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Abstract: Purpose: This study was aimed to detect the association of rs11178 and rs2227631 polymporphisms in 
serpin peptidase inhibitor, clade E (SERPINE1) gene with avascular necrosis of femur head (ANFH) susceptibility. 
Methods: 106 ANFH patients and 109 healthy controls were enrolled in this case-control study. SERPINE1 gene 
rs11178 and rs2227631 polymporphisms were genotyped by MALDI-TOF mass spectrometer. Linkage disequilib-
rium and haplotypes of the two polymorphisms were detected by Hploview. X2 test and logistic regression analysis 
were used to calculate the frequencies differences of genotypes, alleles and haplotypes between case and control 
groups. Association strength of these polymorphisms with ANFH risk was represented by odds ratios (ORs) with 95% 
confidence intervals (CIs). Results: Genotypes and alleles of rs11178 in SERPINE1 gene had no apparent associa-
tion with the occurrence of ANFH (P>0.05). AA genotype and A allele of rs2227631 significantly increased the risk 
of ANFH (P=0.024, OR=2.363, 95% CI=1.110-5.028; P=0.016, OR=1.606, 95% CI=1.090-2.367). Moreover, after 
adjusting age, gender and BMI, AA genotype of rs2227631 also showed significant association with risk of ANFH 
(OR=2.352, 95% CI=1.091-5.068). Linkage disequilibrium analysis showed that rs11178 and rs2227631 consti-
tuted four haplotypes. Among these haplotypes, only T-A was significantly associated with ANFH risk (P=0.016, 
OR=2.271, 95% CI=1.154-4.469). Conclusion: SERPINE1 gene rs2227631 polymorphism apparently associated 
with ANFH occurrence. Haplotypes of rs11178 and rs2227631 also related to ANFH.
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Introduction

Avascular necrosis of femur head (ANFH), also 
known as osteonecrosis of the femoral head 
(ONFH), is one of the frequently observed dis-
eases in orthopedic clinic. Owing to abnormal 
blood supply, disorder of fibrinolytic system and 
other factors, there appear hip joint chondrone-
crosis and collapse and degeneration of femo-
ral head. Recently, ANFH morbidity is rising year 
by year and the onset age trends to be younger 
[1]. This disease has difficult early diagnosis 
and poor treatment effect. The mild symptoms 
of many ANFH patients can be abated after 
therapy. For the serious patients, the operation 
of artificial joint replacement is finally adopted, 
which causes great suffering and economic 
burden [2-4]. Exploration of ANFH pathogene-
sis will provide theoretical basis for the treat-
ment of this disease. Recent years, several 
studies have shown that many factors take part 

in the occurrence and development of ANFH, 
including excessive drinking, abuse of hor-
mone, trauma, genetic and other factors [5, 6]. 
Among these factors, genetic factors play an 
important role in the occurrence of ANFH, es- 
pecially to individuals differences. However,  
the pathogenesis of ANFH has not been fi- 
gured out clearly.

Recently, there is a widespread agreement  
that fibrinolytic system disorder is the main 
pathogenesis of ANFH. Plasminogen activator 
inhibitor-1 (PAI-1), a regulatory factor of fibri- 
nolytic system, shows significant association 
with ANFH [7]. PAI-1, also called serine prote-
ase inhibitor E (SERPINE1), is a kind of glycop- 
rotein composed by 379 amino acids. In human, 
PAI-1 is encoded by SERPINE1 gene which is 
located on the seventh chromosome 7q21.1. 
PAI-1 can decrease protein aggregation which 
is caused by fibrin degradation, maintaining  
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Table 1. Primer information of SERPINE1 polymorphisms
SNP Primer type Primer sequence
rs11178 (3’UTR) PCR Forward: 5’-ACGTTGGATGATAGTTTCTACCAGGCACAC-3’

Reverse: 5’-ACGTTGGATGAGACCTGGTTCCCACTGAG-3’

Extension Forward: 5’-AGGCCCTTTGCAGGAC-3’

Reverse: 5’-AGGCCCTTTGCAGGAT-3’

rs2227631 (promoter) PCR Forward: 5’-ACGTTGGATGAAGGAAACAGGAGACCAACG-3’

Reverse: 5’-ACGTTGGATGAGGATAAAGGACAAGCTGCC-3’

Extension Forward: 5’-GCATAGCGGGCAGCTCGAA-3’

Reverse: 5’-GCATAGCGGGCAGCTCGAG-3’

Table 2. General data of study subjects
Clinical features Cases (n=106) Controls (n=109) P
Age (year) 41.56±6.27 40.25±5.42 0.100
Gender (male/female) 56/50 61/48 0.645
BMI (kg/m2) 23.44±3.76 22.75±3.23 0.150
Note: BMI: body mass index.

the dynamic equilibrium of normal coagula- 
tion in blood and fibrinolytic system. It is re- 
ported that PAI-1 may be related to ANFH 
[8-10]. However, the role of SERPINE1 gene 
acts in the pathogenesis of ANFH still unclear. 
Previous studies about the association be- 
tween SERPINE1 gene and ANFH mainly con-
centrate on single nucleotide polymorphisms 
(SNPs) [11, 12].

SERPINE1 gene rs11178 and rs2227631 po- 
lymorphisms were chosen in this study, in or- 
der to clarify the pathogenesis of ANFH. The 
detection of their associations with ANFH sus-
ceptibility will supply a theoretical basis for the 
improvement of the clinical diagnosis level of 
ANFH.

Materials and methods

Research objects

A total of 106 ANFH patients and 109 heal- 
thy controls in Shandong Provincial Hospital 
Affiliated to Shandong University in Shandong 
Province from 2012 to 2015 were recruited in 
this case-control study. After conducted with 
X-ray and bone scanning, the patients were 
diagnosed with ANFH or without any bone  
trauma. In the controls, there were no heredi-
tary diseases and abnormal blood fat, blood 
routine and electrocardiogram. The cases were 
matched with the controls in residence, na- 
tionality, age and gender. All the participants 

signed the informed consent form. 
This study was approved by the ethic 
committee of Shandong Provincial 
Hospital Affiliated to Shandong Uni- 
versity.

DNA extraction

Peripheral blood which was extracted from 
every participant was processed with EDTA. 
Genomic DNA was extracted by DNA isolation 
kit (Sigma, USA). Ultraviolet spectrophotometer 
was applied to test the purity and concentra-
tion of the DNA samples. The qualified sam- 
ples were preserved in -20°C for spare.

SNP genotyping

Primers for SERPINE1 gene polymorphisms 
were synthesized by Shanghai Sangon Biotech 
Co., Ltd (Table 1). MALDI-TOF mass spectrom-
eter (Bruker Daltonics, Germany) was adapted 
to conduct SNP genotyping according to the 
manufacturer’s instructions.

Statistical analysis

Calculations were performed by SPSS 18.0 
software. Clinical features were assessed by  
t test. Hardy-Weinberg equilibrium (HWE) was 
applied to carry out the goodness of fit of  
subjects. Haploview was used to analyze the 
linkage disequilibrium and haplotypes be- 
tween SERPINE1 gene rs11178 and rs222- 
7631 polymorphisms. Comparisons of geno-
type, allele and haplotype between the case 
and control groups were conducted by X2 ex- 
amination. Relative risk of ANFH was assess- 
ed by odds radios (ORs) with 95% confidence 
intervals (95% CIs). Logistic regression an- 
alysis was applied to evaluate the contribu- 
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Table 3. Distributions of genotypes and alleles of rs11178 and rs2227631
Locus Genotype/Allele Cases n=106 Controls n=109 OR (95% CI) P
rs11178 TT 33 (31.13) 37 (33.95) 1.00

CT 46 (43.40) 51 (46.79) 1.011 (0.546-1.872) 0.971
CC 27 (25.47) 21 (19.27) 1.442 (0.689-3.017) 0.331
T 112 (52.83) 125 (57.34) 1.00
C 100 (47.17) 93 (42.66) 1.200 (0.820-1.756) 0.347

HWE P=0.649
rs2227631 GG 35 (15.1) 49 (44.95) 1.00

AG 44 (38.7) 44 (40.37) 1.400 (0.767-2.557) 0.273
AA 27 (46.2) 16 (14.68) 2.363 (1.110-5.028) 0.024
G 114 (53.8) 142 (65.14) 1.00
A 98 (46.2) 76 (34.86) 1.606 (1.090-2.367) 0.016

HWE P=0.246

Table 4. The contributions of genotypes of 
rs11178 and rs2227631 for ANFH risk after 
adjusting age, gender and BMI value
Locus Genotype OR* (95% CI) P*

rs11178 TT 1.00 -
CT 0.961 (0.514-1.796) 0.900
CC 1.504 (0.706-3.204) 0.290

rs2227631 GG 1.00 -
AG 1.40 (0.760-2.581) 0.280
AA 2.352 (1.091-5.068) 0.029

tions of genotypes of rs11178 and rs222- 
7631 on ANFH risk after adjusting age, gender 
and BMI. P<0.05 means statistical signi- 
ficance.

Results

Clinical features and HWE test

Clinical features of participants were shown  
in Table 2. As for age, gender and body mass 
index (BMI), there were no apparent differen- 
ces in the two groups (P>0.05). Genotypes  
distributions of SERPINE1 rs11178 and rs- 
2227631 polymorphisms all corresponded wi- 
th HWE in controls, which suggested that the 
objects were representative (Table 3).

The genotyping of SERPINE1 rs11178 and 
rs2227631 SNPs was performed by MALDI- 
TOF mass spectrometer. Genotype and allele 
frequencies of rs11178 and rs2227631 SNPs 
in SERPINE1 gene were shown in Table 3. No 
evident differences of the genotype and allele 
frequencies of rs11178 were observed be- 

tween case and control groups (P>0.05). 
Although AG genotype frequency of rs2227631 
was different in the two groups, but the differ-
ence was not obviously. AA genotype frequency 
was apparently higher in cases, indicating a sig-
nificant association with the susceptibility of 
ANFH (P=0.024, OR=2.363, 95% CI=1.110-
5.028). Furthermore, after adjusting age, gen-
der and BMI value, AA genotype of rs2227631 
also showed significant association with ANFH 
risk (OR=2.352, 95% CI=1.091-5.068, P= 
0.029) (Table 4). Mutational allele A of 
rs2227631 may significantly increased the  
risk of ANFH (P=0.016, OR=1.606, 95% 
CI=1.090-2.367).

Haplotype analysis of rs11178 and rs2227631

Linkage disequilibrium existed between rs- 
11178 and rs2227631 polymorphism (D’= 
0.765, r2=0.506). Four haplotypes were consti-
tuted by the two SNPs (Table 5). T-A and C-A 
haplotypes were more frequently discovered in 
cases than in controls. But compared with T-G 
haplotype, only T-A haplotype significantly 
increased the susceptibility of ANFH (P=0.016, 
OR=2.271, 95% CI=1.154-4.469).

Discussion

ANFH is a kind of orthopedic disease of col-
lapse in the femur head. This disease is caused 
by degeneration and necrosis of bone trabecu-
la and cartilages which is due to supply break 
of blood [5, 13]. Studies have shown that ANFH 
is not only a femoral head lesion but also a kind 
of multisystem disease [14]. As a complex dis-
ease, ANFH should be affected by genetic  
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Table 5. Haplotype analysis of rs11178 and rs2227631
Haplotype Cases (2 n=212) Controls (2 n=218) OR (95% CI) χ2 P
T-G 84 (39.62) 109 (50.00) 1.00 - -
T-A 28 (13.21) 16 (7.34) 2.271 (1.154-4.469) 5.815 0.016
C-G 30 (14.15) 33 (15.14) 1.180 (0.667-2.087) 0.323 0.570
C-A 70 (33.02) 60 (27.52) 1.514 (0.968-2.367) 3.318 0.069

and environmental factors [5]. However, ANFH 
pathogenesis has not been figured out clearly 
up to now. Family based and twins based stu- 
dies have pointed out that individuals with the 
similar genetic information will get the analo-
gous susceptibility to the same disease [15-
18], suggesting genetic factors play a crucial 
role in disease occurrence.

In healthy individuals, a tightly controlled bal-
ance exists between thrombosis and fibrinoly-
sis. As a crucial enzyme in fibrinolytic system, 
PAI-1 takes part in the combination of plasmin 
activators and fibrinolytic balance. Besides, 
disorder blood supply is the leading cause of 
ANFH. So it is surmised that PAI-1 contribute to 
ANFH occurrence. Association of PAI-media- 
ted fibrinolysis with osteonecrosis is firstly 
described by Nilsson et al. [19]. Subsequently, 
a lot of researches explore this association, 
and then many investigators report that PAI-1 
closely relate to osteonecrosis [20, 21].

Genetic factors which influence the develop-
ment of disease mainly manifests in genetic 
polymorphisms. Polymorphisms take an impor-
tant part in the occurrence, treatment and 
prognosis of diseases. The most common 
mutation in genes is SNP which is the third gen-
eration biomarker in the early diagnosis and 
treatment for diseases. PAI-1, an important 
enzyme in human healthy, is encoded by 
SERPINE1 gene. Recently, SERPINE1 polymor-
phisms have been found to be associated  
with more and more diseases [22-26]. Sub- 
sequently, Kim et al. [27] have found that three 
polymorphisms (rs2227631, rs1799889 and 
rs11178) in SERPINE1 as well as the A-4G-C 
haplotype of them all apparently increase the 
risk of ANFH in Korea population. However, the 
role of SERPINE1 gene polymorphisms in the 
occurrence of ANFH is still unclear. Moreover, 
for the different region, ethnicity and lifestyle, 
polymorphism distributions exist differences.

According to above evidence, we detected  
the associations of rs11178 and rs2227631 

polymorphisms as well as their haplotypes  
with the risk of ANFH. No apparent association 
was observed between rs11178 and ANFH  
susceptibility in present study. AA genotype 
and A allele of rs2227631 were significantly 
related to the risk of ANFH, with the increased 
risk of approximately 2.363 and 1.606 times. 
In order to get an accurate result which with 
respect to SERPINE1 gene polymorphisms (rs1- 
1178 and rs2227631) and ANFH risk, we car-
ried out the linkage disequilibrium and haplo-
type analysis. Then the results showed that T-A 
haplotype of these SNPs may be risk factor  
for ANFH onset, which associated with 2.271 
times increased risk of ANFH. The result of this 
study was partly agreed with previous studies 
[5, 26].

Although we obtained a positive result which 
provided a certain theory reference for the diag- 
nosis and treatment of ANFH, it was not yet  
sufficient to certify the role of SERPINE1 gene 
in the pathogenesis of this disease. Genotype 
and allele distributions of the two SNPs were 
not diverged from HWE, indicating the repre-
sentativeness of the subjects. But some limita-
tions in our study should not be neglect. Firstly, 
sample size was small. Secondly, other genetic 
factors and environmental factors may be influ-
enced the incidence of ANFH. Present result 
was not adjusted by confounding factors. 
Thirdly, only one ethnicity recruited from one 
region implicated in this study. All of the above 
reasons might lead to an unfaithful result.

To sum up, the pathogenesis of ANFH should  
be further clarified and improved in later stud-
ies, which include a large sample size, con-
founding factors and more ethnicity groups.

Disclosure of conflict of interest

None.

Address correspondence to: Shui Sun, Depart- 
ment of Arthroplasty, Shandong Provincial Hospital 
Affiliated to Shandong University, Jinan 250021, 



SERPINE1 polymorphisms and ANFH

13958 Int J Clin Exp Med 2017;10(9):13954-13959

Shandong, China. E-mail: zhoudengsguigu@sina.
com

References

[1] Chamberlain JR, Schwarze U, Wang PR, Hirata 
RK, Hankenson KD, Pace JM, Underwood RA, 
Song KM, Sussman M, Byers PH and Russell 
DW. Gene targeting in stem cells from individu-
als with osteogenesis imperfecta. Science 
2004; 303: 1198-1201.

[2] Fotopoulos VC, Mouzopoulos G, Floros T and 
Tzurbakis M. Steroid-induced femoral head  
osteonecrosis in immune thrombocytopenia 
treatment with osteochondral autograft trans-
plantation. Knee Surg Sports Traumatol Ar-
throsc 2015; 23: 2605-10.

[3] Wang C, Peng J and Lu S. Summary of the vari-
ous treatments for osteonecrosis of the femo-
ral head by mechanism: a review. Exp Ther 
Med 2014; 8: 700-706.

[4] Lavernia CJ and Villa JM. Total hip arthroplasty 
in the treatment of osteonecrosis of the femo-
ral head: then and now. Curr Rev Musculoske-
let Med 2015; 8: 260-4.

[5] Shah KN, Racine J, Jones LC and Aaron RK. 
Pathophysiology and risk factors for osteone-
crosis. Curr Rev Musculoskelet Med 2015; 8: 
201-9.

[6] Wang B, Zhao D, Guo L, Yang L, Liu B, Fu W and 
Xie H. [Influencing factors of disease progres-
sion for asymptomatic osteonecrosis of the 
femoral head]. Zhonghua Yi Xue Za Zhi 2014; 
94: 1627-1630.

[7] Zhang Y, Wang R, Li S, Kong X, Wang Z, Chen W 
and Lin N. Genetic polymorphisms in plasmin-
ogen activator inhibitor-1 predict susceptibility 
to steroid-induced osteonecrosis of the femo-
ral head in Chinese population. Diagn Pathol 
2013; 8: 169.

[8] French D, Hamilton LH, Mattano LA Jr, Sather 
HN, Devidas M, Nachman JB, Relling MV; Chil-
dren’s Oncology Group. A PAI-1 (SERPINE1) 
polymorphism predicts osteonecrosis in chil-
dren with acute lymphoblastic leukemia: a re-
port from the Children’s Oncology Group. Blood 
2008; 111: 4496-4499.

[9] Wang Z, Zhang Y, Kong X, Li S, Hu Y, Wang R, Li 
Y, Lu C, Lin N and Chen W. Association of a 
polymorphism in PON-1 gene with steroid-in-
duced osteonecrosis of femoral head in Chi-
nese Han population. Diagn Pathol 2013; 8: 
186.

[10] Li C, Shen L, Yang Y, Shuai B, Xu X and Ma C. 
Plasma ghrelin and von Willebrand Factor lev-
els in patients with non-traumatic osteonecro-
sis of the femoral head. Hip Int 2015; 25: 76-
81.

[11] Yin W and Sheng J. [Progress in relationship 
between heritable hypercoagulable state and 

avascular necrosis of femoral head]. Zhongguo 
Xiu Fu Chong Jian Wai Ke Za Zhi 2012; 26: 
695-698.

[12] Tan X, Cai D, Wu Y, Liu B, Rong L, Chen Z and 
Zhao Q. Comparative analysis of serum pro-
teomes: discovery of proteins associated with 
osteonecrosis of the femoral head. Transl Res 
2006; 148: 114-119.

[13] Choi HR, Steinberg ME and Y Cheng E. Osteo-
necrosis of the femoral head: diagnosis and 
classification systems. Curr Rev Musculoskelet 
Med 2015; 8: 210-20.

[14] Hadjigeorgiou GM, Karantanas AH, Zibis A, 
Dardiotis E, Aggelakis K, Papadimitriou A and 
Malizos K. Increased frequency of white mat-
ter lesions in patients with osteonecrosis (WM-
LeOn) of the femoral head. Eur J Radiol 2004; 
50: 278-284.

[15] Li N, Yu J, Cao X, Wu QY, Li WW, Li TF, Zhang C, 
Cui YX, Li XJ, Yin ZM and Xia XY. A novel p. 
Gly630Ser mutation of COL2A1 in a Chinese 
family with presentations of Legg-Calve-
Perthes disease or avascular necrosis of the 
femoral head. PLoS One 2014; 9: e100505.

[16] Sekkat J, Rachidi O, Janani S and Mkinsi O. Id-
iopathic avascular necrosis of the femoral 
heads in five members of a Moroccan family. 
Joint Bone Spine 2012; 79: 504-506.

[17] Lappin K, Kealey D, Cosgrove A and Graham K. 
Does low birthweight predispose to Perthes’ 
disease? Perthes’ disease in twins. J Pediatr 
Orthop B 2003; 12: 307-310.

[18] Jorgensen PH, Pedersen CB and Hougaard K. 
[Epiphyseal dysplasia of the femoral head in 
monozygotic twins]. Ugeskr Laeger 1992; 154: 
1189-1190.

[19] Nilsson IM, Krook H, Sternby NH, Soderberg E 
and Soderstrom N. Severe thrombotic disease 
in a young man with bone marrow and skeletal 
changes and with a high content of an inhibitor 
in the fibrinolytic system. Acta Med Scand 
1961; 169: 323-337.

[20] Glueck CJ, Freiberg RA, Fontaine RN, Tracy T 
and Wang P. Hypofibrinolysis, thrombophilia, 
osteonecrosis. Clin Orthop Relat Res 2001; 
19-33.

[21] Lee JS, Koo KH, Ha YC, Koh KK, Kim SJ, Kim 
JR, Song HR and Cho SH. Role of thrombotic 
and fibrinolytic disorders in osteonecrosis of 
the femoral head. Clin Orthop Relat Res 2003; 
270-276.

[22] Lorente L, Martin MM, Borreguero-Leon JM, 
Barrios Y, Sole-Violan J, Ferreres J, Labarta L, 
Diaz C and Jimenez A. The 4G/4G genotype of 
PAI-1 polymorphism is associated with higher 
plasma pai-1 concentrations and mortality in 
patients with severe sepsis. PLoS One 2015; 
10: e0129565.

[23] Liang Z, Jiang W, Ouyang M and Yang K. PAI-1 
4G/5G polymorphism and coronary artery dis-

mailto:zhoudengsguigu@sina.com
mailto:zhoudengsguigu@sina.com


SERPINE1 polymorphisms and ANFH

13959 Int J Clin Exp Med 2017;10(9):13954-13959

ease risk: a meta-analysis. Int J Clin Exp Med 
2015; 8: 2097-2107.

[24] Li X, Liu Y, Zhang R, Tan J and Chen L. Meta-
analysis of the association between plasmino-
gen activator inhibitor-1 4G/5G polymorphism 
and recurrent pregnancy loss. Med Sci Monit 
2015; 21: 1051-1056.

[25] Savov A, Andonova S, Tanev D, Robeva R, Ma-
rincheva T, Tomova A, Kumanov P, Rashkov R 
and Kolarov Z. [PAL-1 5G/4G polymorphism in 
patients with systemic lupus erythematosus]. 
Akush Ginekol (Sofiia) 2014; 53: 13-17.

[26] Sun W, Li Z, Shi Z, Wang B, Gao F, Yang Y and 
Guo W. Relationship between post-SARS os-
teonecrosis and PAI-1 4G/5G gene polymor-
phisms. Eur J Orthop Surg Traumatol 2014; 24: 
525-529.

[27] Kim H, Cho C, Cho Y, Cho S, Yoon K and Kim K. 
Significant associations of PAI-1 genetic poly-
morphisms with osteonecrosis of the femoral 
head. BMC Musculoskelet Disord 2011; 12: 
160.


