Radic Biol Med, 2017, 111: 151-5

(71 Mz E, ROR5E. MHE R & g A2 0 5O R R L)
Hh A A 22 4R, 2013, 350 401-9

[8] Lum L, Beachy PA. The Hedgehog response network:
sensors, switches, and routers. Science, 2004, 304: 1755-9



5

FRE, A IE [ AR 2B S I G A B BT T

515

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(24]

Ingham PW, McMahon AP. Hedgehog signaling in animal
development: paradigms and principles. Genes Dev, 2001,
15: 3059-87

Huang P, Nedelcu D, Watanabe M, et al. Cellular
cholesterol directly activates smoothened in Hedgehog
signaling. Cell, 2016, 166: 1176-87

Xiao X, Tang JJ, Peng C, et al. Cholesterol modification
of smoothened is required for Hedgehog signaling. Mol
Cell, 2017, 66: 154-162

Paila YD, Chattopadhyay A. Membrane cholesterol in the
function and organization of G-protein coupled receptors.
Subcell Biochem, 2010, 51: 439-66

FIFSIE, BT, XSGR, S R i g B F A K
DR 7 I AR AE M IR 2 10 5 . Al B A 27 2% 26, 2009, 31:
236-42

Orr G, Hu D, Ozcelik S, et al. Cholesterol dictates the
freedom of EGF receptors and HER?2 in the plane of the
membrane. Biophys J, 2005, 89: 1362-73

Lin CY, Huang JY, Lo LW. Exploring in vivo cholesterol-
mediated interactions between activated EGF receptors in
plasma membrane with single-molecule optical tracking.
BMC Biophys, 2016, 9: 1-11

Stokes WM, Fish WA, Hickey FC. Metabolism of
cholesterol in the chick embryo. II. Isolation and chemical
nature of two companion sterols. J Biol Chem, 1956, 220:
415-30

Stokes WM, Hickey FC, Fish WA. Sterol metabolism. I.
The occurrence of desmosterol (24-dehydrocholesterol) in
rat skin and its conversion in vivo to cholesterol. J Biol
Chem, 1958, 232: 347-59

FitzPatrick DR, Keeling JW, Evans MJ, et al. Clinical
phenotype of desmosterolosis. Am J Med Genet, 1998, 75:
145-52

Connor WE, Lin DS, Neuringer M. Biochemical markers
for puberty in the monkey testis: desmosterol and
docosahexaenoic acid. J Clin Endocrinol Metab, 1997, 82:
1911-16

Tint GS, Pan L, Shang Q, et al. Desmosterol in brain is
elevated because DHCR24 needs REST for robust
expression but REST is poorly expressed. Dev Neurosci,
2014, 36: 132-42

[21]Andersson HC, Kratz L, Kelley R. Desmosterolosis
presenting with multiple congenital anomalies and
profound developmental delay. Am J Med Genet, 2002,
113:315-9

Schaaf CP, Koster J, Katsonis P, et al. Desmosterolosis-
phenotypic and molecular characterization of a third case
and review of the literature. Am J Med Genet A, 2011,
155a: 1597-604

Zolotushko J, Flusser H, Markus B, et al. The desmosterolosis
phenotype: spasticity, microcephaly and micrognathia
with agenesis of corpus callosum and loss of white matter.
Eur ] Hum Genet, 2011, 19: 942-6

Waterham HR, Koster J, Romeijn GJ, et al. Mutations in
the 3B-hydroxysterol A24-reductase gene cause desmo-
sterolosis, an autosomal recessive disorder of cholesterol
biosynthesis. Am J Hum Genet, 2001, 69: 685-94

(25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

Costello DA, Villareal VA, Yang PL. Desmosterol
increases lipid bilayer fluidity during hepatitis C virus
infection. ACS Infect Dis, 2016, 2: 852-62

Simonen M, Mannisto V, Leppanen J, et al. Desmosterol
in human nonalcoholic steatohepatitis. Hepatology, 2013,
58:976-82

Johnston JJ, Goodall MJ, Yoder CA, et al. Desmosterol: a
biomarker for the efficient development of 20,25-
diazacholesterol as a contraceptive for pest wildlife. J
Agric Food Chem, 2003, 51: 140-5

Connor WE, Lin DS, Neuringer M. Biochemical markers
for puberty in the monkey testis: desmosterol and
docosahexaenoic acid. J Clin Endocrinol Metab, 1997, 82:
1911-6

Mourvaki E, Cardinali R, Roberti R, et al. Desmosterol,
the main sterol in rabbit semen: distribution among semen
subfractions and its role in the in vitro spermatozoa
acrosome reaction and motility. Asian J Androl, 2010, 12:
862-70

Sato Y, Yamanaka Y, Suzuki I, et al. Desmosterol: A new
plasma biomarker for Alzheimer's disease. Alzheimers
Dement, 2013, 9: P236-P7

Spann NJ, Garmire LX, McDonald JG, et al. Regulated
accumulation of desmosterol integrates macrophage lipid
metabolism and inflammatory responses. Cell, 2012, 151:
138-52

Stevenson J, Brown AJ. How essential is cholesterol?
Biochem J, 2009, 420: 1-4

Rothblat GH, Burns CH, Conner RL, et al. Desmosterol as
the major sterol in L-cell mouse fibroblasts grown in
sterol-free culture medium. Science, 1970, 169: 880-2
Rodriguez-Acebes S, de la Cueva P, Fernandez-Hernando
C, et al. Desmosterol can replace cholesterol in sustaining
cell proliferation and regulating the SREBP pathway in a
sterol-A24-reductase-deficient cell line. Biochem J, 2009,
420: 305-15

Huster D, Scheidt HA, Arnold K, et al. Desmosterol may
replace cholesterol in lipid membranes. Biophys J, 2005,
88: 1838-44

Leahy T, Gadella BM. New insights into the regulation of
cholesterol efflux from the sperm membrane. Asian J
Androl, 2015, 17: 561-7

Lu X, Li Y, Liu J, et al. The membrane topological
analysis of 3B-hydroxysteroid-A24 reductase (DHCR24)
on endoplasmic reticulum. J Mol Endocrinol, 2012, 48:
1-9

Drzewinska J, Pulaski L, Soszynski M, et al. Seladin-1/
DHCR24: a key protein of cell homeostasis and
cholesterol biosynthesis. Postepy Hig Med Dosw (Online),
2009, 63: 318-30

Martin MG, Pfrieger F, Dotti CG. Cholesterol in brain
disease: sometimes determinant and frequently implicated.
EMBO Rep, 2014, 15: 1036-52

Dietschy JM, Turley SD. Thematic review series: brain
lipids. Cholesterol metabolism in the central nervous
system during early development and in the mature
animal. J Lipid Res, 2004, 45: 1375-97



G gEEd

H30%:

Pfrieger FW. Cholesterol homeostasis and function in
neurons of the central nervous system. Cell Mol Life Sci,
2003, 60: 1158-71

Czuba E, Steliga A, Lietzau G, et al. Cholesterol as a
modifying agent of the neurovascular unit structure and
function under physiological and pathological conditions.
Metab Brain Dis, 2017, 32: 935-48

Yanagisawa K. Cholesterol and pathological processes in
Alzheimer's disease. J Neurosci Res, 2002, 70: 361-6
5777, XIRTE, XUSIH, 5. 24- i 2H [ 52 L IR i

[45]

[46]

DHCR24/JW 703t . w4 i 2B 4 2% 243k, 2010, 32:
942-50

XRZR. Vs T A L 3] e 5 2 5 ) 5 g £ ) 1 28 - M
TIEIEPE[D]. KA RILIHTE R, 2008

Lu X, Kambe F, Cao X, et al. DHCR24-knockout
embryonic fibroblasts are susceptible to serum withdrawal-
induced apoptosis because of dysfunction of caveolae and
insulin-Akt-Bad signaling. Endocrinology, 2006, 147:
3123-32



