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Abstract

Objective: The association between urokinase-plasminogen activator (PLAU) gene rs2227564 polymorphism and Alzheimer’s dis-
ease (AD) risk has been widely reported across different ethnic populations, with inconsistent results. Thus, we performed a
meta-analysis to assess the association between PLAU rs2227564 polymorphism and AD risk. Methods: Fixed or random
effect model was used as the pooling method to assess the basis of homogeneity test among studies. Summarized estimation of
odds ratio (OR) and 95% confidence interval (Cl) were calculated. Heterogeneity among studies was evaluated using Q test and /.
Publication bias was estimated using Harbord’s test. Results: A total of 27 studies (comprising 6100 AD cases and 5718 controls)
were included in this meta-analysis. The present meta-analysis showed a significant increased effect of T allele on risk of AD in
dominant model (fixed effect model [FEM] OR 1.123, 95% CI 1.025-1.231) and heterozygote comparison (CT vs CC; FEM OR
1.126,95% CI 1.027-1.235). No publication bias was detected. Conclusion: This meta-analysis showed that T allele of rs2227564
polymorphism in PLAU gene could increase the effects on risk of AD, and this result needs to be confirmed by further studies.
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Background

Alzheimer’s disease (AD) is the most common form of demen-
tia in aging human. It is predicted that worldwide population of
AD would grow to over 100 million by 2050." Genetic varia-
tion has been postulated to influence the variable risk of AD
observed both within and across populations. Linkage studies
indicate that chromosome 10 contains several genetic risk loci
for late-onset AD.>> Urokinase-plasminogen activator (PLAU)
gene that maps to chromosome 10g22.2 is located within this
linkage peak and has been shown to block B-amyloid (AP)
protein neurotoxicity and to enhance o-secretase cleavage of
the amyloid precursor protein and AP degradation.*” The
PLAU protein is a serine protease whose action is to convert
plasminogen to plasmin. Plasmin is involved in the clearance
of secreted AP, reducing aggregated forms of AP and prevent-
ing AP neurotoxicity. Therefore, PLAU is a reasonable
positional candidate for association with AD.

The rs2227564 (also called P141L) polymorphism in PLAU
gene is a variant in exon 6 which causes a proline to leucine
change at position 141 in the coded protein within the kringle
domain of PLAU at the junction between 2 B-pleated sheets.®’
Additionally, this mutation (P141L) in PLAU gene was more
common and was a better candidate than the other coding

single-nucleotide polymorphisms (SNPs).® Although several
articles®?' have investigated the genetic associations between
1s2227564 polymorphism in PLAU gene and AD risk, the
results were inconsistent. Single studies may be underpowered
to estimate the effects of loci conferring small changes in
disease risk. So large-scale studies are required to reliably
confirm or refute gene—disease associations.”*>* Therefore,
we conducted a meta-analysis including 27 case—control stud-
ies comprising 6100 AD cases and 5718 controls to derive a
more precise estimation of the relationship between the PLAU
SNP 152227564 and the AD risk.
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Methods
Search Strategy

A comprehensive search was conducted for available articles
published in English or Chinese up to September 2012 for
studies on the association between PLAU gene and AD from
the following databases: (1) PubMed, (2) Embase, (3) ISI (Web
of Science), (4) China National Knowledge Infrastructure
(CNKI), (5) China Biology Medical literature database (CBM),
and (6) Wan Fang Med Online. The search strategy used the fol-
lowing keywords: “AD,” “plasminogen activator urina” or
“PLAU” or “rs2227564” or “P141L” or “PLAU_1,” and
“polymorphism” or “mutation” or “variant”. We also reviewed
the bibliographies of relevant articles and searched the studies
not captured by our database as well as those of relevant studies.

Inclusion Criteria

In the current meta-analysis, all relevant studies reporting the
association of PLAU gene rs2227564 polymorphism and AD
risk were considered for inclusion. The inclusion criteria were
as follows: (1) evaluation of the rs2227564 polymorphism in
PLAU gene and AD risk; (2) using a case—control or cohort
design; (3) English or Chinese language articles were included;
(4) numbers for the genotype was reported in the article or could
be obtain from authors or others; (5) the most recent or largest
population was selected if the studies were published with the
same or overlapping data by the same authors; (6) AD in each
articles were diagnosed explicitly; and (7) each subpopulation
was considered as a separate study in this meta-analysis if an
article reported results with different ethnicity subpopulations.
Accordingly, the following exclusion criteria were also used:
(1) abstracts or reviews; (2) genotype frequency not reported;
and (3) repeated or overlapped publications.

Data Extraction

Two investigators independently extracted the information
needed from all the studies based on the inclusion criteria. The
retrieved data were as follows: name of the first author, publi-
cation date, journal, country, mean age of the patients with AD
and control, selection criteria for cases, total number of cases
and controls, and genotype distributions in cases and controls.
If a consensus could not be established, a third investigator was
invited to the discussion.

Statistical Analysis

The chi-square (%) analysis was used to test for deviation from
Hardy-Weinberg equilibrium (HWE) for the rs2227564 geno-
type distribution of PLAU gene in case groups and control
groups, and P < .05 was considered as departure from HWE.
Pooled measure was calculated as the inverse variance-
weighted mean of the logarithm of odds ratio (OR) with 95%
confidence interval (CI) to estimate the strength of association
between rs2227564 polymorphism in PLAU gene and risk of

AD for codominant model (T vs C), dominant model (TT +
CT vs CC) and recessive model (TT vs CC + CT), heterozy-
gote comparison (CT vs CC), and homozygote comparison
(TT vs CC), respectively. Heterogeneity among studies was
estimated using the /> of Higgins and Thompson.>* The
reflects the proportion of total variation attributable to
between-study heterogeneity as opposed to random error or
chance. We would use the DerSimonian and Laird random effect
model (REM; if 2 > 50%)*° or fixed effect model (FEM; if 2 <
50%) as the pooling method. Metaregression with restricted
maximum likelihood estimation was performed to describe the
potentially important covariates, including sample size (the sum
of case and control numbers), age (ratio of age or median age in
the case group to that in the control group), and publication year
which might exert substantial impacts on between-study
heterogeneity. If no significant covariates were found to be het-
erogeneous, the “leave-one-out™ sensitive analysis>® was carried
out to evaluate the key studies with substantial impact on
between-study heterogeneity. A study of influence analysis was
conducted®” to describe how robust the pooled estimator is to
removal of individual studies. An individual study that has
excessive influence should be removed if the point estimate of
its omitted analysis lies outside the 95% CI of the combined
analysis. Publication bias was assessed using Harbord’s test.?®
All the statistical analyses were performed with STATA version
10.0 (Stata Corporation, College Station, Texas). Two-tailed
P < .05 was accepted as statistically significant.

Results

Characteristics of Studies

According to the comprehensive search and selection based on
the inclusion criteria, 14 articles (including 27 independent
studies) with 6100 AD cases and 5718 controls were identified
with data on association between rs2227564 polymorphisms
and susceptibility to AD. All the eligible studies included in
this meta-analysis were case—control designs. The characteris-
tics of 12227564 polymorphism genotype distributions in
present meta-analysis are shown in Table 1.

Quantitative Synthesis

Results of pooled analysis are summarized in Table 2. The
meta-analysis showed a significant increased effect of T allele
on risk of AD in heterozygote comparison (CT vs CC; FEM OR
1.096, 95% CI 1.006-1.193), but this was only marginally sig-
nificant in the codominant model (REM OR 1.048, 95% CI
0.944-1.162) and dominant model (REM OR 1.085, 95% CI
0.956-1.232). However, no significant associations were found
in the recessive model (FEM OR 0.963, 95% CI 0.842-1.103)
and homozygote comparison (TT vs CC; FEM OR 1.031,
95% CI 0.869-1.224). After excluding 4 studies®'*'"*! that
deviated from HWE in cases and/or in controls, significant
associations were also found between the T allele and increased
AD risk considering heterozygote comparison (CT vs CC;
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%
author year OR (95% CD) Weight
Finckh et al.2 2003 * : 037 (0.16, 0.87) 1.16
Finckh et al3 2003 + : 054¢0.23,1.29) 1.12
Myers et al.2 2003 —1 1.16 (0.87, 1.54) 10.43
Myrers et a3 2003 —_— 1 0.30 (0.50, 1.27) 336
Papassotitopoulos et al 1 2004 —T—i—~ 099 (0.65,1.52) 456
Papassotiropoulos et al2 2004 ‘—'fl—‘;— 0.97 (0.58, 1.63) 313
Bagnoli et al. 2004 — 1.06 (0.70, 1 .60) 431
Ertekin-Taner et al.2 2005 :—-0_ 1.66(1.14,2.41) 597
Ertekin-Taner et al.3 2005 —_—T 119077, 183) 445
Ertekin-Taner et al 4 2005 : + 1.20067,2.15) 247
Ertekin-Taner et al.5 2005 + : 084048, 1.49) 2.55
Ertekin-Taner et al 6 2005 —-IO_ 1.12(0.70, 1.82) 364
Riemenschneider et al.1 2006 —1—'-0-— 1.37(1.00, 1.88) 852
Riemenschneider et al 2 2006 E—-O-— 188(1.13,3.13) 324
Riemenschneider et al3 2006 : —_— 1.72(122,2.44) 690
Ozturk et al. 2006 ——IO_ 117 (072, 1.91) 355
Blomgvist et al. 2006 ——0—+ 0.89 (066, 1.20) 270
Pesaresi et al. 2007 — :—0-— 1.38(0.84,227) 336
Hang et al. 2008 : 091(D.46,1.83) 1:73
Giedraitis et al. 2008 ——:4_ 1.22(0.76,1.95 330
Cousin et al. 2009 —0——:— 090068, 1.18) 11.05
Owerall (I-squared = 42.4%, p = 0.022) ¢ 1.12¢1.02,1.23) 100.00
l
| : |
159 1 627

Figure |. Forest plots of relationship between urokinase-plasminogen activator (PLAU) gene rs2227564 polymorphism and Alzheimer’s disease
(AD) in dominant model (TT + CT vs CC) after excluding the studies that deviated from Hardy-Weinberg equilibrium (HWE) in cases and/or
control groups and sensitivity analysis. White diamond denotes the pooled odds ratio (OR). Black squares indicate the OR in each study, with
square sizes inversely proportional to the standard error of the OR. Horizontal lines represent 95% confidence interval (Cl).

FEM OR 1.126, 95% CI 1.027-1.235), only marginally signifi-
cant in the codominant model (REM OR 1.059, 95% CI
0.941-1.193) and dominant model (REM OR 1.108, 95% CI
0.958-1.281) but not in the recessive model (FEM OR 0.960,
95% CI 0.833-1.105) and homozygote comparison (TT vs CC;
FEM OR 1.029, 95% CI 0.856-1.236).

Sources of Heterogeneity and Sensitive Analysis

Before and after excluding the studies®'*!”*! deviating from
HWE in the cases and/or controls, strong evidence of heteroge-
neity was demonstrated in the codominant- and dominant-
inherited models for this meta-analysis. However, univariate
metaregression, with the covariates of sample size (the sum of
case and control numbers), age (ratio of mean age in the case
group to that in the control group), and publication year for the
1s2227564 polymorphism, showed that no covariates had a

significant impact on between-study heterogeneity (data not
shown). The key contributor of the study to between-study
heterogeneity was assessed by the “leave-one-out” sensitive
analysis®® in the included studies. Low and moderate heteroge-
neities (1> < 50%) were found in any inherited models following
the exclusion of certain studies. However, the association of
PLAU gene 152227564 polymorphism with AD risk was signif-
icant in the dominant model (FEM OR 1.123, 95% CI 1.025-
1.231) and heterozygote comparison (CT vs CC; FEM OR
1.126, 95% CI 1.027-1.235), only marginally significant in the
codominant model (FEM OR 1.012, 95% CI 0.944-1.085). We
also conducted a subgroup analysis with studies conducted in
Europe groups, America groups, and Asia groups (detailed data
are shown in Table 2). Figure 1 shows the forest plot of OR for
AD in dominant model of PLAU gene 152227564 polymorphism
in all articles after excluding studies deviating from HWE in
cases and/or controls and sensitivity analysis.
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Influence Analysis

After exclusion of studies deviating from HWE in cases and/or
controls and sensitivity analysis, there is 1 individual study'*
that should be removed, because the point estimate of its
omitted analysis lies outside the 95% CI of the combined anal-
ysis in codominant model, dominant model, and heterozygote
comparison. No independent study was found having excessive
influence on the pooled effect in the above-mentioned inherited
models after further excluding the individual study.'*

Publication Bias

Harbord’s test was used to assess the publication bias. There is
no evidence showing publication bias for association between
PLAU gene 152227564 polymorphism and AD in the above-
mentioned inherited models after exclusion of studies deviating
from HWE in cases and/or controls and sensitivity analysis.

Discussion

Urokinase-plasminogen activator gene is a serine protease that
converts plasminogen to plasmin, and plasmin also degrades
plasma AP protein, affecting its circulating concentration that
might be important in AD neuropathogenesis or diagnosis.?*~*°
Since the first study that attempted to explore the association
between PLAU rs2227654 polymorphism and AD risk in
humans was reported in 2003,” many studies have tried to repli-
cate the association. However, these results were inconsistent.
Therefore, a meta-analysis should be performed to form a more
precise estimation of those studies.

A total of 27 independent studies with 6100 AD cases and
5718 controls were included to assess the association between
152227564 polymorphism and AD. To our knowledge, this is the
first meta-analysis carried out to investigate the relationship
between PLAU gene 152227564 genetic polymorphism and
AD. In the present meta-analysis, our pooled results showed that
the PLAU 152227564 polymorphism was significantly associ-
ated with AD risk in the dominant model, heterozygote compar-
ison, and marginally significant in the codominant model after
exclusion of studies deviating from HWE in cases and/or
controls and sensitivity analysis. However, no significant asso-
ciations were found in the recessive model and homozygote
comparison. Evidence of heterogeneity was found for the
1s2227564 polymorphism with AD risk. Between-study hetero-
geneity is common in meta-analysis for genetic association
studies® and exploring the potential sources of between-study
heterogeneity is the essential component of meta-analysis.** The
between-study heterogeneity might arise from an indeterminate
number of characteristics that vary among studies, such as study
quality, characteristics of the subjects involved, genotyping
quality, variation of the covariate, and deviation from HWE in
some studies, and so on. Thus, we used metaregression to
explore the causes of heterogeneity for covariates. However,
sample size (the sum of case and control numbers), age (ratio
of mean age in the case group to that in the control group), and

publication year were not found to be the important sources of
between-study heterogeneity in this meta-analysis. Thus, we
used “leave-one-out” sensitive analysis,”® which aims to reduce
between-study heterogeneity and explore the potential important
causes of between-study heterogeneity for both covariates and
studies. The key contributor of the article to this low between-
study heterogeneity assessed by the “leave-one-out” sensitive
analysis was the one conducted by Finckh et al.” When
we performed the data analysis, after the “leave-one-out™ sensi-
tive analysis, on the studies that obeyed the HWE in cases and
controls, our results showed that the T allele of rs2227564 poly-
morphism in PLAU gene had significant effect on increased AD
risk. No publication bias were found in all the inherited models
after exclusion of studies deviating from HWE in cases and/or
controls and sensitivity analysis.

Meta-analysis that can summarize and review previously
published quantitative research has been recognized as an effec-
tive method to solve a wide variety of clinical questions. Never-
theless, some limitations have affected the objectivity of the
conclusions and should be addressed. For example, lack of orig-
inal information for included studies made it impracticable to
stratify by other variables, such as smoking status, drinking sta-
tus, family history, or other relevant diseases, which may affect
AD. In spite of these limitations, our meta-analysis also showed
some advantages. First, no publication biases were detected,
indicating that the whole pooled results may be unbiased;
second, substantial number of cases and controls were pooled
from different studies, which significantly increased the statisti-
cal power of the analysis, and so on.

Conclusions

Our study suggested that the mutant genotype of TT + CT was
significantly associated with AD risk from 27 case—control
studies, and the T allele probably acts as an important AD risk
factor. With regard to AD with multifactorial etiology, large
well-designed epidemiological studies, especially considering
different ethnic background, gene—gene, gene—environmental
interactions, or other risk factors, should be performed in the
future to clarify the possible roles of PLAU rs2227564
polymorphism in the pathogenesis of AD.
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