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ABSTRACT. Ossification of the posterior longitudinal ligament
(OPLL) is a condition of the spine that can cause paralysis by
compressing the spinal cord. The aim of this study was to evaluate
the possible role of nucleotide pyrophosphatase phosphodiesterase
1 gene (NPPI) polymorphism in the etiology and pathology of the
OPLL in Chinese patients. DNA from patients with OPLL (N =95) and
without OPLL (N = 90) were genotyped for 4 NPP1 single-nucleotide
polymorphisms (SNPs): A533C, C973T, IVS15-14T—C, and 1VS20-
11delT. An association study evaluated the relationship between
specific SNP genotypes and susceptibility. We also evaluated whether
genotypes of these SNPs were associated with disease severity and the
probability of disease progression after surgery. The C973T and IVS15-
14T SNPs were associated with the existence of the disease. The TT
genotypes of C973T and [IVS15—14T as well wild-type IVS20 (lack of
deletion) were associated with more severe disease. Patients with the T
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deletion of IVS20 or the AA genotype of A533C had an approximately
3 times greater chance of not having than having disease progression
after surgery. We concluded that the 4 SNPs analyzed appeared to
have different effects on the etiology and pathology of OPLL. To our
knowledge, this study is the first to investigate the relationship between
these SNPs and disease progression after surgery. Our findings suggest
that the presence of specific genotypes of the IVS20-11delT and A533C
SNPs may predict disease outcome after surgical intervention.

Key words: NPP1; Polymorphism; Ossification; Postoperative progression;
Posterior longitudinal ligament

INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL) is an abnormal ossification
of the ligament that runs behind the vertebral bodies in front of the spinal cord. It can result
in compression of the spinal cord and lead to neurological symptoms that, in severe cases,
require surgical treatment (Chang et al., 2012). OPLL occurs most commonly in men, in the
elderly, and in Asians. The incidence of OPLL is 2.4% in Asians and 0.16% in non-Asians
(Wang and Thambuswamy, 2011; Chang et al., 2012).

The exact pathogenesis and etiology of OPLL remains unclear. Early clinical and
epidemiological studies have suggested that OPLL is multifactorial and results from both en-
vironmental and genetic factors (Terayama, 1989; Sakou et al., 1991). Several studies in Asian
populations have indicated that collagen genes may be involved in OPLL (Koga et al., 1998;
Maeda et al., 2001). Other factors include retinoic X receptor B, bone morphogenic protein,
transforming growth factor B, insulin-like growth factors, connective tissue growth factors,
growth hormone-binding proteins, platelet-derived growth factors, and interleukin-7 (Kon et
al., 1997; Numasawa et al., 1999; Kawaguchi et al., 2003; Song et al., 2006).

The nucleotide pyrophosphatase phosphodiesterase multi-gene family (NPPS; also
called ectophosphodiesterase/nucleotide phosphohydrolase) encodes nucleotide pyrophospha-
tases that are type II transmembrane metalloenzymes. NPP1, NPP2, and NPP3 regulate soft-
tissue calcification and bone mineralization (Stapleton et al., 2011). The NPP1 protein isoform
is the predominate enzyme in chondrocytes and osteoblasts that regulates bone mineralization
(Goding et al., 2003). Four single-nucleotide polymorphisms (SNPs) in NPP/ appear to influ-
ence either the development or the severity of OPLL in humans. One is a T—C transition in
intron 15 at position 14 upstream of exon 16 (IVS15-14T) (Koshizuka et al., 2002; Horikoshi
et al., 2006) and another is a T deletion 11 nucleotides upstream of the splice acceptor site in
intron 20 (IVS20-dell11T) (Tahara et al., 2005). The remaining 2 SNPs are variants in the cod-
ing region: A533C is an A to C change in exon 4 that alters the protein sequence from K to Q
(Nakamura et al., 1999), and C973T is a C to T substitution in exon 9.

Much of the genetic analysis of the association of NPP/ with OPLL has been per-
formed in Japanese populations, and only a few prior studies investigated the association of
NPPI SNPs with the degree of disease severity (Koshizuka et al., 2002; Tahara et al., 2005).
In this study, we evaluated the association of the 4 SNPs described above with susceptibility to
OPLL, disease severity, and postoperative disease progression in a cohort of Chinese patients.
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MATERIAL AND METHODS

Study population

All patients in this study were treated at Shanghai Fengxian District Central Hospital
and Shanghai Changzheng Hospital (China). The study was performed in accordance with the
Declaration of Helsinki and was approved by the appropriate ethics committees. All patients
gave their informed consent.

Patients included in this study had a confirmed diagnosis of OPLL and they were
treated at the hospital before December 2006 (OPLL group). To establish a control group, we
randomly selected individuals without OPLL from patients admitted to the hospital after Janu-
ary 2006. General conditions, imaging data, and follow-up information were recorded for all
patients.

Genotype analysis

Blood samples (5 mL) were taken from patients in the OPLL and control groups and
stored at -20°C. Subsequently, genomic DNA was extracted from the mononuclear cells of the
blood samples using an EZ-10 Spin Column Bacterial Genomic DNA Isolation Kit (Sangon
Biotech Co., Ltd., Shanghai, China) according to manufacturer instructions, and the purified
DNA was stored at -20°C.

Genomic DNA was amplified using polymerase chain reaction (PCR) with a BS305
Ready-To-Use PCR Kit (Sangon Biotech) and sequenced to evaluate the presence of 4 SNPs:
AS533C, C973T, IVS15-14T—C, and IVS20-11delT. The PCR reaction included 2 pL. DNA
template, 2 uL each primer, 4 puL. deoxyribonucleotide triphosphate, 5 pL 10X bufter, 0.3
uL Taq enzyme, and 34.7 pL water. The PCR conditions for amplification of SNPs A533C,
C973T, and IVS15-14T—C were 94°C for 4 min followed by 35 cycles of 94°C for 40 s, then
55°C for 30 s and 72°C for 40 s followed by 1 cycle of 72°C for 5 min. The reaction conditions
for IVS20-11delT were identical to that of the other SNPs, except that the annealing step was
performed at 58°C instead of 55°C. The primers used for PCR were presented in Table 1. The
PCR products were sequenced by Shanghai Shengong Biotechnology Co. (China).

Table 1. Information about the primers for the PCR.

SNPs Sequence (5'-3") Product size (bp)

A533C Forward: TGGGTGATGGGTATAATGT 285
Reverse: AACAGGCACAGAGGCTTCT

C973T Forward: GGCCCACTTGTCTAGTTTT 314
Reverse: GAGCAGAAAATGAAGGAAA

IVS15-14T—C Forward: TGAAATCCACTTCCACAATA 377
Reverse: TCATGTCGGTTATTTGTAAA

IVS20-11delT Forward: TGAACATTTATGGACAGGA 434

Reverse: GTCTCACTCTGTCACCCA

Imaging measurement and evaluation

Lateral X-rays of the cervical spine was taken for all patients using a FUJI FCR AC-3
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CS Computed Radiography System, and the images were scanned and saved as electronic files
with a UMAX Astra 1220S Scanner. OPLL length and thickness measurements in millimeters
were obtained using SigmaScan Pro version 5 (SPSS Inc., USA). The details of the method
are shown in Figure 1.

Figure 1. Radiographic measurement of ossification of the posterior longitudinal ligament. The patient was
taken X-ray in lateral position at cervical spine position. The length and thickness of ossification of the posterior
longitudinal ligament was measured. Millimeter is the unit for the measurement in the photo.

Determination of ossification progression after cervical OPLL surgery

OPLL length was measured according to the standard of Hori et al. (4, 5). The progres-
sion of OPLL thickness was defined as the extension of the upper or lower end of the ossified
mass in the corresponding direction during follow-up visits. Progression was defined as greater
than 2 mm of rearward growth. Otherwise, an assessment of no progression was recorded.
Growth of a postoperative ossified mass (including the remnant after incomplete removal of
the OPLL during decompression) more than 2 mm was considered progression. A newly devel-
oped ectopic ligament ossification greater than 2 mm in an area without previous ossification
was considered progression. Growth of a remaining ossified mass more than 2 mm after partial
resection of segmental ossification was also considered progression of ossification.

Statistical analysis

Data were presented as means + standard deviation for continuous variables and as number
and percentage for categorical variables. For baseline characteristics or associations between SNPs
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and clinical characteristics, the comparisons of clinical characteristics between 2 groups were as-
sessed with 2 independent sample #-tests for continuous variables. The chi-square test/Fisher exact
test was used for categorical variables, and the magnitude of strength of association was reported
as odds ratio. All statistical assessments were evaluated at a two-sided alpha level of 0.05. Analyses
were performed with the SAS software package, version 9.2 (SAS Institute Inc., USA).

RESULTS

Patient demographics and disease characteristics

A total of 95 patients with diagnosed OPLL of the cervical spine and 90 control subjects
were evaluated in this study. The OPLL and controls groups were mostly male (75.8% and 72.2%,
respectively) and the mean + SD ages were similar (56.3 9.1 and 57 + 8.7, respectively).

The OPLL group consisted of patients with continuous OPLL (N = 7), segmental
OPLL (N = 40), circumscribed OPLL (N = 34), and mixed disease (N = 14). Four patients in
the OPLL group had combined anterior and posterior surgery. All patients were followed for
1-6 years and the mean length of follow-up was 3.1 years. All patients in the control group
had only cervical spondylotic myelopathy without OPLL, diabetes, or ankylosing spondylitis.

Genetic analysis

Of the 4 SNPs analyzed, only the [IVS20-11delT SNP was significantly out of Hardy-
Weinberg equilibrium (P < 0.001). The distribution of the genotypes of 2 of the SNPs, C973T
and IVS15-14T—C, differed significantly between the OPLL and control groups (Table 2). Of
subjects in the OPLL and control groups, 61.1% and 93.3%, respectively, had the CC genotype
of C973T, and 38.9% and 6.7%, respectively, carried the TT+TC genotype (P < 0.001). For
IVS15-14T—C, the TT genotype occurred in the OPLL group more frequently than it did in
the control group (P = 0.026).

Table 2. Association between SNP genotypes and OPLL.

Genotype [N (%)] OPLL Control P
(N =95) (N=90)

A533C - 0.430
AA 76 (80.0) 76 (84.4) -
AC+CC 19 (20.0) 14 (15.6) -

C973T - <0.001
CcC 58 (61.1) 84 (93.3) -
TT+TC 37 (38.9) 6(6.7) -

IVS15-14T—C - 0.026
TT 18 (19.0) 7(7.8) -
CC+TC 77 (81.0) 83(92.2) -

1VS20-11delT - 0.093
wWw 55(57.9) 41 (45.6) -
\A% 40 (42.1) 49 (54.4.)

V = variant; W = wild type.

Three of the 4 SNPs were associated with characteristics of OPLL disease severity
that included ossified segments and thickness (Table 3). For SNP C973T, the homozygous
CC genotype was associated with smaller ossification thickness compared with that of the
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TT+TC genotypes (P =0.007). For IVS15-14T—C, patients with the TT genotype had greater
numbers of ossified vertebrae and thicker ossification than those of patients with the CC+TC
genotypes (P values < 0.017). Patients homozygous for the T deletion (VV) in IVS20 had
fewer ossified vertebrae and less ossification thickness than those in patients homozygous for
the wild-type allele (WW; all P values < 0.001).

Table 3. Associations between SNPs and age, ossified segments and thickness.

SNPs N Age Ossified segments Ossified thickness
[means + SD, (years)] [means + SD, (VB)] [means + SD, (mm)]
AS533C
AA 76 55.7+9.0 42+1.7 7.8+3.1
AC+CC 19 585+94 47+£25 7.7+33
P value 0.231 0.363 0.947
C973T
CcC 58 56.1+9.0 41+1.8 7.1+£2.8
TT+TC 37 56.5+9.3 46=x2.1 88+33
P value 0.828 0.248 0.007
IVS15-14T—C
TT 18 58.7+11. 63+24 93+34
CC+TC 77 55.7+8.6 38+1.4 7.4+29
P value 0.219 <0.001 0.017
1VS20-11delT
wWw 55 57.5+9.4 51+45 8.8+3.0
\'AY% 40 54.6+8.5 39+29 6.4+2.7
P value 0.119 <0.001 <0.001

Results are reported as means + SD. Comparisons between two groups were performed by two sample independent
t-test. V = variant; W = wild type.

We analyzed the association of disease progression after surgery with the 4 SNPs.
The AA genotypes of SNP A533C and variant IVS20 (VV; T deletion) were associated with a
greater proportion of patients without disease progression compared with that in patients with
disease progression (both P values < 0.030; Table 4). For both of these genotypes, patients
were 3 times more likely to display no disease progression after surgery. The AC genotype
of A533C and the WW genotype of IVS20-11delT seemed to have no influence on disease
progression, as a similar proportion of patients with these genotypes were found in the pro-
gression and no-progression groups after surgery. For C973T and IVS15-14T—C, none of the
analyzed genotypes were significantly associated with disease progression.

Table 4. Associations between SNPs and postoperative progression of cervical OPLL.

Non-progression (N = 56) Progression (N = 39) P value OR (95%CI)

A533C 0.029

AA 49 (87.5) 27 (69.2) 3.11 (1.10, 8.84)

AC+CC 7(12.5) 12 (30.8) 1
C973T 0.935

CcC 34 (60.7) 24 (61.5) 0.97 (0.42,2.23)

TT+TC 22 (39.3) 15 (38.5) 1
1VS15-14T—C 0.836

T 11 (19.6) 7 (18.0) 0.90 (0.31, 2.56)

CC+TC 45 (80.4) 32(82.0) 1
1VS20-11delT 0.007

WwW 26 (46.4) 29 (74.4) 1

\A% 30 (53.6) 10 (25.6) 3.35(1.37,8.15)

Results presented as count and percentage. Comparisons between two groups were performed by chi-square test.
Odds ratio (OR) was used to expression the correlation. V = variant; W = wild-type.
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DISCUSSION

In this study, we found that several SNPs were associated with distinct OPLL clini-
cal phenotypes, suggesting they may play roles in the etiology and pathology of OPLL. The
C973T SNP was associated with disease susceptibility and severity but not with disease pro-
gression after surgery, as the distribution of the genotypes differed between OPLL and control
patients, and the TT genotype was associated with thicker ossification. The IVS15-14T—C
SNP was also associated with disease susceptibility and progression. The distribution of
IVS15-14T—C genotypes was significantly different between the 2 patient groups, and pa-
tients homozygous for the CC allele had fewer ossified vertebrae and thinner ossification than
those in patients carrying the TT genotype. In contrast, A533C and IVS20-del11T were not
associated with disease susceptibility. However, the IVS20 locus did appear important both for
disease severity and progression; patients without the deletion had more ossified vertebrae and
thicker ossification than those in patients carrying the deletion, and they had a 3 times greater
chance of displaying no disease progression after surgery. This SNP was also out of Hardy-
Weinberg equilibrium, suggesting that some selection pressures may be at work on this locus.
The A533C SNP may also play a role in disease progression, because patients homozygous
for the A allele also had an approximately 3 times greater probability of disease progression.

The relationships of IVS15-14T and IVS20-11delT with disease severity have previ-
ously been studied (Koshizuka et al., 2002; Tahara et al., 2005). These studies have found that
the association with severity was influenced by gender (Koshizuka et al., 2002; Tahara et al.,
2005). Women with early onset disease and the C allele of IVS15-14T—C had a greater num-
ber of ossified vertebrae than that in non-carriers (P < 0.05) (Koshizuka et al., 2002). In men,
this relationship of the C allele and disease severity was unapparent (Koshizuka et al., 2002).
For IVS20-11delT, men but not women had a greater number of ossified vertebrae than that in
patients without the deleted T allele (P < 0.05) (Tahara et al., 2005). We did not evaluate the role
of gender in the phenotype of the studied alleles, although most of our population was male.

Consistent with our findings, 2 studies have found that the IVS20-11delT polymor-
phism is unassociated with the disease (Koshizuka et al., 2002; Tahara et al., 2005). However,
in another study, the proportion of patients with the T allele deletion in the OPLL group was
significantly higher than that in controls (0.0029), suggesting this allele is unassociated with
susceptibility (Nakamura et al., 1999).

The reason for the differences between our findings and those other studies is unclear,
but it may represent variations among populations (e.g., ethnicity, ratio of men to women), the
small sample size of all the studies, and the fact that other studies have evaluated the relation-
ship of specific SNP alleles and disease parameters, whereas our study assessed genotypes.

The sample size of this study was small, and larger studies are necessary to confirm
our findings. In addition, our study population was predominately male (about 75%), and be-
cause some of SNP effects are gender specific, a study that evaluates a greater proportion of
women is warranted.

In summary, our findings are consistent with others suggesting that NPP1 is important
to the etiology and pathology of OPLL. How the 4 SNPs investigated in this study alter bone
metabolism to affect bone formation is unknown. To our knowledge, this study is the first to
investigate the relationship of these SNPs to disease progression after surgery. Our findings
suggest that the presence of specific genotypes of the IVS20-11delT and A533C SNPs may
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predict the prognosis of patients after surgical intervention.
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