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Abstract: Purpose: The protein encoded by sphingomyelin phosphodiesterase 1, acid lysosomal (SMPD1) is a ly-
sosomal acid sphingomyelinase. While there are increasing evidences to suggest that lysosomal enzyme defects 
and Parkinson’s disease (PD) have strong associations, and recently, SMPD1 p.L302P (c.T911C, NM_000543) 
was found to be a risk factor for PD in Ashkenazi Jewish ancestry population, we try to investigate the possible as-
sociation between SMPD1 p.L302P and sporadic PD in ethnic Chinese population. Methods: 455 sporadic PD and 
476 health controls were included in our study. SMPD1 p.L302P (c.T911C) was genotyped by matrix-assisted laser 
desorption/ionization-time-of-flight mass spectrometry (MALDI-TOF MS) and the results were confirmed by Sanger 
sequencing. Results: Our results showed that none of 455 sporadic PD and 476 health controls carried p.L302P. All 
of the 931 subjects’ genotypes were wild type TT. Our data indicated that in an ethnic Chinese population, p.L302P 
did not appear to be enriched in sporadic PD, and p.L302P may not be a risk factor for Chinese sporadic PD. And 
combine our data with the results from previous studies, we found that all of the 2,268 participants of Chinese 
population carrying no p.L302P. Conclusions: We could make a conclusion that p.L302P may not be common 
events for Chinese population. Sequencing of SMPD1 gene to find additional novel rare variants in the SMPD1 gene 
in diverse populations is needed.
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Introduction

Parkinson’s disease (PD) is the second most 
common neurodegenerative disorder, clinically 
characterized by resting tremor, bradykinesia, 
rigidity, postural instability and a positive 
response to dopamine replacement therapy. It 
is estimated that by 2030, the number of PD 
patients will get to between 8.7 and 9.3 million 
[1]. So, it is important to elucidate the etiology 
of PD and take proper measures to make early 
diagnosis and therapy of it. Although the mech-
anism of PD still remains unclear, recent stud-
ies suggested that a number of genes influence 
PD susceptibility [2-4]. 

Recently, Gan-Or et al [5] conducted a study 
with candidate gene approach to explore the 

possible association of founder mutations in 
the lysosomal storage disorder genes HEXA, 
SMPD1, and MCOLN1 (causing Tay-Sachs, 
Niemann-Pick A, and mucolipidosis type IV dis-
eases, respectively) with PD in Ashkenazi 
Jewish ancestry population. A total of 938 PD 
and much more controls were included in the 
study. The results showed that SMPD1 p.L302P 
(L304P, c.T911C, NM_000543) was strongly 
associated with a highly increased risk for PD 
(odds ratio = 9.4, 95% confidence interval = 
[3.9-22.8], P<0.0001), as 9/938 patients with 
PD were carriers of this mutation compared to 
only 11/10,709 controls. This indicated that 
SMPD1 p.L302P is a novel risk factor for PD, 
just as GBA mutations, with small Minor Allele 
Frequency (MAF) but large odd ratios [6].
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To investigate whether the SMPD1 p.L302P is a 
susceptible factor for sporadic PD in Chinese 
population, we performed an association study 
in ethnic Chinese PD patients and healthy 
controls.

Materials and methods

Patients and controls

The present study comprised 455 ethnic 
Chinese patients with PD and 476 healthy con-
trols matched for age, gender, ethnicity and 
area of residence. All patients were consecu-
tively recruited from the Department of 
Neurology of Xiangya Hospital (Central South 
University, State Key Laboratory of Medical 
Genetics of China) and the Neurodegenerative 
Disorders Research Center. A standard clinical 
neurological examination was performed for all 
patients and a diagnosis of idiopathic PD was 
made according to the United Kingdom PD 
Brain Bank Criteria [7]. None of the 455 
patients had positive family history or carrying 
GBA mutations [8]. There are 235 males and 
220 females patients. The average age at 
onset was 55.45 ± 10.38 years (range, 14-75 
years). 476 healthy controls that are matched 
for age, gender, ethnicity and area of residence 
included 238 males and 238 females; average 
age at examination was 58.38 ± 12.09 years 
(range, 15-85 years). The control subjects were 
healthy people from the Xiangya Hospital 
Medical Center and healthy volunteers with no 
history of neurodegenerative diseases. A stan-
dard clinical neurological examination was per-
formed on all control subjects and a diagnosis 
of possible idiopathic PD was excluded accord-
ing to the United Kingdom PD Brain Bank 
Criteria. There was no statistically significant 
difference in the age and gender between 
patients and controls (P>0.05, using Chi-
square test). This study protocol was approved 
by the Ethics Committee of Central South 
University and written informed consent was 
obtained from all subjects.

Genotype analysis

DNA was extracted from peripheral blood using 
standard techniques. And c.T911C (p.L302P) 
was genotyped by matrix-assisted laser desorp-
tion/ionization-time-of-flight mass spectrome-
try (MALDI-TOF MS) using the Mass Array sys-
tem (Sequenom) as described [9]. For quality 

control, the positive and negative controls (with 
no DNA) were included on every 96-well assay 
plate. Briefly, locus-specific polymerase chain 
reaction and detection primers were designed 
using the MassArray Assay Design 3.0 software 
(Sequenom). Approximately 10 ng of genomic 
DNA was used to genotype each sample. The 
sample DNAs were amplified by primers flank-
ing the targeted sequence, followed by dephos-
phorylation and allele-specific primer exten-
sion. Cleaned extension products were loaded 
into a 384-format Spectro-Chip and subjected 
to MALDI-TOF mass spectrometry. Finally, the 
resultant data were processed and analyzed by 
the Sequenom Mass Array Typer software 
(Sequenom). In order to confirm the results, 50 
patients and 50 controls were randomly select-
ed for Sanger sequencing.

Statistical analysis

The average age at onset of PD patients and 
average age of controls at examination were 
analyzed with SPSS 17.0 software (SPSS Inc., 
Chicago, IL, USA). The distribution difference of 
Male/Female in case and control groups was 
tested using the Chi-square test. A two-tailed 
test P-value of <0.05 was considered statisti-
cally significant.

Results 

Our study included 455 sporadic PD and 476 
health controls in Chinese population, and we 
used MALDI-TOF MS to determine the p.L302P 
(c.T911C) genotype which was also confirmed 
by Sanger sequencing, but none of them car-
ried p.L302P. All of the 931 subjects’ genotypes 
were wild type TT.

Discussion

The etiology of PD is still elusive. However, 
there are growing evidences that genetics play 
an important role in the pathogenesis of PD. 
Recently, a lot of susceptible genes that have 
been reported by GWAS or candidate gene 
approach contributed to a high risk of getting 
PD [10, 11]. These different susceptible genes 
could be classified into different pathways that 
could damage cell normal metabolisms. The 
cellular autophagy-lysosomal pathway (ALP) is 
one of the pathways that play an essential role 
in PD pathogenesis [12]. Excessive accumula-
tion of aberrant proteins in the dopaminergic 
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neurons cytoplasm may be caused by dysfunc-
tion of normal ALP pathway, which could ulti-
mately results in cell death and the clinical 
manifestations of PD. And lysosomal enzymes 
including proteins encoded by GBA and SMPD1 
play an important role in maintaining the ALP 
pathway normal functions [12, 13]. Thus, when 
we are exploring the mechanisms of PD, we 
could easily pay attention to ALP pathway, and 
also the lysosomal enzymes including proteins 
encoded by GBA and SMPD1 could easily draw 
our attention. 

p.L302P located in SMPD1 was identified by 
Gan-Or et al [5] study in a cohort of Ashkenazi 
Jewish PD patients. With the results that p.
L302P multiplies by 9 the risk to develop PD, 
which provided additional evidences to the 
viewpoint that ALP pathway involves in PD 

pathogenesis. However, 
in our study, we did not 
replicate this variant’s 
enrichment in our 455 PD 
subjects. This is consis-
tent to Wu et al [14] 
results (Table 1; Figure 
1), which found no p.
L302P in 1,139 partici-
pants (579 PD and 560 
control subjects) in Chi- 
nese Taiwan population. 
Although p.L302P is rare, 
and p.L302P was found 
only in 9 of 938 patients 
with PD in Ashkenazi 
Jewish ancestry popula-
tion, we could expect 

Table 1. Summary of published literature on associations between variants locating in SMPD1 and 
PD

Variants Population Allele frequency 
in PD

Allele frequency in 
controls P OR (95% CI) Ref

p.L302P Ashkenazi Jewish 9/938 11/10,709 P<0.0001 9.4 (3.9-22.8) [5]

Taiwanese 0/579 0/560 - - [13]

Singaporean and Mainland Chinese 0/99 0/99 - - [16]

Mainland Chinese 0/455 0/476 - - Our study

p.R591C Singaporean and Mainland Chinese 2/806 0/7,481 P=0.009 - [16]

p.P533L, Singaporean and Mainland Chinese 17/806 90/7,481 P=0.047 1.76 (1.05-2.97) [16]

p.P332R Singaporean and Mainland Chinese 10/806 134/7,481 P=0.322 0.69 (0.36-1.32) [16]

p.Y500H Singaporean and Mainland Chinese 1/806 5/7,481 P=0.459 1.86 (0.22-15.9) [16]

p.R496L Ashkenazi Jewish 4/938 52/10,709 P=1.0 - [5]

c.996delC Ashkenazi Jewish 5/938 29/10,709 P=0.3 - [5]

p.G508R Singaporean and Mainland Chinese 232/806 1,944/7,481 P=0.120 1.13 (0.97-1.31) [16]
OR: odds ratios; CI: confidence interval; PD: Parkinson’s disease.

Figure 1. SMPD1 protein and the location of PD associated variants. Variants in 
red are identified with association to PD, variants in green are identified with po-
tential association to PD, and variants in black are identified with no associations 
to PD. It is worthy of note that larger sample size of replication is needed to draw 
the definite conclusions. (http://smart.embl-heidelberg.de).

there should be about 4-5 patients carry this 
variant in our PD group if it has the similar role 
in increasing the risk of PD. But we did not 
detect the postulated enrichment. A larger 
sample size study will be of great interest. But, 
the negative results also suggested possible 
ethnic-specific effect of this variant, just like 
that MAPT H1H2 could contribute to substan-
tial risk of PD in Caucasia, but little in Asia, and 
vice versa when considering LRRK2 G2385R 
and R1628P [15, 16]. Recently, Foo et al [17] 
did not detect p.L302P in 198 Chinese popula-
tions individuals (98 PD, and 98 healthy  
controls), either (Table 1; Figure 1); however, 
R591C another rare variant locating in SMPD1 
was identified to increase the risk of PD 
(P=0.009) in their study. This may also prove 
the ethnic-specific effect of the gene variants, 
and sequencing of SMPD1 gene to find addi-
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tional novel rare variants in the SMDP1 gene is 
needed.

Conclusions

To our knowledge, this is the first study to 
assess the association of SMPD1 p.L302P vari-
ants in a cohort of ethnic Chinese PD patients 
and controls in Mainland China. Our data indi-
cated that in an ethnic Chinese population, p.
L302P did not appear to be enriched in spo-
radic PD, and p.L302P may not be a risk factor 
for Chinese sporadic PD. And combine our data 
with the results from Wu and Foo et al [14, 17], 
we found that all of the 2,268 participants of 
Chinese population carrying no p.L302P. We 
could make a conclusion that p.L302P may not 
be common events for Chinese population. 
Sequencing of SMPD1 gene to find additional 
novel rare variants in the SMDP1 gene in 
diverse populations is needed.
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