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Abstract: Polymorphisms of apolipoprotein B (ApoB), apolipoprotein A1 (ApoA1) gene and ApoB/ApoAl Ratio were
associated with lipid metabolism disorders in previous reports. The aim of this study assess whether variation of
ApoB, ApoAl gene are associated or not with alcohol-induced osteonecrosis of femoral head (ONFH). In a case-
control study, we genotyped 4 single-nucleotide polymorphisms (SNPs) in ApoB and ApoA1l genes in 209 alcohol-
induced ONFH patients and 300 healthy control subjects in Han Chinese population using x? test and genetic model
analysis. The analysis revealed that the frequencies of ApoB and ApoAl genotypes were significantly different in
alcohol-induced ONFH patients than in controls. We identified rs1042034, rs676210 and rs673548 in ApoB gene
were associated with decreased risk of alcohol-induced ONFH using recessive model analysis (odds ratio [OR], 0.44;
95% confidence interval [Cl], 0.19-0.99; P = 0.042), the OR, Cl, P value of three SNPs were the same after adjusted
for gender + age. We also identified rs632153 in ApoA1 gene was associated with increased risk of alcohol-induced
ONFH using allele model (OR, 1.83; 95% Cl, 1.16-2.88; P = 0.008) and log-additive model (adjusted OR, 1.77; 95%
Cl, 1.00-3.14; P = 0.046), analysis respectively. Haplotype analysis demonstrated no difference between ApoB and
alcohol-induced ONFH. Polymorphisms of the ApoB and ApoA1 gene are associated with alcohol-induced ONFH in
the Han Chinese population.
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Introduction thies, bone marrow transplantations, and che-
motherapy [3-5].

Osteonecrosis of the femoral head (ONFH) is a

devastating bone disease in which patients
experience progressive collapse of the femoral
head caused by anomalies in the fibrinolytic
system and a disturbance in the supply of blood
[1]. It is assumed that the whole population of
osteonecrosis is about 7 million people and
reached from 150 to 200 thousand new cases
of ONFH are annually found in China [2].
Osteonecrosis is divided into traumatic and
non-traumatic one. The etiologies of non-trau-
matic osteonecrosis are numerous and some
of common associations and the well accepted
include corticosteroid use, alcohol abuse, sys-
temic lupus erythematous, haemoglobinopa-

One of the possible causes of non-traumatic
ONFH is occlusion of vessels responsible for
blood supply of the femoral head because of
lipid metabolism abnormality [6]. Heavy alcohol
intaking and excessive use of corticosteroids
may result in lipid metabolism abnormality in
general populations [7]. Apolipoproteins B
(ApoB) and apolipoproteins A1 (ApoAl) are the
major structural and functional protein constit-
uents of the high density lipoprotein (HDL)
and triglyceride-rich lipoproteins, respectively.
When considering vascular pathology, ApoB
and ApoA1 are important factors because ele-
vated blood ApoB and ApoA1l levels reflect the
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status of enhanced lipid transport to the periph-
eries, including bone tissue [8, 9].

Studies showed that the incidence of coronary
heart disease was associated with abnormal
ApoB and ApoAl levels resulting from polymor-
phisms of ApoB and ApoA1 gene [10]. Previous
studies indicated that rs1042034, rs676210
and rs673548 in ApoB and rs632153 in ApoAl
gene were associated with lipid metabolism
abnormality related diseases, such as cerebro-
vascular disease events, acute lung injury and
atherosclerosis [11-13]. However, the relation-
ship between ApoB, ApoAl gene and alcohol-
induced ONFH has been less systematically
studied. The aim of this study to investigate
possible correlations between polymorphisms
of ApoB and ApoA1 genes and alcohol-induced
ONFH in Han Chinese population.

Materials and methods
Ethics statement

This protocol was adhered to the principles of
the Declaration of Helsinki and was ratified by
the Ethical Committee of Zhengzhou Traditional
Chinese Medicine Traumatology Hospital. All
candidate subjects signed informed consent.

Study population

A total of 209 unrelated patients with alcohol-
induced ONFH and 300 control subjects were
consecutively enrolled at Zhengzhou Traditional
Chinese Medicine Traumatology Hospital from
June 2014 to March 2015. Alcohol-induced
ONFH was defined by the consumption of more
than 400 ml of pure ethanol per week [14].
ONFH was diagnosed by clinical examination
and radiographic analysis. Anteroposterior (AP)
and frog view X-rays of both hips were done in
all of the patients. Magnetic resonance imaging
(MRI) was performed to confirm the diagnosis
of ONFH in patients without X-ray changes.
ONFH was present in one hip in 53 patients and
in both hips in 156 patients (312 hips).
Exclusion criteria: (i) Primary disease in serious
condition which required hormone replacement
therapy. (ii) Drugs use which can affect the liver
enzyme and lipid metabolism in patients. (iii) It
did not meet the diagnostic criteria of osteone-
crosis or patients with traumatic osteonecrosis
and other hip diseases. (iv) Those who did not
agree to participate in this study.
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The control group consisted of 300 healthy
individuals selected between July 2014 and
March 2015 based on medical examination at
Zhengzhou Traditional Chinese Medicine
Traumatology Hospital. They did not have
osteonecrosis and other related diseases. The
controls were all Han Chinese, and lived in
Zhengzhou city or the surrounding area.
Subjects with excessive use of corticosteroids,
alcohol consumption, chronic diseases of kid-
ney, heart, liver and brain were excluded.

Genotyping

Genomic DNA was extracted from whole blood
using an extraction kit (GoldMag, China) and
stored at -20°C. DNA concentration was mea-
sured by spectrometry (DU530 UV/VIS spectro-
photometer, Beckman Instruments, Fullerton,
CA, USA). Using public databases (dbSNP;
http://www.ncbi.nim.nih.gov/SNP/, HAPMAP;
http://www. Hapmap. org/index.html.en), a
total of 4 single nucleotide polymorphisms
(SNPs) in the ApoB and ApoAl gene were
selected on the basis of their location, allele
frequencies, and disease relevance. We
designed Multiplexed SNP Mass EXTEND assay
by Sequenom MassARRAY Assay Design 4.0
Software [15]. The Sequenom MassARRAY
RS1000 uses a standard protocol to make rec-
ommendations for each SNP [16]. Data analy-
ses and management were conducted by
Sequenom Typer 4.0 Software [17].

Statistical analysis

Statistical analyses were performed using
Microsoft Excel and SPSS 16.0 statistical pack-
ages (SPSS, Chicago, IL). All p values in this
study were two-sided. A P < 0.05 was consid-
ered the threshold for statistical significance.
The genotype frequencies of each SNP were
checked using the Hardy-Weinberg equilibrium
(HWE) in control subjects. The genotype fre-
quencies of cases and controls were calculated
using x?test [18, 19]. Odds ratios (ORs) and
95% confidence intervals (95% Cls) were deter-
mined using unconditional logistic regression
analysis with adjustment for gender and age
[20]. The four genetic models (Dominant,
Recessive, Codominant and Log-additive) were
applied using PLINK software (http://pngu.
mgh.harvard.edu/purcell/plink/) to assess the
association of SNP with the risk of alcohol-
induced ONFH. Finally, we performed haplotype
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Table 1. Primers used for this study

SNP ID 1st-PCR primer sequences 2nd-PCR primer sequences UEP sequences
rs1042034  ACGTTGGATGATGAAGATTAAGGCATAGG ~ ACGTTGGATGATCCAAGATGAGATCAACAC  ATGAGATCAACACAATCTTCA
rs676210 ACGTTGGATGATAGCTTGCCAAAAGTAGG ~ ACGTTGGATGTTTTCAAGTTCCTGACCTTC ~ AGTTCCTGACCTTCACATAC
rs673548 ACGTTGGATGCTTTCAGTGCATTGTCCAG  ACGTTGGATGAAGAGCAATGAACATTAGGC agGAACATTAGGCAAAAATACC
rs632153  ACGTTGGATGAGGGACATGAGCAACCCTTC ACGTTGGATGAGCTGTGCTCCTGGAGGCTG AGGCTGCAGGGAAAAAT

SNP, single-nucleotide polymorphism; PCR, polymorphism chain reaction; UEP, unextended mini-sequencing primer.

Table 2. Basic SNP summary of all study participants

SNP ID Chromosome  Position ~ Gene  Role A'/';j'gs OR(95%Cl)  Pvalue Caz'(;)ate
0
11042034 2 21225281 ApoB Exon30  T/C  0.84(0.63-1.12) 0.245 99.31
1676210 2 21231524 ApoB Exon28  G/A  0.83(0.62-1.11) 0.245 99.45
1673548 2 21237544 ApoB  Intron G/A  0.84(0.63-1.11) 0.222 100.00
1$632153 11 116710239 ApoAl Promoter  T/G  1.83(1.16-2.88) 0.008* 99.76

SNP, single-nucleotide polymorphism; A/B, minor/major alleles. OR, odds ratio; 95% CI, 95% confidence interval.

interaction analysis on the genes containing
the significant SNPs. The linkage disequilibrium
structure was examined using Haploview 4.2.

Transcriptional prediction

We used the PolyPhen-2 (http://genetics.bwh.
harvard.edu/pph2/) to predict protein function
of non-synonymous SNPs (nsSNPs) in ApoB
gene coding regions. Each variant was given a
score based on the impact of its mutation on
protein function. PolyPhen-2 results were divid-
ed into five categories: probably benign (0.000-
0.999), borderline (1.000-1.249), potentially
damaging (1.250-1.449), possibly damaging
(1.500-1.999) and probably damaging (=
2.000).

Results

The primers of the four selected SNPs are
shown in Table 1, which were designed by
Sequenom MassARRAY Assay Design 4.0
Software [15]. Four SNPs in the two genes were
analyzed in this study. Chromosomal position,
gene, role, allele A/B, odds ratio (OR), 95 % con-
fidence interval (95% Cl), p value and call rate
(%) are shown in Table 2. The rs632153 was
associated with increased risk of alcohol-
induced ONFH risk by allele model analysis (OR,
1.83; 95% Cl, 1.16-2.88; P = 0.008). Average
call rate of SNPs was 99.63% (range from
98.31% to 100%). The genotype distribution
was in Hardy-Weinberg equilibrium in control

group.
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The minor allele of each SNP was assumed to
be a risk factor and their minor alleles frequen-
cies (MAF) were listed in Table 3. We further
analyzed the association of SNPs and alcohol-
induced ONFH risk using logistic test including
dominant model, recessive model, codominant
model and log-additive model. The genotype
“T/T7in rs1042034 decreased alcohol-induced
ONFH risk was revealed by the recessive model
(crude OR, 0.45; 95% CI, 0.22-0.95; P = 0.027;
adjusted for gender + age OR, 0.44; 95% ClI,
0.19-0.99; P = 0.042). The genotype “G/G” in
rs676210 decreased alcohol-induced ONFH
risk was revealed by the recessive model (crude
OR, 0.45; 95% ClI, 0.22-0.94; P = 0.026; adjust-
ed for gender + age OR, 0.44; 95% ClI, 0.19-
0.99; P = 0.042). The genotype “G/G” in
rs673548 decreased alcohol-induced ONFH
risk was revealed by the recessive model (crude
OR, 0.45; 95% Cl, 0.22-0.95; P = 0.027; adjust-
ed for gender + age OR, 0.44; 95% Cl, 0.19-
0.99; P = 0.042). However, the genotype “G/T-
T/T” of rs632153 increased the risk of alcohol-
induced ONFH was shown by the dominant
model (crude OR, 1.95; 95% Cl, 1.20-3.15; P =
0.0065) and the genotype “G/T” of rs632153
increased the risk of alcohol-induced ONFH
was shown by the codominant model (crude
OR, 1.96; 95% CI, 1.20-3.19; P = 0.024). By
adjusted for gender + age, the genotype “G/T-
T/T” and “G/T” of rs632153 are no significant
difference in dominant model and codominant
model. The rs632153 increased risk of alcohol-
induced ONFH was revealed by log-additive
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Table 3. Association of SNPs with alcohol-induced osteonecrosis of femoral head risk based on logisti-

cal tests
SNP ID 2;'2'; cm\?:’:ol Model Genotype OR (95% CI) pvalue OR (96% Cl)** valupe**
rs1042034 0.239 0.272 Dominant T/C-T/T 0.95 (0.67-1.36) 0.78 1.20(0.79-1.84) 0.39
Recessive /T 0.45 (0.22-0.95) 0.027* 0.44 (0.19-0.99) 0.042*
Codominant T/T 0.47 (0.22-0.99) 0.078 0.50(0.22-1.17) 0.033
Log-additive 0.85 (0.64-1.13) 0.26 0.97 (0.70-1.34) 0.85
rs676210 0.239 0.274 Dominant G/A-G/G 0.93(0.65-1.33) 0.7 1.20(0.79-1.84) 0.4
Recessive G/G 0.45(0.22-0.94) 0.026* 0.44 (0.19-0.99) 0.042*
Codominant G/G 0.46 (0.22-0.98) 0.08 0.50(0.22-1.17) 0.033
Log-additive 0.84 (0.63-1.11) 0.22 0.97 (0.70-1.34) 0.84
rs673548 0.239 0.273 Dominant A/G-G/G 0.94(0.66-1.34) 0.72 1.19(0.78-1.83) 0.41
Recessive G/G 0.45 (0.22-0.95) 0.027* 0.44 (0.19-0.99) 0.042*
Codominant G/G 0.46 (0.22-0.99) 0.081 0.50(0.22-1.16) 0.035
Log-additive 0.84 (0.64-1.12) 0.23 0.96(0.69-1.34) 0.83
rs632153 0.108 0.062 Dominant G/T-T/T 1.95(1.20-3.15) 0.0065* 1.76(0.99-3.16) 0.053
Recessive /T 1.43 (0.09-23.04) 0.8 7.25 (0.04-NA) 0.41
Codominant G/T 1.96 (1.20-3.19) 0.024* 1.73(0.96-3.11) 0.13
Log-additive 1.88 (1.18-2.99) 0.008* 1.77 (1.00-3.14) 0.046*

OR, odds ratio; 95% Cl, 95% confidence interval; MAF, minor alleles frequencies. *P < 0.05, statistical significance. **Adjusted

for gender + age.
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Figure 1. Linkage disequilibrium analysis of the ApoB
gene. LD is displayed by standard color schemes with
bright red for very strong LD (LOD > 2, D’ = 1), pink
red (LOD > 2, D’ < 1) and blue (LOD < 2, D’ = 1) for in-
termediate LD, and white (LOD < 2, D’ < 1) for no LD.

model (crude OR, 1.88; 95% ClI, 1.18-2.99; P =
0.008; adjusted for gender + age OR, 1.77;
95% Cl, 1.00-3.14; P = 0.046).
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Two blocks were detected in ApoB gene by hap-
lotype analysis (Figure 1). However, none of sig-
nificant results were identified. We just found
rs1042034, rs676210 and rs673548 were
very strong linkage disequilibrium.

PolyPhen-2 results scores of 0.000 for
4338C>T and 0.999 for 2739A>G. PolyPhen-2
utilized two models (HumDiv and HumVar), in
which the latter is more rigorous in its false dis-
covery rate. In general, the HumVar dataset
was used to predict protein function (Figure 2).

Discussion

Non-traumatic ONFH is an intractable disease
that is pathophysiologically characterized by
ischemic necrosis of the femoral head and
deterioration of hip joint function. Many ONFH
cases develop in association with alcohol con-
sumption and steroid treatment are also con-
tributing factors. Hypercoagulability, lipid
metabolism abnormality and vascular endothe-
lial damage have all been reported as causes
of ONFH [4, 21]. Regarding lipid metabolism
abnormality, it is considered that the transport
of lipids from central to peripheral tissues is
enhanced by elevated serum LDL/HDL ratio,
and resultant fat embolism leads to the inhibi-

Int J Clin Exp Pathol 2015;8(9):11332-11339
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Figure 2. Predicted protein function of the 4338C>T and 2739A>G. A) Prediction of the 4338C>T. B) Prediction of

the 2739A>G.

tion of circulation within the bone marrow.
Some studies have associated ONFH with
serum ApoB/ApoAl ratio and LDL/HDL ratio
[22]. The aim of this study assess polymor-
phisms of ApoB, ApoAl gene are associated
with alcohol-induced ONFH.

ApoB and alcohol-induced ONFH

The ApoB gene, which is mapped to chromo-
some 2p24.1, contains three SNPs (genotype
“T/T” of rs1042034, genotype “G/G” of
rs676210 and genotype “G/G” of rs673548)
associated with decreased risk of alcohol-
induced ONFH. ApoB is almost the only protein
component of low-density lipoprotein choles-
terol (LDL-C), and is also a component of chylo-
microns, lipoprotein(a), very low-density lipo-
protein cholesterol (VLDL-C) and metabolic
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remnants of chylomicrons and VLDL-C [23]. The
rs1042034 of ApoB gene is a missense result-
ing in Serd338Asn. It is in strong linkage dis-
equilibrium (LD) with a second missense,
rs676210, which results in Ser4d338Asn as well
as intronic SNP rs673548. In a previous study,
the rs676210 minor allele (A) was associated
with total cholesterol, lower triglyceride and
low-density lipoprotein cholesterol levels and
with higher high-density lipoprotein (HDL) cho-
lesterol levels, with a P < 5x10%, in comparison
with major allele (G) carriers. In another earlier
report, rs676210 was found to associate with
triglycerides, VLDL-related fractions, and mean
VLDL/LDL ratio [24]. It reported that gene-by-
environment interactions between SNPs in
APOB gene and dietary cholesterol intake
showed the prediction of total cholesterol level
[13].

Int J Clin Exp Pathol 2015;8(9):11332-11339



Polymorphisms of genes and ONFH

Previous reports that a higher frequency of
7623TT or CT of the ApoB gene was observed
in steroid-induced ONFH cases than in referent
patients (P = 0.033), resulting in an elevated
odds ratio that was statistically significant
(adjusted OR = 6.37, 95% Cl = 1.53-26.5, P =
0.011) in the Japanese population. A higher
value of ApoB/ApoAl ratio was observed in
cases (P = 0.045) [9]. However, these results
were inconformity with our results. In our study,
rs1042034, rs676210 and rs673548 were
very strong linkage disequilibrium (Figure 1).
The rs1042034 and rs676210 of ApoB gene
located at coding exon region. By predicting
protein function, we found mutation of
rs676210 in ApoB may affect protein express
(Figure 2). The same ApoB gene showed differ-
ent results in ONFH. The rs1042034 and
rs676210 whether have reality biological func-
tions, the alcohol, corticosteroid and ethnic dif-
ference whether affect ApoB gene express.
Therefore, additional research is merited to
examine the biological functions of ApoB gene.

ApoA1l and alcohol-induced ONFH

The ApoAl gene, which is mapped to chromo-
some 11g23.3, contains a SNP (genotype
“T/G” of rs632153) associated with increased
risk of alcohol-induced ONFH. Previous studies
found that at the start site of human ApoAl
gene transcription, G/A polymorphism existed
at upstream -75 bp regions, this polymorphism
was located at GC-rich region in ApoAl gene
promoter, and the GC-rich region was the regu-
latory elements of ApoAl gene transcription
[25]. ApoAl is important in removing excess
cholesterol from tissues and incorporating it
into high-density lipoprotein cholesterol (HDL-
C) for reverse transport to the liver, thus mani-
festing antiatherogenic effects [23]. Food
eaten while drinking, liver or pancreatic disor-
ders, dietary habits and other factors should be
taken into account when investigating the rela-
tion to lipid metabolism [26]. Hyperlipidemia
affected the microcirculation of the femoral
head to result in femoral necrosis from multiple
links, such as influencing bone fat embolism,
affecting the formation of bone micro-thrombo-
sis and affecting blood coagulation solvent sys-
tems [27].

Previous reports that -75 G > A polymorphism
of ApoAl, AA genotype frequency was signifi-
cantly higher in patients with steroid-induced
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osteonecrosis than that in control subjects,
resulting in an elevated odds ratio that was sta-
tistically significant (OR = 3.932, 95% CI =
3.0847-5.0123, P <0.0001) in the Chinese
population [2]. Combined with our study, it pro-
vided an evidence that polymorphisms of
ApoAl gene increased the risk of non-traumat-
ic osteonecrosis (alcohol and steroid-induced).
Alternatively, relationship between ApoAlgene
and non-traumatic osteonecrosis is of great
interest and warrants further investigation.

The limitations must be mentioned in our study.
First, we collected all the samples that were
from Han Chinese population who lived in
Zhengzhou city or around. Substantial popula-
tion of confounding factors, which may cause
type | error (false positive) for association study.
Second, the sample size is not large enough for
association studies and a large sample size is
required to confirm these findings in further
study.

In conclusion, polymorphisms of the ApoB and
ApoAl gene are associated with alcohol-
induced ONFH in the Han Chinese population.
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