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In the urine of a Niemann–Pick disease type C (NPC) patient, we have identi�ed three characteristic in-
tense peaks that have not been observed in the urine of a 3β-hydroxysteroid-Δ5-C27-steroid dehydrogenase 
de�ciency patient or a healthy infant and adult. Based on accurate masses of the protonated molecules, we 
focused on two of them as candidate NPC diagnostic markers. Two synthesized authentic preparations 
agreed with the two compounds found in NPC patient urine in regard to both chromatographic behavior 
and accurate masses of the deprotonated molecules. Moreover, the isotopic patterns of the deprotonated 
molecules, twin peaks unique to the sulfur-containing compounds appearing in their second isotope posi-
tions, and accurate masses of product ions observed at m/z 97 also agreed between the target compounds 
and authentic preparations. We identi�ed the two compounds as the sulfated cholesterol metabolites as 
3β-sulfooxy-7β-hydroxy-5-cholen-24-oic acid and 3β-sulfooxy-7-oxo-5-cholen-24-oic acid. �ese two 
compounds represent more promising candidate diagnostic markers for NPC diagnosis than three other 
candidates that are multiple conjugates of cholesterol metabolites, 3β-sulfooxy-7β-N-acetylglucosaminyl-5-
cholen-24-oic acid and its glycine and taurine conjugates, although we have reported an analytical method 
for determining the urinary levels of these compounds using liquid chromatography/electrospray ioniza-
tion tandem mass spectrometry, because of their lack of N-acetylglucosamine conjugation.
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INTRODUCTION

Niemann–Pick disease type C (NPC), an autosomal 
recessive genetic disorder,1) is di�cult to diagnose due to 
its complex symptoms, which depend on age of onset.2) 
Recently, we developed an analytical method for focused 
metabolomics using liquid chromatography/electrospray 
ionization tandem mass spectrometry (LC/ESI-MS/MS), 
and analyzed sulfated cholesterol metabolites in the urine of 

an NPC patient to identify diagnostic marker candidates.3) 
We detected abnormal multi-conjugated cholesterol metab-
olites, 3β-sulfooxy-7β-N-acetylglucosaminyl-5-cholen-24-
oic acid (SNAG-Δ5-CA) and its glycine (SNAG-Δ5-CG) and 
taurine conjugates (SNAG-Δ5-CT), which were reported in 
the urine of an NPC patient by Alvelius and co-workers,4) as 
well as three other metabolites.3) �e latter three compounds 
were di�erent from metabolites found in the urine from a 
patient of 3β-hydroxysteroid-Δ5-C27-steroid dehydrogenase 
(3β-HSD) de�ciency, a healthy adult, or a normal infant. 
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We believe these molecules present new candidates for NPC 
diagnostic markers, and therefore sought to identify them.

In this study, we �rst estimated the compounds’ struc-
tures from their masses, retention times, and possible bio-
synthesis routes. Next, we synthesized potential metabolites, 
subjected them to LC/ESI-MS/MS on a high-resolution 
instrument, and compared the results with the target me-
tabolites.

EXPERIMENTAL METHODS

Materials
Ultrapure water was prepared using a PURELAB ultra 

apparatus (Organo, Tokyo, Japan). Methanol, ammonium 
acetate, and ammonia solution were purchased from Wako 
Pure Chemical Industries, Ltd. (Osaka, Japan). All other 
chemicals were analytical grade and solvents were HPLC or 
LC/MS grade. 3β-Sulfooxy-7β-hydroxy-5-cholen-24-oic acid 
disodium salt was synthesized according to the synthetic 
scheme shown in later. 3β-Sulfooxy-7-oxo-5-cholen-24-oic 
acid disodium salt was an authentic standard that we had 
synthesized previously.5) �e urine of a 3-month-old male 
NPC patient was kindly supplied by Tottori University 
Hospital (Tottori, Japan) and frozen at −80°C until use. �is 
study was carried out according to a protocol approved by 
the ethical committee of the Graduate School of Medicine in 
Tohoku University.

LC/ESI-MS/MS analysis of the urine of an NPC 
patient

One-hundred microliters of NPC patient urine was dilut-
ed with 900 µL of water, 100 µL of the diluted urine was then 
mixed with 100 µL of water. A�er mixing and centrifugation 
(14,000×g, 5 min, 4°C), 50 µL of supernatant was injected 
into the LC/ESI-MS/MS system.

LC conditions were as the previously described.3) A Nano-
space SI-2 LC system (Shiseido, Tokyo) was used. Online 
solid-phase extraction was achieved on a Shim-pack MAYI-
C8 trapping column (50 µm, 4.6 mm i.d. ×10 mm, Shimadzu, 
Kyoto, Japan) with a mixture of 20 mmol/L ammonium 
acetate solution (pH 7.0)/methanol (9 : 1, v/v) at a �ow rate 
of 1.0 mL/min for 3 min. Chromatographic separation was 
achieved on a YMC-Pack Pro C18 column (5 µm, 2.0 mm i.d. 
×250 mm, YMC, Kyoto) with binary gradient elution using 
a mixture of 20 mmol/L ammonium acetate solution (pH 
7.0)/methanol (19 : 1, v/v) as mobile phase A and a mixture of 
20 mmol/L ammonium acetate solution (pH 7.0)/methanol 
(1 : 19, v/v) as mobile phase B. Equilibration was performed 
with 50% of mobile phase B. Percentage of mobile phase B 
(B%) was shi�ed to 80% linearly over 120 min.

High-resolution and accurate tandem mass spectrometry 
was performed on a Q Exactive hybrid quadrupole-orbitrap 
mass spectrometer (�ermo Fisher Scienti�c, Waltham, 
MA, USA) coupled with a heated-ESI probe. Heater and 
capillary temperatures were set at 450 and 320°C, respec-
tively, and spray voltage was set at −3.5 kV. Flow rate of 
sheath gas, aux gas, and sweep gas were set at 50, 20, and 1 
units, respectively. S-lens RF voltage was set at 50 V. Data 
from two mass spectrometric analyses were acquired within 
each cycle. In the �rst analysis, MS scan ranging from 
m/z 100 to 900 was performed. Mass resolution was set at 
70,000. Automatic gain control (AGC) target and maximum 

injection time (IT) were set at 2×105 and 0.1 s, respectively. 
In the next analysis, product ion scan analysis was per-
formed at the same resolution, AGC target, and maximum 
IT parameters as for the MS scan. Stepped normalized colli-
sion energy (NCE) was set at 35%. �e ions at m/z 469.22655 
and 467.21090 were selected as precursor ions.

Synthesis of 3β-sulfooxy-7β-hydroxy-5-cholen-24-
oic acid disodium salt

Methyl 3β-tert-butyldimethylsilyloxy-7β-acetoxy- 
5-cholen-24-oate

To a magnetically stirred solution of methyl 3β-tert-
butyldimethylsilyloxy-7β-hydroxy-5-cholen-24-oate (0.61 g, 
1.2 mmol) in pyridine (10 mL), prepared in eight steps from 
chenodeoxycholic acid (3α,7α-dihydroxy-5β-cholan-24-oic 
acid),5,6) was added 4,4-dimethylaminopyridine (60 mg) in 
acetic anhydride (5 mL). A�er stirring at 50°C for 2 h, the 
reaction product was extracted with EtOAc. �e combined 
extract was washed with 10% HCl, saturated NaHCO3, and 
saturated brine, dried over Drierite; and evaporated under 
reduced pressure. Recrystallization of the residue from 
methanol gave the title compound as colorless needles: 
yield, 0.66 g (ca. 100%). mp, 153–154°C. 1H-NMR (CDCl3), 
δ: 0.04 [6H, s, –Si(CH3)2C(CH3)3], 0.68 (3H, s, 18-CH3), 0.87 
[9H, s, –Si(CH3)2C(CH3)3], 0.91 (3H, d, J=6.8 Hz, 21-CH3), 
1.05 (3H, s, 19-CH3), 2.01 (3H, s, –OCOCH3), 3.48 (1H, br m, 
3α-H), 3.65 (3H, s, –COOCH3), 5.00 (1H, dm, J=8.6 Hz, 
7α-H), 5.18 (1H, s, 6-H). 13C-NMR (CDCl3), δ: −4.65, 11.75, 
18.23, 18.32, 19.05, 21.02, 21.67, 25.13, 25.89, 28.23, 30.94, 
31.03, 31.93, 35.26, 36.46, 36.93, 39.34, 42.21, 42.85, 48.16, 
51.51, 55.04, 55.52, 72.03, 75.82, 120.87, 145.94, 171.34, 
174.70. ESI-HRMS, calculated for C33H56O5NaSi [M+Na]+: 
583.3750; found, m/z: 583.3749.

Methyl 3β-hydroxy-7β-acetoxy-5-cholen-24-oate
A solution of methyl 3β-tert-butyldimethylsilyloxy-7β-

acetoxy-5-cholen-24-oate (652 mg, 1.2 mmol) dissolved in 
acetone (5 mL) and methanol (5 mL) mixture containing 
10% HCl (1 mL) was stirred at room temperature for 10 min. 
A�er evaporation of the solvents under reduced pressure, 
the residual oily product was extracted with EtOAc. �e 
combined EtOAc extract was washed with saturated brine, 
dried over Drierite, and evaporated to dryness. Recrys-
tallization of the residue from CH2Cl2–hexane gave the 
desired compound as a colorless amorphous solid: yield, 
444 mg (86%). mp, 144–145°C. 1H-NMR (CDCl3), δ: 0.70 
(3H, s, 18-CH3), 0.92 (3H, d, J=6.8 Hz, 21-CH3), 1.07 (3H, 
s, 19-CH3), 2.03 (3H, s, –OCOCH3), 3.56 (1H, br m, 3α-H), 
3.66 (3H, s, –COOCH3), 5.03 (1H, dm, J=8.1 Hz, 7α-H), 5.21 
(1H, s, 6-H). 13C-NMR (CDCl3), δ: 11.68, 18.23, 18.95, 20.95, 
21.58, 25.01, 28.13, 30.84, 30.93, 31.25, 35.16, 36.30, 36.72, 
39.22, 41.51, 42.76, 48.01, 51.43, 54.94, 55.38, 70.93, 75.62, 
121.13, 145.26, 171.25, 174.64. ESI-HRMS, calculated for 
C27H42O5Na [M+Na]+: 469.2930; found, m/z: 469.2922.

3β-Sulfooxy-7β-hydroxy-5-cholen-24-oic acid di-
sodium salt

To a magnetically stirred solution of methyl 3β-hydroxy- 
7β-acetoxy-5-cholen-24-oate (444 mg, 1.0 mmol) in pyridine 
(5 mL) was added sulfur trioxide–trimethylamine complex 
(750 mg), and the mixture was stirred at room temperature 



IDentIFIcatIon oF Two SuLFateD CHoLesteroL MetaBoLItes FounD In tHe UrIne oF a PatIent wItH NPC as NoveL CanDIDate DIagnostIc MarKers Vol. 5 (2016), S0053 

 Page 3 of 8

for 1 h. A�er decantation of the reaction mixture with pe-
troleum ether for several times to remove insoluble materi-
als and then evaporation of the solvent, the residue dissolved 
in 10% NaOH solution (10 mL) was re�uxed overnight. 
�e resultant solution was adjusted to pH 8 with 10% HCl 
and passed through a reversed-phase Sep-Pak Vac tC18 
cartridge (10 g). Elution with methanol/water (1 : 1, v/v) af-
forded the desired compound, which was recrystallized 
from methanol/EtOAc as a colorless amorphous solid: yield, 
384 mg (75%). Discolored to dark brown at ca. 215°C (de-
composition). 1H-NMR (CD3OD), δ: 0.71 (3H, s, 18-CH3), 
0.95 (3H, d, J=6.8 Hz, 21-CH3), 1.06 (3H, s, 19-CH3), 3.72 
(1H, dm, J=8.0 Hz, 7α-H), 4.14 (1H, br m, 3α-H), 5.28 (1H, 
s, 6-H). 13C-NMR (CD3OD), δ: 12.34, 19.07, 19.34, 22.21, 
27.35, 29.51, 29.95, 34.07, 36.23, 37.24, 37.51, 38.10, 39.90, 
40.98, 41.11, 44.04, 48.05, 56.92, 57.68, 73.69, 79.41, 128.23, 
143.34, 183.68. ESI-HR-MS, calculated for C24H37O7S 
[M−2Na+2H−H]−: 469.2260; found, m/z: 469.2245.

LC/ESI-HRMS and LC/ESI-HRMS/MS analysis of 
authentic standards

Both authentic standards, 3β-sulfooxy-7β-hydroxy-5-
cholen-24-oic acid disodium salt and 3β-sulfooxy-7-oxo-5-
cholen-24-oic acid disodium salt, were dissolved and diluted 
at 1.0 µg/mL concentration with water/ethanol (1 : 1, v/v). 
One hundred microliters of diluted urine or standard solu-
tions was mixed with 100 µL of water. A�er centrifugation 
(14,000×g, 5 min, 4°C), 50 µL of supernatant was subjected 
to LC/ESI-MS/MS analysis. LC/ESI-MS/MS was performed 
under the above-mentioned conditions except for resolution, 
which was set at 140,000.

RESULTS AND DISCUSSION

�ree peaks at m/z 453, 467, and 469, detected in the 
urine of an NPC patient in a previous report, were deter-
mined to be singly charged ions possessing a sulfate group, 
as indicated by the generation of HSO4

− as a product ion.3) 
In the earlier report, we estimated their compositions as 
C24H38O6S, C24H36O7S, and C24H38O7S, respectively.3) In this 
study, we analyzed the three compounds on a Q-Exactive 
hybrid quadrupole-orbitrap mass spectrometer, which can 
analyze mass at high accuracy (within 5 ppm). Results are 
shown in Table 1. Although the accurately measured masses 
of two peaks, m/z 467 and 469 (estimated as C24H36O7S and 
C24H38O7S, respectively), were in close agreement with their 
theoretical values (Δmmu, approximately 0.7), the peak at 

m/z 453 disagreed with the theoretical value for C24H38O6S. 
Four candidate compounds were within the range of 5 ppm 
of these values, but C25H27O5NS was excluded as a probable 
composition because of the nitrogen rule. We could also 
eliminate C22H29O8S and C14H33O10N2S2 because these com-
pounds are not natural steroids. �e degree of unsaturation 
of C19H33O8S2 is six, and it cannot contain any double bonds 
in its structure if it is a steroid sulfate. Because no such com-
pound occurs naturally, we eliminated the peak at m/z 453 
as a candidate diagnostic biomarker for NPC.

Another compound with the same composition formula 
as C24H38O7S was detected in the urine of a patient with 
3β-HSD de�ciency in our previous report3); however, its 
retention time (tR, 33.5 min) was signi�cantly di�erent 
from that of the target compound at m/z 469 (tR, 21.0 min). 
3β,7α-Dihydroxy-5-cholen-24-oic acid and its conjugates 
are present in blood and urine of 3β-HSD de�ciency pa-
tients,7,8) and the peak with a retention time of 33.5 min has 
been identi�ed as 3β-sulfooxy-7α-hydroxy-5-cholen-24-oic 
acid based on comparison of retention times with those 
of authentic preparations. �e retention time of the peak 
at m/z 469 found in the urine of the NPC patient was sub-
stantially shorter than that of 3β-sulfooxy-7α-hydroxy-5-
cholen-24-oic acid.3) �e retention times of bile acid analogs 
are greatly a�ected by the direction of hydroxy groups on 
the steroid skeleton.9,10) For example, ursodeoxycholic acid 
(3α,7β-dihydroxy-5β-cholanoic acid) which has a hydroxy 
group at the C-7β position, is eluted more rapidly than 
its isomer chenodeoxycholic acid (3α,7α-dihydroxy-5β-
cholanoic acid), in reversed-phase HPLC.9,10) In addition, 
5-cholenoic acid has a wider β-side of the steroid skeleton 
than 5β-cholanoic acid, indicating that its retention time is 
more likely to be a�ected by the positions of hydroxy groups 
on the steroid skeleton.11) �erefore, we speculated the com-
pound observed at m/z 469 included a hydroxy group at the 
C-7β position.

�ree multi-conjugated cholesterol metabolites, SNAG-
Δ5-CA, SNAG-Δ5-CG, and SNAG-Δ5-CT, which were de-
tected in the urine of an NPC patient by Alvelius and 
co-workers,4) are strong candidates for NPC diagnostic 
markers.12) �ese compounds are conjugates of sulfuric acid, 
N-acetylglucosamine, and amino acids at the C-3, C-7, and 
C-24 positions, respectively, of 3β,7β-dihydroxy- 5-cholen-
24-oic acid (molecular weight=390; composition=C24H38O4). 
�e composition formula of the peak at m/z 469 as a de-
protonated molecule is probably C24H38O7S as mentioned 
above, and the di�erence between C24H38O4 and C24H38O7S 

Table 1. Accurate mass and candidate formulas of three peaks in the urine of the NPC patient.

No.
Retention time 

(min)
Observed mass 

(m/z)
Candidate formula

�eoretical mass 
(m/z)

Di�erence from  
observed mass 

(Δmmu)

Di�erence from  
theoretical mass (ppm)

1 13.4 453.1590 C25H28O5NS 453.1605 1.45 3.200
C22H30O8S 453.1578 −1.24 −2.736
C19H34O8S2 453.1611 2.14 4.722
C14H33O10N2S2 453.1571 −1.89 −4.171

2 17.5 469.2268 C24H38O7S 469.2260 −0.78 −1.662
C27H35O4NS 469.2281 1.35 2.877
C21H42O7S2 469.2288 2.04 4.348

3 19.6 467.2111 C24H36O7S 469.2104 −0.70 −1.492
C27H33O4NS 469.2125 1.38 2.941
C21H40O7S2 469.2132 2.07 4.412
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is SO3, suggesting that C24H38O7S may be a sulfate conjugate 
of 3β,7β-dihydroxy-5-cholen-24-oic acid, as shown in Fig. 
1A. In a similar manner, we speculated that the compound 
observed at m/z 467 as a deprotonated molecule was a sul-
fate conjugate of 3β-hydroxy-7-oxo-5-cholen-24-oic acid 
(C24H36O7S) (Fig. 1B). �erefore, we prepared these two au-
thentic compounds.

We previously synthesized methyl 3β-tert-butyldimethyl-
silyloxy- 7β-hydroxy-5-cholen-24-oate (2) in eight steps from 
chenodeoxycholic acid5,6); its precursor substance is methyl 

3β-tert-butyldimethylsilyloxy-7-oxo-5-cholen-24-oate (1), as 
shown in Fig. 2. A�er acetylation of the hydroxy group at 
the C-7 position of compound 2, deprotection of a TBDMS 
group was performed to yield compound 4. �at prod-
uct was sulfated to a hydroxy group at the C-3 position, 
and then hydrolyzed to prepare 3β-sulfooxy-7β-hydroxy-5-
cholen-24-oic acid (5). Compound 1, oxo-form, was convert-
ed to 3β-sulfooxy-7-oxo-5-cholen-24-oic acid (7) in a similar 
manner at reasonable isolated yields.

Next, we analyzed two authentic preparations, 3β- sulfo-
oxy- 7β-hydroxy-5-cholen-24-oic acid and 3β-sulfooxy-7-
oxo- 5-cholen-24-oic acid, and target compounds observed 
at m/z 469 and 467 found in the urine of the NPC patient3) 
using an accurate high-resolution mass spectrometer cou-
pled with an HPLC system. First, we compared retention 
times, and the results are shown in Fig. 3 and Table 2A. �e 
retention times of the two compounds found in the urine of 
the NPC patient agreed rather well with those of the authen-
tic preparations, 3β-sulfooxy-7β-hydroxy-5-cholen-24-oic 
acid (ΔtR, 0.06 min) and 3β-sulfooxy-7-oxo-5-cholen-24-oic 
acid (ΔtR, 0.04 min). For purposes of metabolite identi�ca-
tion, Summer et al.13) recommended comparison of or-
thogonal parameters such as retention time, mass spectrum, 
tandem mass, and isotopic pattern between metabolites and 
authentic standards. In addition, single peaks were detected 
in authentic standards spiked urine sample (Figs. 3C and 
3F).

�e mass spectra of the two target compounds and 
two authentic standards are shown in Fig. 4. Both target 
compounds, which were speculated to be 3β-sulfooxy-7β-
hydroxy-5-cholen-24-oic acid and 3β-sulfooxy-7-oxo-5-
cholen-24-oic acid, exhibited almost the same retention 
times and accurate masses as the corresponding authentic 
standards (Table 2B). In addition, we also compared the 
isotopic patterns of deprotonated molecules. �e theoreti-
cal isotopic pattern of C24H38O7S observed at m/z 469 is in-

Fig. 1. Proposed structures of the candidate diagnostic markers for 
NPC found at m/z 469 (A) and 467 (B).

Fig. 2. Synthetic routes for authentic preparations of two candidate diagnostic markers for NPC.

Reagents and conditions: (a) zinc borohydride/dry-benzene/N2, r.t., 2 h; (b) acetic anhydride/pyridine/4,4-dimethylaminopyridine, 50°C, 
2 h; (c) 10% HCl/acetone/MeOH, r.t., 10 min; (d) sulfur trioxide trimethylamine complex/pyridine, r.t., 1 h; (e) 10% NaOH/H2O, re�ux, 
overnight.
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serted in Figs. 4A and 4B. �e sulfur-containing compound 
is marked by the appearance of twin peaks at the second 
isotope position. �e accurate mass of the isotope contain-
ing one 34S is m/z 471.2218, present at a relative intensity of 
approximately 4.5%. �e accurate masses of isotopes con-
taining one 18O or two 13C are m/z 471.2303 (1.44%) and 
471.2327 (3.23%), respectively, and because orbitrap instru-
ment with high mass resolution (a value of m/Δm=140,000) 
and high mass accuracy (<5 ppm) can separate 34S from 18O 
or 13C2 but cannot separate the peaks derived from 18O and 
13C2. �erefore, the ‘twin peaks’ shown in Fig. 4 were 34S- 
and sum of (18O- and 13C2)-derived peaks. In the LC-MS/MS 
analysis, we observed twin peaks in the mass spectra of both 
the peaks from NPC patient urine and the authentic stan-
dard, although their relative intensities di�ered (insertion in 
Fig. 4). In a similar manner, we also observed characteristic 
twin peaks at the second isotope position of m/z 467 in both 
mass spectra. A list of the product ions is provided in Table 

2C. Both the target compounds found in the NPC patient 
urine and the authentic standards produced the same prod-
uct ion corresponding to HSO4

− at m/z 96.9607.
We identi�ed two diagnostic marker candidates for 

NPC, 3β-sulfooxy-7β-hydroxy-5-cholen-24-oic acid and 
3β-sulfooxy-7-oxo-5-cholen-24-oic acid, in the urine of an 
NPC patient.3) Bile acids commonly have an amino acid 
group at the C-24 position, and glycine and taurine conju-
gates of these compounds were present in NPC patient urine 
(Supplementary data in ref. 3) although their abundances 
were 3-10-fold lower than those of the non-amidates.3) In 
humans, glycine and taurine conjugations of bile acids are 
in�uenced by diet,14–16) accordingly the presence or absence 
of amino acid conjugation at the C-24 position should not be 
exploited in NPC diagnostics. 3β-Sulfooxy-7β-hydroxy-5-
cholen-24-oic acid is the precursor of SNAG-Δ5-CA. UDP 
glycosyltransferase (UGT) 3A1 catalyzes the transfer of N-
acetylglucosamine from UDP N-acetylglucosamine to the 

Fig. 3. Extracted ion chromatograms of m/z 469 (A); authentic preparation of 3β-sulfooxy-7β-hydroxy-5-cholen-24-oic acid (B); NPC patient 
urine (C); authentic preparation spiked NPC patient urine and m/z 467 (D); authentic preparation of 3β-sulfooxy-7-oxo-5-cholen-24-oic 
acid (E); NPC patient urine (F); authentic preparation spiked NPC patient urine, respectively.

Chromatographic conditions are shown in Experimental section.
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7β-hydroxy group on ursodeoxycholic acid,17–19) and Maz-
zacuva et al.20) reported that the same enzyme catalyzes the 
transfer of N-acetylglucosamine onto 3β,7β-dihydroxy-5-
cholenoic acid. Moreover, the same authors showed that 
the inactivation of UGT3A1 by genetic mutation suppress 
the production of 3β-hydroxy-7β-N-acetylglucosaminyl-5-
cholenoic acid in NPC patients. �ese observations suggest 
that the presence or absence of amino acid conjugations 
and/or N-acetylglucosamine at the C-7β and C-24 positions, 
respectively, are not important for NPC diagnosis. On the 
other hand, the sulfate conjugation at the C-3 position may 
not interfere with diagnosis because of the broad substrate 
speci�city of SULT2A1.21) Sulfate conjugation of marker 
candidates make their excretion into the urine easily, result-
ing in invasive reduction on the clinical laboratory tests for 
NPC diagnosis.

CONCLUSION

We identi�ed two urinary sulfated cholesterol metab-
olites, 3β-sulfooxy-7β-hydroxy-5-cholen-24-oic acid and 
3β-sulfooxy-7-oxo-5-cholen-24-oic acid, in the urine of an 
NPC patient, and we consider that compounds represent 
novel candidate urinary biomarkers for diagnosis of NPC. 
Measurement of the accurate masses of deprotonated mol-
ecules using a Q Exactive orbitrap-quadrupole hybrid mass 
spectrometer enabled separation of twin peaks unique to the 
sulfur-containing compounds at the second isotope position 
of deprotonated molecules. Because these compounds do 
not undergo N-acetylglucosamine conjugation at the C-7β 
position, they should be useful candidate diagnostic mark-
ers for NPC, and should yield a lower level of false-negative 
results than other markers.
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