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Aim: Heredity plays an important role in the pathogenesis of Alzheimer’s disease
(AD) especially for single-nucleotide polymorphism (SNPs) of susceptible genes, which is one
of the significant factors in the pathogenesis of AD. The SNPs of BIN1 rs744373, BIN1
rs7561528 and GAB2 rs2373115 are associated with AD in Asian and white people.

Methods: We included 34 studies with a total of 38 291 patients with AD and 55 538 con-
trols of diverse races from four main databases. We used meta-analysis to obtain I2-values
and odds ratios of five genetic models in three SNPs. We carried out analysis of sensitivity,
subgroup, publication bias and linkage disequilibrium test.

Results: The forest plots showed the odds ratio value of the three SNPs was >1 in white
individuals, but not Asian individuals, in their genetic model. The funnel plot was symmetri-
cal, and the D’-value was 0.986 between rs744373 and rs7561528.

Conclusions: BIN1 rs744373, BIN1 rs7561528 and GAB2 rs2373115 are pathogenicity sites
for AD in white people, and also rs7561528 belongs to a risk site in Asian people. The
rs7561528 and rs744373 SNPs have strong linkage disequilibrium in Chinese people. In addi-
tion, apolipoprotein E ε4 status promotes them to result in the pathogenesis of AD. Geriatr
Gerontol Int 2021; 21: 185–191.

Keywords: Alzheimer’s disease, bridging integrator 1, GRB-associated binding protein 2,
linkage disequilibrium, meta-analysis.

Introduction

Alzheimer’s disease (AD) is a condition of central nervous system
degeneration characterized by progressive cognitive and behavioral
impairment, and by different severities of dementia. It is the most
common type of dementia seen in individuals aged >65 years,
accounting for 50–60% of senile dementia.1 AD is a global disease
accompanying higher morbidity among different ethnic groups.2

Untreated patients have a progressive course accounting for either
short- or long-term disability. The latest epidemiological survey
shows that there are approximately 42 million AD patients world-
wide, a number expected to double every 20 years on average until
2050.3 The main pathological features of AD include the over-
phosphorylation of tau protein and the formation of neurofibril-
lary tangles caused by amyloid deposition, which has become an
important reference index for the clinical diagnosis of AD. The
etiologies of AD are multiple, with genetic factors accounting for
60–80%. It is known that there are >30 common susceptibility
genes, and the site mutation caused by such genes’ single-
nucleotide polymorphism (SNP) has become a crucial etiology of
AD.4 Relevant research shows that more than half of susceptibility
loci originate from the SNP of apolipoprotein E (APOE), and
APOEε4+ is involved in the nosogenesis of AD four- to fivefold

more than APOEε4−, which suggests that an array of other patho-
genic genes cause AD. This genome-wide association study con-
firms that both bridging integrator 1 (BIN1) and GRB-associated
binding protein 2 (GAB2) play an important role in the pathogene-
sis of AD.5

Bridging protein factor 1, encoded by BIN1, is an adaptor pro-
tein existing in brain tissue that regulates endocytosis and apopto-
sis, and maintains cytoskeletal integrity. In recent years, an
increasing number of studies have found that BIN1 is a late-onset
AD susceptibility gene. The SNP of BIN1 is connected with AD’s
etiopathogenesis generating a detectable gene locus mutation
within AD patients. Meanwhile, BIN1 contributes to the
etiopathogenesis of AD through hyperphosphorylation of tau pro-
tein.6 GRB-associated binding protein 2, encoded by GAB2, is a
docking protein with a conserved, folded PH domain attached to
the membrane and a large disordered region. It hosts interaction
with signaling molecules, playing an important role in the pro-
cesses of proliferation, survival, differentiation and apoptosis of
the cell as a cytoskeletal protein. The SNPs of the GAB2 gene
increase the risk of AD, and it is closely related to the pathogene-
sis of AD.7 Additionally, GAB2 predisposes the problem by
increasing the phosphorylation state of tau protein.8

Polymorphisms of susceptible genes influence the risk of
AD. The polymorphisms of identical susceptible genes vary in dif-
ferent ethnic groups because of the variability of the population.9

Clinical case–control studies on AD caused by SNPs of BIN1 or
*Xiaoyan Hao and Aijun Wang are considered as joint first
author.

DOI: 10.1111/ggi.14109

185|© 2020 The Authors. Geriatrics & Gerontology International
published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

https://orcid.org/0000-0003-1689-6588
mailto:yangping1999.good@163.com
mailto:yangping1999.good@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


GAB2 in different populations have been carried out for many
years. Therefore, the present study collected pre-existing suscepti-
bility loci (such as BIN1 rs744373, BIN1 rs7561528 and GAB2
rs2373112) in different ethnicities through a variety of databases.
We did not choose other loci of those two susceptible genes due
to the limitation availability of case–control sample data,10,11 and
also the impact of those three SNPs on AD in different ethnicities
is controversial, and without any study has yet given a definitive
conclusion. We determined the relationship between the SNPs of
BIN1 and GAB2 and the pathogenesis of AD by meta-analysis of
these three susceptibility sites in different races, Which provids a
new perspective for the clinical diagnosis of AD.

Methods

Identification of eligible studies

To input as much data as possible, we selected four main data-
bases from which to collect the data: CNKI, PubMed,
ScienceDirect and Springer-Link. We also chose the journal with
English or Chinese as their language type, as these were the lan-
guages our team was fluent in. The included literature that was
published between 1 January 2007 and 1 May 2020. Additionally,
we chose the keywords “BIN1 or bridging integrator 1,” “GAB2 or
GRB-associated binding protein 2,” “single nucleotide polymor-
phism” and “AD or Alzheimer’s disease.” Having set inclusion
and exclusion criteria, we used the retrieval data to identify eligible
studies.

Inclusion and exclusion criteria
Inclusion criteria were as follows: (i) case–control studies;
(ii) susceptibility genes including BIN1 or GAB2; (iii) case groups
clinically diagnosed with AD; (iv) SNPs of susceptible genes; and
(v) studies published as whole articles.

Exclusion criteria were as follows: (i) non-case–control studies;
(ii) lack of confirmation of AD case; (iii) studies published as part
of summaries, abstracts, books or case studies; (iv) animal
research; (v) duplication of previous publications; and (vi) data
scarcity.

Data extraction
After the qualified studies were obtained, their contents were
extracted, including the first author, publication year, ethnicity of
patients and controls, SNP, susceptibility genes and loci, APOEε4
status and frequency, genotype, genotype frequency, mutation
bases, major alleles, and Hardy–Weinberg equilibrium (HWE)
evaluation results assessing factors such as the P-value in the
case–control group. We calculated the HWE by genotype fre-
quency in the original studies that had not detected or confirmed
whether the controls conformed to the HWE or did not show the
exact value. The required data can be obtained by contacting the
author at the corresponding mailing address for the publication
that provided the incomplete data. When relevant data cannot be
attained, the research journal will be removed (χ2 < 3.84 or
PHWE > 0.05 with statistical significance).

Quality assessment
The quality of the included studies was accessed using a research
article quality rating scale (Table S1) that formulates by adjusting
the Newcastle–Ottawa Scale for assessing the risk of bias.12 The
total score is 9, with studies obtaining a total score of ≥7 being
considered high-quality literature, whereas a total score of 5–6 is
defined as medium quality and ≤4 belongs to low-quality

literature. Only a small number of studies were input, and the
research team took that limitation into consideration; therefore,
sensitivity analysis or subgroup analysis was carried out on the
low-quality studies instead of deleting them. Overall, the quality of
the included literature was relatively high, with an average score of
6.9 according to the scale (Table S2).

Statistical analysis

The collected data were summarized, sorted and analyzed mainly
using three software programs: IBM SPSS Statistics 23 (IBM Corpo-
ration, Armonk, NY, USA), Haploview 4.2 (Cambridge, MA,
USA) and Stata 12.0 (StataCorp, College Station, TX, USA).

General characteristics of the entered data
APOEε4 can have carrier or non-carrier status, which affects the
incidence of AD that was caused by genetic factors.13 Conse-
quently, combined the statistical data to analyze whether APOEε4
status influence susceptibility genes SNPs (BIN1 rs744373, BIN1
rs7561528, and GAB2 rs2373112) on pathogeny of AD.

Distribution of genotype and allele frequency
Separately combining the same genotype frequency and allele in
BIN1 rs744373, BIN1 rs7561528 and GAB2 rs2373115, we deter-
mined the corresponding odds ratio (OR) and Pχ2-value using
Pearson’s χ2-test to acquire information on the distribution of
genotype and allele frequency relating to the SNP results in the
locus mutation.

Linkage disequilibrium test
All three SNPs (BIN1 rs744373, BIN1 rs7561528 and GAB2
rs2373112) impact the pathogenesis of AD. Linkage disequilib-
rium (LD), also known as allele association, is used primarily to
find candidate genes that are close enough to the disease-causing
site to show disease-related loci.14 Therefore, LD in the suscepti-
bility loci of the same disease might occur. The author of the arti-
cle (Xiao et al.) provided the raw data includes 459 cases and 751
controls, In using these raw data to calculate the haplotype fre-
quencies of the two SNPs (BIN1 rs744373, BIN1 rs7561528) and
the one SNP (GAB2 rs2373115) in the patients and controls to fig-
ure out whether LD exists in the three SNPs by D’-value.

Meta-analysis

Calculation of genetic models
To evaluate the association between late-onset AD and SNPs of
BIN1 and GAB2, we selected four main genetic models: allele,
dominant, recessive, heterozygote and homozygote. As the
selected study described the genotype of the same SNP without
identifying the genotype, we consolidated the same genotype with
the same SNP in Asian and white individuals, as follows: for
rs744373: allele model: G versus A; dominant model: GG + AG
versus AA; recessive model: GG versus AG + AA; heterozygote
model: AG versus AA; homozygote model: GG versus AA; for
rs7561528: allele model: A versus G; dominant model: AA + AG
versus GG; recessive model: AA versus AG + GG; heterozygote
model: AG versus GG; homozygote model: AA versus GG; for
rs2373115: allele model: G versus T; dominant model: GG + GT
versus TT; recessive model: GG versus GT + TT; heterozygote
model: GT versus TT; homozygote model: GG versus TT; BIN1
rs744373 (C/T), BIN1 rs7561528 (A/G), and GAB2 rs2373115
(G/T; Table 1).
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Heterogeneity test and effect model selection
Although strict inclusion and exclusion criteria were established
in the meta-analysis, all the studies included in the systematic
evaluation were different. The discrepancy between the studies
had to remain within certain limits, with the study conditions
remaining similar to the actual situation. If the discrepancy
exceeds this range, it should be reduced through a logical
method.15 The I2-value, P-value and 95% confidence interval of
different genetic models of three SNPs from BIN1 and GAB2
genes were observed under the fixed effects and random effects
models, respectively, by forest plot. If I2 < 50% or P > 0.1, there is
no heterogeneity; in this case, the fixed effects model would be
selected to merge the effect values. Otherwise, if I2 > 50% or
P < 0.1, the random effects model would be chosen because of the
heterogeneity in the genetic model.16

Analysis of sensitivity and subgroup
If a certain study was noted to have obvious influence on the mer-
ged OR value, the study was considered to be sensitive to the mer-
ged OR value, and vice versa. There is no heterogeneity and the
sensitivity of the literature is low when the study comes from the
same population.12 Sensitivity analysis is mainly carried out to
reduce heterogeneity by changing important factors that affect the
results. The present study showed that there is no essential
change in the results before and after the analysis of different
genetic models,13 indicating that the meta-analysis results are rela-
tively reliable. Otherwise, one could conclude that are important
factors related to the gene model. The instrumental variables
method was used to analyze the sensitivity of the gene model with
consistency. The sensitivity analysis chart results were assessed by
removing a group of data and combining the rest of data with the
P-value. At the same time, subgroup analysis was carried out
according to groups of Asian and white individuals to further
explore the source of consistency. After deleting the maximum
difference group, we observed heterogeneity again.17

Publication bias and trim and fill analysis
In meta-analysis, bias might occur in the process of literature
retrieval and selection, as well as data extraction, which might
cause the results to deviate from the actual value.18 Therefore, the
number of included studies on BIN1 rs744373 and GAB2
rs2373115 is relatively higher, and the P-value can be obtained by
using the funnel plot method and Egger’s rank correlation test
method. P > 0.1 shows no publication bias. The trim and fill anal-
ysis was used to further adjust the publication bias as P < 0.1, but
it merely makes an assessment for the influence of publication
bias rather than represents the realistic bias.

Statement of ethics. The present study was carried out in accor-
dance with the principles of Declaration of Helsinki, and the study
protocol was approved by the General Hospital of Ningxia Medi-
cal University Research Ethics Committee (No. 2016–087).

Results

By adhering to the inclusion and exclusion criteria, and deleting
the study that did not provide complete data, we finally obtained
nine BIN1 studies and seven GAB2 studies, as well as one study
covering both. All studies are listed in Figure S1.

Relevant data were extracted from the included studies. The
P-value of HWE in the studies by Jiao et al. (covering BIN1
rs744373), Omounmi et al., Liu et al. and the second iteration of T
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Harold et al. (covering BIN1 rs756152) was <0.05, whereas the
P-value of other groups was >0.05. However, due to the limitation
of the small numbers of the included articles, we did not eliminate
the above-mentioned studies. Also, the quality score of all studies
covering BIN1 and GAB2 was >7 points, which means the quality
of the included studies was high (Table 1).

The APOEε4 status was divided in Asian and white individuals
for subgroup analysis in cases and controls, both rs744373 and
rs7561528 were discrepant in Asian and white individuals; for
white individuals, the OR value was <1, but was the complete
opposite in Asian individuals, which means APOEε4+ promotes
the involvement of those two SNPs in the pathogenesis of AD in
white individuals rather than Asian individuals. However, the OR
value of rs2373115 was >1 in Asian and white individuals. As a
result, APOEε4 status influences the pathogenesis of AD in three
SNPs (Table S3).

In the heterogeneity test with different genetic models, we
chose the effects model on the basis of the I2-value. Except for the
allele dominant and heterozygote models of BIN1 rs744373, and
recessive homozygote models of BIN1 rs5671528 and heterozy-
gote models of GAB2 rs2373115, we selected the fixed effects
model, whereas for all others, we selected the random effects
model.

Therefore, the results suggested that the three SNPs were the
pathogenicity site for AD, because the OR value of the three sites
was >1, and the P-value was <0.05. For further study, individuals
of different ethnicities with the same SNPs were divided into two
groups of Asian and white individuals for subgroup analysis; the
results showed: for rs744373, allele model OR 1.16, P = 0.006;
recessive model OR 1.12, P = 0.029; and homozygote model OR
1.36, P = 0.018, which means the genetic model was the recessive
model and rs744373 belongs to a risk pathogenicity site for AD in
the group of white individuals, and that also shows homozygous
mutation of G (GG); however, in the Asian group, the OR for the
allele model was 1.06, P = 0.408, which signifies that the effect of
rs744373 for AD was unclear. After rs7561528 was detected in
white individuals, the OR for the allele model was OR 1.13,
P = 0.032, the OR for the recessive model was 1.09, P = 0.016,
and the OR for the homozygote model was 1.19, P = 0.016,
rs7561528 belongs to a pathogenicity site for AD in the Caucasian
group as well as its genetic model was recessive model with homo-
zygous mutation of A (AA), whereas the rs7561528 of Asian indi-
viduals showed: allele model OR 0.94, P = 0; dominant model OR
0.96, P = 0.001; and heterozygote model OR 0.96, P = 0.012; how-
ever, the I2-value of the five models in this SNP was >50%.
Finally, for rs2373115, the following applied: allele model OR
1.20, P = 0.008; dominant model OR 1.77, P = 0; and recessive
model OR 1.89, P = 0 in white individuals, showing that
rs2373115 belongs to a pathogenicity site for AD and the genetic
model was the dominant model for white individuals, which pre-
sents as heterozygous mutation of G (GG, GT or TG). Neverthe-
less, the effect of rs2373115 on AD in Asian individuals is
uncertain due to the detection results: allele model OR 1.09,
P = 0.43 (Table 1).

The association of the SNPs with the pathogenesis of AD was
evaluated using a forest plot. Only the allele models of BIN1
rs744373, BIN1 rs7561528 and GAB2 rs2373115 are shown with
the forest plot, because the maximum difference group was the
same for their allele model of three SNPs (Fig. 1a–c). The results
of the sensitivity analysis of rs744373, rs7561528 and rs2373115
show the resource of heterogeneity, with <50% of the I2-value of
three SNPs being identified as without heterogeneity (Figs S2,S3).
We found that two groups (the third iteration of Lambert et al.
and the first iteration of Reiman et al.) separately demonstrated a

great difference from the total value of their own groups combin-
ing with the result of subgroup analysis. After deleting those two
groups, we used the fixed effects model to determine that the
I2-value had plunged and the heterogeneity equaled <50% in all
the allele models of rs744373 and rs2373115 (Figs S4,S5). Simi-
larly for rs7561528, the I2-value was decreased when the most
heterogeneous group was deleted (Li et al.). Furthermore, the
rs7561528 of the Asian group showed: allele model OR 1.02,
P = 0.02 and dominant model OR 1.04, P = 0.037, and thus
rs7561528 belongs to a risk pathogenicity site for AD in the Asian
group as well as the white group.

Additionally, the funnel plot was symmetrical for rs744373 and
rs7561528, and the P-value of Egger’s rank correlation test was
>0.1, which proves that no publication bias was associated
between those two SNPs and AD in their genetic models, the dif-
ference was that the P-value of Egger’s rank correlation test in
rs2373115 was <0.1 in its genetic model, and the OR value was
obviously different before and after the trim and fill analysis in
rs2373115 genetic models. However, the P-value was >0.5, indi-
cating no bias in the two groups after this case was divided into
the Asian and white group for bias analysis, respectively
(Table S4; Figs S6,S7).

The results of LD tests of three SNPs in BIN1 and GAB2
showed that LD does not exist between GAB2 rs2373115 and
two other SNPs (BIN1 rs744373 and BIN1 rs2567518). How-
ever, strong LD exists between BIN1 rs744373 and BIN1
rs2567518 (D’ = 0.986; Fig. 2). The frequency of haplotype with
GA was the largest in all (GA 0.643%; GG 0.234%; AG 0.122%;
Table S5).

Discussion

BIN1 rs744373 polymorphism, GAB2 rs2373115 polymorphism
and BIN1 rs7561528 polymorphism are associated with the
pathogenesis of AD, and have been proven according to this
meta-analysis. The BIN1 rs744373, BIN1 rs7561528 and the
GAB2 rs2373115 polymorphisms are risk pathogenicity sites for
AD in the white population, and also the rs7561528 polymor-
phism is a risk site for AD in the Asian population, but the
rs2373115 polymorphism remains unclear. Meanwhile, the
genetic model of rs744373 and rs7561528 is a recessive model
rather than rs2373115, which is a dominant model in white
individuals. Furthermore, rs7561528 and rs744373 SNPs have
strong LD in the Chinese population, so rs744373 might be the
risk site for AD in the Asian population. We tested the heteroge-
neity, sensitivity, and subgroup and publication bias for all
genetic models of the three SNPs. The influence of the three
SNPs on AD has no definitive conclusion in Asian individuals
yet. Despite rs744373 possibly being the risk site for AD in
Asian individuals based on rs7561528 being a risk pathogenicity
site that the domination model was genetic model in Asian indi-
viduals after deleting the group of Li et al., however, the genetic
mutation of rs744373 in Asian was uncertain because of its
insignificant heterozygous model and also few studies in Asian
individuals accompanied by a comparatively high heterogeneity
in the dominant model. Unlike the white individuals, most of
the Asian individuals choose the control group from the hospi-
tal, which significantly increased the selection bias that means
the specific areas population do not represent the whole Asian
population; hence, the influence of the three SNPs on AD and
the genetic model and mutation of rs7561528 in Asian individ-
uals should be confirmed by larger and more detailed studies.18

Due to the small sample number in other ethnicity except
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Chinese in Mongols group, like Japanese and Korean. There-
fore, the conclusion of Mongols groups analysis was mainly for
Chinese and much more other ethnicity need to be included for
drawing a more definite subgroup analysis in Mongols group.

Given the fact we had incomplete data on the genotype fre-
quency of APOEε4 status in all the inclusion studies, we only com-
bined the groups with concrete data for counting. Consequently,
the total genotype frequency of APOEε4 status was less than the
total sample that was included in the meta-analysis. The incentive
effect of APOEε4+ is the same for rs744373 and rs7561528 in
white individuals, but contrary to the inhibitory effect of APOEε4+

on the rs2373115 influence in AD. However, both GAB2
rs2373115 and APOEε4+ were risk pathogenicity genes in AD in
the white individuals, the results in rs2373115 was considered for
the information bias that the included studies were published

earlier than other two groups means the AD diagnosis criteria and
strategies have some differences, while at the meantime, the exis-
ting sample data is too small in rs2373115 group should also not
be ignored.19

Bias has been detected by Egger’s rank and trim and fill analy-
sis, caused by many factors, including information bias, selection
bias and confounding bias.20 A potential limitation was publica-
tion bias, in that studies obtaining optimistic results could be
more easily published than those studies with unfavorable results.
Nevertheless, the bias did not exist when dividing the two groups
of Asian and white individuals in the rs2373115 genetic model. It
is considered that the different SNPs might be associated with AD
in diametric opposition from the same susceptibility genes because
of the genetic differences among populations. We speculated that
rs2373115 effects on AD by genetic differences between Asian

Figure 1 Forest plot of allele model comparison. (a) Forest plot of allele comparison of BIN1 rs744373 for overall comparison
(G vs A) with a random effects model. (b) Forest plot of allele comparison of BIN1 rs7561528 for overall comparison (A vs G) with
a fixed effects model after deleting the group of Li et al. (c) Forest plot of allele comparison of GAB2 rs2373115 for overall
comparison (G vs T) with a random effects model.
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and white individuals, which might become another source of bias
and even provide a new perspective for the emergence of
disease.21

The heterogeneity of rs744373 and rs2373115 declined (G vs
A and A vs G) when the third iteration of Lambert et al. and the
first iteration of Reiman et al. were deleted, but not down to 0%,
which means the heterogeneity of rs744373 and rs2373115 comes
from both deleted groups, but the heterogeneity also comes from
another source (Supplement). Therefore, an exploration of the
multifactors in the meta-analysis is necessary.22 Decreasing
the heterogeneity increases the accuracy of the conclusion that
the SNPs affect the incidence of AD. As the studies that are
included can be a source of heterogeneity, deleting some groups
lowers the heterogeneity of the genetic model. The average age of
rs7561528 in the deleted group (Li et al.) was lower than the other
three, which could be the reason why deleting this group
decreased the heterogeneity. The age at onset plays an important
role in determining the effectiveness of the etiological agent,23 and
the risk increases with patient age.24 Based on previous research,
women are more likely to develop AD than men, and the age of
onset influences the morbidity of AD.25 However, we could not
obtain the relevant sex and age data of each sample individual,
which might influence the accuracy of the statistics due to not
checking the confounders.

For the LD test, there were four haplotypes in BIN1 rs744373
and BIN1 rs2567518, including GA, GG, AG and AA. The fre-
quency of AA was 0.1% in the LD plot. However, it is not shown
in Table S4, because the ratios of cases and controls were beyond
computation. The D’-value was >0.5, which means the LD was
strong in BIN1 rs744373 and BIN1 RS2567518. Meanwhile, the
distance between the two loci was relatively small, leading to the
strong LD, whereas the loci of GAB2 rs2373115 was distant from
the other two SNPs.26,27 At the same time, according to the LD,
the rs744373 might belong to the risk site in Chinese individuals,
and we also speculated that LD might exist in other Asian and
white populations, which should be further confirmed in future
research.

Much more data were assessed in the present study than in
previously published studies, making these results closer to the
true value. Although not all ethnicities were included in the study
due to the restrictions on sample sources, it still provides a direc-
tion for guiding the clinical detection and early prevention of AD.
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