
!"#$%&'()*+&%,-().$+*,/0*'&12),%.(/*3'&$&/%&0*,$*,*4567*0.,1',+*

!"#$%&'(%))(&

*(+(,(%$&%-&./)01/2&345(6($47&8$(+4",()2&%-&95($:#";0&345(6/<&=60%%<7&>0/$64<<%"?,&!#(<5($;7&@())<4&

A"/$64&>"4,64$)7&95($:#";07&9BCD&E=!7&=6%)</$57&8FG&

&

&

&

H$&)04&I%,)&;4$%J(6&4"/7&)04&#$54",)/$5($;&%-&)04&14/<)0&%-&5/)/&I"%+(545&:2&0(;0&)0"%#;0I#)&

)460$%<%;(4,&0/,&"4K#("45&/&$41&I4",I46)(+4&%$&64<<&J4)/:%<(,J7&10(60&(,&)04$&,0(-)45&-"%J&/&

"45#6)(%$(,)&+(41&%-&)04&I/,)&)%&/&0%<(,)(6&/$5&K#/$)()/)(+4&/II"%/60G&H$54457&/&J/L%"&60/<<4$;4&

:(%<%;(,),&/"4&-/6($;&(,&)%&($)4;"/)4&)04&</";4&5/)/,4),&/+/(</:<4G&M%&)/6N<4&()7&/&$%+4<&/"4/&%-&:(%<%;2&6/<<45&

=2,)4J&!(%<%;2&0/,&:44$&,4))<45G&&A#")04"7&54,I()4&5(/;"/J,&/$5&6/")%%$,&0/+4&:44$&4O)4$,(+4<2&#,45&($&

:(%<%;2&)%&4OI</($&64<<#</"&I04$%J4$%$7&)%&5/)4&)04"4&/"4&$%&,)/$5/"5&$%)/)(%$,&"46%;$(P45&:2&/<<&

,6(4$)(-(6&6%JJ#$()(4,G&Q%17&/,&)04&$464,,()2&)%&J/$/;4&)0(,&"(60$4,,&%-&5/)/&0/,&:46%J4&/,&I"4,,($;&/,&

4+4"7&/&,)/$5/"5&</$;#/;4&$445,&)%&:4&54-($45G&A%"&)0(,&I#"I%,4&)04&=2,)4J&!(%<%;2&'"/I0(6&Q%)/)(%$&

R=!'QS&0/,&:44$&I"%I%,45&/,&/&;%%5&/$,14"&)%&)0(,&(,,#4G&H),&"4J/"N/:<4&,(JI<(6()2&/$5&6%$,(,)4$62&

J/N4,&I%,,(:<4&)%&:4&4/,(<2&#$54",)%%5&:2&:(%<%;(,),&/$5&/<,%&)%&:4&I"%64,,45&:2&J/60($4,7&($&%"54"&)%&

J/N4&,(J#</)(%$,&/$5&I"45(6)(%$,G&&>0%<4,)4"%<&(,&/&14<<T,)#5(45&,#:L46)&/,&()&(,&/$&4,,4$)(/<&6%JI%$4$)&

%-&64<<#</"&J4J:"/$4,&/$5&/&,)/")($;&I%($)&-%"&)04&:(%,2$)04,(,&%-&,)4"%(5&0%"J%$4,&/$5&U()/J($&*G&

V55()(%$/<<27&(),&%O(5/)(%$&<4/5,&)%&/&6</,,&%-&6%JI%#$5,&$/J45&%O2,)4"%<,&10(60&6/""2&%#)&5(+4",47&

+/<#/:<4&-#$6)(%$,W&)042&%66#"&/,&:(<4&/6(5&($)4"J45(/)4,7&/,&60%<4,)4"%<&)"/$,I%")4",&/$5&)042&/"4&/<,%&

544J45&)%&0/+4&/&"%<4&($&"4;#</)($;&60%<4,)4"%<&0%J4%,)/,(,G&H$&)0(,&)04,(,&/&"4I"4,4$)/)(%$&%-&%O2,)4"%<,&

J4)/:%<(6&I/)01/2,&(,&I"%I%,457&#,($;&)04&=!'Q&$%)/)(%$G&M%&+/<(5/)4&)04&($)4"/6)(%$&,0%145&/$&

4O)4$,(+4&<()4"/)#"4&"4,4/"60&/$5&5/)/:/,4&J($($;&0/,&:44$&I4"-%"J45G&A#")04"J%"47&/&5(,6#,,(%$&%-&

)04("&($+%<+4J4$)&($&,4+4"/<&J/L%"&0#J/$&5(,4/,4,&(,&I"4,4$)45G&

&

&

&

&

&

&

&

&

&

&

&

M0(,&1%"N&1/,&I"%5#645&)%1/"5&-#<-(<J4$)&%-&/$&3=6&($&'4$%J(6,&/$5&./)01/2&!(%<%;2&-"%J&)04&

*(+(,(%$&%-&./)01/2&345(6($4&R0))IWXX111G45G/6G#NX,60%%<,T54I/")J4$),XI/)01/2TJ45(6($4S&/)&)04&

8$(+4",()2&%-&95($:#";0G&&Q%)47&)0(,&1%"N&0/,&$%)&:44$&I44"T"4+(4145&/$5&-%"J45&I/")&%-&/&,)#54$)&

I"%L46)X5(,,4")/)(%$G&&

&

M04&'4$%J(6,&/$5&./)01/2&!(%<%;2&3=6&I"%;"/JJ4&,)/")45&($&YZZ[&/$5&0/,&0/5&/&$#J:4"&%-&

,#I4"+(,%",&/$5&6%$)"(:#)%",G&."%-,&.4)4"&'0/P/<&/$5&*%#;</,&\%2&0/+4&,#I4"+(,45&)04&I"%;"/JJ4&

)0"%#;0%#)G&&])04"&,#I4"+(,%",&($6<#54&*"&=)#/")&3%%5(4&RYZZET^S7&*"&F4+($&\%:4"),%$&RYZZET_S7&."%-&

M%J&A"44J/$&RYZZDT_S7&*"&=)4+4$&`/))4",%$&RYZZaTCZS7&*"&V<4O/$54"&3/P4($&RYZZbTCCS&/$5&*"&F/(&

F"%II&RYZCZTCCSG&&&

&



� �
�������

�

� �

Map 2. This map shows the different oxysterol expressions based on the tissue. In liver takes place the bile acid pathway in which oxysterols from liver and other tissues converge to be metabolised (27-OHC, 24(S)-OHC, cholestenoic acid, 7α-OH-4-CA). 7α-OHC,7-

ketocholesterol enzymatically produced and 4β-OHC are exclusively expressed in liver. In brain 27-OHC is gathered and metabolised. Elimination products from brain are 7α-OH-4-CA and 24(S)-OHC. In Steroidogenic tissues 20(S)-OHC and 22(R)-OHC are expressed. 

Extrahepatic tissues eliminate cholesterol converting it in 27-OHC and Cholestenoic acid. Other oxysterols are produced ubiquitely expressed like 24(S)-25-epoxycholesterol, 25-OHC. Due to logistic problems the expression of 24(S)-25-epoxycholesterol is not showed 

in extrahepatic tissues and in steroidogenic tissues but it is expressed also there. The production of 27-OHC in steroidogenic tissues and the production of 20(S)-OHC and 22(R)-OHC in brain are omitted as steroidogenic tissues are also extrahepatic tissues as well as 

brain is also a steroidogenic tissue.   





Pathway Reaction equation EC Protein Name Protein ID Subcellular Location Organism Cell type Reference1 (reaction exists) Reference2 (enzyme catalyzes this reaction)

Reference3 (enzyme 

subcellular localization)

Lipid metabolism; 

bile acid biosynthesis

Cholesterol + NADPH + O(2) <=> 7-alpha-

hydroxycholesterol + NADP(+) + H(2)O 1.14.13.17

Cholesterol 7-alpha-

monooxygenase P22680

endoplasmic reticulum membrane; 

Peripheral membrane protein. Micorosme 

membrane; Peripheral membrane protein Human Detected in liver PMID:1591235 PMID: 21147774 Uniprot

Primary bile acid 

biosynthesis

Cholesterol + NADPH + O2 = (24S)-24-

hydroxycholesterol + NADP+ + H2O 1.14.13.98

Cholesterol 24-

hydroxylase Q9Y6A2

Endoplasmic reticulum membrane; Single-

pass membrane protein. Microsome 

membrane; Single-pass membrane protein Human Expressed in brain PMID:14764421

PMID:10377398                                                      

PMID:14640697 Uniprot

Primary bile acid 

biosynthesis 1.14.13.98

Cholesterol 24-

hydroxylase Q9Y6A2

Endoplasmic reticulum membrane; Single-

pass membrane protein. Microsome 

membrane; Single-pass membrane protein Human Expressed in brain  PMID:10377398

                                                                                   

PMID:21576599 . Uniprot

Primary bile acid 

biosynthesis

Cholesterol + AH2 + O2 = 25-hydroxycholesterol + A + 

H2O. 1.14.99.38

Cholesterol 25-

hydroxylase O95992

Endoplasmic reticulum membrane; Multi-

pass membrane protein; Golgi        (Uniprot) 

(PMID: 9852097) Human !"#"$%&'()!!*"! PMID:9852097 PMID:9852097

Uniprot                 

PMID:9852097

Hormone 

biosynthesis; 

cholecalciferol 

biosynthesis; 

Primary bile acid 

biosynthesis 1.14.13.15

Sterol 27-hydroxylase, 

mitochondrial Q02318 Mitochondrion membrane Human extrahepatic tissues and liver PMID:17890683. 

PMID:21576599                                                   

PMID:18815436 Uniprot

Hormone 

biosynthesis; 

cholecalciferol 

biosynthesis; 

Primary bile acid 

biosynthesis

Cholesterol + Oxygen + NADPH + H+ <=> Cholest-5-

ene-3beta,26-diol + NADP+ + H2O 1.14.13.15

Sterol 27-hydroxylase, 

mitochondrial Q02318 Mitochondrion membrane Human extrahepatic tissues and liver PMID:12777473 PMID:9334194 Uniprot

1.14.13.32 Cytochrome P450 3A4 P08684

Endoplasmic reticulum membrane; Single-

pass membrane protein. Microsome 

membrane; Single-pass membrane protein Human Expressed in prostate, liver, small intestine

PMID:21219398                           

PMID:21728364 PMID:11514559 Uniprot

' 1.14.13.32 Cytochrome P450 3A4 P08684

Endoplasmic reticulum membrane; Single-

pass membrane protein. Microsome 

membrane; Single-pass membrane protein Human Expressed in prostate, liver, small intestine PMID:21576599 PMID:21576599 Uniprot

Terpene metabolism 5.4.99.7 Lanosterol synthase P48449

Endoplasmic reticulum membrane; 

Peripheral membrane protein Human

liver, macrophages,

 fibroblasts, brain cells. Indeed, all cells that 

can

produce cholesterol should be able to 

synthetise 24,25EC. PMID:7451488 PMID:7451488

Uniprot                

PMID:18725318

Lipid metabolism; 

C21-steroid hormone 

metabolism

Cholesterol + Oxygen + 2 Reduced adrenal ferredoxin 

+ H+ <=> 22beta-Hydroxycholesterol + H2O + 2 

Oxidized adrenal ferredoxin 1.14.15.6

Cholesterol side-chain 

cleavage enzyme, 

mitochondrial P05108 Mitochondrion membrane Human

In steroidogenic tissues (adrenal glands, 

ovaries, testis,

placenta, and brain) PMID: 21636783 PMID:21159775

Uniprot                 

PMID:16434543

reacting with 25-OHC 2.8.2.2

Sulfotransferase family 

cytosolic 2B member 1 O00204 cytoplasm Human

SULT2B1b expression, by

contrast, is widespread and was detected in 

brain

(trace), liver, colon, small intestine, placenta, 

ovary,

uterus and prostate PMID:18854425 PMID:17624300 PMID:11594786

reacting with 24(S)-OHC in liver 2.8.2.14

Belongs to the 

sulfotransferase 1 

family Q06520 cytoplasm Human

DHEA ST mRNA is relatively abundant in 

human liver, PMID:19589875 PMID:17189208 PMID:7710689

reacting with 7ketocholesterol 2.8.2.2

Sulfotransferase family 

cytosolic 2B member 1 O00204 cytoplasm Human

SULT2B1b expression, by

contrast, is widespread and was detected in 

brain

(trace), liver, colon, small intestine, placenta, 

ovary,

uterus and prostate. PMID:17347498 PMID:17189208 PMID:11594786

reacting with 24(S)-OHC in brain 2.8.2.2

Sulfotransferase family 

cytosolic 2B member 1 O00204 Cytoplasm Human

SULT2B1b expression, by

contrast, is widespread and was detected in 

brain

(trace), liver, colon, small intestine, placenta, 

ovary,

uterus and prostate. PMID:19589875 PMID:17189208 PMID:11594786

Steroid biosynthesis

+,-&"!("$-&'.'/01.'234'561",78$-9,-&"!("$-&'.'

/01:'.':. 1.3.1.21 DHCR7 Q9UBM7

Endoplasmic reticulum membrane; Multi-

pass membrane protein Human

Most abundant in adrenal gland, liver, testis, 

and brain. PMID:21762780 PMID:15013448 Uniprot

Bile acid 

biosynthesis

    * Cholest-5-ene-3-beta,25-diol + NADPH + O(2) 

<=> cholest-5-ene-3-beta,7-alpha,25-triol + NADP(+) 

+ H(2)O

    * Cholest-5-ene-3-beta,27-diol + NADPH + O(2) 

<=> cholest-5-ene-3-beta,7-alpha,27-triol + NADP(+) 

+ H(2)O 1.14.13.100

25-hydroxycholesterol 

7-alpha-hydroxylase O75881

Endoplasmic reticulum membrane; 

Peripheral membrane protein. Microsome 

membrane; Peripheral membrane protein. Human

Brain, testis, ovary, prostate, liver, colon, 

kidney, and small intestine. PMID:17346171 PMID:15003524 Uniprot

Bile acid 

biosynthesis 1.14.13.15

Sterol 27-hydroxylase, 

mitochondrial Q02318 Mitochondrion membrane Human extrahepatic tissues and liver PMID:17346171

PMID:1708392

Uniprot

Bile acid 

biosynthesis

Cholest-5-ene-3-beta,7-alpha-diol + NAD+ = 7-alpha-

hydroxycholest-4-en-3-one + NADH 1.1.1.181

3 beta-hydroxysteroid 

dehydrogenase type 7 Q9H2F3

Endoplasmic reticulum membrane; Multi-

pass membrane protein Human liver PMID:17346171 PMID:17346171 Uniprot



Compound Name KEGG CID ChEBI Metabolome Comments

7alpha-Hydroxycholesterol;

Cholest-5-ene-3beta,7alpha-diol C03594 17500

 The concentration of 7 -hydroxycholesterol in the

circulation reflects the activity of CYP7A in the liver and can,

in fact, be used as an in vivo marker for this activity (PMID:12006384)

Cerebrosterol;

24-Hydroxycholesterol;

Cholest-5-ene-3,24-diol;

(24S)-24-Hydroxycholesterol C13550 34310

Found in brain, regulate LXR. Possible other role among transport.  First isolated in horse in 

1953(Ercoli IA, Ruggieri P (1953) The constitution of cerebrosterol,a hydroxycholesterol isolated 

from horse brain. J Am Chem Soc 75:3284).                                                                                             

2)24S-hydroxycholesterol was found to be one of the major oxysterols in human

circulation, ranging from 50–100 ng/ml (PMID:17393206);                                                                       

4) It has recently been shown that only about half of the

24S-hydroxycholesterol formed in humans is converted into

bile acids. The other half of it is excreted from the liver in

conjugation with sulfuric acid and glucuronic acid. Part of it

is  -hydroxylated before conjugation and excretion (PMID:11463788)

25-Hydroxycholesterol;Cholest-5-

ene-3beta,25-diol C15519 42977

Low concentration in liver;                                                                                                                    

1) 25-Hydroxycholesterol is present in very low concentrations

in the circulation and in tissues.(Bjorkhem I, Diczfalusy U. Oxysterols - Friends, foes, or just fellow 

passengers?. ARTERIOSCLEROSIS THROMBOSIS AND VASCULAR BIOLOGY [serial online]. 

n.d.;22(5):734-742)

Cholest-5-ene-3beta,26-diol;

Cholest-5-ene-3beta,27-diol;

26-Hydroxycholesterol;

27-Hydroxycholesterol C15610 17703

1)Found in extrahepatic tissues and liver too.  net uptake of 27-hydroxycholesterol by the brain, of 

the same magnitude as that in the liver. In view of the potent effects of 27-hydroxycholesterol on 

cholesterol metabolism, this flux is likely to be of importance for intracerebral cholesterol 

homeostasis (PMID:15741649) 

4beta-hydroxycholesterol:cholest-5-

ene-3 beta,4 beta-diol not found not found HMDB13643

Regulates LXR. Strong regulator. It is the most abundant in liver. Found also in intestine. Very slow 

rate of elimination, thus high concentration in plasma. His concentration can be use as a marker of 

the CYP3A4 activity. CYP3A5 sister enzyme found mostly in Africans (PMID:21219398).

24(S),25-Epoxycholesterol C15632 not found

Regulates LXR and SREBP  and HMG-CoA reductase (strong regulator); not known the 

catabolization. Unique origin by a shunt in mevalonate biosynthesis.                                                       

1) Very little is knownabout how24,25EC is catabolised. One study reported negligible turnover of 

24,25EC in cultured cells (Spencer et al., 1985). 24,25EC readily effluxes from certain cells such as 

the astrocyte (Wong et al., 2007b).                                                                               2) However, the 

mechanism(s) of degradation and route(s) of excretion are presently undefined. (PMID:18725318)

22(R)-hydroxycholesterol C05502 not found not found

Synthetized in mitochondrion in steroidogenic tissues. Leads to pregnenolone in a 3 steps reaction 

carried out by CYP11A1. 

3beta-Hydroxy-5-cholestenoate;

3beta-Hydroxycholest-5-en-27-oic 

acid C17333                      

Cholestenoic acid. Has LXR ligand proprieties. Routes from extrahepatic tissues to liver where is 

further metabolized

7alpha-Hydroxy-3-oxo-4-

cholestenoate C17337                      it is the result of catabolism of 27-OHC. It routes from brain to liver where is further metabolized

7ketocholesterol HMDB00501

20(S)-hydroxycholesterol 1296

Synthetized in mitochondrion in steroidogenic tissues. Leads to pregnenolone in a 3 steps reaction 

carried out by CYP11A1.



Protein Name Type UniProt ID Synonyms Comment

Cholesterol 7-alpha-

monooxygenase

monooxygenase; Belongs to the cytochrome P450 

family P22680

CYPVII

Cholesterol 7-alpha-hydroxylase

Cytochrome P450 7A1

1) Catalyzes a rate-limiting step in cholesterol catabolism and bile acid biosynthesis by introducing a hydrophilic moiety at position 7 of 

cholesterol. Important for cholesterol homeostasis(Uniprot).                                    2)Sinthetise also 7ketocholesterol from deidrocholesterol 

(PMID:21813643)                                                                                                3) Under normal conditions, the most important regulation of this 

enzyme is a negative-feedback suppression caused by bile acids reabsorbed from the intestine and reaching the liver via the portal vein 

(PMID:12006384)

Cholesterol 24-hydroxylase oxidoreductase Q9Y6A2

cholesterol 24-monooxygenase;

CYP46;

CYP46A1;

cholesterol 24S-hydroxylase;

cytochrome P450 46A1

expressed almost just in brain. The mRNA was broadly distributed with higher levels in gray matter zones and lower levels in regions rich in 

white matter. Not detected in fetal sample but its expression increases linearly with age (Uniprot). Can produce also 25-hydroxycholesterol to a 

lesser extend. (see ref Honda..on reference template)

Cholesterol 25-hydroxylase

sterol desaturase family. Monooxygenase 

Oxidoreductase O95992 Cholesterol 25-monooxygenase

1)expression of a cholesterol 25-hydroxylase cDNA in transfected cells suppresses cholesterol synthesis and the cleavage of endogenous 

SREBPs. The enzyme is localized to the endoplasmic reticulum and Golgi membranes, which are sites that would facilitate interaction with 

components of the cholesterol regulatory complex. Third, the mRNA encoding 25-hydroxylase appears to be present at low levels in a number of 

tissues and cell types. This distribution would be expected of an enzyme that synthesizes a powerful repressor of cholesterol gene expression 

(PMID:9852097)

Sterol 26-hydroxylase, 

mitochondrial

monooxygenase; Belongs to the cytochrome P450 

family Q02318

5-beta-cholestane-3-alpha,7-alpha,12-alpha-triol 27-

hydroxylase

Cytochrome P-450C27/25

Cytochrome P450 27

Sterol 27-hydroxylase

Vitamin D(3) 25-hydroxylase

1) Defects in CYP27A1 are the cause of cerebrotendinous xanthomatosis (CTX) [MIM:213700]. CTX is a rare sterol storage disorder 

characterized clinically by progressive neurologic dysfunction, premature atherosclerosis, and cataracts (PMID:6848555)                                         

2) CYP27A1, has a broad substrate specificity and is present in most tissues and not only in the liver. The enzyme is capable of oxidizing the 

C27-methyl group not only into a CH2OH group but also into a carboxylic acid (cholestenoic acid). Although the alternative acidic pathway may 

be predominantly localized in the liver, there is a continuous flux of 27-oxygenated cholesterol metabolites from extrahepatic sources to the 

liver5% to 10% of the total conversion of cholesterol into bile acids starts with an extrahepatic 27-hydroxylation (PMID:12006384)                            

3) there is some expression of CYP27A1 in the brain, the levels of the enzymatic product, 27-hydroxycholesterol, in brain tissues are low, only 

10–20% those of 24S-hydroxycholesterol      (PMID:8790411)

Cytocrome P450 3A4

monooxygenase; Belongs to the cytochrome P450 

family P08684

Albendazole sulfoxidase

CYPIIIA3

CYPIIIA4

Cytochrome P450 3A3

Cytochrome P450 HLp

Cytochrome P450 NF-25

Cytochrome P450-PCN1

1)The major cytochrome P450 3A enzyme in humans is CYP3A4.This is the most important drug metabolizing enzyme and has more than 50% 

of registered drugs as substrates. Also, many endogenous substances, e.g. steroids, are metabolized by CYP3A4 (PMID:21219398)                       

2) Also CYP3A5 a sister enzyme of CYP3A4 synthetizes 4beta- hydroxycholesterol from cholesterol (ref. see above)

Lanosterol synthase

Isomerase. Belongs to the terpene cyclase/mutase 

family P48449

2,3-epoxysqualene--lanosterol cyclase

Oxidosqualene--lanosterol cyclase

Cholesterol side-chain cleavage 

enzyme, mitochondrial

monooxygenase; Belongs to the cytochrome P450 

family P05108

CYPXIA1

Cholesterol desmolase

Cytochrome P450 11A1

Cytochrome P450(scc)

Sulfotransferase family cytosolic 

2B member 1: SULT2B1 sulfotransferase O00204 HSST2 Sulfonate 25-OHC (in liver)(PMID:18854425), 7ketocholesterol (in liver)(PMID:17347498), 24(S)-OHC (in brain)(PMID:19589875) 

SULT2A1 sulfotransferase Q06520 HST, STD sulfonate 24(S)-OHC (in liver)(PMID:19589875)

25-hydroxycholesterol 7-alpha-

hydroxylase

monooxygenase; Belongs to the cytochrome P450 

family O75881 Cytochrome P450 7B1 Defects in CYP7B1 are the cause of spastic paraplegia autosomal recessive type 5A (SPG5A) [MIM:270800]

HSD3B7 Belongs to the 3-beta-HSD family Q9H2F3 3 beta-hydroxysteroid dehydrogenase type VII Defects in HSD3B7 are the cause of congenital bile acid synthesis defect type 1 (CBAS1) [MIM:607765]

DHCR7 Belongs to the ERG4/ERG24 family  Q9UBM7  DHCR7 Defects in DHCR7 are the cause of Smith-Lemli-Opitz syndrome (SLOS) [MIM:270400]

Sterol O-acyltransferase 1

Belongs to the membrane-bound acyltransferase 

family. Sterol o-acyltransferase subfamily. P35610 : ACACT, ACACT1, ACAT, ACAT1, SOAT, STAT Highly activated by the presence of cholesterol. Esterifies also many oxysterols

Sterol O-acyltransferase 2

Belongs to the membrane-bound acyltransferase 

family. Sterol o-acyltransferase subfamily. O75908 ACACT2, ACAT2 Esterifies also many oxysterols (PMID: 9756919)


