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Gaucher disease is an autosomal recessive disorder caused by deficiency of the enzyme glucocerebrosidase.
Although it is a monogenic disease, there is vast phenotypic heterogeneity, even among patients with the same
genotype. MicroRNAs (miRNAs) are small non-coding RNAs involved in many biological processes and diseases. To
determine whether miRNAs can affect glucocerebrosidase activity, we performed a screen of 875 different miRNA
mimics. The screen was performed using Gaucher fibroblasts, and glucocerebrosidase activity was used as the initial
outcome parameter. We found several miRNAs that either up- or down-regulated glucocerebrosidase activity. In follow-
up assays, we confirmed that one specific miRNA (miR-127–5p) down-regulated both glucocerebrosidase activity and
protein levels by down-regulation of LIMP-2, the receptor involved in proper trafficking of glucocerebrosidase from the
endoplasmic reticulum to the lysosome. A conditioned media assay demonstrated that cells treated with this miRNA
secreted glucocerebrosidase into the extracellular environment, supporting impaired LIMP-2 function. Two other
miRNAs, miR-16–5p and miR-195–5p, were found to up-regulate glucocerebrosidase activity by greater than 40% and
to enhance expression and protein levels of the enzyme. In conclusion, we show that miRNAs can alter
glucocerebrosidase activity in patient cells, indicating that miRNAs can potentially act as modifiers in Gaucher disease.

Introduction

Gaucher disease (GD) is the most common lysosomal storage
disorder worldwide. Overall, the disease frequency has been esti-
mated between 1:40,000 and 1:60,000 individuals in the general
population, while it has a higher frequency in the Ashkenazi Jew-
ish population (1:850 individuals).1,2 GD, an autosomal reces-
sive disorder, has been clinically subdivided according to severity
of symptoms and involvement of the Central Nervous System
(CNS).1 Clinical manifestations in patients with type 1 or non-
neuronopathic GD (OMIM #230800) range from asymptomatic
individuals to children with significant hepatosplenomegaly, ane-
mia, thrombocytopenia, and bone disease. Type 2 or acute neu-
ronopathic GD (OMIM #230900) is the most severe form,
leading to a very short life expectancy (less than 2 years) due to
devastating and rapidly progressive neurological impairment.
The intermediate form of GD is type 3 or chronic neuronopathic

(OMIM #2301000). Although patients with type 3 GD also
have CNS involvement, these symptoms often develop later, and
the progression of the disease is less aggressive. Generally, all 3
GD types are characterized by hepatosplenomegaly, anemia,
thrombocytopenia, and bone involvement.1,3

Glucocerebrosidase (GCase, E.C. 3.2.1.45) is the lysosomal
enzyme responsible for the degradation of glucocerebroside (GC)
into glucose and ceramide. This enzyme is deficient or absent in
patients with GD, resulting in the accumulation of GC within
lysosomes of macrophages.1 GCase is encoded by the GBA1 gene
on chromosome 1q21.4 Approximately 300 different disease-
causing mutations have been identified throughout the 11 exons
of GBA1. Some are more common in patients with specific eth-
nicities; for instance, N370S (c.1226A > G) in Ashkenazi Jews.5

Although there is some correlation between genotype and pheno-
type in GD, often mutations in GBA1 cannot be used to predict
a patient’s clinical symptoms. Studies have demonstrated that

*Correspondence to: Scott E Martin; Email: martinsc@mail.nih.gov; Ellen Sidransky; Email: sidranse@nih.gov
Submitted: 06/06/2014; Accepted: 10/02/2014
http://dx.doi.org/10.1080/15476286.2014.996085

www.landesbioscience.com 1291RNA Biology

RNA Biology 11:10, 1291--1300; October 2014; © 2014 Taylor & Francis Group, LLC
RESEARCH PAPER



patients with the same genotype, even twins and sibling pairs, can
have differences in disease severity and response to treatment.6,7

While GD has been considered a simple monogenic disorder,
this paradigm is being challenged due to the vast phenotype het-
erogeneity, as well as the variable therapeutic responsiveness.
Thus, additional factors are likely involved in GD, such as epige-
netic elements and modifier genes.8 To date, a few well-defined
modifier genes have been identified that modulate and regulate
GCase protein levels or activity. Two important modifiers are
Saposin C (SapC), an activator of GCase encoded by the PSAP
gene,9 and Lysosomal Integral Membrane Protein type 2 (LIMP-
2), encoded by SCARB2, a receptor responsible for the sorting of
GCase to the lysosomes.10 However, these modifiers do not fully
explain all of the divergent clinical findings encountered in
patients sharing the same genotype. For this reason, it is necessary
to identify other pathways that may affect GCase function in
patients with GD in order to better understand disease pathogen-
esis and to identify targets for future therapeutic approaches.

One class of small non-coding RNAs, microRNAs (miRNAs),
play a very important role as regulators of gene expression in
plants, animals and viruses. Mature miRNA duplexes are approx-
imately 22 nucleotides in length and bind to their mRNA targets
primarily in the 30 untranslated region (UTR) through critical
nucleotides 2–8 at the 50 end of the miRNA sequence (seed
sequence). miRNAs mediate gene silencing post-transcriptionally
by mRNA degradation and/or repression of translation.11 Hun-
dreds of genes and corresponding pathways can be potentially
regulated by a unique miRNA, and numerous miRNAs can con-
trol a specific mRNA.12 miRNAs are involved in many biological
processes including the stress response,13 inflammation,14 heart
diseases,11 autophagy,15 apoptosis, cancer,12 neurological diseases
such as Alzheimer and Parkinson diseases,16 and many more.
Because of the diverse functional roles of miRNAs in many pro-
cesses and diseases, these small RNAs are being explored as dis-
ease-related biomarkers and are being considered in a variety of
therapeutic applications (either as miRNA antagonists or miRNA
mimics).

The limited genotype-phenotype correlations in GD, as well
as the remarkable importance of miRNAs in a wide range of bio-
logical processes, prompted us to investigate whether miRNAs
could affect GCase activity. To address this question, we con-
ducted miRNA mimic screening to identify miRNAs that regu-
late GCase activity in N370S/N370S Gaucher fibroblasts. We
found that GCase activity can be altered by select miRNA
mimics, and that some of these effects can be explained by the
down- or up-regulation of GBA1 mRNA levels, GCase protein
levels and/or by affecting other proteins related to GCase, such as
LIMP-2.

Results

miRNA screening, hit selection, and reconfirmation
In the present study, miRNA mimic screening (Sanger miR-

Base 13.0) was performed in WT and N370S/N370S Gaucher
fibroblasts to evaluate the effects of introducing different

miRNAs in increased abundance on GCase activity. Primary
screening was performed in duplicate, and after 72 hours of incu-
bation GCase activity was evaluated. GCase enzyme activity was
chosen as the outcome parameter, while cell viability was mea-
sured in corresponding plates to identify miRNAs affecting cell
viability. A summary of the entire workflow is shown in Figure 1,
and all screening data can be found in the Supplementary
Table S1.

For both WT and N370S/N370S Gaucher fibroblasts, the
control samples on each assay plate were consistent, independent
of cell type or assay (activity or viability - Supplementary Fig. 1).
Replicates for GCase enzyme activity and viability assays also
showed consistent and reproducible results, both for WT
(Fig. 2A and B) and N370S/N370S (Figs. 2D and E) lines.
When we compared GCase activity and viability, the correlation
was not strong in either cell type, indicating that the observed
miRNA effects were not strictly related to cell toxicity or number
(Figs. 2C and F). Moreover, a comparison of the primary screen-
ing data (Figs. 2G and H) indicated that the results were repro-
ducible in both cell types.

Based on the primary screening data, we selected 13 miRNAs
that up-regulated and 8 that down-regulated GCase activity.
Selected candidates exhibited a Z-score of at least C/- 2 in
N370S/N370S cells and did not affect viability by more than
one standard deviation. To confirm our findings, we performed
follow-up testing in 384- (Figs. 3A and B) and 96-well (Figs. 3C
and D) plates under the same conditions as the primary screen.
Our results were similar regardless of the cell number or reagents
used. From the 21 miRNAs chosen for reconfirmation (Fig. 3), 8
of the most active, including 5 miRNAs that up-regulated (miR-
195–5p, miR-16–5p, miR-765, miR-493–5p, and miR-1243)
and 3 that down-regulated (miR-127–5p, miR-19a-5p, and
miR-1262) GCase activity, were selected for further studies.
These 8 mimics were also shown to be active in a different
N370S/N370S Gaucher fibroblast line from that used for the
primary screen (Fig. 4).

Analysis of GBA1, SCARB2 and PSAP expression levels
in N370S/N370S cells

We hypothesized that a decrease or increase of the GCase
activity by specific miRNAs could be due to changes in
the mRNA expression levels of GBA1 or other genes that regulate
GBA1 expression. Gene expression was measured by real-time
PCR based on the 2-DDCt method. To identify alterations in
GBA1 levels, we compared GBA1 expression in N370S/N370S
Gaucher cells transfected with selected miRNAs (miR-195–5p,
miR-16–5p, miR-765, miR-493–5p, miR-1243, miR-127–5p,
miR-19a-5p, and miR-1262) to cells transfected with NegCtrl
siRNA. As expected, cells transfected with GBA siRNA showed
significant reduction of GBA1 expression when compared to cells
treated with NegCtrl siRNA (p < 0.001; Fig. 5A). None of the 3
miRNAs that down-regulated GCase enzyme activity (miR-127–
5p, miR-19a-5p, and miR-1262) strongly affected GBA1 expres-
sion (< 50%, p > 0.001). On the other hand, 2 (miR-195–5p
and miR-16–5p) of the 5 up-regulators showed a significant
increase in GBA1 expression compared to control (> 2-fold,
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p < 0.001). Moreover, both miRNAs
increased GCase protein levels by approxi-
mately 40% compared to NegCtrl siRNA
(Fig. 6A and Supplementary Figure S2).

Since the miRNA down-regulators did
not have a large effect on GBA1 expres-
sion, we hypothesized that these miRNAs
might act on the expression levels of
known modifiers of GCase enzyme activ-
ity such as SCARB2 and PSAP. In
N370S/N370S fibroblasts, SCARB2
expression was significantly down-
regulated by miR-127–5p, miR-19a-5p,
and miR-1262 (p < 0.001; Fig. 5B).
miR-127–5p and miR-1262 caused a
greater reduction compared to miR-19a-
5p. Moreover, miR-127–5p led to a
strong reduction in LIMP-2 protein levels
(Fig. 6A). There was no statistically signif-
icant difference in PSAP after miRNA
transfection compared to control. The
only exception was cells transfected with
GBA siRNA that showed a greater than
100% increase in PSAP expression
(Fig. 5C). This result is in agreement with
other studies showing a compensatory
increase in PSAP in cells with GCase
deficiency.9

miR-127–5p treatment results in the
secretion of GCase

It is known that LIMP-2 is the receptor
for the trafficking of GCase to the lyso-
some. Studies on SCARB2 knockout mice,
as well as patient fibroblasts carrying muta-
tions in SCARB2, showed no change in
GBA1 mRNA levels, but decreased GCase
activity and protein levels due to GCase
missorting and its subsequent secretion
into the extracellular environment.10,17

This prompted an evaluation of the effect
of miR-127–5p on GCase secretion. After
treating WT and N370S/N370S Gaucher
fibroblasts with miR-127–5p and NegCtrl
siRNA, the conditioned media was col-
lected, filtered and the protein was concen-
trated by centrifugation. GCase protein levels were then analyzed
by Western blot, with equal volumes of lysed cells loaded to
ensure that the conditioned media was collected from an equal
amount of cells for each condition. The conditioned media anal-
ysis was performed on 2 different N370S/N370S Gaucher fibro-
blast lines, including the one used in the primary screen (Fig. 6)
and another used for confirmation (Supplementary Figure S3).
Both Gaucher lines treated with miR-127–5p showed reduced
GCase protein levels in cell lysates compared to cells treated with
NegCtrl siRNA (approximately 50% of reduction; Figs.6A and

C, Supplementary Figure S3), while the corresponding condi-
tioned media samples revealed increased levels of secreted GCase
enzyme (Fig. 6B). As expected, while N370S/N370S fibroblasts
showed reduced expression of GCase compared to WT, cells
without siRNA ("Cells only") or with NegCtrl siRNA showed
similar results (Supplementary Figure S3B). N370S/N370S
fibroblasts treated with miR-127–5p showed a reduced amount
GCase compared to NegCtrl siRNA (Supplementary Figure
S3B). As shown in both Figure 6B and Supplementary Figure
S3A, the reduction of GCase appears to result from the secretion

Figure 1. Experimental workflow of miRNA mimic screening and follow-up. (1) The primary miRNA
screen was performed in duplicate, assaying both GCase activity and cell viability in WT and
N370S/N370S Gaucher fibroblasts. (2) miRNA candidates were chosen based on the GCase Z-score,
with consideration of their effect on viability. (3) Results were confirmed by retesting selected miR-
NAs in both 384- and 96-well plates. Then, the top 5 miRNAs that upregulated and 3 miRNAs that
down-regulated GCase activity were selected for further studies. (4) The mRNA relative expression
of GBA1, SCARB2 and PSAP was evaluated by real-time PCR. (5) Changes in protein levels were
investigated by Western blot. (6) Additional studies were performed on miRNA candidates identi-
fied in the previous step.
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of GCase into the extracellular environment. This is not seen in
WT cells and N370S/N370S cells treated without/with NegCtrl
siRNA (Supplementary Figure S3A). These results suggest that
expression of miR-127–5p down-regulates GCase activity and
protein levels by down-regulating SCARB2 expression.

SCARB2 is a direct target of miR-127–5p
Next, we evaluated whether SCARB2 is a direct target of miR-

127–5p. Although not conserved, SCARB2 contains 2 potential
miR-127–5p target sites in its 30UTR region (http://www.micro
rna.org/). To analyze whether miR-127–5p directly interacts

with these predicted sites, we used a SCARB2 30UTR luciferase
reporter assay. HEK293 cells were transfected with the resulting
pMir-SCARB2 30UTR or with the control plasmid. Twenty-four
hours after transfection, cells were treated with miR-127–5p or
NegCtrl siRNA. As expected, miR-127–5p had no effect on the
luciferase activity of the control plasmid. In contrast, HEK293
cells transfected with pMir-SCARB2 30UTR showed significant
reduction in reporter activity after transfection with miR-127–5p
compared to cells treated with NegCtrl siRNA (p < 0.001;
Fig. 7). These data strongly support that miR-127–5p can
directly target SCARB2.

Figure 2. Primary screening data showed consistent results between replicates and different cell lines. Replicates of GCase activity (A and D) and viability
(B and E) signal measured in WT and N370S/N370S cells, respectively. Correlation between GCase activity and viability in WT (C) and N370S/N370S (F)
fibroblasts showed that the signal was impacted by cell viability. Comparison of the results of enzyme activity (G) and viability (H) in both cell types. All
data is represented as % negative control siRNA.
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Discussion

Understanding the bio-
logical relevance of miRNAs
in human disease depends
primarily on the identifica-
tion of the targets involved.
In the present study, we con-
ducted a miRNA mimic
screen to identify miRNA
sequences that modulate
GCase enzymatic activity in
N370S/N370S Gaucher
fibroblasts. The screening
identified a number of
mimics that up-regulated or
down-regulated GCase
activity without a correlative
effect on cell viability. Many
of the hits were reconfirmed
in independent tests in the
same and an additional
Gaucher fibroblast line; sev-
eral mimics increased GCase
activity by over 1.4-fold,
which is thought to be of
potential clinical signifi-
cance.18,19 Notably, a num-
ber of enhancers shared the
same hexamer miRNA seed
sequence (AGCAGC)
including members of
the miR-15/16/195/424/
497 family. Further studies
using 2 of these family mem-
bers (miR-16–5p and miR-
195–5p) revealed increased
levels of both GBA1 tran-
script and GCase protein.
Although the mechanism
underlying the upregulation
is unclear, miRNAs can enhance transcript and protein levels
through a variety of means, including interactions with promoter
regions (RNA activation (RNAa), reviewed in20,21); stabilization
of mRNA by blocking destabilizing proteins22; and through the
down-regulation of proteins that negatively regulate transcription
factors. For example, miR-16 can enhance NF-kB driven expres-
sion of inflammatory response genes through the down-regula-
tion of SMRT.23 Additional studies are needed to further
elucidate how members of the miR-15/16/195/424/497 family
act to up-regulate GBA1 transcript levels.

In addition to up-regulation, a number of the miRNA mimics
decreased GCase activity. Since miRNAs typically down-regulate
target transcripts through interactions with their 30UTR, we
investigated their ability to down-regulate the transcript levels of
GBA1 and the known GCase modifiers SCARB2 and PSAP.

Surprisingly, all 3 mimics were found to significantly down-regu-
late SCARB2. In silico target prediction for the strongest of these
(miR-127–5p) did not identify conserved binding sites.24 How-
ever, closer inspection revealed 2 seed matches in the SCARB2
30UTR. A SCARB2 30UTR luciferase reporter assay confirmed
direct targeting of SCARB2 by miR-127–5p. Levels of LIMP-2
protein, encoded by the SCARB2 gene, were also down-regulated
in fibroblasts treated with miR-127–5p. LIMP-2 is critical for
the proper trafficking of GCase from the ER to lysosomes.
Defects in LIMP-2 result in the extracellular secretion of GCase.
Accordingly, we found that treatment with miR-127–5p led to
increased levels of GCase in the supernatant, supporting its
impact on LIMP-2 function.

The identification of miRNA sequences that modulate GCase
activity enhances our understanding of GCase regulation, and

Figure 3. Experiments confirming the top miRNA hits using N370S/N370S Gaucher fibroblasts. Selected miRNA up-
regulators (A) and down-regulators (B) of GCase activity were plated in a 384-well format. The same experiment
was also performed in 96-well plates (C and D). Results were consistent between 384- and 96-well plates. Data is
presented with the average and standard deviation for replicate wells (384-well n D 16 , 96-well n D 8 ).
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may aid in the identification of additional protein targets and
potential therapeutic strategies. In fact, mimic sequences them-
selves may prove useful as specific miRNA mimics are being stud-
ied in the clinic for other disorders.25,26 However, some of the

identified candidates may not be optimal starting points in this
regard. Notably, miR-15/16/195/424/497 family members have
been shown to regulate key cell cycle genes and also to induce
apoptosis,27-29 which may be attractive for targeting cancer, but
perhaps not for other diseases. However, for a number of the
other mimics (e.g., miR-765 and miR-1243), the mechanism
underlying the enhancement of GCase activity is unclear. It will
be important to further explore their effect on both on GCase
activity, and on other genes and pathways.

Taken together, our data demonstrates that specific miRNAs
affect GCase activity. Our data strongly suggests that in the case
of miR-127–5p, the modulation of GCase activity occurs via reg-
ulation of the LIMP-2 receptor. miR-16–5p and miR-195–5p
likely up-regulate GCase activity through another, yet unknown
pathway. Further studies are needed to validate the role of spe-
cific miRNAs or miRNA families in cellular pathways related to
GD pathogenesis. Such miRNAs may provide new therapeutic
avenues for patients with GD.

Materials and Methods

Cell lines and cell culture
Human wild type (WT) primary fibroblasts and N370S/

N370S Gaucher fibroblasts were used in this study. Cells were
grown in monolayers and maintained using growth medium
(Dulbecco’s Modified Eagle Medium (DMEM) with high glu-
cose (Life Technologies)), supplemented with 10% Fetal Bovine
Serum (FBS; Life Technologies) and antibiotic-antimycotic (Life
Technologies) at 37�C in a humidified 5% CO2 incubator.

miRNA mimic
screening

Fibroblast cells were
screened with the Human
miRNA Mimic Library
(Qiagen) consisting of 875
different miRNAs (Sanger
13.0). Primary screening
was performed in duplicate
both for GCase activity and
viability in 384-well plates.
Sixteen wells containing
Silencer Select Negative
Control #2 (“NegCtrl;"
Ambion) were included on
all plates for data normaliza-
tion. GBA siRNA (Ambion
Silencer Select, cat# s5612,
target sequence
CCCAAUUGGGUGCGU
AACUUU) and AllStars Hs
Cell Death (“Killer;” Qia-
gen) were included as posi-
tive assay/transfection
controls for GCase and

Figure 4. Additional N370S/N370S Gaucher lines were used to confirm
the effect of the 8 best active miRNA candidates on GCase activity and
viability. In addition to the NegCtrl (Ambion NegCtrl#2) used for normali-
zation, the experiment had 2 other negative controls, Ambion NegCtrl#1
and Qiagen NegCtrl. Results represent the average value along with the
standard deviation for replicate wells. The experiment was performed in
a 384-well plate (16 replicates for each siRNA/miRNA).

Figure 5.mRNA expression profiles evaluated in N370S/N370S fibroblasts after a 72 hour transfection with selected
miRNAs that down- and up-regulated GCase activity. GBA1 (A), SCARB2 (B) and PSAP (C) levels were analyzed by
real-time PCR. Error bars represent 95% of confidence intervals (CI). *Indicates p-value < 0.001 compared to NegCtrl
siRNA.
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viability screens, respectively. For transfection, 0.8 pmol of each
miRNA or siRNA was initially spotted to the corresponding
wells, followed by the addition of 20 mL of serum-free DMEM
containing 0.15 mL of Lipofectamine RNAiMax (Life Technolo-
gies) per well. Plates were incubated at room temperature for
45 min. Following incubation, 1.2 £ 103 cells in 20 mL of
DMEM supplemented with 20% FBS (containing no antibiotic-
antimycotic) were added to each well. Transfected cells were
incubated at 37�C in 5% CO2 for 72 hours. After assaying, sam-
ple well data was normalized to the median value for the NegCtrl
wells on respective assay plates. The average was taken for each
replicate, and a Z-score was then calculated for each mimic, using
the mean and standard deviation of each screen respectively. All
screening data can be found in Supplementary Table S1. Hit
selection focused on those mimics exhibiting a Z-score of
> C/¡ 2 in N370S/N370S Gaucher fibroblasts. A small edge
effect was noted that resulted in a»15% increase in GCase signal
from edge wells. Accordingly, a b-score correction was applied to
avoid the selection of false positives from wells in the outermost
columns and rows arising from this edge effect. Viability data

was used to filter out mimics that also caused an appreciable
increase or decrease in viable cells (C/¡ 1 standard deviation
from the screen mean).

GCase activity assay
GCase screening was conducted in black clear bottom 384-

well plates (Corning 3712). Seventy-two hours after transfection,
the medium was removed, and the cells were washed once with
1X phosphate buffered saline (PBS; Life Technologies). Twenty
microliters of assay buffer consisting of 3 mM 4-methylumbelli-
feryl-b-D-glucopyranoside substrate (Sigma), 0.2 M acetate
buffer at pH 4, 1X PBS, and EDTA-free protease inhibitors
(Roche) were added to the wells. Plates were incubated at 37�C
for 70 min. The reaction was stopped by adding 20 mL of stop
solution (1 M NaOH (Sigma) and 1 M Glycine (Sigma)) to
each well. Fluorescence was read at 365 nm excitation and
440 nm emission l length using an EnVision Plate Reader
(PerkinElmer). The median signal from > 80 wells without cells
was used as background. Background was subtracted from the
values for all wells prior to normalization.

Figure 6. Analyses of GCase and LIMP-2 levels and GCase secretion into the extracellular environment. (A) Western blot shows a reduced amount of
GCase after transfection with GBA siRNA and miR-127–5p compared to the NegCtrl siRNA. Conversely, GCase amount is increased in cells treated with
miR-16–5p and miR-195–5p. LIMP-2 levels are decreased by miR-127–5p. The lower graphs indicate the percentage of relative density of each band nor-
malized to the corresponding GAPDH band. (B) Evaluation of conditioned media shows GCase secretion (arrow) into the extracellular environment after
transfection with miR-127–5p, compared to cells treated with NegCtrl siRNA. (C) Corresponding cell lysates from the conditioned media experiment
show reduced GCase protein levels in N370S/N370S cells transfected with miR-127–5p. The bottom graph represents the intensity of each band normal-
ized to the corresponding GAPDH band. For the relative density calculations in both (A) and (C), NegCtrl was considered as 100%.
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Measurement of cell viability
For each experiment, a separate set of 384-well plates (solid

white bottom, Corning 3570) prepared in the same way as the
enzyme activity assay plates, was assayed for cell viability using
the CellTiter-Glo Luminescent Cell Viability kit (Promega).
Twenty microliters of the luminescent reagent was added directly
to the wells, incubated at room temperature for 20 min and mea-
sured in an EnVision Plate Reader according to the man-
ufacturer’s instructions.

RNA extraction, cDNA synthesis and relative expression
analysis

Based on the primary screening data, candidate miRNAs were
selected and subjected to follow-up experiments in 96-well plates.
Two pmol of each miRNA or siRNA was added to the corre-
sponding wells, followed by the addition of 50 mL of serum-free
DMEM with 0.375 mL of Lipofectamine RNAiMax. After a
45 min incubation at room temperature, 3 £ 103 cells in 50 mL

of DMEM supplemented with 20% FBS were added to each
well. Transfected cells were incubated at 37�C in 5% CO2 for
72 hours. Total RNA was harvested from cells using a MagMax-
96 Total RNA Isolation kit (Life Technologies) according to
manufacturer’s instructions. cDNA (cDNA) was generated from
9 mL of total RNA using the High Capacity RNA-to-cDNA kit
(Life Technologies) following the manufacturer’s protocol.

A TaqMan probe-based assay (Life Technologies) was used to
evaluate the relative expression levels of GBA1
(Hs00164683_m1), SCARB2 (Hs01072100_m1), PSAP
(Hs01551096_m1), and GAPDH as a housekeeping gene
(4352934E). Real-time PCR mixes were prepared based on the
manufacturer’s instructions and run in a 7900HT Fast Real-time
PCR System (Life Technologies). Eight biologic replicates were
performed in duplicate for each experiment. The results were
normalized using GAPDH expression levels and the 2-DDCt

method.30 p-values and 95% confidence intervals were calculated
using RT2 Profiler PCR Array Data Analysis v3.5 (Qiagen).

SDS-PAGE, Western blotting and conditioned media
analysis

Cells were transfected with miRNAs or control siRNAs in 6-
well plates for protein analysis. Sixty pmol of each miRNA/
siRNA was added to the corresponding wells, followed by the
addition of 1.5 mL of serum-free DMEM containing 9.4 mL of
Lipofectamine RNAiMax. After 45 min of incubation at room
temperature, 1 £ 105 cells in 1.5 mL of DMEM supplemented
with 20% FBS were added to each well. Plates were incubated in
5% CO2 at 37

�C for 72 hours.
For protein analysis, the media was aspirated and cells were

rinsed 3 times with 1X PBS. Cells were lysed and scrapped in
50 mM Citrate 175 mM KH2PO4 with 0.01% Tween-20 at pH
5.9. Cell lysates were sonicated for 1 £ 10 sec at 50% amplitude
and centrifuged at 4�C for 10 min at 10000 rcf. Protein levels
were measured using a BCA assay (BioRad). Ten micrograms of
each protein sample was separated using NuPage Novex 4–12%
Bis-Tris gel (Life Technologies) by SDS-PAGE at 125V. Samples
were transferred on PVDF membrane (Life Technologies) using
iBlot (Life Technologies), followed by blocking 1 hour at room
temperature in 1X PBS containing 5% of fat-free milk and 0.5%
Tween-20. This was followed by incubation in blocking solution
with R386 GCase antibody (a custom-made antibody), LIMP II
antibody (D4, sc-55571, Santa Cruz Biotechnology), and
GAPDH antibody (ab9385, Abcam) overnight at 4�C. The
membranes were rinsed with blocking solution 3 times for
10 min each, followed by incubation with blocking solution
containing 1:3000 horseradish peroxidase (HRP)-conjugated
secondary antibody (KPL) for 1 hour at room temperature.
HRP-probed immunoblots were developed using enhanced
chemiluminescence (GE Healthcare). Experiments evaluating
protein level were done in triplicates.

For assessment of GCase secretion into the extracellular
media, WT and N370S/N370S Gaucher fibroblasts were trans-
fected with specific miRNA (miR-127–5p) or with control siR-
NAs in 6-well plates as described above. The same cell density
was used (1 £ 105 cells per well) for both cell lines, and the

Figure 7. miR-127–5p directly interacts with the SCARB2 3’UTR. HEK293
cells were transfected with a control (empty plasmid) or SCARB2 3’UTRlu-
ciferase plasmid along with the miR-127–5p or NegCtrl siRNA and lucifer-
ase activity was measured. Error bars represent 95% of confidence
intervals (CI). **Indicates p-value < 0.0001 compared to NegCtrl siRNA.
CPS: counts per second.
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experiment was performed in duplicate. Seventy-two hours after
transfection, the media was removed and each well was washed
3 times with 1X PBS and 2 times with serum-free DMEM. Two
mL of serum-free DMEM (conditioned media) was added to
each well and incubated at 37�C in 5% CO2. Twenty-four hours
later, conditioned media was collected and combined from 2 dif-
ferent wells containing the same miRNA/siRNA. Collected
media was filtered using a 0.22 mM filter (Millipore) and trans-
ferred to a Pierce Concentrators 9K MWCO (Thermo Scien-
tific). The media was concentrated by centrifugation at 2500 rcf
at 4�C until it reaches a 500 mL of volume. A total of 30 mL of
the concentrated media was loaded on a NuPAGE 4–12% Bis-
Tris 1.5 mm gel, transferred to a membrane and incubated with
GCase antibody as described above.

SCARB2 luciferase assay
The full-length of the SCARB2 30UTR covering 2 predicted

target sites of miR-127–5p was cloned into the pMirTarget vec-
tor (Origene). For luciferase assays, HEK293 cells (2.4 £
103 cells/well) were transfected with 0.8 pmol of miR-127–5p or
NegCtrl siRNA using 0.05 mL of Lipofectamine RNAiMax in a
384-well plate. After 48 hours of transfection, the cells were fur-
ther transfected with 25 ng of the firefly reporter construct
(pMir-SCARB2–30UTR) or pMirTarget empty vector (control
plasmid) using 0.05 mL of TransIT-LT1 transfection reagent

(MirusBio). Twenty-four hours later, the luciferase assay was
evaluated using the ONE-Glo Luciferase assay reagent (Promega)
and measured in an EnVision Plate Reader.

Statistical analysis
Analysis was performed using GraphPad Prism 5.0 and

Microsoft Excel software.
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