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Glucosylceramide (GL-1) level in human has been considered as a surrogate biomarker for enzyme replacement
and substrate reduction therapies (ERT and SRT) for Gaucher and Fabry patients. Due to the high endogenous
level of GL-1 in human plasma, it is difficult to achieve the analytical sensitivity of plasma GL-1 below the normal
endogenous level (1.7 μg/mL to 6.6 μg/mL)when using the standard additionmethod and regular plasmamatrix
for standard curve. A high sensitivity plasma GL-1 assay with LLOQ at 0.1 μg/mL was developed and validated
using delipidized plasma so that patient plasma concentrations that are below normal reference range can be
measured accurately. The normal reference range was established from 120 healthy donors using this developed
new method. Twenty-three Fabry patient plasma samples including baseline and post-investigation drug treat-
ment samplesweremeasured. All post-treatment samples showed GL-1 concentration below 2.0 μg/mL, indicat-
ing the utility of the reported high sensitivity assay using delipidized plasma for monitoring the plasma GL-1
biomarker level in patients.
© 2016 Sanofi. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Gaucher disease and Fabry disease are lysosomal storage disorders.
The two diseases are caused by deficiency of the catabolic enzyme β-
glucocerebrosidase and α-galactosidase A (EC 3.2.1.22) [1], respective-
ly. Both enzyme deficiency leads to a systematic accumulation of
glucocerebroside (GL-1, also known as glucosylceramide) and
globotriasylceramide (GL-3, also known as ceramide trihexoside, CTH,
or Gb3) in blood and various organ tissues. These metabolic defect
causes a painful neuropathy, angiokertomas, cardiac and renal failure,
and cerebrovascular injury [2–6].

In the Fabry SRT clinical trial, very low plasma GL-1 levels were ob-
served post treatment in patients, suggesting a 20-time more sensitive
plasma GL-1 analytical method than the original plasma method with
LLOQof 2.0 μg/mL is needed. In the article, we reported a high sensitivity
GL-1 assay using delipidized human plasma as the surrogate matrix of
standards. Normal human plasma GL-1 reference range (n = 120)
was established using this high sensitivity GL-1 assay. Twenty-three
Fabry patient sampleswere analyzed and results showed the assay suit-
able for monitoring plasma GL-1 levels at low concentration.
s, Sanofi, 1 The Mountain Road,
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2. Materials and methods

Glucosylceramide (GL-1) and Internal Standard (IS), N-C18:0
galactosylceramide-D35, (perdeuterated, C18:0 fatty acid), were pur-
chased from Matreya (Pleasant Gap, PA). Delipidized plasma/serum
was purchased from Golden West Biologicals, Inc. (Temecula, CA).
Human plasma is delipidized using silica to remove the lipids. The prod-
uct is then depth filtered, diafiltered, and 0.2 um filtered and filled. The
sample extraction method was modified from the previous GL-1 meth-
od published in our laboratory but used delipidized human plasma as
standard curve matrix [7]. Briefly, 50 μL plasma in a 96-wel plate was
extracted with chloroform: methanol solution (2:1, v/v) containing in-
ternal standard. The bottom organic phase was transferred, evaporated,
and reconstituted with chloroform. The extracted GL-1 in chloroform
was then loaded onto a C18 based solid phase extraction cartridge
(LiChrolut RP-18, 500 mg, Merck, VWR #: 48219-244), washed with
chloroform, and eluted with acetone:methanol solvent (9:1, v/v). The
final eluent was then dried and reconstituted with the mobile phase
for LC/MS/MS analysis. The LC/MS/MS condition was the same as the
GL-1 method reported [7]. Chromatographic separation was achieved
using a hydrophilic interaction liquid chromatography (HILIC) column
at 40 °C (XBridge™ HILIC column, 3.5 μm, 2.1 × 50 mm, Waters Corpo-
ration, Milford, MA) with an isocratic mobile phase of 95% Methanol
with 2 mM Ammonium Acetate and 0.1% Formic Acid on a Waters
Acquity UPLC system. The triple quadrupole Sciex API-4000 mass spec-
trometer was operated at positive electrospray ionizationmode inmul-
tiple reaction monitoring (MRM) mode. The 7 isoforms and IS were
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monitored at below MS/MS transitions: 700.8 → 520.7 for C16:0 GL-1;
729.3 → 549.8 for C18:0 GL-1; 756.9 → 576.9 for C20:0 GL-1;
785.1 → 604.9 for C22:0 GL-1; 798.9 → 618.9 for C23:0 GL-1;
811.0 → 631.1 for C24:1 GL-1; 812.9 → 632.8 for C24:0 GL-1;
764.0 → 583.9 for IS N-C18:0 galactosylceramide-d35. The assay linear
range was from 0.1 to 20 μg/mL. The ratio of the total peak area of
each GL-1 isoform to peak area of internal standard was plotted against
GL-1 concentration by MultiQuant™ software. Twenty three K2EDTA
human plasma samples were obtained from 4 Fabry patients who re-
ceived an investigational substrate reduction therapy drug treatment
fromWeek 0 toWeek 18. Patient informed consent for biomarker plas-
ma GL-1 was provided.

3. Results and discussions

This high sensitivity GL-1 assay using delipidized plasma was vali-
dated. The results demonstrated that themethod was precise and accu-
rate, and met bioanalytical analysis industrial acceptance criteria. The
linear range of themethod was 0.1 to 20 μg/mL and extraction recovery
was 68.4% for GL-1 and 73.2% for IS, respectively. In original normal
plasma method, the recovery for GL-1 and IS was 84.1% and 69.1%, re-
spectively. The slope comparison of standard curve in regular human
plasma and delipidized human plasma showed a very similar slope,
which demonstrated the delipdized plasma can replace human plasma
and eliminated the interference of the endogenous GL-1 level in the
blank matrix. In a side by side comparison experiment, the slope is
Fig. 1. (A) Comparison of high sensitivity GL-1 assay (n = 120) vs. current human plasma assa
Dosing in SRT Trial.
0.79893 for normal plasma and 0.80936 for delipidized plasma. The dif-
ference is 1.3%. Also, all 7 lots of delipidized plasma have consistent
slopes, with %CV of 1.9%. The relative matrix effect was evaluated
using one lot of delipidized plasma and human plasma from six individ-
ual healthy donors. The matrix effect precision (% CV) and accuracy (%
Bias) were acceptable for both individual normal plasma and
delipidized plasma pool.

The normal reference range of plasma GL-1 was evaluated and var-
ied from 1.7 to 6.7 μg/mL (n = 120) using the high sensitivity method,
and from 1.7 μg/mL to 6.6 μg/mL (n = 100) using regular plasma GL-1
method (Fig. 1A). These data showed two methods gave very similar
reference ranges and were in agreement with literature [2], in which
GL-1 levels were determined in plasma samples obtained from 28
human healthy subjects through liquid-liquid extraction followed by
LC/MS/MS analysis. For the 4 patients in the Fabry SRT trial week 0 to
week 18, 19 out of 23 patient samples showed GL-1 concentrations
below 2.0 μg/mL. As shown in Fig. 1B, all four patients had GL-1 concen-
tration dropped below 2 μg/mL at 4 weeks post treatment in SRT trial.

Standard addition approach is commonly used to quantify bio-
markers that contain high endogenous level in the human samples
[8–10] in order to minimize matrix effect difference between standard
curve and patient samples. However, it is technically challenging to de-
velop a method with an LLOQ less than the normal reference range of
the endogenous analyte present in the blank plasma (standard zero).
Alternatively, isotope labeled analyte can be used for standard curve
preparation [11]. However, obtaining stable labeled total GL-1 could
y (n = 100) using different normal plasma samples (B) Patient GL-1 Concentration after
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be costly. Delipidized plasmawithout endogenous GL-1 level is a better
choice for standard curve matrix to enhance the sensitivity. The surro-
gate matrices should mimic regular plasma characteristics during ex-
traction. The surrogate matrices like human serum albumin in
phosphate buffer saline, as well as artificial plasma were tried and
showed significant difference in slopes comparing to regular human
plasma. The delipidized plasma mimicked regular human plasma in
the current reported method, which produced a similar slope as mea-
sured in regular human plasma for GL-1 analysis.

In summary, the high sensitivity GL-1 assay was successfully devel-
oped and validated for its intended use to measure GL-1 in human plas-
ma samples. Use of delipidized plasma as the blank matrix provided a
much more sensitive LLOQ for monitoring GL-1 decrease in Fabry pa-
tients during an investigational substrate reduction therapy clinical
trial.
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