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Abstract To examine the association between the
sphingomyelin phosphodiesterase 1, acid lysosomal
(SMPD1) gene, and Parkinson’s disease (PD) in Han Chinese
from Central South part of Mainland China, we performed
systematic genetic analysis in 502 Chinese Han patients with
PD and 637 gender-, age-, and ethnicity-matched normal con-
trols from Central South part of the Mainland China. We iden-
tified 11 single nucleotide variants and Leu-Ala (Val) repeat
variants in the SMPDI gene in our large cohort. Two novel
missense variants, ¢.638A>C (p.H213P) and ¢.1673T>C
(p.L558P), and a rare known missense variant, c.1805G>A
(p-R602H, rs370129081), were identified in three sporadic
PD cases. None of these three variants were observed in con-
trols. Additionally, case-control analysis showed association
between Leu-Ala (Val) repeat variants in SMPDI and
Chinese Han patients with PD (P=0.015, x*=8.451). Our data
provide supportive evidence that some genetic variants in
SMPD] increase the risk of PD in the Chinese Han population.
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Introduction

Parkinson’s disease (PD; MIM 168600) is the second most
common neurodegenerative disorder affecting 1-2 % of the
population above age 60 [1]. It is characterized by the loss of
dopamine-producing neurons in the substantia nigra and other
brainstem nuclei, ultimately resulting in troublesome symp-
toms, including rest tremor, bradykinesia, rigidity, postural
instability, and other motor and nonmotor symptoms [2].
The etiology and pathogenic mechanism of PD are largely
unknown. Previous studies have shown that mutations in
lysosomal-related genes, such as the glucocerebrosidase gene
(GBA) and the ATPase type 13A2 gene (ATP13A2), have been
linked to PD [3-6], suggesting that lysosomal dysfunction
may play an important role in the pathogenesis of PD. A
founder mutation, p.L304P (previously named p.L302P), in
another lysosomal enzyme, sphingomyelin phosphodiesterase
1, acid lysosomal (SMPD1), was reported to be associated
with increased risk of PD in Ashkenazi Jewish population
[7]. But, the association between the SMPD1-p.L.304P muta-
tion and PD has not been validated in additional population,
possibly due to the ethnic specificity of the mutation and lim-
ited sample size [8]. A rare known variant, p.R591C, in
SMPD1 was identified in two out of 806 PD cases, but not
in 7481 control subjects from the southern part of China [9],
suggesting that this variant may increase the risk of PD. To
further evaluate the association between the SMPD] variants
and PD, we conducted a genetic analysis of 502 PD cases and
637 control subjects from the Han population in the Central
South part of Mainland China.
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Materials and Methods
Patients and Controls

Five hundred and two unrelated Chinese Han patients with PD
(male/female=308/194; age 66.0+9.8 years; onset age 62.6+
11.2 years) and 637 unrelated gender-, age-, and ethnicity-
matched healthy controls (male/female=390/247; age 67.6+
9.6 years) from the Central South part of Mainland China were
enrolled in this study. Among the 502 PD patients, 111
(22.1 %) had first- or second-degree relatives affected with
PD (familial PD; mean age at onset 59.84+12.9 years; male/
female 69/42), and 391 cases (77.9 %) had no family history
(sporadic PD; mean age at onset 63.1£12.0 years; male/
female 239/152). Thirty-eight percent (191/502) of the pa-
tients were screened and found to be negative for the vacuolar
protein sorting 35 gene (VPS35) mutation [10]. The diagnosis
of PD was made according to common diagnostic criteria [11].
The study was approved by the Ethics Committee of the Third
Xiangya Hospital, Central South University, China. All par-
ticipants have signed an informed consent.

Genetic and Statistical Analysis

Genomic DNA (gDNA) was extracted from lymphocytes
using standard phenol-chloroform method. Polymerase chain
reaction (PCR) products were generated with 100 ng of gDNA
in 2.5 uL 10x PCR buffer, 2 pL of 2.5 mmol/L each dNTP,
1.5 uL of 25 mmol/L. MgCl,, 1 uL of 10 umol/L each primer,
and 1 U Taq polymerase in a total volume of 25 puL. Primers
covering all coding regions and intron/exon boundaries of the
SMPDI1 gene (NM_000543.4) were used for PCR amplifica-
tion with a GeneAmp 9700 thermal cycler system (Applied
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Biosystems, Foster City, CA, USA). The sequences are avail-
able upon request. PCR conditions were 95 °C for 3 min,
followed by 35 cycles of 95 °C for 40 s, 58 °C for 35 s,
72 °C for 40 s, and a final extension step at 72 °C for 5 min.
The 8.5 uL PCR products were digested by 0.8-U shrimp
alkaline phosphatase (SAP, Fermentas) and 8-U exonuclease
I (Fermentas) in a 10-uL reaction volume and sequenced
directionally using an 8-capillary 3500 genetic analyzer
(Applied Biosystems, Foster City, CA, USA) [12].

Pearson’s x> tests were applied to test for significance in
differences of gene frequencies. A value (P<0.05, two-tailed)
was considered to be significant. The Hardy-Weinberg equi-
librium was performed as to ascertain the normal heterogene-
ity of the population.

Results

Eleven single nucleotide variants and Leu-Ala (Val) repeat
variants in the SMPD1 gene were identified in the 502 patients
with PD. Distributions of the genotypes in PD and control
groups were both in Hardy-Weinberg equilibrium. One novel
missense variant, c.638A>C (p.H213P), was found in a spo-
radic female PD patient with onset age of 47 years, and the
other novel missense variant, ¢.1673 T>C (p.L558P), was
observed in a sporadic male PD patient with onset age of
56 years. A known rare missense variant, ¢.1805G>A
(p-R602H, rs370129081), was identified in a sporadic male
patient of PD with onset age of 60 years (Fig. 1). None of
the three variants were observed in the control cohort that
consists of 637 subjects. In addition, none of these variants
were identified in 2375 ethnicity-matched controls from
exome sequencing data from BGI-Shenzhen. Besides the
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LFLTDLHWDHDYLEGTDPD-NT LPTAWHN|LVYRMRGDMQ-ATLCAQLSARADSPALCRH

Chimpanzee LFLTDLHWDHDYLEGMDPD-NT LPTAWHN|LVYRMRGDMQ-ATLCAQLSARADSPALCRH
R.Monkey LFLTDLHWDHDYLEGMDPD-NT LPTAWHNLVYRMRGDMQ-ATLCAQLSARADSPALCRH
Dog LFLTDLHWDHDYLEGTDPN-NA LPAAWHDLVYRMRGDTQ"TILCAQLSAR[SDSPALCRH
Cattle LFLTDLHWDHDYLEGTDPN-NA LPTAWHDLVYRMRKDTQATLCAQLSAR|SDSPALCRH

Mouse

LFLTDLHWDHEYLEGTDPY-DAMPAS WHNLVYRMRDDEQ ATLCAQLSARRADSPALCRH

Rat LFLTDLHWDHDYLEGTDPN-DAMPAS WHNLVYRMRADEQ ATLCAQLSARADSPALCRH

Fig. 1 Sequencing and conservation analysis of ¢.638A>C (p.H213P),
¢.1673T>C (p.L558P), and ¢.1805G>A (p.R602H, rs370129081) in the
SMPDI gene. a The arrow shows the novel missense variant ¢.638A>C
(p-H213P) identified in a sporadic female PD patient with onset age of
47 years. b The arrow shows the novel missense variant ¢.1673T>C
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(p.L558P) identified in a sporadic male PD patient with onset age of
56 years. ¢ The arrow shows the known rare missense variant
¢.1805G>A (p.R602H, rs370129081) identified in a sporadic male PD
patient with onset age of 60 years. d Conservation analysis of the SMPD1
p-H213, p.L558, and p.R602 amino acid residues
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Table 1  Allelic distribution of the SMPD1 gene Leu-Ala (Val) repeat
length variant in 502 patients and 637 controls

Leu-Ala (Val) repeats X P value
N<7 N=7 N>T7

Patients 204 782 18

Controls 277 990 7 8.451 0.015

p.R602H variant recorded in the database of single nucleotide
polymorphisms (rs370129081) and Human Gene Mutation
Database, the other two mutations were absent in both data-
bases. The p.H213, p.L558, and p.R602 are highly conserved

amino acid residuals spanning the species from rat to human
(Fig. 1), suggesting the structural and functional importance of
these residuals. MutationTaster predicted the three variants to
be disease-causing. Case-control analysis showed association
between Leu-Ala (Val) repeat variants in SMPD/ and Chinese
Han patients with PD (P=0.015, x*=8.451, Table 1), and this
association remained to be statistically significant after
Bonferroni correction. The allele with more than seven Leu-
Ala (Val) repeats conferred susceptibility for PD.

Other eight known variants (c.107C>T, p.A36V,
rs1050228; ¢c.636T>C, p.D212D, rs7951904; ¢.900C>T,
p-T300T, rs368353322; ¢.995C>G, p.P332R, rs202081954;
c.1133G>A, p.R378H, rs559088058; ¢.1522G>A, p.G508R,
rs1050239; ¢.1598C>T, p.P533L, rs199915216; ¢.1632C>T,

Table 2 Genotypes and alleles of

variants in the SMPD1 gene in PD Variant Subject  Genotype P value (x?) Allele P value (x%)
patients and normal controls

c.107C>T (p.A36V) cc CT 1T C T

PD 381 95 26 857 147

Control 484 122 31 0.969 (0.063) 1090 184  0.894 (0.018)
¢.636T>C (p.D212D) TT TC CC T C

PD 499 3 1001 3

Control 633 4 0.948 (0.004) 1270 4 0.948 (0.004)
c.638A>C (p.H213P) AA AC CC A C

PD 501 1 0 1003 1

Control 3012 0 0 0.014 (6.002) 6024 0 0.014 (6.001)
¢.900C>T (p.T300T) cC CT 1T C T

PD 501 1 0 1003 1

Control 637 0 0 0.260 (1.270) 1274 0 0.260 (1.269)
¢.995C>G (p.P332R) cC CG GG C G

PD 496 6 0 998 6

Control 625 12 0 0.355(0.856) 1262 12 0.357 (0.849)
c.1133G>A(p.R378H) GG GA AA G A

PD 472 28 2 972 32

Control 605 30 2 0.779 (0.499) 1240 34 0.464 (0.537)
¢.1522G>A (p.G508R) GG GA AA G A

PD 372 115 15 859 145

Control 470 148 19 0.992 (0.017) 1088 186  0.916 (0.011)
¢.1598C>T (p.P533L) CcC CT TT C T

PD 489 13 0 991 13

Control 629 8 0.097 2.760) 1266 8 0.098 (2.734)
¢.1632C>T (p.T544T) CcC CT 1TT C T

PD 500 2 0 1002 2

Control 634 3 0 0.854 (0.034) 1271 3 0.854 (0.034)
¢.1673T>C (p.L558P) TT TC CC T C

PD 501 1 0 1003 1

Control 3012 0 0 0.014 (6.002) 6024 0 0.014 (6.001)
¢.1805G>A (p.R602H) GG GA AA G A

PD 501 1 0 1003 1

Control 3012 0 0 0.014 (6.002) 6024 0 0.014 (6.001)

Statistically significant results are marked in bold
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p-T544T, rs201659696) were identified in both PD and con-
trol cohorts. None of these variants were predicted to result in
alteration of splicing site (http://www.fruitfly.org/seq tools/
splice.html). There were no significant differences in
genotypic distribution between the PD cohort and control
cohort for any of these eight known variants (all P>0.05,
Table 2), indicating that they were not pathogenic variants.

Discussion

Accumulating evidence indicates that genetic abnormalities
play an important role in the etiopathogenesis of PD. The past
16 years have witnessed dramatic progress in the genetic basis
of PD by discovery of at least 15 disease-related genes for
parkinsonism [2, 13—16]. Recently, the variants identified in
the SMPD1 gene were reported to be associated with PD [7,
17]. The observation of high OR value (9.4) to develop PD in
SMPD]1 p.L304P carriers indicated that this variant is a robust
susceptibility factor in multigenic inheritance or monogenic
disease-causing mutation with incomplete penetrance [7].

The SMPD1 gene, mapped on chromosome 11p15.1—
pl15.4, spans about 4.6 kb and contains six exons encoding
sphingomyelin phosphodiesterase 1 (acid sphingomyelinase,
ASM). The protein is a lysosomal enzyme that cleaves the
phosphocholine head group of sphingomyelin to generate cer-
amide [18]. The deficient activity of ASM may result in types
A or B Niemann-Pick disease (NPD) [19, 20]. The phenotype
of homozygous SmpdIl ™"~ mice mimics the neurovisceral form
of human NPD: extensive accumulation of sphingomyelin in
the reticuloendothelial system of the liver, spleen, bone mar-
row, lung, and brain, and complete degeneration of the gan-
glionic cell layer of Purkinje cells of the cerebellum, leading to
severe impairment of neuromotor coordination [21, 22].
Alterations of calcium (Ca®") homeostasis were detected in
ASM knockout mice brain [23], which may change the vul-
nerability of substantia nigra pars compacta dopaminergic
neurons to genetic and environmental factors and play a cru-
cial role in 1-methyl-4-phenylpyridinium (MPP")-induced do-
paminergic neuronal cell death.

Usually, mutation in both alleles of a disease-causing gene
may cause loss of function of the gene, resulting in autosomal
recessive disease, while a mutant carrier may result in autoso-
mal dominant disease or enhance susceptibility to a complex
disease. Mutation in an important domain of a gene may cause
a monogenic form of disease, whereas a nucleotide variant in a
noncritical region may enhance susceptibility to polygenic dis-
ease. Recent studies have identified that mutations in lysosomal
storage disorders disease-causing genes, including the SMPD1
gene, the GBA gene, and the Niemann-Pick 1 gene (NPCI),
could act as risk variants for PD.

The first reported PD-associated SMPDI p.L304P muta-
tion leads to dramatically reduced SMPD1 enzymatic activity
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and causes a fatal infantile type A NPD in homozygous con-
dition [24], suggesting that loss of function in SMPD! is in-
volved in the pathogenesis of both NPD and PD. In this study,
we identified two novel mutations (p.H213P and p.L558P)
and a known but rare variant (p.R602H) in our PD cohort
consisting of 502 subjects. None of these variants were iden-
tified in 3012 control subjects. All the three amino acids at
p.-H213, p.LL558, and p.R602 are highly conserved. Six vari-
ants including p.V36A, p.P332R, p.R378H, p.G508R,
p.P533L, and p.R602H were reported in NPD patients.
However, the pathogenicity or association between the vari-
ants and NPD remains unclear except that p.P533L was con-
sidered as one severe mutation of the two disease-causing
alleles [25-27]. Additionally, case-control analysis showed
association between PD and SMPDI Leu-Ala (Val) repeat
variants, which may affect the product structure and function,
eventually resulting in PD. Our data, therefore, support the
notion that some genetic variants in SMPD] increase the risk
of PD in the Chinese Han population. Further genetic studies
in different PD populations and functional analysis of the var-
iants are warranted to better understand SMPD-associated
PD and the role of SMPD] variants in the pathogenesis of PD.
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