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THE ASSOCIATION BETWEEN ANXA11 GENE POLYMORPHISMS AND
SARCOIDOSIS: A META-ANALYSIS AND SYSTEMATIC REVIEW

Hongfer Zhou, Mengyuan Diao, Mingyue Zhang

Naval Convalescent Department, Hangzhou Sanatorium, Nanjing Military District, Hangzhou, China

ABSTRACT. Background and Objective: The associations of ANXA11 gene polymorphisms and susceptibility to
sarcoidosis have been evaluated in recent years. However, the results remain controversial, especially in different
ethnicity. To assess the associations between ANXA11 and sarcoidosis, we conducted this meta-analysis. Mezh-
od: Articles were searched in MEDLINE, EMBASE and PubMed from their establishment date to August of
2014, and 4,567 sarcoidosis patients and 4,278 controls from 6 studies were included. The strength of associa-
tions was determined by ORs with 95% Cls. The associations between ANXA11 SNP rs1049550, rs2573346,
152789679 polymorphisms and sarcoidosis risk were assessed using additive, recessive and dominant models.
Results: ANXA11 SNP 152573346 and rs2789679 T allele conferred protection against sarcoidosis (OR: 0.664,
95% CI: 0.607-0.726 for rs2573346, and OR: 0.698, 95% CI: 0.640-0.762 for rs2789679). For SNP rs1049550,
individuals carrying the “T” allele (T'T+CT) had a nearly 46% increased risk for the development of sarcoidosis,
when compared with CC homozygotes (OR: 1.461, 95% CI: 1.183-1.803) in overall population. A significant
association was also found in additive model (OR: 1.477,95% CI: 1.328-1.642 for CC vs. CT; OR: 0.610, 95%
CI: 0.412-0.905 for TT vs. CC). In addition, ethnicity factors may contribute to the disease risk. Conclusion:
The meta-analysis revealed that “T” allele of ANXA11 SNP 152573346 and 152789679 conferred protection
against sarcoidosis. “C” allele of SNP rs1049550 may be a risk factor for sarcoidosis in overall population. Our
study shows that ANXA11 closely associated with the development of sarcoidosis but further studies in different
ethnicity were needed. (Sarcoidosis Vasc Diffuse Lung Dis 2016; 33: 102-111)
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INTRODUCTION

Sarcoidosis is a systemic inflammatory disease
characterised by the presence of destructive, non-ca-
seating epithelioid granulomatous lesions, with accu-
mulated monocytes, macrophages, and activated T-
lymphocytes, which can affect the lungs, skin, heart,
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eyes, brain and nervous system, and various other
tissues and organs (1, 2), and the clinical symptoms
were widely different due to the difference of the
lesions located (3). As pulmonary damages ranged
from spontaneous resolution which was no impair-
ment to fibrotic lung disease which might lead to
respiratory failure, the clinical course, treatment and
prognosis of sarcoidosis is variable. It is reported that
sarcoidosis can occur in a pattern of family cluster-
ing, and the racial incidence is also different, suggest-
ing genetic factors may contribute to disease risk (4).

ANXA11(annexin A11), located on chromo-
some 10g22.3, is a member of annexin family of
calcium-dependent, phospholipids-binding proteins,

ubiquitously expressed in many cell types, involved in
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growth control, cell division, cell construction, vesi-
cle trafficking, calcium signaling and apoptosis (5),
which linked to immune disease and other chronic
disorders (6). At the same time, ANXA11 also plays
an indispensable role in the terminal phase of cell
cytokinesis (7).

Previous study has showed that ANXA11 may
plays a role in the occurrence of sarcoidosis. A ge-
nome-wide association study (GWAS) in sarcoidosis
conducted in the German population firstly revealed
an association of the variants in the ANXA11 (an-
nexin A11) gene with susceptibility to sarcoidosis (8).
In addition, this association has recently been sup-
ported by a number of case-control studies from the
same or different population in different single-nu-
cleotide polymorphism (SNP). However, in another
GWAS study of sarcoidosis conducted in the African
Americans, the association did not reach genome-
wide significance (9), which suggests the presence
of ethnic specific genetic effects. A lot of works have
been done in previous studies about the involvement
of ANXA11 gene in sarcoidosis, however, results
from these studies were inconclusive or inconsistent
due to small sample sizes. To further assess the as-
sociations between ANXA11 Gene Polymorphisms

and sarcoidosis, we conducted this meta-analysis.

METHODS
Search strategy

This meta-analysis was conducted according to
the guidelines of Meta-analysis of Observational
Studies in Epidemiology (MOOSE) (10). Two in-
vestigators (HFZ and MYD) searched electronic
databases including EMBASE, PubMed and MED-
LINE (updated to 31 August 2014) independently.
No language or geographic area restrictions were
applied. We conducted Medical Subject Headings
(MeSH) terms and keywords search using the fol-
lowing terms: “annexin A11”, “ANXA11”, “sarcoido-

» K«

sis”, “polymorphism”, and “genotype”.
Study selection
Studies fulfilled the following criteria were in-

cluded: (1) A case-control study design; (2) The diag-

noses of sarcoidosis patients should be in accordance

with internationally accepted criteria; (3) Sufficient
published data should be contained for the evaluation
of an odds ratio with a 95% confidence interval in the
study; (4) The study should be published as an article.

Studies had one of the following criteria were
excluded: (1) No control group; (2) A study based
on family; (3) Insufficient data for extraction; (4) The
study published as a review or abstract.

Data extraction

Two authors (HFZ and MYD) independently
extracted data for each eligible study using the same
standard protocol, regarding: (1) authors, (2) year of
publication, (3) single-nucleotide polymorphisms
(SNPs) studied in each article, (4) sample size, in-
cluding number of patients and controls, (5) ethnic-
ity of the studied population, (6) genotype and allele
frequency information (Table 1).

Assessment of study quality

Newcastle-Ottawa scale (NOS) was chosen to
assess the quality of the studies (11). NOS included
eight aspects, which were divided into three catego-
ries including comparability, exposure and selection.
The assessment was determined by stars given in
each aspect culmulated. The studies given 0-3 stars,
4—6 stars and 7-9 stars were classified as low, moder-

ate and high quality, respectively.
Statistical analysis

We performed the meta-analysis with allelic
contrast, recessive, dominant, and additive models
using STATA 12.0 (StataCorp, College Station TX,
USA) to provide the ORs with 95% confidence in-
tervals (95% CI) to measure the strength of the as-
sociations between ANXA11 gene polymorphisms
and sarcoidosis risk. The Z-test was performed to
determine the significance of the pooled OR. The
heterogeneity among the studies was quantified by
Q test and I? test (I* = 100%x=(Qdf)/Q) (12, 13). If
there was no significant heterogeneity (P>0.10 for
Q test, and 1*<50% for I test) among the studies, a
fixed-effects model was used. Otherwise (P<0.10 for
Q test, or I>50% for I? test), we used random-effects
model. Publication bias was investigated by Begg’s
test. The sensitivity analysis was also performed by
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Table 1. Characteristics of 6 publications included in the meta-analysis of ANXA11 and sarcoidosis susceptibility

SNP Author Year Country Ethnicity Sample Case/ TT CT TT CT
size Control case  case control control
rs1049550 LiY etal. 2010 Germany Caucasian 662 349/313 48 148 65 153
Feng XJ et al. 2014 China asian 830 412/418 34 170 74 190
Mrazek F et al. 2011 Czech Caucasian 499 245/254 25 123 39 133
Levin AM et al. 2013 USA European American 796 446/350 189 194 115 173
African American 2125 1232/893 885 315 593 278
Hofmann Setal. 2008 Germany Caucasian 3447 1636/1811 188 706 302 895
Morais A 2013 Portugal Caucasian 405 208/197 29 80 41 95
1s2573346 LiY etal. 2010 Germany Caucasians 678 356/322 50 160 71 161
Hofmann Setal. 2008 Germany Caucasians 3313 1587/1726 198 728 337 883
TT AT TT AT
152789679 case  case control control
Feng XJ et al. 2014 China asian 830 412/418 94 186 114 225
Hofmann Setal. 2008 Germany Caucasians 3453 1640/1813 214 736 337 925

leave-one-out method. Differences were considered

to be significant when P<0.05.

ResuLTs

Studies included in the meta-analysis

The flowchart of selecting studies included in

studies about the association between ANXA11 gene

polymorphisms and sarcoidosis were finally included
in this meta-analyses. Six articles were identified to
assess the SNP rs1049550 within ANXA11 gene
and sarcoidosis (8, 14-18), two of which contained
the data about SNP rs2573346 (8, 15), and two of
which contained the data about SNP 152789679 (8,
14). All the articles published in peer-review journals

the meta-analysis was shown in Figure 1. Six relevant

in English.

(n=25)

Citations identified through Pubmed

Citations identified through Embase

(n=19)

Y

Y

Citations after duplicates removed

(n=31)

Y

Citations

screened
(n=8)

Citations excluded based on screening
of abstract and titles(n=23)

Y

Citations excluded after

full-text review (n=2)

Studies finally included in the Meta-Analysis

(n=6)

Fig. 1. Flowchart of the present meta-analy:

sis



ANXA11 gene polymorphisms and sarcoidosis: a meta-analysis

105

Characteristics of included studies

The six included studies were published between
2008 and 2014, with data for 4,567 sarcoidosis pa-
tients and 4,278 controls. All the studies fulfilled the
inclusion criteria and the characteristics of the six
studies are shown in Table 1.

Assessment of study quality

To evaluate the studies quality, we used the
NOS scoring system. One study scored eight stars,
two scored seven stars, two scored six stars and one
scored five stars (Table S1). No one was considered

to be low quality.
ANXA11 51049550 and susceptibility to sarcoidosis

Six studies evaluated the association between
SNP 151049550 T/C polymorphism and sarcoidosis
risks. For the overall results, CC homozygotes had
a nearly 46% increased risk for the development of
sarcoidosis, compared with individuals who carried
the “T” allele (CT+TT) (OR: 1.461, 95% CI: 1.183-
1.803). And for the additive model, we also found
significant associations (OR: 1.477, 95% CI: 1.328-
1.642 for CC vs. CT; OR: 0.610, 95% CI: 0.412-
0.905for T'T vs. CC). Which means CC carriers were
more susceptible to sarcoidosis compared with T'T or
CT carriers. (Table 2) (Figure 2). However, signifi-
cant heterogeneity was found across the studies, con-
sidering caused by ethnicity. Then we performed the
subgroup analyses by ethnicity. We can see the results
of Asian and Caucasian populations were much simi-
lar, which showed that genotype “CC” carrier was a
risk factor for sarcoidosis, and consistent with the re-
sults of the overall population. On the other hand, in
American populations the result is opposite, especially
in European Americans. This finding supported that
ethnicity factors may contribute to the disease risk.

ANXA11 152573346 and Susceptibility to Sarcoidosis

Two studies evaluated the association between
SNP 152573346 T/C polymorphism and sarcoido-
sis. The results showed that the “T” allele protected
people from sarcoidosis (OR: 0.664, 95% CI: 0.607-
0.726). Which means individuals carried the “T” al-
lele had a 33.6% lower risk of sarcoidosis than people

with the “C” allele. Furthermore, the “T'T” homozy-
gotes had a 55.3% lower risk of sarcoidosis than “AA”
genotypes (OR: 0.447, 95% CI: 0.369-0.541) (Table
2). There was no significant heterogeneity across the
studies.

ANXA11 152789679 and susceptibility to sarcoidosis

Two studies evaluated the association between
SNP rs2789679 T/A polymorphism and sarcoido-
sis. The dominant, additive and recessive models
all showed that individuals carried the “T” allele
had a significant decreased risk of sarcoidosis (Ta-
ble 2). When individuals carried the “I'T” genotype
compared with “AA” genotype, the association was
strongest, and the disease risk had a 49.6% decrease
(OR: 0.504, 95% CI: 0.421-0.604). Significant het-
erogeneity was not found and the subgroup analysis
could not be conducted because of the small sample
size.

Sensitivity analysis

Sensitivity analyses were conducted by leave-
one-out method. And there was no significant in-
fluence to the estimated ORs by removing any indi-

vidual study.
Publication bias

No significant publication bias was found by
Begg’s test (Table 2), so as the funnel plots for the as-
sociations between ANXA11 and sarcoidosis (Data
not shown).

Discussion

The great contribution of genetic factors in the
happen of sarcoidosis was sustained by the increased
risk of sarcoidosis in first-degree relatives of sar-
coidosis patients. However, due to the inconsistent
data of independent studies, the associations between
ANXA11 and susceptibility to sarcoidosis remained
poorly illuminated. In this study, we conducted a sys-
tematic review of published studies investigating the
role of ANXA11 gene polymorphisms in sarcoidosis
and performed a meta-analysis. To our knowledge,
it is the first study to review and meta-analyze all
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Table 2. Outcome, heterogeneity and publication bias tests for the meta-analyses

SNP Comparison Ethnicity OR with 95%CI Z P Heterogeneity Publication
Bias
% P TA(%) Tau- Begg’s
squared  test
rs1049550 T vs C Caucasian 0.692(0.638-0.750)  8.89 0.000 1.76 0.624 0.0 0.0000 1.000
Asian 0.598(0.488-0.734)  4.92  0.000 0.00 0.0000
EA 1.317(1.075-1.614)  2.66  0.008 0.00 0.0000
AA 1.210(1.028-1.424)  2.29 0.022 0.00 0.0000
overall 0.801(0.630-1.017)  1.82 0.069 69.79 0.00 91.4 0.0933 0.764
TT vs CC Caucasian 0.501(0.421-0.596)  7.82 0.000 0.51 0.916 0.0 0.0000 1.000
Asian 0.340(0.216-0.537)  4.63  0.000 0.00 0.0000
EA 1.617(1.062-2.462)  2.24 0.025 0.00 0.0000
AA 1.026(0.590-1.783)  0.09 0.927 0.00 0.0000
overall 0.610(0.412-0.905)  2.46 0.014 35.47 0.000 83.1 0.2251 0.764
CCvs CT Caucasian 1.528(1.371-1.747)  7.06  0.000 2.12 0.548 0.0 0.0000 1.000
Asian 1.510(1.125-2.025)  2.75 0.006 0.00 0.0000
EA 0.906(0.604-1.360)  0.48 0.634 0.00 0.0000
AA 1.284(0.729-2.261)  0.86 0.387 0.00 0.0000
overall 1.477(1.328-1.642) 721 0.000 8.50 0.203 29.4 0.0109 0.548
TTvs CT Caucasian 0.780(0.659-0.924)  2.87 0.004 0.26 0.967 0.0 0.0000 1.000
Asian 0.514(0.326-0.810)  2.87 0.004 0.00 0.0000
EA 1.466(1.076-1.997)  2.42  0.015 0.00 0.0000
AA 1.317(1.087-1.596)  2.81 0.005 0.00 0.0000
overall 0.891(0.670-1.186)  0.79  0.430 30.50 0.000 80.3 0.1091 1.000
TTvs TC+CC  Caucasian 0.637(0.543-0.748)  5.53  0.000 0.10 0.992 0.0 0.0000 1.000
Asian 0.418(0.272-0.644)  3.96  0.000 0.00 0.0000
EA 1.503(1.123-2.012)  2.74 0.006  0.00 0.0000
AA 1.290(1.071-1.544)  2.68 0.007 0.00 0.0000
overall 0.761(0.530-1.094)  1.47 0.140 56.33 0.000 89.3 0.2024 1.000
CCvys TC+TT  Caucasian 1.642(1.464-1.842)  8.48 0.000 2.25 0.523 0.0 0.0000 1.000
Asian 1.748(1.325-2.306)  3.95 0.000 0.00 0.0000
EA 0.764(0.521-1.120)  1.38 0.168 0.00 0.0000
AA 1.056(0.609-1.830)  0.19  0.847 0.00 0.0000
overall 1.461(1.183-1.803)  3.53 0.000 18.96 0.004 68.4 0.0504 0.548
1s2573346 T vs C Caucasians 0.664(0.607-0.726)  8.92 0.000 0.06 0.803 0.0 0.0000 1.000
TT vs CC Caucasians 0.447(0.369-0.541) 830 0.000 0.02 0.888 0.0 0.0000 1.000
TTvs TC+CC  Caucasians 0.586(0.493-0.696)  6.10 0.000 0.01 0.940 0.0 0.0000 1.000
CCvs TC+TT  Caucasians 1.733(1.519-1.976) 820 0.000 0.05 0.822 0.0 0.0000 1.000
rs2789679  Tvs A Caucasian and Asian  0.698(0.640-0.762) ~ 8.11 0.000 0.00 0.945 0.0 0.0000 1.000
TT vs AA Caucasian and Asian  0.504(0.421-0.604)  7.41  0.000 0.01 0.904 0.0 0.0000 1.000
TT vs TA+AA  Caucasian and Asian  0.689(0.587-0.808)  4.57 0.000 0.95 0.330 0.0 0.0000 1.000
AA vs TA+TT Caucasian and Asian  1.717(1.511-1.952)  8.26 0.000 1.20 0.273 16.7 0.0032 1.000

EA: European American AA: African American

available published data systemically to evaluate the
association between ANXA11 and sarcoidosis risk.

In this meta-analysis, six studies were included
(published from 2007 to 2014). Three of these were
classified as high quality, three were medium, and
no one was classified as low quality. Therefore, our
meta-analysis should be reliable, and can clarify the
associations between ANXA11gene polymorphisms
and susceptibility to sarcoidosis.

As a result of this study, we can see that gene
polymorphisms of ANXA11 were significantly asso-

ciated with the happen of sarcoidosis. In this study,
three SNPs were assessed to be associated significant-
ly with sarcoidosis (Table 2). ANXA11 rs1049550
“C”, 1s2573346 “C” and 152789679 “A” alleles were
genetic risk factors for sarcoidosis. And the associa-
tion was strongest when individuals carried the gen-
otype of “CC”, “CC” or “AA” respectively, especially
in Caucasians and Asians. However, for rs1049550,
the association is very weak or even inverse in Euro-
pean Americans and African Americans. Sarcoidosis
impacts people of all ages, genders and races, and
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the incidence of sarcoidosis is varying in different
ethnicity and area (19-21). The annual incidence
proportion is 10-14/100,000 in central Europe (8),
10.9/100,000 in European American, 35.5/100,000
in African American, and less than 10/100,000 in
China (22-25). As ANXA11 involved in growth
control, cell division, cell construction, vesicle traf-
ficking, calcium signaling and apoptosis, which
linked to autoimmune and other chronic disorders,
we infer that gene polymorphisms of ANXA11 in
different ethnicity may result difference in incidence
or clinical manifestations, or even response to treat-
ment, and prognosis.

Despite the inspiring results of our study, there
were limitations. The major limitation of our meta-
analysis is the small number of included studies,
which restricts the power of this study. Besides, al-
though some studies have shown the associations of
age, clinical manifestation, prognosis and ANXA11
gene polymorphisms, we could not perform subgroup
meta-analysis by these factors due to insufficient of
the data. At the same time, owning to the limited in-
formation of included studies, we could not evaluate
gene—environment or gene-gene interactions. Mean-
while, the data unpublished which we could not
reach, may contributed to publication bias which we
could not assessed. Finally, despite subgroup analy-
ses by ethnicity were conducted, other inherent con-
founding factors such as specific technique, country
and sex could not be completely excluded.

In summary, our study revealed that ANXA11
gene polymorphisms were significantly associated
with the development of sarcoidosis. The “CC”
genotype of rs1049550 was independent risk fac-
tors for sarcoidosis. The “T” allele of rs2573346 and
152789679 conferred protection against sarcoidosis.
The results of our study might contribute to an un-
derstanding of pathogenesis in which it would be
possible to lead sarcoidosis. However, the small sam-
ple size might affect the accuracy of our findings, and
more study especially in different ethnicity is needed.
The associations of ANXA11 and the clinical mani-
festation of sarcoidosis should be focused on in fu-
ture studies.
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