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Abstract

Purpose The association between TNF-x-308(G/A) and -238(G/A) polymorphisms and the susceptibility of non-traumatic
osteonecrosis of the femoral head (NONFH) was investigated in many studies with conflicting results. We aimed to conduct a
meta-analysis to evaluate the relationship between them comprehensively.

Methods Relevant literatures published in PubMed, Web of Science, Embase, Cochrane library databases, China National
Knowledge Infrastructure (CNKI), WANFANG Data, and China Science and Technology Journal Database (CSTJ) updated to
January 30, 2018, were reviewed by two investigators independently. Odds ratios (ORs) and its 95% confidence intervals (95%
CIs) were calculated by a fixed-effect model based on the indistinctive heterogeneity.

Results For TNF-x-308(G/A) polymorphism, we recruited five studies including 432 NONFH patients and 760 controls and a
statistically significant association was identified in Asians in four modes consisting of alleles mode (OR = 0.648,95% C10.475—
0.885), homozygote mode (OR =0.330, 95% CI 0.136-0.802), dominant mode (OR = 0.344, 95% CI 0.143—0.827), and reces-
sive mode (OR =0.674, 95% CI1 0.468—0.971), but no significant association was observed in Caucasians. For TNF-x-238(G/A)
polymorphism, three eligible studies including 275 cases and 610 controls were evaluated and there was a significant association
in alleles mode (OR =0.270, 95% CI 0.4148-0.490) as well as recessive mode (OR =0.254, 95% CI 0.138-0.468).
Conclusion This meta-analysis shows that TNF-«-308(G/A) and -238(G/A) polymorphisms are associated with the susceptibil-
ity of NONFH, while the significant association for 308(G/A) is mainly observed in Asians.
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Introduction

Osteonecrosis is a potentially devastating condition in which
the reduction of blood supply is the most significant motivator
[1-3]. When it comes to non-traumatic osteonecrosis of the
femoral head (NONFH) which is a clinically common
osteoarthropathy that mostly affects adults between 30 and
50 years old [4], the aetiology and pathology are not completely
clarified [5]. Numerous risk factors have been identified that
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contribute to NONFH or the relevant pathological conditions,
including hypercortisonism [6], hyperlipidemia, autoimmune
diseases, dysbaric phenomena, smoking, hypofibrinolysis, al-
coholism, and clotting disturbances [7, 8], which might result in
intravascular coagulation and limited blood flow in caput
femoris. Although plenty of risk factors have been recognized,
the pathogenesis in molecular level remains unclear [9] and the
therapy for osteonecrosis of femoral head continues to be a
challenging.

Tumour necrosis factor (TNF), first reported in 1975 by Dr.
Lloyd J. Old from Memorial Sloan-Kettering Cancer Center,
New York, was described as a substance that mediates
endotoxin-induced necrosis of tumors [10]. After years of in-
vestigation, TNF-« is generally known as a cell-signaling
protein or cytokine participating in systemic inflammation
and acute phase reaction. Produced mainly by macrophages
as well as other immune effector cells and regulatory cells
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[11], TNF-« plays a rather intricate role in cellular processes:
growth, proliferation, differentiation, and the immune reaction
[12]. Meanwhile, the accommodative dysfunction of TNF-o
has been reported to be implicated with many human disease
such as inflammatory bowel disease (IBD) [13], chronic peri-
odontitis [14], cancer [15, 16], psoriasis [17], several neuro-
logical disorders [18], et al. In relation to NONFH, elevated
TNF-o serum concentration and expression of TNF-« in the
bone marrow have been confirmed in both animal and clinical
experiments during the process of steroid-induced
osteonecrosis [19, 20]. The aggregation of macrophages into
the necrotic area, resulting in the release of TNF-« together
with other inflammatory factors, reinforces the inflammatory
response and aggravates local osteoclasts [21].

TNF-oc gene is located in the class III region of the major
histocompatibility complex (MHC) and maps to 6p21.3 [22,
23]. Tt is revealed that gene polymorphisms in the regulatory
region can generate the expression of TNF-« [22]. Recently,
many genetic polymorphisms have been detected in the cyto-
kine promoter at the initial position of TNF-o transcription
site, which are 1031(T/C), 376(G/A), 308(G/A), 238(G/A),
et al. [24]. Various scientific literatures have demonstrated
TNF-o gene polymorphisms being associated to the suscepti-
bility of systemic lupus erythematosus (SLE) [25], ankylosing
spondylitis (AS) [26], gastric and hepatocellular carcinomas
[27], and periodontitis [28], as well as NONFH [3, 29-33].
Though many relevant research programs have been per-
formed, when it comes to the relation of TNF-x-308(G/A)
(rs1800629) and -238(G/A) (rs361525) polymorphisms to
NONFH susceptibility, no common consensus has been
reached yet and there does not exist any meta-analysis sum-
marizing those relative studies. Therefore, we decided to per-
form a meta-analysis focusing on the association between
TNF--308(G/A) (rs1800629) and -238(G/A) (rs361525)
polymorphisms and susceptibility of NONFH to draw a pre-
cise evaluation of the relationship, which might be a potential
treatment approach and could assist the early diagnosis of
NONFH.

Materials and methods
Identification of eligible studies

Relevant available literatures published in the PubMed, Web
of Science, Embase, Cochrane library databases, China
National Knowledge Infrastructure (CNKI), WANFANG
Data, and China Science and Technology Journal Database
(CSTJ) were searched up to January 30, 2018, by two inves-
tigators independently. We used the following retrieval terms:
(“femoral head necrosis” or “FHN” or “osteonecrosis of the
femoral head” or “ONFH” or “non-traumatic osteonecrosis of
the femoral head” or “NONFH”) and (“TNF-&” or “tumour
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necrosis factor alpha” or “tumour necrosis factor o« or “TNF
alpha” or “rs1800629” or “rs361525”) and (“polymorphi*”
or “allele” or “genetic variant” or “gene*”). No language,
race, ethnicity, or geographic area restrictions were applied.
We also searched the bibliography of recent related reviews
and the primary articles manually for all identified studies.

Inclusion and exclusion criteria

The inclusion criterion was formulated as follows: (1) the
study was a case-control study design; (2) the study investi-
gated the association between TNF-« gene-238 or -308 poly-
morphism and the risk of NONFH; (3) genotype frequencies
of TNF-« gene-238 or -308 polymorphism were reported in
the study; (4) the study was performed on human.

The studies were deemed inadequately if (1) they were case
reports, reviews, descriptive studies, comments, or animal
studies; (2) studies contained relevant data which had been
published before; (3) studies did not provide available geno-
type frequencies and cannot be obtained by contacting with
the authors; (4) there were obvious errors in research designs
and statistical approaches.

All relevant literatures were appraised and discussed to
reach a consensus by two investigators according to the inclu-
sion and exclusion criteria independently.

Data extraction

Based on a standard form, two investigators extracted follow-
ing information from all qualified studies independently: (1)
name of the first author, (2) publication data, (3) population
distribution (country and ethnicity), (4) gender and age of
cases and controls, (5) numbers and diagnosis of case group
and control group, (6) genotyping method, (7) genotype fre-
quency in case group and control group. No remaining dis-
agreement presents about the data among all authors.

Methodological quality assessment

Clark scores system, which contains ten items [34], was im-
plemented to assess the qualities of the included studies by
two investigators independently. Scores below 5 were
regarded as low quality, while 5—7 scores indicate moderate
quality and 8—10 scores represent high quality [34].

Statistical analysis

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement carefully
in the whole process of this analysis [35]. By merging ORs
with 95% CI, we evaluated the association between TNF-o
polymorphisms and NONFH risks. Allelic frequencies of
TNF-a gene-238 or -308 polymorphism from the respective
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studies were determined by the allele counting method. At
first, the association strength between the allele and the vari-
ation to NONFH was examined (G versus A). Then, the
pooled ORs and corresponding 95%Cls were computed in
homozygote model (GG versus AA), heterozygote model
(GA versus AA), dominant model (GG + GA versus AA),
and recessive (GG versus GA + AA) model, respectively.

To determine statistical heterogeneity, Q statistic and I
statistic were evaluated in each model. If P<0.10 and />
50%, significant heterogeneity was considered to exist [36].
The DerSimonian-Laird method for random effects model
was used if significant heterogeneity existed, or the Mantel-
Haenszel method for fixed effects model was chosen other-
wise [37]. Due to the limitations of funnel plotting, which
requires a range of studies with varying sizes and subjective
judgments, we assessed publication bias using the Begg’s fun-
nel plot and Egger’s weighted regression method as well as
funnel plots. All analyses were conducted with STATA 14
(Stata, CollegeStation, TX). The P value (<0.05) in Z test
was considered to determine the significance of the pooled
OR, and the result was two-sided.

Results
Characteristics of the included studies

We identified 329 records in total, retrieving from the database
(PubMed =26, WOS =105, Embase =28, Cochrane =3,
CNKI =51, WANFANG Data=57, CSTJ =6) and reference
lists (manual search=53) (Fig. 1). After inspecting titles or
abstracts and removing the duplicates and irrelevant articles,
we obtained 23 studies for full-text examination. In terms of
exclusion and inclusion criteria, 18 studies were eliminated
(one was review, one did not present genotype frequencies,
one’s full text was not available, eight were not about genetic
polymorphisms, and seven contained no data of the target
SNPs or diseases). The remaining five studies containing
432 NONFH patients and 760 controls were finally included
in the analysis.

Characteristics of the five researches are displayed in
Table 1. The aetiological diagnosis of osteonecrosis of the
femoral head and the number of relative cases and controls
was not clear in some of the eligible studies, but all the in-
volved patients were corresponding to the diagnostic criteria
of NONFH described within the studies, which has been
inspected cautiously. In addition, it should be noted that 37
controls recruited in Shixin Wang et al. [33] were cured SARS
patients with no femoral head necrosis, while the other 723
controls were all described as healthy individuals. Therefore,
we used Hardy-Weinberg equilibrium (HWE) to analyze the
genotype distribution and assess the reliability of subjects’
selection for each study. Although the selection of controls

in S. Samara et al. [32] was likely to have poor quality
(P <0.05), the genotype distribution of the controls in Shixin
Wang et al. [33] did not significantly vary from the natural
populations (P> 0.05) (Table 2), which indicated that the se-
lection of controls in in Shixin Wang et al. [33] was acceptable
for our analysis.

Association between TNF-a-308 polymorphism
and NONFH

Fixed pooling model was implemented in all the modes when
we processed meta-analysis, and there were no significant
heterogeneity revealed in any models. After pooling the geno-
type distribution of the 432 NONFH patients and 760 con-
trols, we found out that significant associations were con-
firmed in overall population for alleles mode (G versus A)
(OR=0.726, 95% CI 0.566-0.933, P=0.012, Fig. 2a) and
recessive mode (GG versus GA/AA) (OR =0.725, 95% CI
0.543-0.967, P=0.029, Fig. 2d). As for homozygote mode
(GG versus AA) (OR=0.524, 95% CI 0.261-1.051, P=
0.069, Fig. 2b), heterozygote mode (GA versus AA) (OR =
0.682, 95% CI 0.319-1.459, P =0.324), and dominant mode
(GG/GA versus AA) (OR =0.544,95% C10.273-1.087, P=
0.085, Fig. 2c¢), there were no statistical significance identified
in all the three modes overall (Table 3).

In the subgroup meta-analysis, evaluating strategy was
stratified by population distribution (Asian and Caucasian).
Fixed-effects mode was also applied since no significant het-
erogeneity was detected in any subgroups and analyzing
modes. In Asian group, it was shown that TNF-o-308(G/A)
polymorphism was significantly relative to susceptibility of
NONFH in four modes consisting of alleles mode (OR =
0.648, 95% CI 0.475-0.885, P=0.006,Fig. 2a), recessive
mode (OR=0.674, 95% CI 0.468-0.971, P=0.034, Fig.
2d), homozygote mode (OR =0.330, 95% CI 0.136-0.802,
P=0.014, Fig. 2b), and dominant mode (OR =0.344, 95%
CI 0.143-0.827, P=0.017, Fig. 2c), but no significant asso-
ciation was observed in heterozygote mode (OR = 0.405, 95%
CI 0.154-1.063, P=0.066). On the contrary, in Caucasian
group, the assessment of all five modes revealed no signifi-
cance at all, which were alleles mode (OR =0.909, 95% CI
0.590-1.400, P=0.665), homozygote mode (OR =1.842,
95% CI 0.386-8.793, P =0.444), heterozygote mode (OR =
2.431, 95% CI 0.466-12.679, P=0.292), recessive mode
(OR=0.823,95% C10.511-1.323, P=0.421), and dominant
mode (OR=1.966, 95% CI 0.408-9.473, P=0.399)
(Table 3).

Association between TNF-a-238 polymorphism
and NONFH

As shown in Table 2, only three recruited studies provid-
ed the genotype and allelic distribution of TNF-«x-
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276 of records acquired through database searching

(Pubmed=26, W0S=105, Embase=28, Cochrane=3, CNKI=51, WANFANG=57, CSTJ=6)

53 of additional records acquired

through reference list searching

329 of records screened in total

Number of records excluded

due to duplication(n=69)

260 of records screened by title/abstract

Number of records excluded based on

v

irrelevant title or abstract(n=237)

23 of records assessed through full-text articles for eligibility

Number of full-text articles excluded
by following reasons(n=18):

* Reviews: n=1

A4

* No genotype frequencies : n=1
* Full-text unavailable:n=1
* Not about genetic polymorphsims:n=8

* No data of the target SNPs or diseases:n=7

5 studies included in the meta-analysis

Fig. 1 Flow chart of the study enrollment process

238(G/A) polymorphism and there were 275 cases and
610 controls. In all the studies, neither NONFH patients
nor controls were found carrying AA genotype of
TNF--238 (Table 3), urging the utilization of alleles
modes (G versus A) and recessive mode (GG versus
GA) to demonstrate the connection. Similarly,
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homogeneity was achieved among the statistics and
fixed-effects mode was chosen for the meta-analysis
(Table 3). As a result, there was a significant association
in alleles mode (OR=0.270, 95% CI 0.4148-0.490,
P<0.001, Fig. 3a) as well as recessive mode (OR =
0.254, 95% CI 0.138-0.468, P<0.001, Fig. 3b).
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o o £ - For TNF-x-308(G/A) polymorphism, the ORs’ signifi-
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e ORVRVIOR mozygote mode (GG versus GA, OR =0.347, 95% CI 0.149—
S SR 0.805, P=0.014, Fig. 4b) and dominant mode (GG + GA ver-
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2 g bias (P> 0.10).
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S| & % 3 R B g intake, smoking, and various chronic diseases (renal disease,
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g haematological disease, inflammatory bowel disease, post-
5| & =228 organ transplantation, and hypertension) [32, 40, 41]. Many
sl e e e A factors were involved in the aetiology of NONFH, among
é TL’ < = which evidences supporting the TNF-o¢ gene-308 or -238
§ g g = B g polymorphisms have been provided currently [29-33].
S =2 g & However, these distinct studies presented conclusions incon-
_la %D § g %" = sistently. Therefore, we carried out this meta-analysis to reveal
2 é‘ E =X ;iv '% § the association between TNF-o« gene-308 or -238 polymor-
i B3 v S B phisms and NONFH susceptibility.
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Table2  Genotype and allelic distribution of TNF-x-308(G/A) and -238(G/A) polymorphisms among NONFH patients and control individuals
Author TNF-a-308(case/control) TNF-«-238(case/control)

GG GA AA G A P for HWE GG GA AA G A P for HWE
Biao-Fang Weietal.  89/93 56/41 21 234/227  60/43  0.119 126/129  21/6  0/0 273264 21/6  0.792
Sanja Srzenti¢ etal. ~ 23/38 13/11 11 59/87 15/13  0.846 NA NA NA NA NA NA
S. Samara et al. 94/369  17/58 /11 205/796  19/80  0.000 100/429  12/9 0/0  212/867 12/9 0.828
Yaosheng Liu et al. 75/73 26/22  19/5 176/168  64/32  0.069 NA NA NA NA NA NA
Shixin Wang et al. 14/32 2/4 0/1 30/68 2/6 0.083 13/33 3/4 0/0  29/70 3/4 0.728

NA not available

Previous studies revealed that the TNF-oc gene-308 poly-
morphism could be related to TNF-o gene regulation and
associated with increased transcriptional activity of its product
[32, 42, 43]. In our meta-analysis, overall samples revealed
significant associations between TNF-« gene-308(G/A) poly-
morphism and NONFH susceptibility in alleles mode (G ver-
sus A) and recessive mode (GG versus GA/AA) (Table 3 and
Fig. 2), which indicated that G allele may be a protective
factor in the risk of NONFH. However, by comparing geno-
type GG with GA + AA, Biao-Fang Wei et al. found that the

TNF-o« mRNA and the TNF-« cytokine expression were not
significantly different [29]. Thus, in-depth studies were re-
quired to identify the effects of TNF-ox gene-308(G/A) poly-
morphisms on the development of NONFH. After analyzing
by ethnicity, we found significant association in Asians but
not in Caucasians, which suggested that the role TNF- gene-
308 polymorphism played in the risk of NONFH in Asian
population was more notable than that in Caucasian popula-
tion. The reasons why the SNP polymorphism in the same
position of TNF-o gene played absolutely different roles in

Study % Study %
D OR (95% CI) Weight D OR (95% CI) Weight
Agian Asian
Biao-Fang Wei ctal. (2017) s mE 0.739(0.480, 1.138)  33.96 Biao-Fang Wei etal. (2017) k 0.478 (0.043,5.370)  9.33
Yaosheng Liu etal. (2014) — 0.524(0.326,0842) 3436 Yaosheng Liu et al. (2014) —_— 0.270 (0.096,0.762)  74.80
Shixin Wang et al. (2008) 1324 (0.252,6.940)  1.80 Shixin Wang et al. (2008) 1,338 (0.051,34.863)  3.08
Subtotal (I-squared = 0.0%, p = 0.398) <> 0.648 (0.475,0885)  70.12 Sublotal (I-squared =0.0%,p=0.625) <> 0.330 (0.136,0802)  87.20
Caucasian : Caucasian
Sanja Stzentié et al. (2015) _— 0.588 (0.261,1325) 1055 Sanja Srzentic etal. (2015) 0.605 (0.036,10.152)  5.59
S. Samara et al. (2012) —_— 1084 (0643, 1.830)  19.33 S. Samara et al. (2012) —_— s 2802(0357,21977) 721
Subtotal (I-squared = 35.1%, p = 0.214) <> 0.909 (0.590, 1.400)  29.88 Subtotal (I-squared = 0.0%, p = 0.384) <> 1842 (0.386,8.793)  12.80
Overall (I-squared = 17.5%, p = 0.303) <> 0.726 (0.566, 0.933)  100.00 Overall (I-squared = 10.0%, p = 0.349) <> 0524 (0.261,1.051)  100.00
T T T T
144 1 6.94 0287 1 349
a. Alleles mode (G vs A) b. Homozygote mode (GG vs AA)
Study % Study %
D OR (95% CI) Weight D OR (95% CI) Weight
Asian Asian :
Biao—Fang Wei etal. (2017) 0.541 (0.049,6.036)  8.78 Biao—Fang Wei etal. (2017) — 0.693 (0.424,1.134) 3578
Yaosheng Liu et al. (2014) _— 0.280 (0.100,0.779)  75.78 Yaosheng Liu ctal. (2014) — 0.616 (0.347,1.09)  27.93
Shixin Wang et al. (2008) 1,356 (0.052,35.081)  3.06 Shixin Wang et al. (2008) 1094 (0.189,6332) 226
Subtotal (I-squared = 0.0%.p=0.614) <> 0.344/0.143,0827)  87.63 Subtotal (I-squared = 0.0%, p = 0.820) <> 0.674(0.468,0.971) 6597

Caucasian

Sanja Srzenti¢ et al. (2015) 0.735(0.044, 12.142)  5.20

I —

——

S. Samara et al. (2012) 2.859(0.365,22.385)  7.17

Subtotal (I-squared = 0.0%, p = 0.438) 1.966 (0.408, 9.473) 1237

Overall (I-squared = 10.4%, p = 0.347) 0.544 (0.273, 1.087) 100.00

=
<

Caucasian
Sanja Srzenti¢ et al. (2015) it 0.519(0.205,1.313)  11.44
S. Samara et al. (2012) e 0.977 (0.554,1.720)  22.59

Subtotal (I-squared = 23.0%, p = 0.254) — 0.823 (0.511,1.323)  34.03

Overall (I-squared = 0.0%, p=0.715) 0.725 (0.543,0.967)  100.00

e
<

T
0285 1 351

C. Dominant mode (GG+GA vs AA

T
158 1 6.33

d. Recessive mode (GG vs GA+AA)

Fig. 2 Forest plots for the meta-analysis of association between TNF-x-308(G/A) polymorphism and NONFH risks stratified by population
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Table 3  Evaluation of the association between TNF-« gene polymorphisms and NONFH susceptibility

TNF--308(G/A) polymorphism Population Assessment of association Assessment of heterogeneity

OR 95%CI P value Pooling model I-square P value

G vs. A (alleles mode) Asian 0.648 0.475-0.885 0.006 Fixed 0.00% 0.398
Caucasian 0.909 0.590-1.400 0.665 Fixed 35.10% 0214
Overall 0.726 0.566-0.933 0.012 Fixed 17.50% 0.303

GG vs. AA (homozygote mode) Asian 0.330 0.136-0.802 0.014 Fixed 0.00% 0.625
Caucasian 1.842 0.386-8.793 0.444 Fixed 0.00% 0.384
Overall 0.524 0.261-1.051 0.069 Fixed 10.00% 0.349

GA vs. AA (heterozygote mode) Asian 0.405 0.154-1.063 0.066 Fixed 0.00% 0.609
Caucasian 2431 0.466—12.679 0.292 Fixed 0.00% 0.579
Overall 0.682 0.319-1.459 0.324 Fixed 6.60% 0.369

(GG + GA) vs. AA (dominant mode) Asian 0.344 0.143-0.827 0.017 Fixed 0.00% 0.614
Caucasian 1.966 0.408-9.473 0.399 Fixed 0.00% 0.438
Overall 0.544 0.273-1.087 0.085 Fixed 10.40% 0.347

GG vs. (GA + AA) (recessive mode) Asian 0.674 0.468-0.971 0.034 Fixed 0.00% 0.820
Caucasian 0.823 0.511-1.323 0.421 Fixed 23.00% 0.254
Overall 0.725 0.543-0.967 0.029 Fixed 0.00% 0.715

TNF-x-238(G/A) polymorphism

G vs. A (alleles mode) Overall 0.270 0.148-0.490 0.000 Fixed 0.00% 0.451
GG vs. GA (recessive mode) Overall 0.254 0.138-0.468 0.000 Fixed 0.00% 0.477

different races may lie on two aspects. First, the genetic back-
grounds may differ from the two ethnic groups. Besides, there
are numerous aetiological factors contributing to NONFH
such as hyperlipidemia, autoimmune diseases, alcoholism,
et al. [7, 8]. The varied prevalence of hyperlipidemia [44], auto-
immune diseases [45], discrepant alcohol consumption [46, 47],
et al., in different populations may explain the inconsistency. By
the way, due to the fact that P for HWE was too small (Table 2) in
study conducted by S. Samara et al. [32], we removed it in the
sensitivity analysis. Consequently, homozygote mode (OR =
0.347, 95% CI 0.149-0.805, P=0.014, Fig. 4b) and dominant
mode (OR =0.365, 95% CI 0.159-0.841, P=0.018, Fig. 4c)
showed different results, which indicated that the improper

Study %

D OR (95% CI) Weight

Biao—Fang Wei etal. (2017) —%"— 0.295(0.117,0.744)  46.22

S. Samara etal. (2012) —_— 0.183 (0.076,0.441)  44.47

Shixin Wang et al. (2008) _—

Overall (I-squared = 0.0%, p = 0.451) <>

0.552(0.116, 2.624)  9.31

0.270 (0.148, 0.490)  100.00

selection of the controls labilized the pooled estimate.
Nevertheless, the deletion of Samara et al. [32] increased the
number of mode type that revealed significant association.
Another common SNP of TNF-« we paid attention to is
TNF-« gene-238G/A polymorphism. Samara et al. reported a
G-to-A change at position 238 resulted in an up-regulation of
TNF-o gene expression and suggested that the increase of
TNF-« expression could lead to osteoclasts proliferation,
which contributed to NONFH [32]. On the contrary, another
study recently showed that the A-238 allele at position 238
may be associated with downregulation of tissue inflamma-
tion [43]. We conducted a meta-analysis including three eligi-
ble case-control studies containing 275 cases comparing 610

Study %
D OR (95% CI) Weight
Biao—Fang Wei etal. (2017)

R~

0.279(0.109,0.714) ~ 46.11

S. Samara et al. (2012) 0.175(0.072,0.426)  44.93

Shixin Wang et al. (2008)

Overall (I-squared = 0.0%, p = 0.477) <>

0.525(0.103,2.677) 8.97

0.254(0.138,0.468)  100.00

T T
0763 1 13.1

a. Alleles mode (G vs A)

T T
0717 1 13.9

b. Recessive mode (GG vs GA)

Fig. 3 Forest plots for the meta-analysis of association between TNF-x-238(G/A) polymorphism and NONFH risks
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| Lower CI Limit ~ OEstimate | Upper CI Limit | Lower CI Limit ~ OEstimate | Upper CI Limit
Biao-Fang Weietal. (2017)| | q ‘ Biao—Fang Wei et al. (2017) ‘
Sanja Srzenti¢ et al. (2015) ° Sanja Srzentié et al. (2015)
S. Samara et al. (2012) o S. Samara et al. (2012) | [©
Yaosheng Liu et al. (2014) o Yaosheng Liu et al. (2014) o
Shixin Wang et al. (2008) I o I Shixin Wang et al. (2008) | { ¢ |
048 0.57 0.73 093 1!12 0.0260.52 1.05 4.‘01
a. Alleles mode(G vs A) b. Homozygote mode (GG vs AA)
| Lower CILimit ~ OEstimate | Upper CI Limit | Lower CILimit ~ OEstimate | Upper CI Limit
Biao—Fang Wei et al. (2017) | Biao-Fang Weietal. (2017) | | o |
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S. Samara et al. (2012)| o S. Samara et al. (2012) o
Yaosheng Liu et al. (2014)( | | o Yaosheng Liu et al. (2014) | o
Shixin Wang et al. (2008)| | ¢ | Shixin Wang et al. (2008) | o |
0.0R70.54 1.09 4!35 0.46 0.54 0.72 097 1.‘07

c. Dominant mode (GG+GA vs AA)

d. Recessive mode (GG+GA vs AA)

Fig. 4 Sensitivity analysis of association between TNF--308(G/A) polymorphism and NONFH risks

controls. The allele A was so rare that neither NONFH patients
nor controls were found carrying AA genotype of TNF-«
gene-238. For this reason, only the alleles mode (G vs. A)
and recessive mode (GG vs. (GA + AA)) were conducted in
the meta-analysis. The total sample demonstrated that statisti-
cal significance existed in both of the two models. The allele A
at position 238 could be a risk factor to NONFH.

Tumour necrosis factor (TNF-«) gene is located on human
chromosome 6p21.3 in the vicinity of the major histocompat-
ibility complex (MHC) class III region [48] and plays an im-
portant role in inflammation, immunity, and cellular organiza-
tion of its product. As we discussed above, the TNF-« gene-
308 or -238 affected regulation of TNF-« gene and associated
with altered transcriptional activity in many diseases. What is
more, a number of studies had shown that the TNF-o promot-
er polymorphisms have a vital effect on transcriptional activity
[49, 50]. It is generally believed that the pathophysiology of
NONFH is related to the apoptosis of osteoblasts and osteo-
cytes. Shibahara et al. suggested that there were mass apopto-
sis cells in necrotic zone and the apoptosis of osteocytes re-
sulted in the osteonecrosis and the destruction of bone struc-
ture [51]. Besides, it is known that some cytokines such as IL,
TNF-o, TNF-f3, and other inflammatory-related cytokines
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play an important role in the balance between osteoclasts ad
osteoblasts. Dai CY et al. have reported that TNF-oc acts on
osteoblasts or bone marrow cells to synthesize and release
cytokines which is directly associated with osteoclasts prolif-
eration and maturation [52]. Thus, we could assume that the
TNF-a gene-308 or -238 polymorphisms led to an altered
expression of the gene, which made a contribution to inflam-
mation response. Consequently, apoptosis of osteoblasts and
proliferation of osteoclasts were activated or aggravated,
resulting in the deterioration of NONFH.

To the best of our knowledge, this is the first meta-analysis to
comprehensively assess the association between TNF-oc gene-
308(G/A) and -238(G/A) and the susceptibility of NONFH,
which may provide the clues of prevention and early diagnosis
and potential trials for osteonecrosis treatment. During the
searching process, we have followed specific and repeatable
strategies and applied strict inclusion and exclusion criteria to
recruit. We also considered the distribution of ethnic groups and
applied subgroup analysis to assess the association in Asian and
Caucasian populations, respectively. Furthermore, Clark scores
was used to assess the quality of each studies and most of them
possessed high qualities. HWE was used to test the homogene-
ity between controls and natural populations, and only one
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study was significantly deviated. Besides, no significant hetero-
geneity was identified among the enrolled studies. Despite of
the insufficient research number, we still applied the Egger’s
and Begg’s test and found no publication bias in the
recruitment.

Nevertheless, a few limitations shall be claimed in this
meta-analysis. First, the language was limited to English and
Chinese, which may develop bias as a consequence of the
restrictedly defined populations. Second, only two out of five
studies mentioned the severity of NONFH. Thus, the limited
number defies further analysis of the associations between
TNF-o gene-308(G/A) and -238(G/A) polymorphisms and
clinical stages or features of NONFH. Third, following the
enrollment strategies, we excluded some researches due to
lack of target SNPs data, which may increase the potential of
selection bias. Fourth, in the sensitivity analysis, the ORs’
significance changed for TNF-a gene-308(G/A) polymor-
phism in homozygote mode and dominant mode after we
removed S. Samara et al. [32]. As shown in Table 2, the
genotyping variance of control group in S. Samara et al. [32]
was derived from HWE, which might be the reason of the
unstable results. Additionally, the removal of Yaosheng Liu
et al. [30] also influenced the ORs’ significance for TNF-o
gene-308(G/A) polymorphism in alleles mode and recessive
mode. The weights of Yaosheng Liu et al. [30] in the meta-
analysis of alleles mode and recessive mode were much
heavy, which were 34.46 and 27.93%, respectively. Thus,
the significant effects of this research indicate that further
original studies are necessary to enhance the result stability.

Conclusion

This meta-analysis shows that TNF-x-308(G/A) and -
238(G/A) polymorphisms are inversely associated with the
risk of NONFH, while the significant association for
308(G/A) is observed in Asian. Original and intensive re-
searches of individuals of diverse ethnicities would be essen-
tial due to the insufficient or conflict interpretations of the
polymorphism effects on the NONFH pathology.
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