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Abstract
Several genetic risk factors have been identified for Parkinson disease (PD), including mutations
in glucocerebrosidase (GBA1). Recently, two single nucleotide polymorphisms (SNPs) described
as SCARB2 SNPs were reported to be associated with PD. SCARB2 is an attractive candidate
gene for PD as it encodes for lysosomal integral membrane protein type 2 (LIMP-2), a protein
involved in transporting glucocerebrosidase from the ER to the lysosome. The first SNP,
rs6812193, located 64 kb upstream of SCARB2, was identified in a Parkinson disease Genome
Wide Association study of Americans with European ancestry (p = 7.6 × 10−10, OR = 0.84), but
was not replicated in a study in the Han Chinese. The second SNP, rs6825004, located within
intron 2 of SCARB2 was reported in an association study of Parkinson disease in Greece (p =
0.02, OR=0.68). We explored whether the two SNPs impact SCARB2 expression or LIMP-2
protein levels, testing fifteen control samples. First, the genotypes for each subject were
determined for both SNPs using a Taqman assay. Then, RNA and protein were extracted from the
corresponding cell pellets. Neither the relative RNA expression by real-time PCR, nor LIMP-2
levels on Western blots correlated with SNP genotype. Thus, these two reported SNPs may not be
related to SCARB2 and demonstrate the challenges in interpreting some association studies. While
LIMP-2 could still play a role in PD pathogenesis, this study does not provide evidence that the
SNPs identified are in fact related to LIMP-2.
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Two single nucleotide polymorphisms near SCARB2 were reported as associated with PD. These SNPs did not impact SCARB2
expression or LIMP-2 protein levels in 15 control samples. This study does not provide evidence that the SNPs identified are in fact
related to LIMP-2.
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1. Introduction
Several genetic susceptibility alleles have been identified for Parkinson disease (PD)
including mutations in GBA1 (glucocerebrosidase) [1, 2]. Recently, two studies reported an
association between different single nucleotide polymorphisms (SNPs) near and within
intron 2 of the scavenger receptor class B, member 2 (SCARB2) gene and PD. The first, a
genome-wide association study (GWAS) of 3,426 American subjects of European descent
with PD and 29,624 controls, revealed a significant association with SNP rs6812193, located
64 kb upstream of SCARB2, within an intron of FAM47E ( odds ratio (OR) = 0.84 (p = 7.6
× 10−10)) [3]. A candidate-gene study from Greece showed an association between PD and
one of five selected SNPs in SCARB2, rs6825004, located in intron 2 (OR= 0.68 –95%
confidence interval, 0.51–0.90) [4].

SCARB2 encodes for lysosomal integral membrane protein type 2 (LIMP-2), involved in the
mannose-6-phosphate independent pathway trafficking of glucocerebrosidase(GCase), the
enzyme defective in patients with Gaucher disease (GD), to the lysosome [5, 6]. LIMP-2, a
member of the CD36 family of scavenger receptors containing 478 amino acids, is among
the most abundant lysosomal membrane proteins [7]. Mutations in SCARB2 are responsible
for action myoclonus-renal failure syndrome [8], and a SCARB2 mutation was shown to be
a disease modifier in GD [9]. The location of rs6812193 and rs6825004 near or in SCARB2,
with PD prompted this investigation of their effects on SCARB2 expression prior to
investing further in studies of these specific SNPs.

2. Materials and methods
2.1 Genotyping

Lymphocytes and leukocytes from 15 control individuals of Caucasian descent, collected
under NIH Institute Review Board approved clinical protocols, were studied. All 15 subjects
had no clinical symptoms of PD. DNA was extracted from each sample and screened for
GBA mutations by Sanger sequencing as previously described [10]. Genotyping for the
rs6812193 and rs6825004 SNPs were performed using tag SNP and the TaqMan SNP
Genotyping Assay (Applied Biosystems) following the manufacturer’s protocol.

2.2 Quantitative Real-Time PCR Analysis
RNA samples were extracted using an RNeasy kit (Qiagen), converted to cDNA by the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems), and relative expression
was quantified using the StepOnePlus Real-Time PCR System (Applied Biosystems). Each
20-μl reaction mixture was composed of the following: 10 μl of TaqMan Universal PCR
master mix, 1 μl of 20X SCARB2 or 20X HPRT probe (primers included), 100 ng cDNA,
and 8 μl nuclease-free water. Three replicates of each reaction were ran for one cycle at
50°C for 2 min then at 95°C for 10 min, followed by 40 cycles at 95°C for 15 sec an d 60°C
for 1 min.

2.3 SDS-PAGE and Western Blotting
Total protein was isolated from six cell pellets by centrifugation and sonication at room
temperature in RIPA buffer (1% NP-40, 1% sodium deoxycholate, 0.1% SDS, 25 mM Tris-
HCl, pH 7.5). 20 ug of each sample was separated by SDS-PAGE and transferred to iBlot
PVDF nitrocellulose membranes (Invitrogen) after quantification with a bicinchoninic acid
assay (BCA) (Thermo Scientific). Blots were blocked at room temperature for 1 hr in 1X
phosphate buffered saline (PBS) containing 0.5% Tween-20 (Sigma) and 4% fat-free milk.
After blocking, the membrane was incubated in 1:1000 of LIMP-2 primary antibody
(OriGene Technologies) and blocking buffer at 4°C overnight. The blots were then washed
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three times for 10 min each, and incubated in 1:2000 horseradish peroxidase (HRP)-
conjugated secondary antibody (KPL) and blocking buffer at room temperature for 2 hr.
HRP immunoblots were developed using enhanced chemiluminescence (ECL Prime, GE
Healthcare). The amount of LIMP-2 was quantified using primary and HRP-conjugated
antibodies, and normalized with β-actin.

3. Results
While all three rs6812193 genotypes were identified, none of the samples were homozygous
for the minor G allele in rs6825004 (Fig. 1). The relative levels of RNA expression,
performed in triplicate and analyzed using the 2−ΔΔCt method with HPRT as an endogenous
control, did not correlate with the rs6812193 or rs6825004 genotype (Fig. 1). On Western
blots, LIMP-2 was quantified using primary and HRP-conjugated antibodies, and
normalized with β-actin. The relative amounts of LIMP2, quantified from the Western blots,
showed no association with SNP genotype.

4. Discussion
Despite the attractiveness of SCARB2 as a candidate gene, our results fail to demonstrate
any appreciable difference in SCARB2 expression and LIMP-2 levels among samples after
grouping by rs6812193 or rs6825004 genotypes. Thus, this work does not provide support
that these SNPs actually impact the RNA expression or protein translation of LIMP2. There
are several reasons why we are troubled by the previous reports of an association between
SCARB2 and PD. The GWAS conducted by Do et al. [3], allowed for the identification of
common variations influencing susceptibility to PD using a “case-control” design. Such
studies, where allele frequencies in patients are compared to that of a control group, [3, 4,
11, 12] are prone to a number of biases leading to spurious associations, including
population stratification. This is supported by the lack of association of rs6812193 with PD
in the Han Chinese, a more homogenous ethnic group [13]. The candidate-gene study
performed by Michelakakis et al. [4], while less vulnerable to population structure bias
because it was conducted solely in central Greece, was the first candidate-gene study used to
determine an association between PD and SCARB2. However, rs6825004 was not reported
among the most significant SNPs in larger association studies, although this could be
because rs6825004 has a small effect size. SNP rs6812193 was not identified in a large PD
GWAS in Caucasians [14]. Furthermore, this SNP is in the intronic region of FAM47E, and
is closer to the promoter region of the STBD1 gene than SCARB2 [14]. A two-stage meta-
analysis also revealed an association between rs6812193 and PD, however, its relationship
to SCARB2 is still questionable as it was reported to be near STBD1[15].

5. Conclusions
Gene expression data can substantiate an association signal and further implicate the gene as
disease causing. However, it is still quite difficult to definitively conclude that a given SNP
is not a risk allele for a given phenotype. Studies of expression quantitative trait loci
(eQTLs) are proving to be very complicated. EQTLs can be tissue specific, have small
effects, or only manifest when stimulated or activated. In this case, our data is clearly
limited by the cell type studied and assays available to us. Furthermore, while our data does
not provide any indication that LIMP-2 expression is directly modulated by either of the
SNPs identified, it remains possible that other SNPs nearby are true susceptibility SNPs, and
that rs6812193 could impact the expression of FAM47E or STBD1.
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Figure 1.
SCARB2 expression and LIMP-2 levels in lymphocytes. (A) Relative expression of the
minor allele for rs6812193 (T) and for rs6825004 (G). (B) Relative expression of LIMP-2
RNA from 5 samples directly extracted from leukocytes. No significant difference was
observed. (C- D) Western blot analysis and quantification of LIMP-2 in selected samples. β-
actin=loading control. * RNA was not obtained for sample #16, although its genotype was
CC for both rs6812193 and rs6825004.
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