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Metabolome analysis of abnormal bile acids as specific biomarkers in the inborn
error of cholesterol biosynthesis (SLOS)
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i i The synthesis of bile acids from cholesterol is a_complex biochemical pathway
involving at least 16 enzymes. Inborn errors of cholesterol biosynthesis in Smith-Lemli-Opitz Syndrome

(SLOS: 7-dehydrocholesterol reductase deficiency, Dhcr7) result in excessive formation of abnormal
intermediates of 4a - and 4 -hydroxy-7-dehydrocholesterols (as the unconjugated and conjugated forms)

and/or their metabolites that accumulate in blood and are excreted in part in urine. In the past, these
intermediates in cholesterol biosynthesis have been detected in neonatal blood or urine by screening with
FAB-MS followed by detailed characterization using GC-MS. Both methods have proved difficult to automate,
and currently most laboratories screen candidate samples using LC-MS/MS. Here, we describe a new, simple
and sensitive analytical method for identification and chracterization of 4a - and

433 -dehydrocholesterols (as biomarkers for SLOS), using LC/ESI-MS/MS.

LC/ESI-MS/MS -
- SLOS 7-



Zellweger’s
C27 ng CTX
Cas

SLOS
Smith-Lemri-Opitz syndrome: 7-

Dhcer7
SLOS
vic-
AT 40-
4B- -7-
- LC-MS
4o- 4B- -7-
SLOS Dher7
GC-MS

LC/ESI-MS/MS

LC/ESI-MS/MS

LC/ESI-MS/MS

GC-MS

LC/ESI-MS/MS

do-  4B- -7-

LC/ESI-MS/MS

SLOS

24 26



24

25
LC/ESLI-MS/MS 4o0-  4p-
-
26

WL & AR OWESL~BRUT T2,

24
4&-
-
D- D-
D-N-
25
LC-MS/MS
4- -
LC-MS/MS
ESI
SRM
26
AST.
C-3, C4
CID
40-
4B- -7-

SLOS
SLOS
40- 4B-

-7-

LC/ESI-MS/MS
17

K.Omura, A.Ohsaki, B.Zhou, M.Kushida,

T.Mitsuma, A Kobayashi, L.R.Hagey,

A.F.Hofmann, T.lida. “Improved chemical
synthesis, X-ray crystallographic analysis, and
NMR characterization of (22R)-/(22S)-hydroxy
epimers of bile acids”. Lipids, 49: 1169-1180
(2014).

K.Iwaisako, C.Jiang, M.Zhang, M.Cong,
T.J.Moore-Morris, T.J.Park, X.Liu, J.Xu,
P.Wang, Y-H.Paik, F.Meng, M.Asagiri,
L.A.Murray, A.F.Hofmann, T.lida, C.K.Glass,
D.A.Brenner, T.Kisseleva.  “Origin  of
myofiblasts in the fibrotic liver in mice”. Proc.
Natl. Acad. Si. USA., E3297-E3305 (2014).

K.Mitamura, R.Satoh, M.Kamibayashi,
K.Sato, T.ida, S.lkegawa. ‘“Simultaneous
determination of 18
tetrahydroxycorticosteroids sufates in human



urine by liquid chromatography/electrospray
ionization-tandem mass spectrometry”.
Seroids, 85: 18-29 (2014).

T.Kikuchi, K.Ishii, E.Ogihara, J.Zhang,
M.Ukiya, H.Tokuda, T.lida, R.Tanaka,
T.Akihisa. “Cytotoxic and apoptosis-inducing
activities, and anti-tumor-promoting effects of
cyanogenated and oxygenated triterpenes”.
Chem. Biodivers. 11: 491-503 (2014).

T.lida, K.Omura, R.Sakiyama,
M.Kodomari. “Regioselective dehydrogenation
of 3-keto-steroids to form conjugated enones
using o-iodoxybenzoic acid and trifluoroacetic
acid catalysis”. Chem. Phys. Lipids, 178: 45-51
(2014).

M.Maekawa, M.Shimada, T.lida, J.Goto,
N.Mano. “Tandem mass spectrometric
characterization of bile acids and steroid
conjugates based on low-energy
collision-induced dissociation”. Seroids, 80:
80-91 (2014).

R.Satoh, T.Saito, H.Ogata, A.Ohsaki, T.lida,
K.Asahina, K.Mitamura, S.Ikegawa,
A FHofmann, L.R.Hagey. “N-Methyltaurine
N-acyl amidated bile acids and deoxycholic
acid in the bile of angelfish (Pomacanthidae):
A novel bile acid profile in Perciform fish”.
Seroids, 80: 15-23 (2014).

H.Kawamoto, Y.Ohmori, M.Maekawa,
M.Shimada, N.Mano, T.lida. “An efficient
synthesis of 4o- and  4f-hydroxy-7-
dehydrocholesterol, biomarkers for patients
with  and animal models of the
Smith-Lemli-Opitz syndrome”. Chem. Phys.
Lipids, 175-176: 73-78 (2013).

JM.Ridlon, S.Ikegawa, J.M.P.Alves,
B.Zhou, A.Kobayashi, T.lida, K.Mitamura,
G.Tanabe, M.Serrano, A.D.Guzman, P.Cooper,
G.A.Buck, P.B.Hylemon. “Clostridium
scindens: A human gut microbe with a high
potential to convert glucocorticoids into
androgens”. J. Lipid Res., 54: 2437-2449
(2013).

M.Maekawa, Y.Misawa, A.Sotoura,
H.Yamaguchi, M.Togawa, K.Ohno, H.Nittono,
G.Kakiyama, T.Ilida, A.F.Hofmann, J.Goto.
M.Shimada, N.Mano. “LC/ESI-MS/MS
analysis  of  urinary  3B-sulooxy-7p-N-
acetylglucosaminyl-5B-cholen-24-oic acid and
its amides: New biomarkers for the detection
of Niemann-Pick disease”. Seroids 78:
967-972 (2013).

S.Ogawa, B.Zhou, Y.Kimoto, K.Omura,
A Kobayashi, T.Higashi, K.Mitamura,.
S.Ikegawa, L.R.Hagey, A.F.Hofmann, T.lida.

“An efficient synthesis of 7a,12a-dihydroxy-4-
cholesten-3-one and its biological precursor
7a-hydroxy-4-cholesten-3-one: Key

intermediates in bile acid biosynthesis”.
Seroids, 78: 927-937 (2013).
S.Ogawa, H.Kawamoto, T.Mitsuma,

H.Fujimori, T.Higashi, T.lida. “Stereoselective
synthesis and NMR characterization of C-24
epimeric pairs of 24-alkyl oxysterols”. Lipids,
48: 197-207 (2013).

L.R.Hagey, S.Ogawa, N.Kato, R.Satoh,
M.Une, K.Mitamura, S.Ikegawa, A.F.Hofmann,
T.Iida. “A novel varanic acid
epimer-(24R 259)-3a,7a,120,24-tetrahydroxy-
5B-cholesdtan-27-oic acid-is a major biliary
bile acid in two varanid lizards and the Gila
monster”. Seroids: 77: 1510-1521 (2012).

K.Mitamura, T.Mabuchi, K.Nagae,
M.Nakajima, R.Matsumoto, S.Fujioka, K.Sato,
R.Satoh, T.Iida, S.Ogawa, A.F.Hofmann,
S.Ikegawa. “Synthesis of multiply deuterated
3- and 21-monosulfates of
allo-tetrahydrocorticosteroids ~ as  internal
standards for mass spectrometry”. Seroids, 77:
1423-1437 (2012).

A.Muto, H.Takei, A.Unno,
T.Kurosawa, S.Ogawa, T.lida,
J.Mori, A.Ohtake, T.Hoshita, T.Mizuochi,
A.Kimura, A.F.Hofmann, L.R.Hagey,
H.Nittono. “Detection of A*-3-oxo-steroid
5B-reductase deficiency by LC-ESI-MS/MS
measurement of urinary bile acids”. J.
Chromatogr. B. 900: 24-31 (2012).

K.Mitamura, N.Hori, S.Mino, T.ida,
A.F.Hofmann, S.lkegawa. “Synthesis of the
3-sulfates of S-acyl glutathione conjugated bile
acids and their biotransformation by a rat liver
cytosolic fraction”. Chem. Phys. Lipids, 165:
261-269 (2012).

M.Furukawa, N.Okihara, T.Imohara,
M.Makino, S.Ogawa, T.lida, Y.Fujimoto,
S.Kitanaka. “Monoterpene glucosides from
Ziziphora clinopodioides (Labiates)”. Chem.
Pharm. Bull., 60: 397-401 (2012).

T.Murai,
S.Ikegawa,

35

V.Sigurdsson, H.Takei, S.Soboleva, T.Iida,
H.Hittono, K.Miharada, “Taurine-conjugated
bile acids protect expanding hematopoietic
stem/progenitor cells from unfolded protein
stress as natural chaperones”, December 6-9,
2014, 56th ASH Annual Meeting and
Exposition. (San Francisco, CA, USA)

8 «



3p-hydroxy-A’-

2014 11 22 36
“3.0x0-A*-

LC-ESI-MS/MS »
2014 10 16-17 39

M.Maekawa, M.Kudo, T.ida, Y.Kondo,
T.Shimosegawa, J.Goto, M.Shimada, N.Mano,
“Analysis of conjugated bile acids in serum
and urine of the patients with non-alcoholic
steatohepatitis using liquid
chromatography/tandem mass spectrometry”,
October 8-9, 2014, XXIII International Bile
Acid Meeting (Falk Symposium 194).
(Freiburg, Germany)

N.Mano, M.Mackawa, T.lida, J.Goto,
M.Shimada, “Tandem mass spectrometric
characterization of bile acids and steroid
conjugates for developing a focused
metabolome analysis method”, October 8-9,
2014, XXIII International Bile Acid Meeting
(Falk Symposium 194). (Freiburg, Germany)

V.Sigurdsson, H.Takei, S.Soboleva, T.lida,
H.Hittono, K.Miharada, “Taurine-conjugated
bile acids protect expanding hematopoietic
stem/progenitor cells from unfolded protein
stress as natural chaperones”, October 8-9,
2014, XXIII International Bile Acid Meeting
(Falk Symposium 194). (Freiburg, Germany)

N.Nakane, R.Sakiyama, K.Omura, T.lida,
M.Makino, K.Yasukawa, T.Aoyama,
M.Kodomari, “Efficient  synthesis and
anti-inflammatory properties of benzothiazole
derivatives of bile acids”, October 8-9, 2014,
XXIII International Bile Acid Meeting (Falk
Symposium 194). (Freiburg, Germany)

K.Omura, K.ida, Y.Kobayashi,
M.Maekawa, M.Shimada, N.Mano, L.R.Hagey,
A.F.Hofmann, T.Iida, “Chemical synthesis of
11o-hydroxy-derivatives of lithocholic acid
chenodeoxycholic acid as potential new natural
bile acids”, October 8-9, 2014, XXIII
International Bile Acid Meeting (Falk
Symposium 194). (Freiburg, Germany)

T.lida, R.Sato, T.Saito, H.Ogata,
S.Sekiguchi, N.Nakane, K.Mitamura,
S.Ikegawa, L.R.Hagey, A.F.Hofmann, “Novel
2B-Hydroxylated bile acids from the
gallbladder bile of arapaima (Arapaima gigas)”,
October 8-9, 2014, XXIII International Bile
Acid Meeting (Falk Symposium 194).
(Freiburg, Germany)

“(22R/S)- -
X-
” 2014 3
27-30 134
(13 /
” 2014 3 27-30
134
11a-
” 2014 3 27-30
134
_ BB —HAHT,
Arapaima gigas
” 2014
3 27-30 134
9 2
“ 2014 2 15 23
—” 2014 2 15 23
“(22R)/(229)-
X- NMR
” 2014 2 15 23
5,7- -3B,4&-
”» 2014 2 15
23
” 2013 10 19 35
11 (13
— 2013 10 19 35
13 “IT
SDT
” 2013 10 19 35
@ K.Mitamura, M.Kamibayashi, K.Sato,
S.Fujioka, R.Satoh, T.lida, S.Ikegawa,



“Detailed characterization of conjugation
pathways of  the tetrahydro-reduced
metabolites of nglucocorticoids by rat and
human liver fractions using LC/ESI-MS/MS”,
June 9-13, 2013, 61th Conference on American
Society for Mass Spectrometry ~ Minneapolis,
Minnesota, USA

@

L IR« LC/ESI-MS/MS

18
”? 2013 3 2730
133
@
” 2012 12 1 34
@
“ oxysterol
7a-hydroxylase
3B-HSD
” 2012 12 1 34
@
5. “LC/MS
I
” 2012 10 25 37

@ S.Ikegawa, N.Hori, T.Iida, A.F.Hofmann,
K.Mitamura, “Identification = of  S-acyl
glutathione conjugates of bile acids in human
bile by means of LC/ESI-MS”, September
14-15, 2012, XXII International Bile Acid
Meeting (Falk Symposium 184). Vienna,
Austria

@ K.Omura, Y.Kimoto, T.Iida,
K.Mitamura, S.Ikegawa, L.R.Hagey,
A.FHofmann, “Chemical synthesis of
7a,120-dihydroxy-cholest-4-en-3-one and its
12-deoxy analogue: key intermidiates in the
biosynthesis of bile acids from cholesterol”,
September 14-15, 2012, XXII International
Bile Acid Meeting (Falk Symposium 184).

Vienna, Austria
N.Kato, Tlida, S.Ogawa, M.Une,
K.Mitamura, S.Ikegawa, L.R.Hagey,
A.F.Hofmann, “A novel, major epimer of
varanic acid from bthe bile of monitor lizards:
taurine-conjugated  (24R259-30,70,120-24-
tetrahydroxy-5B-cholestan-27-oic acid”,
September 14-15, 2012, XXII International
Bile Acid Meeting (Falk Symposium 184).
Vienna, Austria

S.Ogawa,

M.Maekawa, T.Inoue, K.Ohno, H.Nittono,
T.Iida, A.F.Hofmann, J.Goto, M.Shimada,
N.Mano, “Development of an anmalytical
method for focused metabolomics of bile acid
conjugates”, September 14-15, 2012, XXII
International Bile Acid Meeting (Falk
Symposium 184).  Vienna, Austria
. MBS«

» 2012 8  8-10

TAP
” 2012 3
132
@ , , ;
, , L.R.Hagey, A.F.Hofmann

28-31

Tauro-(24R,259)-30,70,120,24-
tetrahydroxy-5p-cholestan-27-oic acid” 2012
3 28-31 132

G WIBRG, PEERG, NIFE R,
« LC/ESI-MS

allo-tetrahydrocorticosteroid 3-

21-monosulfate ” 2012 3 28-31
132
&)
” 2012 2 18 21
@ 12 13
—15 —7 2012 2 18
21
[ ] 1
(3 2 pp.881,
2014 3 28
(1)
IIDA Takashi
60060125



