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Abstract: The progressive neurodegenerative process in osteonecrosis of the femoral head (ONFH) is accompanied by chronic inflammation, including activa-
tion of microglia and astrocytes that express pro-inflammatory cytokines. Up to now, numerous studies of genetic epidemiology have assessed the association of 
anti- and pro-inflammation cytokines gene polymorphisms and risk of ONFH in different populations, but contradictory results were obtained due to the genetic 
heterogeneity of in different populations. In the study, 250 ONFH patients and 228 matched healthy controls from Shandong Province were recruited to evaluate the 
influence of interleukin-10 (IL-10) rs1800872, IL-12 rs3212227 and tumor necrosis factor-(TNF-α) rs1800629 polymorphism in ONFH. Single nucleotide poly-
morphism (SNP) locus was genotyped using the PCR-RFLP method. The genotypic and allele frequencies of TNF-α and IL-10 did not show significant difference 
between ONFH patients and normal controls. However, the frequencies of wild (AA) and homozygous mutant (CC) genotype of IL-12 rs3212227 in controls were 
more than that in ONFH patients, but that of the heterozygous genotype was more in patients with ONFH. Thus, our findings indicate that IL-12 rs3212227 AC 
genotype confer genetically susceptibility to ONFH in the Chinese Han population.

Key words: Osteonecrosis of the femoral head; IL-10; IL-12; TNF-α; Polymorphism.

Introduction

Osteonecrosis of the femoral head (ONFH) is a kind 
of bone disorder that usually affects middle-aged men 
between 30-50 years of age. Various factors have been 
implicated in the development of ONFH (1, 2). Howe-
ver, the exact pathogenesis of non-traumatic ONFH is 
largely unknown, although it has been associated with 
corticosteroid usage, alcoholism, infections, marrow 
infiltrating diseases, and coagulation defects (3). There-
fore, it is believed that ONFH is a multifactorial disease 
in some cases that is associated with a genetic predi-
lection as well as exposure to certain risk factors. The 
mentioned risk factors include corticosteroid use, alco-
hol intake, smoking and various chronic diseases, such 
as renal disease, hematological disease, inflammatory 
bowel disease, post-organ transplantation and hyperten-
sion(4).

Cytokines are redundant secreted proteins with 
growth, differentiation and activation functions that re-
gulate immune cell function as well as trafficking. The 
cytokine produced in response to an immune insulting 
determines whether an immune response can be pro-
duced, and whether this response can be humoral, cyto-
toxic, cell-mediated or allergic. A cascade of responses 
to synergizing cytokines can be seen in an immune res-
ponse for an optimal immune function. Cytokines could 
drive a completely different function depending on the 
cellular source, target as well as the state of specific 
immune response.

Up to now, numerous findings have provided evi-
dence that the inflammatory process is an important pa-
thological factor associated with ONFH (5-7). In recent 
years, the effects of the genetic polymorphisms which 
widely exist in human tissues with the diseases have in-
creasingly drew the attention of the scientists and there 
have been many researches involving the association 
between single nucleotide polymorphism (SNP) and 
ONFH. Nucleotide variations in genes encoding anti- 
and pro-inflammatory cytokines, such as interleukin-10 
(IL-10), interleukin-12 (IL-12) and tumor necrosis 
factor-α (TNF-α) (7) may affect their biological activi-
ties on the occurrence of ONFH. The balance between 
osteoclasts and osteoblasts determine the rate of bone 
remodeling, which was regulated by several molecular 
pathways. Certain cytokines such as IL-12, TNF-α and 
other pro-inflammatory cytokines stimulate osteoclasts 
differentiation and activation. Also it is well known 
that TNF-α acts on osteoblasts or bone marrow cells to 
synthesize and release cytokines, directly associating 
with osteoclasts proliferation and maturation (8, 9).

It was demonstrated that SNPs within the IL-10 
promoter region including -1082C/A (rs1800896), 
-819 C/T (rs1800871) and -592C/A (rs1800872) (10, 
11). Biologically active IL-12 consists of two functio-
nal subunits (p35 and p40), which are encoded by the 
IL-12A and IL-12B genes, respectively. The most stu-
died SNPs within the IL-12 promoter region including 
-1188A/C (rs3212227) in the IL-12B gene and -277G/A 
(rs568408) and -564T/G (rs2243115) in the IL-12A 
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(12). The most studied SNPs within the TNF-α pro-
moter region including TNF-α −238G/A (rs361525), 
−308G/A (rs1800629), −857C/T (rs1799724), −863C/A 
(rs1800630), and −1031T/C (rs1799964) (13). In order 
to evaluate the association between inflammation cy-
tokines and ONFH, we analysis the influence of gene 
polymorphisms in IL-10 rs1800872, IL-12 rs3212227 
and TNF-α rs1800629 on the susceptibility to ONFH 
patients in Chinese Han population.

Materials and Methods

Ethics Statement
The Medical Ethics Committee of Shandong Provin-

cial Hospital affiliated to Shandong University appro-
ved this study. Written informed consents conforming to 
the tenets of the Declaration of Helsinki were obtained 
from each participant prior to the study.

Participants
A total of 250 unrelated patients with ONFH and 228 

unrelated control subjects were consecutively enrolled 
in the department of joint surgery, Shandong Provincial 
Hospital affiliated to Shandong University from 2012 
to 2016. ONFH diagnoses were established by the evi-
dence of osteonecrosis through magnetic resonance 
imaging (MRI) in Stage 1 of the Association Research 
Circulation Osseous (ARCO) classification system and 
plain radiographs in Stages 2, 3, and 4. Control subjects 
were defined in the following way: they had no hip pain, 
and anteroposterior and frog leg lateral pelvic radiogra-
phs did not show any lesions with a sclerotic margin 
or subchondral collapse consistent with ONFH. Cases 
with a demonstrable history of direct trauma or the pos-
sibility of a combination of many causes were excluded. 
Steroid-induced osteonecrosis was defined by a histo-
ry of taking prednisolone (1800 mg) or an equivalent 
over 4 weeks with nephritic syndrome, systemic lupus 
erythematosus, rheumatoid arthritis, allergic asthma, or 
organ transplantation. Alcohol-induced osteonecrosis 
was diagnosed by the consumption of more than 400 ml 
of pure ethanol per week, or alcohol induced fatty liver 
and liver cirrhosis.

 
Genotyping

Genome DNA from whole blood cells of each 
sample was extracted using Blood Genomic DNA Mi-
niprep Kit (Axygen, USA) according to the manufac-
turer’s instructions. DNA samples were stored at -20 
°C until analysis. Genotyping for the IL-10 -592C/A 
(rs1800872), IL-12 -1188 A/C (rs3212227) and TNF-α 
-308G/A (rs1800629) polymorphisms in genomic DNA 
were performed using the polymerase chain reaction 
(PCR) and restriction fragment length polymorphism 
(PCR-RFLP). The genomic regions encompassing poly-
morphism were amplified using the following primers: 
IL-10 F: 5'-ACT TTTCCCCCTAGTTGTGTCTTTC-3', 
R: 5'-AGAATGAGCCTCAGACATCTCCAGT-3', 
IL-12 F: 5'-GGC ATTCTCTTCCAGGTTCTG-3', R: 
5'-CCATGGCAACTTGAGAGCTG-3' and TNF-α 
F: 5'-AGGCAATAGGTTTTGAGGGCCAT-3', R: 
5'-TCCCTGCTCCGATTCCG-3'. PCR products were 
generated in a 10 μL reaction volume vessel containing 
50 ng genomic DNA, 1×PCR buffer, 2 mmol/L MgCl2, 

0.2 mmol/L of each dNTP, 1 μmol/L of each primer, 
and 0.25 U Taq DNA polymerase (Invitrogen Corpo-
ration, Carlsbad, CA). Cycling conditions consisted of 
an initial denaturation step at 94oC for 5 minutes, fol-
lowed by 35 cycles of denaturation at 94oC for 30 se-
conds, annealing at 60oC for 30 seconds, and extension 
at 72oC for 30 seconds and a final elongation step at 
72oC for 1 minute. Then, PCR products were digested 
with 2 U NcoI restriction enzyme at 37oC, in line with 
the manufacturer’s instructions (New England BioLabs, 
Ipswich, MA). IL-10, the amplified fragment of 204 bp 
was cleaved into two fragments of 24 and 180 bp. The 
uncut product of 204 bp was identified as CC genotype; 
and the CA genotype was revealed by two fragments of 
24 and 180 bp, and the AA genotype was revealed by a 
fragment of 180 bp. The IL-12 PCR products resulted 
in either two fragments of 173 and 70 bp (allele C) or a 
single fragment of 243 bp (allele A). Finally, the -308G 
allele contains a NcoI restriction site not presented in 
the -308A allele. Thus, in the presence of -308G allele, 
the PCR product (107 bp) is cut into 2 fragments of 80 
and 27 bp in length.

Assay of serum IL-10, IL-12 and TNF-α levels
The serum level of IL-12, IL-10 and TNF-α were 

determined by ELISA Quantikine Human immunoassay 
kits (Biosource, USA). The lower limit of detection ran-
ged from 4 to 6 pg/mL. Assay was carried out according 
to the manufacturer’ s instructions.

Statistical analysis
Data were statistically described in terms of mean 

± standard deviation (SD), or frequencies (number of 
cases) and percentages as required depending on their 
distribution. The Hardy–Weinberg equilibrium (HWE) 
was assessed for each variant to identify the deviation. 
The differences of the genotypes and alleles of detec-
ted genes between patients and normal controls were 
evaluated via Pearson Chi-square test. Exact test was 
used instead when the expected frequency is less than 5. 
The odds ratio (OR) and 95% confidence intervals (95% 
CI) were calculated. Unpaired Student's t test or Mann-
Whitney tests were used for comparisons between two 
groups. Statistical analysis of data was performed using 
the SPSS software package 18.0 (SPSS Inc. USA). P-
value less than 0.05 was considered to be statistically 
significant.

Results

In the study, 250 ONFH patients (110 males and 
140 females) and 228 healthy controls (112 males and 
116 females) were screened for IL-10 rs1800872, IL-12 
rs3212227 and TNF-α rs1800629 polymorphisms using 
the PCR-RFLP method. No statistically significant dif-
ferences were observed in the distributions of age (age 
of ONFH patients compared with that of control sub-
jects at examination) and gender between ONFH pati-
ents and control subjects (Table 1). 

Firstly, the frequencies of genotypes and alleles of IL-
10 rs1800872, IL-12 rs3212227 and TNF-α rs1800629 
were detected in both ONFH patients and controls. 
Hardy-Weinberg Expectation (HWE) of rs1800872, 
rs3212227 and rs1800629 in patients and controls were 
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the rs3212227 AC genotypes exhibited a significantly 
higher IL-12 serum levels than the AA and CC genoty-
pes (54.21±1.63 vs. 48.43±1.52, P<0.001).

listed in Table 2, and the results showed that allele distri-
butions of detected SNPs were not deviated from HWE 
in both ONFH patients and controls. IL-10 rs1800872 in 
the study population were as follows:7.5% CC, 33.6% 
CA and 59.2% AA for the ONFH patients and 4.9 %CC, 
30.3 %CA, and 64.6% AA for the controls, indicating 
that the genotypes distributions were similar between 
the ONFH patients and controls. Also, genomic analysis 
did not reveal a difference between ONFH patients and 
healthy controls in allele frequency at the -592 positions 
for the IL-10 gene promoter (rs1800872). Similarly, the 
genotypic and allele frequencies of TNF-α rs1800629 
did not show significant difference between ONFH pati-
ents and normal controls. Then, genotype and allele fre-
quencies of rs1800629 were detected in ONFH patients 
and normal controls (Table 2). The genotypic and allele 
frequency of rs1800629 between ONFH patients and 
controls did not show significant difference. However, 
the Power is less than 0.6, indicating a larger sample 
size is needed.

However, the frequencies of wild (AA) and homozy-
gous mutant (CC) genotype IL-12 rs3212227 genotypes 
in ONFH patients and controls were found more than 
those in controls, but the frequency of the heterozygous 
genotype was higher (60.15%) in patients with ONFH. 
A significant risk of ONFH was observed for AC ge-
notype of IL-12. The genomic analysis did not reveal 
differences in allele frequency of the IL-12 (A/C) gene 
between ONFH patients and healthy controls. Further-
more, results revealed that in ONFH patients (Figure 1), 

Characteristics Case Control P-value
Male [n (%)] 62 (23.71) 46 (18.83) 0.542
Age (years) 39.94 ± 8.120 38.46 ± 6.257 0.715
BMI (kg/m2) 25.70 ± 4.69 25.55 ± 4.69 0.073
Cholesterol (mg/dL) 211.65 ± 41.80 162.87 ± 37.50 <0.001
Triglyceride (mg/dL) 133.23 ± 70.79 111.73 ± 53.20 <0.001
HDL-C (mg/dL) 54.14 ± 12.29 62.25 ± 13.16 <0.001
LDL-C (mg/dL) 128.35 ± 34.68 103.83 ± 35.41 <0.001

Table 1. Characteristics of healthy controls and patients with osteonecrosis of the femoral head 
(ONFH).

Genotype/Allele Patients (n=250) Controls (n=228) P-value OR (95% CI)
IL-10 rs1800872 HWE*P= 0.39 HWE P= 0.21

GG 149 148 0.621 0.905 (0.526-1.320)
GC 83 69 0.057 0.822 (0.781-1.484)
CC 18 11 0.132 1.560 (0.556-2.412)
G 381 365 0.334 0.841 (0.498-1.192)C 119 91

IL-12 rs3212227 HWE*P= 0.22 HWE P= 0.71
AA 108 83 0.0531 0.805 (0.526-1.220)
AC 127 140 0.021 3.749 (1.104-5.417)
CC 15 5 0.0539 0.972 (0.653-1.521)
A 343 306 0.235 0.471 (0.328-0.981)C 157 150

TNF-α rs1800629 HWE*P= 0.32 HWE P= 0.51
GG 174 171 0.539 0.769 (0.542-1.392)
GA 68 51 0.931 1.558 (0.787-2.010)
AA 8 6 0.330 3.458 (0.347-32.543)
G 416 393 0.336 0.713 (0.524-1.267)A 84 63

* Chi-square test for deviation from the Hardy–Weinberg equilibrium (a value of P< 0.001 was regarded as a devia-
tion from the HWE).

Table 2. Genotype and allele frequencies of IL-10 rs1800872, IL-12 rs3212227 and TNF-α rs1800629, and Pearson's 
chi-square test in ONFH patients and normal controls. 

Figure 1. Comparison of serum levels of IL-12 in ONFH patients 
group with the genotypes of rs3212227 polymorphisms. AC ge-
notype of rs3212227 in ONFH patients (n=127), and AA and CC 
genotypes of rs3212227 in patients with ONFH (n=123). Student 
t test was performed. IL-12 serum levels in the rs3212227 AC ge-
notypes were significantly higher than the AA and CC genotypes 
(54.21±1.63 vs. 48.43±1.52, P<0.001).
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Discussion

For the etiology of ONFH, many scientists sug-
gested that osteocyte apoptosis was the main cause. 
Apoptosis, also known as programmed cell death, was 
well-organized cell death and controlled by genes (14, 
15). It serves as a crucial factor in the bone formation 
during bone growth and bone remodeling. The signaling 
pathways related to apoptosis includes cytoplasmic, mi-
tochondrial and endoplasmic reticulum pathways. Mul-
tiple factors are involved in the regulation of apoptosis 
(16). Considerable effort has been invested in unders-
tanding the effect of cytokines on bone formation of os-
teoblasts and the bone resorption of osteoclasts (17, 18). 
It is now apparent that the activities of osteoblast and 
osteoclasts are interrelated. Activity and bone resorp-
tion of osteoclasts, appear to be modulated by cytokines 
released by osteoblasts. Polymorphisms in cytokine 
genes may result in inter-individual variation in trans-
criptional regulation, and thus in differential cytokine 
production. It has been widely hypothesized that genetic 
variants of cytokines could have phenotypic relevance 
and the potential influence of an individual’s internal 
micro-environment (19, 20).

The gene SNPs have been thought to alter expres-
sions of certain genes. Thus, SNPs could be associated 
with an altered risk of multiple diseases (21-23). Up to 
now, the important role of inflammatory cytokines du-
ring ONFH development and prognosis is increasingly 
attracting interest around the world. Several lines of evi-
dence point to the involvement of IL-10 in pathogenesis 
of ONFH (24). In the current study, evidence of an as-
sociation between the IL-10 rs1800872 polymorphism 
and ONFH were not found in the China Han Population. 
This specific genotype is associated with elevated serum 
levels of IL-10, and having in mind the inhibition role of 
IL-10 on other cytokines. Thus, it could be hypothesized 
that especially the control group could benefit from this 
IL-10 excess, since this molecule has a restrictive role 
on other cytokines and their roles (25). 

IL-12 is an important pro-inflammatory cytokine 
that plays a key role in the development and progress of 
diseases (26). Variation in the DNA sequence lead to al-
tered IL-12 production, which can alter individual’s sus-
ceptibility to cancer. The IL-12 3’UTR A>C polymor-
phism is a functionally important SNP that alters IL-12 
production and it has been a reported potential biomar-
ker for risks of numerous diseases including hepatitis, 
psoriasis, Barrett's esophagus, asthma and ONFH (27, 
28). More importantly, genetic variation in IL-12 was 
revealed to affect susceptibility to multiple sclerosis, 
another neurodegenerative disease with evident inflam-
matory responses. Considering the potential role of IL-
12 in ONFH pathogenesis as well as the involvement 
of IL-12 polymorphisms in the predisposition to many 
inflammatory diseases, increased frequency of IL-12 
rs3212227 AA and CC homozygous genotypes among 
controls was observed, but that of the heterozygous AC 
genotype was higher in patients with ONFH. Thus, a 
significant risk of ONFH was observed for AC genotype 
of IL-12 rs3212227. A cascade of responses to cytokines 
has been shown in an immune response in ONFH (9). 
We found ONFH is associated with IL-2 SNP, but the 
role of IL-12 in ONFH remains not clear.

TNF-α gene is located in the class III region of the 
human major histocompatibility complex (MHC) on 
chromosome 6p21 (29). Among the SNPs identified in 
TNF-α, TNF-α rs1800629 is most extensively studied. 
The A allele of this polymorphism can lead to high bin-
ding affinity of nuclear factors to the TNF promoter, 
resulting in a high level of transcription activity and 
secretion levels of TNF-α. Therefore, it was advised to 
have a significant functional effect (30). In the present 
study, the results indicated that the genotypes distribu-
tions of TNF-α rs1800629 in ONFH patients were al-
most similar to that in the controls. In previous studies, 
the rs1800629 was mainly investigated in the Caucasian 
population and African American patients with a varia-
tion of A allele frequency from 13% to 29% with an 
OR=1.05 from all Caucasian studies (31, 32). Recently, 
Wang and colleagues reported that the single analysis of 
this SNP in Asian population with frequency of A allele 
(11%) is slightly minor in respect to Caucasian sample, 
but with a positive result (OR=1.67) probably due to the 
very rare A allele frequency in the controls (7%) (33). 
TNF-α 308 promoter polymorphism is a biallelic G to 
A polymorphism, and the TNF-α A allele is associated 
with increased levels of TNF-α in plasma. Although we 
have not tested whether TNF-α rs1800629 was asso-
ciated with level of TNF-α in plasma in Chinese Han 
population in the present study, our results indicate a 
lack of association between TNF-α rs1800629 and the 
risk in ONFH in Chinese Han population. The Power is 
less than 0.6, indicating a larger sample size is needed. 
We will study whether the detected SNP responsible for 
TNF-α level in the future.” This is added in the results 
and discussion section now. In addition, the contradicto-
ry results of TNF-α SNP in our study with the literatures 
probably due to the genetic, clinical and population he-
terogeneity. TNF-α and epidermal growth factor (EGF) 
are well-known stimuli of cyclooxygenase (COX)-2 ex-
pression, and TNF-α stimulates trans-activation of EGF 
receptor (EGFR) signaling to promote the survival in 
colon epithelial cells.

Moreover, our study was a hospital-based case-
control study, selection bias could not be fully excluded. 
With the limitations of sample size and SNP variety, it 
is difficult to completely illuminate the interaction of 
genes and environment factors. At present, there are few 
studies in this field. More systematic studies with mul-
tiple environment factors needs to be conducted, which 
will contribute to uncover the effects of gene polymor-
phisms and environmental factors on ONFH in Chinese 
Han population. In summary, our findings indicated that 
IL-12 rs3212227 AC genotype confers genetically sus-
ceptibility to ONFH in Chinese Han population.
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