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Objective: We aimed to evaluate whether the polymorphism of poly(ADP-ribose) polymerase-1
(PARP-1) is involved as potential risk factor in the development of spinal cord injury (SCI)
among Chinese individuals.

Patients and methods: Patients with a confirmed diagnosis of SCI (other than traumatic
injury) and healthy individuals with no clinical symptoms of SCI were enrolled at Spinal Cord
Injury Care Center, The Third People’s Hospital of Dalian, China. Genetic polymorphisms
were studied in plasma samples by polymerase chain reaction-restriction fragment length
polymorphism assay.

Results: A total of 130 Chinese patients with SCI and 130 healthy Chinese individuals were
included. We found that patients with the GG genotype (odds ratio [OR]: 4.09, 95% confidence
interval [CI] 2.42-6.90, P<<0.001) and carriers of the G allele (OR 3.96, 95% CI 2.33-6.74,
P<0.0001) were at high risk of developing SCI. A del/ins polymorphism of the NF-xB1 gene
(OR 3.32,95% CI 1.96-5.61, P<<0.001) was also found to be associated with SCI.
Conclusion: Our study suggests that PARP-1 polymorphisms are involved in the development
of SCI in Chinese individuals. Thus, PARP-1 polymorphisms can be considered as one of the
potential risk factors for developing SCI.
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Introduction

Spinal cord injury (SCI) is a common cause of disability and has been increasing, with
the estimated incidence rate of 15-40 cases per million worldwide.' In China, the inci-
dence of SCI has been doubled in 2011 (14%) when compared with incidence rate of
SCI (7%) in 2003.2 Spinal cord injuries (SCIs) severely affect physical, psychological,
and social well-being of patients and significantly enhance financial burden to patients
and their family as well as to the health care systems.? Mobility restrictions are one of
main problems associated with SCI patients, which increase secondary complications
such as obesity, cardiovascular disease, diabetes, depression and pressure ulcers that
may negatively influence quality of life.* Guimardes et al® suggested that polymor-
phisms were involved in the development of SCI in Brazilian patients.

It is well known that poly(ADP-ribose) polymerase-1 (PARP-1)-mediated
signaling can trigger an outburst of pro-inflammatory regulators and the cell death
cascade is also known to the scientific community.® PARP-1, also named adenosine
diphosphate ribosyltransferase, catalyzes the process of PARylation by attaching the
polymers of ADP-ribose to target protein motifs via ester linkage and triggers an
array of vital cell functions including chromatin structure, DNA repair, transcriptional
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regulation, apoptosis, necrosis, cell separation, and differ-
entiation.” In humans, 17 members of PARP are expressed,
of which PARP-1 is associated with the nucleus and regu-
lates at least 85% of the cellular PARP activities.® DNA
strand nicks/breaks/errors activate PARP-1 and trigger
the DNA repair process.” PARP-1 maintains the genomic
integrity by PARylation of histones and other key enzymes,
the DNA repair mechanism, inter protein interactions, and
gene expression to ensure optimum cellular homeostasis.!*!?
However, through cellular and/or genotoxic stress, prolonged
activation of PARP-1 leads to a decrease in B-nicotinamide
adenine dinucleotide (NAD) and adenosine triphosphate
(ATP) and causes release of apoptosis-inducing factor (AIF),
a mitochondrial proapoptotic protein. Such stress-induced
dysregulation in cellular homeostasis mediated by PARP-1
triggers the downstream necrosis cascade of cell death.'?

PARP plays an important role in the tissue injury asso-
ciated with neuro-trauma. Infiltration of spinal cord tissue
with neutrophils was associated with a marked increase in
immunoreactivity for poly(ADP-ribose), which results in
the activation of PARP in the spinal cord tissue. This results
in the activation of nuclear factor-kB (NF-xB) after spinal
cord damage.'* Recently, it has been demonstrated that SCI
induced PARP activation. Continuous or excessive activation
of PARP produces extended chains of ADP-ribose on nuclear
proteins and results in a substantial depletion of intracellular
NAD" and, subsequently, adenosine triphosphate (ATP),
leading to cellular dysfunction and, ultimately, cell death.'s
Involvement of PARP in the neurological consequence of
traumatic brain injury as well as in SCI, considered PARP
as a promising therapeutic target in the clinical treatment of
brain trauma or SCI.'® The main objective of our study was
to ascertain whether such polymorphisms also play a role in
Chinese patients with SCI given the different involvement of
gene polymorphisms based on ethnicity. This pilot study was
designed to investigate whether there is any ethnic difference
in gene involvement between Chinese and Brazilian patients
with SCI. Our study may serve as a basis for conducting large
multicenter and multicountry clinical studies to assess the
association of PARP-1 with SCI.

Patients and methods

Patients of both genders aged between 18 and 65 years with
a confirmed diagnosis of SCI and healthy individuals with no
SCI (control group) were enrolled at Spinal Cord Injury Care
Center, The Third People’s Hospital of Dalian, Affiliated
to Dalian Medical University, Dalian, China. Subjects with
complete neurological damage after SCI met all the following

inclusion criteria: 1) had neurological damage caused by SCI
at least for 1 year; 2) subjects with no vertebral canal stenosis
at the time of the SCI; 3) subjects who had burst vertebral frac-
ture, in the absence of facet dislocation, at the level of the spinal
cord in the vertebral canal, and not at the level of the spinal
cord cone or the nervous roots; 4) subjects with age <65 years
at the time of the injury; and 5) who did not experience neuro-
logical alterations as a result of surgical intervention.

The study was approved by the Institutional Review
Board of Dalian Medical University, and written consent
was obtained from each study participant. All participants
were informed about the study procedures and the potential
benefits to society. All participants underwent laboratory
tests to confirm their eligibility as healthy individuals and
patients with SCI.

Plasma samples were collected from the study popula-
tion and DNA from leukocytes was extracted by the high
salt DNA extraction method. All isolated DNA samples
were kept at —80°C for further assessment. Using efficient
molecular biology techniques, polymorphisms of the
PARP-1, NF-kB1, and NF-xBIA genes were studied in DNA
samples by polymerase chain reaction-restriction fragment
length polymorphism analysis. For the PARP-1 C410T and
G1672A promoter regions, 297 and 187 base pair polymerase
chain reaction (PCR) fragments were amplified in a 25 uL.
reaction volume at pH 8.3 consisting of 50 mM potassium
chloride (KCl), 100 ng genomic DNA, 200 pM deoxynucle-
otide (ANTP), 200 pM of 10 mM Tris-hydrogen chloride
(HCI), 1 U Taq polymerase (Sigma-Aldrich, St Louis,
MO, USA) and 2 mM MgCl, (Thermo Fisher Scientific,
Waltham, MA, USA). PCR was performed using an opti-
mized sequence of cycles: a denaturation phase at 95°C
(2 min) followed by 30 cycles at 95°C (30 s), 60°C (30 s),
72°C (1 min), and a final incubation phase at 72°C (5 min).
The PCR products were treated with 5 U of HpyF3I (Ddel)
(Thermo Fisher Scientific) and Bsh12361 (Thermo Fisher
Scientific) at 37°C overnight for digestion. The resulting
fragments were run on ethidium bromide-stained 3% agarose
gel for 45 min at 90 V and quantified through direct detec-
tion under ultraviolet (UV) light. Likewise, the NF-xB1 and
NF-xBIA genes were amplified by 285 and 424 base pair
PCR fragments using the same reagents. The PCR running
sequence included a denaturing step at 95°C (1 min) followed
by 35 cycles at 95°C (30 s), 61°C (30 s), 72°C (1 min), and
a final incubation at 72°C (5 min). The PCR products were
treated with 5 U PAMI (Van911) and Haelll (BsuRI) (Thermo
Fisher Scientific) at 37°C overnight for digestion, and the
digested products were run on ethidium bromide-stained
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3% agarose gel for 45 min at 90 V and quantified directly
under UV light.

Statistical analysis

The study was designed as a preliminary pilot study to assess
the association of PARP-1 with SCI in a Chinese population.
Hence, no formal sample size calculation was performed.
We planned to enroll at least 100 individuals in each group
(SCI patients and healthy controls). We designed our study
to serve as a basis for large genetic clinical studies to assess
PARP-1 polymorphism in patients with SCI. The data were
analyzed using the GraphPad Prism (ver 6.0). Quantitative
variables were presented as mean (+standard deviation) and
analyzed by parametric and nonparametric statistical tests
depending on the number of groups for comparison and the
distribution of data; two-sided statistical tests were used.
Normality testing (Kolmogorov—Smirnov test or Shapiro—
Wilk test) was used to check the distribution of quantita-
tive data. Categorical variables were presented as absolute
numbers and/or percentages of subjects in each category.
Odds ratios (ORs) were calculated using logistic regression
analysis with age and gender as covariates.

Results

A total of 130 Chinese patients with SCI and 130 healthy
individuals were enrolled and completed the study. The data
of all individuals of both groups were subjected to statistical
analysis. The mean age of the patients with SCI and healthy
groups was 47.9 (£6.3) and 49.7 (£5.6) years, respectively.
Gender distribution was similar in the patient and control
groups. Body mass index was comparable among individuals
of both groups (Table 1). In SCI group, the majority of
patients had moderate severity of neurological damage.
In SCI group, the number of patients with different type of
SCI mechanism is presented in Table 1.

For the G1672A genotype, we found that individuals
with a GG genotype in the PARP-1 gene were at very high
risk of developing SCI (OR 4.09, 95% confidence interval
[C1]2.42-6.90, P<<0.001). We observed that individuals with
aGallele in PARP-1 were also at very high risk of developing
SCI(OR 3.96, 95% C12.33-6.74, P<<0.0001). There was no
involvement of other genotypes such as GA and AA among
patients with SCI. None of the other genotypes of NF-xB1,
NF-xBIA, and PARP-1 were found to be involved (Table 2).
No evidence of PARP-1 polymorphisms was observed in
healthy subjects.

For the C410T genotype, we observed that individuals
with a C allele in the PARP-1 gene were at high risk of

Table | Demographic and clinical characteristics of healthy
individuals and spinal cord injury patients

Variables Individuals with Healthy
spinal cord injury, individuals,
N=130 N=130
Age 47.9 (6.3) 49.7 (5.6)
Gender (men/women) 80/50 78/52
BMI 27.13 (3.45) 26.82 (3.43)
Spinal cord injury mechanism
type, n (%)
Axial deformation 23 (18) 0(0)
Compression 21 (16) 0(0)
Spinal elongation with distraction 21 (16) 0(0)
Torsion or axial spinal rotation 14 (1) 0(0)
Segmental translation 27 (21) 0(0)
Combined mechanisms 24 (18) 0(0)
Severity of neurological damage,
n (%)
Moderate 103 (79) 0 (0)
Severe 27 (21) 0(0)

Notes: Values are expressed as mean (SD) for age and BMI, and absolute values are
presented for gender. N, total number of individuals.
Abbreviations: BMI, body mass index; SD, standard deviation.

developing SCI (OR 3.77, 95% CI 1.99-7.12, P<<0.0001).
Among patients with SCI, a DNA sequence variation, namely
del/ins of the NF-kB1 gene, was observed (OR 3.32, 95% CI
1.96-5.61, P<<0.001). This suggests a role of del/ins of
NF-kB1 in the development of SCI. No statistically signifi-
cant association of other NF-kB1 genotypes with SCI was
observed (Table 2). In our study, polymorphism of PARP-1
was not associated with any worse recovery outcome among
the patients with SCI.

Discussion

This was the first study to determine the association of
PARP-1 polymorphisms with the development of SCI in
Chinese patients. We found that individuals with the GG
genotype were at very high risk of developing SCI. Guimaraes
et al’ have identified >95,000 SNPs in 588 genes associated
with SCI in Brazilian patients. Among the identified genes,
the following genes were selected for frequency analysis
in Guimaraes et al’s study: APOE, ALOX12, BDNF, and
NINJ1. Guimaraes et al’ suggested that the polymorphism
of ALOX12 is highly prevalent in both SCI (42.8%) and
non-SCI samples (39.5%) being an excellent candidate for
future study. In addition to Guimaraes et al’s study,’ our study
results suggested the involvement of two SNPs of PARP-1
(C410T and G1672A) with SCI in China, indicating that
polymorphism of PARP-1 could increase the susceptibility
of SCI. In this Chinese study, we also observed that indi-
viduals carrying a C allele were at high risk of developing
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Table 2 Genotypes involved in gene polymorphism in patients
with spinal cord injury

Genotype Individuals Healthy OR (95% CI), P-value
with spinal individuals,
cord injury, N=130
N=130
Gl672A
genotype
GG 88 42 1.47 (1.42-3.20), <0.001
GA 43 41 1.0l (0.63-1.40), 0.87
AA 22 21 1.03 (0.54-2.03), 0.9
Allele frequency
in G1672A
genotype
G allele 72 31 1.64 (1.38-3.14), <0.001
Aallele 34 32 1.06 (0.65—1.49), 0.87
C410T
genotype
CcC 86 78 I.I'l (0.78-1.85), 0.08
CT 34 32 1.03 (0.92-1.31), 0.83
TT 18 14 1.0l (0.87-1.19), 0.78
Allele frequency
in C410T
Callele 114 85 1.77 (1.69-3.12), <0.0001
T allele 33 31 1.01 (0.71-1.65), 0.82
NF-xBI gene
ins/ins 84 82 1.04 (0.74-1.57), 0.8
del/ins 69 33 1.32 (1.26-2.91), <0.001
del/del 15 I 1.31 (0.62-2.12), 0.73
Allele frequency
in NF-xBI
ins 8l 78 I.I'1 (0.74-1.63), 0.78
NF-xBIA gene
AA 91 84 0.82 (0.74-1.11),0.73
AG 25 21 1.02 (0.79-1.19), 0.82
GG 13 21 I.14 (0.88-1.91),0.75
Allele frequency
in NF-xBIA
A allele 64 67 1.13 (0.81-1.82), 0.72
G allele 52 48 1.09 (0.76-1.63), 0.72

Notes: Values are expressed as absolute number. N, total number in each group.
OR values were calculated based on using logistic regression analysis with age and
gender as covariates.

Abbreviations: Cl, confidence interval; OR, odds ratio.

SCI. Additionally, we observed the involvement of a del/ins
polymorphism in NF-kB1 in SCI development among
Chinese individuals.

In our study, individuals with a GG genotype in DNA
sequencing and carriers of a G allele were more susceptible
to and at very high risk of developing SCI. This indicates
that a GA genotype might have a defensive influence on
the disease. The possible reason for involvement of the
GG genotype as a risk factor for SCI could be explained by
molecular heterosis, which is observed in ~50% of cases of
gene associations.'” We also observed the involvement of

a NF-xB1 polymorphism in the increased risk of SCI. Our
study results showed involvement of PARP in SCI, indicating
PARP as a promising therapeutic target in clinical treatment
of SCI. In addition, previous study demonstrated that PARP
inhibitors inhibit apoptotic cell death in spinal cord tissue by
preventing the activation of the apoptosis pathway.'* Also,
preclinical evidence demonstrated that the PARP inhibi-
tors clearly improve motor function associated with SCI.
In addition, reports indicate that PARP inhibitors have strong
anti-inflammatory properties resulting in reduced 1) polymor-
phonuclear leukocyte infiltration, 2) activation of NF-kB,
and 3) degree of tissue injury.'*'” Differential expression of
the desired gene product in the target tissue is central to the
concept of gene therapy.'® The development of potent PARP
inhibitors has become of increasing clinical interest in vari-
ous disease conditions. In this study, we suggest the PARP
inhibitor-based gene therapy as a new treatment paradigm
for SCI. Our study results provide proof-of-principle for a
novel therapeutic strategy for the treatment of SCI.

This was the first study to suggest the association of
two single-nucleotide polymorphisms (SNPs) of PARP-1
(C410T and G1672A) with SCI in Chinese patients. The
involvement of these SNPs in SCI subtypes has not yet
been established. PARP-1 catalyzes poly(ADP-ribosyl)
ation to various proteins involved in many cellular pro-
cesses, including DNA damage detection and repair and
cell proliferation and death.! Several reports showed the
involvement of polymorphisms of PARP-1 in susceptibility
of developing various diseases such as cancer,' cataract,?
and Graves’ disease.?! Thus, our finding encourages the
researchers to focus on two SNPs of PARP-1 (C410T and
G1672A) in other disease conditions associated with SCI.
The study was designed as pilot study and conducted at
single study center in China (limitation of study). Therefore,
the present findings cannot be generalized to the overall
Chinese population. Based on the study results, we encour-
age conducting large multicentric randomized clinical study
in future to generalize our findings.

Conclusion

Our results suggest that polymorphisms of the PARP-1
gene could be considered as one of potential risk factors
for the development of SCI in Chinese individuals. We also
observed the involvement of a NF-kB1 polymorphism in
the increased risk of SCI. Our study results may serve as a
basis for conducting large multicenter, multicountry, genetic
clinical studies to assess the involvement of PARP-1 and
NF-xB1 in SCI.
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