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inhibitor gene polymorphisms and osteonecrosis
of the femoral head susceptibility
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Abstract
This study aimed to analyze the correlation of the plasminogen activator inhibitor (PA/I-7) gene polymorphisms (rs6092 and rs7242) |
with susceptibility of osteonecrosis of the femoral head (ONFH).

This case-control study included 106 ONFH patients and 151 healthy controls. PA/-7 polymorphisms were genotyped by
polymerase chain reaction (PCR) with direct sequencing. The genotype distribution of polymorphism in the control group was
checked with the status of Hardy-Weinberg equilibrium (HWE). The x? test was applied to compare the genotypes of polymorphisms
between the case and control groups. The association intensity between PA/-1 polymorphisms and ONFH risk was estimated by
odds ratios (ORs) and 95% confidence intervals (95% CI). The linkage disequilibrium of PA/-7 polymorphisms was analyzed by
Haploview.

We found that the genotypes and alleles of PAI-7 rs6092 and rs7242 polymorphisms had no obvious association with the risk of
ONFH (P>.05). But the strong linkage disequilibrium existed between rs6092 and rs7242 polymorphisms and haplotype G-T was
significantly associated with the decreased risk of ONFH occurrence (OR=0.666, 95%Cl=0.445-0.998).

PAI-1 rs6092 and rs7242 polymorphisms are not associated with ONFH development, but haplotype G-T may be a protective
factor of ONFH.

Abbreviations: 95%CI| = 95% confidence interval, ANFH = avascular necrosis of the femoral head, BMI = body mass index, HWE
= Hardy-Weinberg equilibrium, MRI = magnetic resonance imaging, ON = osteonecrosis, ONFH = osteonecrosis of the femoral
head, OR = odds ratio, PAI-1 = plasminogen activator inhibitor, PCR = polymerase chain reaction, SNPs = single-nucleotide

polymorphisms, tPA = tissue plasminogen activator.
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1. Introduction

Osteonecrosis of the femoral head (ONFH), also called as
avascular necrosis of the femoral head,™* is a progressive
collapse of the femoral head which is mainly induced by
interruption in blood supply and anomalies in the fibrinolytic
system.>* The disease seriously affected the life quality of
patients, especially the young cases.'®! Until now, hip replacement
represents the only effective approach for patients with ONFH at
the terminal stage.'’ Understanding the etiology of ONFH is
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necessary for prevention and treatment. Various risk factors are
confirmed to be associated with the onset of ONFH, including
trauma, abuse of corticosteroids or alcoholism, Gaucher disease,
coagulopathies, Caisson disease, inflammatory or autoimmune
diseases, etc.[”! However, the pathogenesis of ONFH cannot be
completely explained. ONFH is a complex disease caused by
many genetic and environmental factors. Studies have showed
that ONFH is associated with the decreased fibrinolytic activity
because of the levels of plasminogen activator inhibitor (PAI-1).[*!
Increased intravascular coagulation is proposed as the pathoge-
netic mechanism for interruption of the blood supply. A
significantly higher prevalence of coagulation abnormalities is
reported in patients with ONFH.!

PAI-1 is an important factor for coagulation and fibrinolytic
system associated with ONFH development.!*! The alteration of
fibrinolytic activity mainly be attributed to the alterations in PAI-
1 level.'®" PAI-1 protein is a kind of serine protease inhibitor
encoded by the PAI-1 gene. PAI-1 is primarily expressed in the
vascular endothelial cells, but it also produced by other tissues
like adipose tissue. Growing evidences have demonstrated that
the concentration of PAI can be significantly affected by some
PAI-1 polymorphisms such as 4G/5G."1?! Meanwhile, a meta-
analysis suggested that the PAI-1 4G/4G genotype might be a risk
factor for ONFH.M'3! In addition to 4G/5G, some other
polymorphisms of the PAI-1 gene were also reported to be
involved in pathological processes in human. For instance, Liu
et al'"¥ suggested that the PAI-1 rs7242 GT/GG genotype might
be a risk indicator for the occurrence of grade >3 radiation
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pneumonitis. French et al,'"*! reported that the PAI-1 rs6092
polymorphism was significantly associated with susceptibility of
osteonecrosis among children with acute lymphoblastic leuke-
mia. However, the potential role of PAI-1 rs6092 and rs7242
polymorphisms in ONFH development was unknown.

The purpose of the study was to investigate the effects of
genetic variants on risk of ONFH in a Chinese Han population.
In the present study, we selected the common single-nucleotide
polymorphisms (SNPs) rs6092 and rs7242 in the PAI-1 gene, and
the influence of linkage disequilibrium between the 2 polymor-
phisms on ONFH development was also analyzed.

2. Materials and methods

2.1. Study objects

The present study was a prospective case-control study. A total of
257 subjects including 106 ONFH patients and 151 healthy
controls were collected in the present study from October 2014 to
October 2015. The cases were confirmed as ONFH by
professional doctor according to clinical features and double
hip x-ray examination, CT, or MRI examination in the
Department of Orthopaedics of Affiliated Hospital of Taishan
Medical University. The diagnosis criteria of ONFH were based
on Chinese Orthopaedic Association (2012 edition). The patients
would be excluded if their conditions met the following criteria:
severe trauma in half a year or major operations; taking drugs
affecting blood lipid metabolism; nephrotic syndrome; hypothy-
roidism; diabetes mellitus; In addition, the patients with
insufficient clinical data would also be excluded from the present
research. In the meanwhile, 151 healthy individuals (88 men and
63 women, mean age 56.2+13.1) were recruited as the control
group from the healthy check-up center of the same hospital. The
controls were frequency-matched with the cases in age and
gender. All the participators were Chinese Han population
without any blood relationship.

This study was approved by the ethic committee of Taishan
Medical University (201408) on June 10, 2014. Written informed
consents were obtained from all participators before blood
collection. Sample collection abides by the Declaration of
Helsinki. In the meanwhile, the basic characteristics of subjects
were recorded by trained doctor through a questionnaire survey
or medical records. The information included age, gender, body
mass index (BMI), cigarette consumption, and blood stress
(hypertension or not). A smoker was defined that people smoked
at least 1 cigarette every day and continued half a year. The
determination of hypertension was based on the general criteria.

2.2. Blood collection and DNA extraction

A total of 3 mL fasting peripheral venous blood were collected
from each participant in early morning. Then genomic DNA was
extracted from the isolated blood samples using Biospin Whole
Blood Genomic DNA Extraction Kit (Bioer Technology Co., Ltd,
China) according to the introductions. The qualified samples
were preserved in —20°C.

2.3. Genotyping method

The PAI-1 gene sequence was obtained from Genebank database
(Accession: NC_000007.14). According to the primer design
optimization principles, the specific primers of rs6092 and
rs7242 SNPs were designed by Primer Premier 5.0 software and
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The baseline characteristics of subjects in the case and control
groups.

Case, Control,

Characteristics n=106 n=151 P
Age, year Age range 21-76 23-81

Mean age 546+11.8 56.2+13.1 .39
Gender Male/female 54/52 88/63 24
Body mass index Mean value 241+25 23.6+2.1 40
Smoking, % Yes 42/39.6 47/31.1 16
Hypertension, % Yes 21/19.8 23/15.2 .34

were synthesized in Shanghai Sangon Biotech Co., Ltd. The
detailed primer sequences were as follows, rs6092: 5°-
TGTCTTCCAGAACGATTCCTTCACC-3' (forward) and 5'-
GTTGTCAGCTGGAGCATGGCC-3' (reverse); rs7242: §'-
CCTCCCCAGAAACAGTGTGCATGGG-3 (forward) and 5'-
AAGAGCTGGGCACGCATCTGGC-3' (reverse). PCR system
was carried out in a volume of 25.0 pLL mixture, containing 20 ng
genomic DNA, 12.5uL 2 x PCR mix, 1.0 L of forward and
reverse primers, and ddH,O. PCR reaction conditions were as the
following: initial denaturation at 95°C for 5 minutes followed by
35 loops of denaturation at 95 °C for 1 minute, extension at 72°C
for 30 seconds and annealing at 55°C for 30 seconds, followed by
a final extension at 72°C for 10 minutes. PCR products were
detected for the quality and concentration by 1.0% agarose gel
electrophoresis and NanoDrop 2000. Then eligible PCR
products were sent to Shanghai Sangon Biotech Co., Ltd for
sequencing to determine the genotype of each polymorphism in
the case and control groups.

2.4. Statistical analysis

Genotype frequencies of PAI-1 polymorphisms in the study were
obtained by direct counting. The status of Hardy—Weinberg
equilibrium (HWE) was checked through the analysis of genotype
distribution in the control group. Quantitative variables were
analyzed by the Student ¢ test. The x> test was applied to compare the
genotypes and alleles frequencies of polymorphisms between the
case and control groups. Relationship strength of PAI-1 polymor-
phisms and the risk of ONFH were presented by odds ratio (OR)
with 95% confidence intervals (95% CI). All the statistical analyses
were performed using SPSS 18.0 software. Moreover, linkage
disequilibrium between rs6092 and rs7242 polymorphisms was
assessed by Haploview software. Significant statistical level was set
as P<.05 and all statistical tests were 2-sided.

3. Results

3.1. Baseline characteristics of study objects

The basic characteristics of subjects in the case and control groups
are listed in Table 1. The age of ONFH patients was from 21 to 76
years with the mean age of 54.6+11.8 years and that of healthy
controls was from 23 to 81 years with the mean age 56.2+13.1
years. The gender distribution in the 2 groups was 54/52 and 88/63
(male/females). There was no significant difference between the 2
groups in the distribution of age and gender (P >.05 for both). The
BMI in cases (24.1+2.5) and controls (23.6+2.1) was not
significantly different, either (P=.40). In this study population,
smoking and hypertension were not the influence factors of the
ONFH occurrence risk (P=.16 and 0.34, respectively).
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Association of PAI-1 gene polymorphisms with the risk of ONFH.

Case Control OR

SNP n=106 (%) n=151 (%) P (95% ClI) Puywe
16092 .071
GG 66 (62.26) 96 (63.58)

GA 29 (27.36) 44 (29.14) 883  0.959 (0.545-1.685)

AA 1(10.38) 1(7.28) 409  1.455 (0.596-3.551)

G 161 (75.94) 236 (78.15)

A 51 (24.06) 66 (21.85)  .5658  1.133 (0.747-1.718)

157242 223
GG 9 (17.92) 8 (11.92)

TG 56 (52.83) 78 (51.66) .300  0.680 (0.328-1.412)

T 31 (29.25) 55 (36.42) 113 0.534 (0.245-1.166)

G 94 (44.34) 114 (37.75)

T 118 (55.66) 188 (62.25) 134  0.761 (0.533-1.088)

95% Cl=95% confidence interval, HWE =Hardy—Weinberg equilibrium, ONFH = osteonecrosis of the
femoral head, OR=odds ratio, PAI-1=plasminogen activator inhibitor, SNPs=single-nucleotide
polymorphism.

3.2. Association of PAI-1 gene polymorphisms with the
risk of ONFH

Genotype and allele distributions of rs6092 and rs7242
polymorphisms were in accordance with HWE test in control
group (P=.071 and .223). The goodness of fit revealed the
representative of the subjects.

In ONFH patients, rs6092 GG, GA, and AA genotype
frequencies were 62.26%, 27.36%, and 10.38%, respectively,
and were 63.58%,29.14%, and 7.28 % in controls. Mutant allele
frequencies of the rs6092 polymorphism were 24.06% in cases
and 21.85% in controls. The genotype and allele frequencies of
the rs6092 polymorphism had no significant differences between
cases and controls (Table 2, P>.05 for all). These data showed
that the rs6092 polymorphism was not significantly related to the
risk of ONFH.

For the rs7242 polymorphism, the TG or TT genotype had no
statistically significant differences between case and control
groups (Table 2, P>.05 for both). Allele T frequency was higher
in controls than that in cases, but the difference was not
significant (P=.134). Based on the above results, we indicated
that the rs7242 polymorphism had no significant association
with the risk of ONFH.

3.3. Haplotype analysis of PAI-1 gene rs6092 and rs7242
polymorphisms in ONFH patients

According to Haploview software, the strong linkage disequilib-
rium was observed between rs6092 and rs7242 polymorphisms
(D'=1.0, #*=0.155). These 2 SNPs constituted 3 haplotypes (G-
G, G-T, and A-T). G-T haplotype was obviously of lower
frequency in cases than that in controls (Table 3, P=.048), while
A-T haplotye had no significant difference between the 2 groups
(P>.05), compared with the common haplotype G-G. So the G-T
haplotype might be the protective factor for the ONFH
occurrence (OR=0.666, 95% CI=0.445-0.998).

4. Discussion

ONFH is a common hip joint disease. Pathological evolution of
ONFH may be as the following: abnormal blood supply, which is
caused by different risk factors, leads to the degeneration and
necrosis of subchondral bone, and then results in the subsite of
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Haplotype analysis of PAI-1 gene rs6092 and rs7242 polymorph-
isms in ONFH patients.

SNP Case Control OR

1-SNP 2 2n=212 (%) 2n=302 (%) P (95% Cl)

G-G 94 (44.34) 114 (37.75) - -

G-T 67 (31.60) 122 (40.40) .048 0.666 (0.445-0.998)
A-T 51 (24.06) 66 (21.85) 780 0.937 (0.594-1.479)

SNP 1=rs6092, SNP 2=rs7242, 95% Cl=95% confidence interval, ONFH = osteonecrosis of the
femoral head, OR=odds ratio, PAI-1=plasminogen activator inhibitor, SNP = single-nucleotide
polymorphism.

the femoral head.!"® ONFH can happen in any age, especially in
young or middle-age adults. ONFH reduces quality of life, and
causes heavy economic toll for the family and society. However,
so far, there was no effective therapeutic strategy for patients with
ONFH."78! Prevention is a pivotal approach for management
of ONFH. Thus, we aimed to identify the high risk population of
ONFH through SNPs technology in the present study.

Some research works reported that the abuse of glucocorti-
coid is the risk factor for the occurrence of ONFH.!%-2%!
Glucocorticoid could increase the plasma levels of the PAI-1
antigen in ONFH patients./*°! In addition, thrombosis is one of
the common causes of abnormal blood supply, and the
abnormal blood supply will lead to the occurrence of ONFH.
When thrombus occurs, PAI-1 is released by platelet and
endothelial cells to inhibit the tissue plasminogen activator-
mediated activation of plasma plasminogen, which finally leads
to the stability of thrombosis formation, then keep the balance
between wound healing and vascular patency.!*'~23 All the
researches demonstrated that PAI-1 level was significantly
associated with the onset and development of ONFH. Relevant
studies indicated that PAI-1 polymorphisms could alter the
expression of this gene,'%! and even break the balance between
thrombosis and fibrinolysis. Thrombosis formation is influ-
enced by PAI-1 gene polymorphisms.”* Accumulating evi-
dences have suggested that the PAI-1 gene 4G/5G
polymorphism might be an etiological factor for ON occur-
rence in renal transplant patients,'*’! post-SARS patients!*®!
and glucocorticoid-induced ON patients./*”! There also other
polymorphisms exist in the PAI-1 gene, such as rs6092 (exon 1)
and rs7242 (3’'UTR). But the association of these SNPs with the
development of ONFH has not been exactly researched.

In present study, we found that all of the genotype and allele
frequencies of rs6092 and rs7242 SNPs had no obvious
difference between the cases and controls, which indicated that
no significant association existed between the 2 SNPs with the
occurrence of ONFH. This result was in accordance with a
previous study.?®! But French et al!*! suggested that the rs6092
SNP could predict the risk of ON in acute lymphoblastic
leukemia children. There was not research about the association
of rs7242 and ONFH. But Huang et al**! suggested that rs7242
did not relate to the occurrence of stroke. Stroke is also caused by
abnormal blood supply, so this research confirmed our study
from another point of view. A single mutation could not represent
the whole gene, so we detected the interaction between these 2
polymorphisms in ONFH patients. Then our data demonstrated
that the strong linkage disequilibrium existed between rs6092
and rs7242 SNPs, and the G-T haplotype was correlated to
0.666-fold decreased risk of ONFH. The results showed that
when interacted with the rs6092G allele, the rs7242T allele had
statistical significance with ONFH. This is the first time to report
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the influence of PAI-1 rs6092 and rs7242 on the ONFH
development in a Chinese population.

There were still several limitations in the present study. First,
the small sample size was relatively small in the present study.
Second, the information for ethnic was not considered, which
might affect the results of our study. Third, the confounding
factors like environmental factors were neglected in this study.
Therefore, the conclusion in our study should be verified by
further studies.

In conclusion, G-T haplotype of rs6092 and rs7242 SNPs may
be the protective factor against the onset of ONFH in Chinese
Han population.
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