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Objective: Annexin A5 (ANXA5) has been suggested to possess antiatherogenic properties. We investigated whether ANXA5 genetic variations and plasma ANXA5 levels were associated with carotid
atherosclerosis and contributed to cardiovascular disease (CVD) risk in patients with familial hypercholesterolemia (FH). Methods: We sequenced the promoter region and exon 2 of ANXA5 in 284 FH
patients from the ASAP (Atorvastatin versus Simvastatin on Atherosclerosis Progression) trial. Common
haplotypes (H) were constructed based on seven single nucleotide polymorphisms (SNPs). We studied
whether plasma ANXA5 levels or ANXA5 haplotypes were associated with the extent of atherosclerosis
(evaluated by carotid intima-media thickness (IMT). The association between ANXA5 haplotypes and the
risk for CVD events was investigated in 1730 FH patients from the GIRaFH (Genetic Identiﬁcation of Risk
factors in Familial Hypercholesterolemia) study. Results: In ASAP, individuals carrying the ANXA5
haplotype H2 exhibited lower plasma ANXA5 levels, whereas H4 carriers had increased levels of
circulating ANXA5 compared to non-carriers. Plasma ANXA5 levels were not associated with carotid IMT.
None of the four ANXA5 haplotypes correlated with the age-related IMT progression (ASAP study) or
contributed to CVD risk (GIRaFH cohort). Conclusions: Both ANXA5 haplotypes and plasma ANXA5 levels
were not associated with carotid IMT progression or CVD risk in FH patients.
© 2014 Published by Elsevier Ireland Ltd.
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1. Introduction
Annexin A5 (ANXA5), a calcium-dependent phospholipidbinding protein, is highly expressed by endothelial cells [1] and
present in atherosclerotic plaques, especially at sites with high
prothrombotic potential [2,3]. ANXA5 is considered to have
antithrombotic capacities, by virtue of its scavenging effect on
anionic phospholipids and downregulation of the surface expression of tissue factor [4e7]. Since atherosclerotic vessel walls contain
apoptotic and activated cells that expose negatively charged
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phospholipids [8,9], ANXA5 may form an antithrombotic shield on
these cell surfaces, thereby restricting their tendency to induce
thrombus formation. Apart from its antithrombotic property,
ANXA5 has also been shown to exert potent anti-inﬂammatory
activities, which are attributed to downregulation of interferongamma (IFN-g)-mediated inﬂammatory cellular responses [10]. In
addition, ANXA5 inhibits phospholipase A2 activity, an enzyme
essential for the generation of pro-inﬂammatory mediators [11,12].
Concomitantly, it has been shown that ANXA5 binds to oxidized
low-density lipoprotein (oxLDL) thereby preventing the ox-LDL
induced procoagulant and pro-inﬂammatory effects [13]. In proatherogenic ApoE/ mouse models, it has been demonstrated that
ANXA5 administration reduces local inﬂammation and vascular
remodeling as well as improves vascular function, conﬁrming the
notion that ANXA5 has antiatherogenic effects [14,15].
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Additionally to the biochemical properties of ANXA5, attention
is paid to a number of single nucleotide polymorphisms (SNPs) in
ANXA5 but so far, little is known about their relative contribution to
cardiovascular disease (CVD) risk. The minor T-allele of rs1131239,
which is located in the Kozak sequence (i.e., one nucleotide upstream of the ATG initiation codon) in exon 2 of ANXA5, is associated with a decreased risk of myocardial infarction under the age of
45 [16] and a lower risk of a new thrombotic event during 36
months follow-up [17]. Increased plasma ANXA5 levels in
rs1131239T-allele carriers were found to be protective in the
occurrence of arterial thrombosis. Subsequent studies, however,
were unable to replicate these ﬁndings [18,19]. Moreover, ANXA5
intronic SNPs rs4833229 and rs6830321 are associated with
increased restenosis risk in patients undergoing percutaneous
coronary intervention for atherosclerosis [15]. Recently, Bogdanova
and colleagues described the three ANXA5 promoter haplotypes (N,
M1 and M2) and found that the ANXA5 M2 haplotype consisting of
the minor alleles of four SNPs (rs112782763, rs28717001,
rs28651243, rs113588187) reduces ANXA5 promoter activity in a
luciferase reporter gene assay [20]. While the ANXA5 M2 haplotype
has been linked to thrombotic obstetric complications [20e22], its
contribution to CVD risk remains to be determined. More recently,
we demonstrated that plasma ANXA5 levels in healthy individuals
are affected by genetic variants in ANXA5. Haplotype H2 was
associated with signiﬁcantly decreased plasma ANXA5 levels
whereas haplotype H4 was associated with increased plasma
ANXA5 levels [23]. Our deﬁned haplotypes H3 and H4 are extensions of the M2 and M1 haplotypes, and haplotypes H1 and H2
include the wild-type haplotype N described by Bogdanova et al.
The clinical relevance of plasma ANXA5 levels on atherosclerotic
CVD burden is yet unclear. Hypothetically, higher plasma ANXA5
levels are expected to have a protective role, whereas lower ANXA5
levels are likely to be associated with progression of atherosclerosis
(i.e., an increased plaque formation and an increased CVD risk). In
this context, it has been shown that circulating ANXA5 levels
correlate inversely with the severity of angiographically determined coronary stenosis and the extent of atherosclerotic plaque
formation [24].
In this study, we set out to test the hypothesis that plasma
ANXA5 levels and ANXA5 genetic variations are associated with
carotid atherosclerosis and contribute to CVD risk in patients with
familial hypercholesterolemia (FH), an autosomal dominant disease
characterized by high plasma levels of low-density lipoprotein
cholesterol (LDL-C) and an increased CVD risk.

common carotid artery (CCA), the carotid bifurcation (BUL) and the
proximal portion of the internal carotid artery (ICA). Both near and
far walls were evaluated. Mean carotid IMT was calculated as
averaged over anterior and posterior walls in the CCA, BUL and the
posterior wall of the ICA, bilaterally (i.e., the mean from available 10
sites). Of the 325 participants, genomic DNA of 299 patients was
available for sequencing in this study.
2.2. GIRaFH cohort
GIRaFH (Genetic Identiﬁcation of Risk factors in Familial Hypercholesterolemia) was a retrospective, multicenter (27 Dutch
lipid clinics) study including 2400 unrelated heterozygous FH patients of Caucasian origin as previously described [26]. The mean
follow-up period was 5 years. The primary outcome of the study
was the combination of cardiovascular mortality and CVD as
described [26]. Genomic DNA of 1994 FH patients was available for
genotyping in the present study. The Ethics Institutional Review
Board of each participating hospital approved the study.
2.3. Genetic analysis

2. Materials and methods

In the ASAP trial, a 496-bp fragment of the ANXA5 promoter (261
base pairs upstream and 235 base pairs downstream of the ﬁrst
transcription start point) was ampliﬁed by polymerase chain reaction (PCR) using two oligonucleotide primers: forward
50 CCGAGCCCTGGACAGCTCCCCA-30 and reverse 50 -GCCCCGCGACCACGCTCTCCTCT-30 as described [20]. Exon 2 with ﬂanking regions
(130-bp fragment) was ampliﬁed as previously described [27].
Puriﬁed amplicons were sequenced using the BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems) and analyzed on
the ABI 3730 PRISM DNA Analyzer (Applied Biosystems). We
evaluated six SNPs within the ANXA5 promoter (rs62319820,
rs112782763, rs28717001, rs28651243, rs113588187, rs1050606)
and rs1131239 located in the Kozak sequence (exon 2) to reconstruct the four known haplotypes as described [23]. Successful
sequencing of the promoter region and exon 2 was possible in 284
(95.0%) and 298 (99.7%) patients, respectively.
In the GIRaFH study, we genotyped four ANXA5 SNPs
(rs62319820, rs113588187, rs1050606, rs1131239) to reconstruct
the four common ANXA5 haplotypes. Genotyping was carried out
using predesigned or custom TaqMan primers with FAM or VIC as
ﬂuorophores (Applied Biosystems, USA). SNP genotyping success
rates were 93.5% (1864 patients) for rs62319820, 94.6% (1886 patients) for rs113588187, 92.8% (1850 patients) for rs1050606 and
95.9% for rs1131239 (1912 patients).

2.1. ASAP trial

2.4. Biochemical measurements

ASAP (Atorvastatin versus Simvastatin on Atherosclerosis Progression) was a randomized, double-blind, two-center (Amsterdam
and Nijmegen) study [25]. A total of 325 FH patients aged 30e70
years participated in the ASAP study. Eligibility of the patients was
based on plasma LDL-C levels (>5.5 mmol/L) and the absence of
signiﬁcant clinical, hematological and biochemical abnormalities.
Exclusion criteria were coronary heart disease within previous 3
months, hypertension, secondary hyperlipidemia, diabetes and
other endocrine diseases [25]. The Ethics Committees of both trial
centers approved the study. In the present study, we used only data
collected after an 8-week placebo run-in period before starting any
intervention with statins. Carotid IMT measurements were performed as described [25]. Brieﬂy, ultrasound examinations were
performed using a Biosound Phase-2 real time scanner (BiosoundEsaote, USA) equipped with a 10 MHz transducer. Three
10 mm segments were scanned bilaterally: the distal portion of the

Total cholesterol, (calculated) LDL-C, high-density lipoprotein
cholesterol (HDL-C) and triglycerides were determined by standard
methods as previously described [25,26]. High-sensitivity C-reactive protein (hs-CRP) was measured in citrated plasma by a
commercially available enzyme-immunoassay (Dako, Denmark) as
described [28]. Plasma ANXA5 levels were measured in 141 participants from the ASAP study using a commercially available
Zymutest ANXA5 ELISA (Hyphen Biomed). The intra- and interassay coefﬁcients of variation (CV) for ANXA5 measurements
were 3.1% and 3.8% respectively.
2.5. Statistical analyses
The means of continuous variables of different groups were
compared by unpaired t-test or one-way ANOVA as appropriate;
the c2 test was used for categorical variables. HardyeWeinberg
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equilibrium for each SNP was evaluated by the c2 test. Haploview
software (Broad Institute, Cambridge, MA, USA) was used to estimate the degree of linkage disequilibrium (LD; r2 values) between
all SNP pairs and to determine haplotypes (H). Haplotypes were
assigned manually to the subjects with complete genetic data as
described [23]. Only common haplotypes (frequency >1%) were
used for statistical analyses. In the present study, we included 284
FH patients from the ASAP study as well as 1730 FH patients from
the GIRaFH cohort in whom common haplotypes were constructed.
Power calculations were performed to determine the minimal odds
ratio detectable with a power >80% (Quanto version 1.2.4 software).
In the ASAP study, the age-related IMT progression in different
ANXA5 haplotype groups was estimated by a linear regression
analysis (SAS version 6.12 software). The interaction term (haplotype group * age) was entered in the regression models to account
for different IMT progression rates with age between ANXA5
haplotype groups. The variable gender associated with IMT in a
univariable regression model was included in the multiple regression model. The regression coefﬁcient b represents IMT increase
with age (millimeters per year, mm/year). Comparison of the
regression slopes between groups was performed by testing of the
interaction terms. In the single SNP analyses, the slopes of the
major allele carriers were taken as the reference. In the haplotype
model, we performed one-way ANOVA for each haplotype to
address the difference in regression slopes within the haplotype
group. To control for the familywise error rate over the 4 haplotypes, the level of signiﬁcance for each interaction test was set at
0.05/4 ¼ 0.0125 (Bonferroni correction for multiple testing). When
the p-value of the interaction test was less than 0.0125, further
analysis with t-test was warranted to assess the difference between
two speciﬁc slopes (e.g. carriers and non-carriers).
The distribution of plasma ANXA5 levels was normalized by lntransformation and used in all analyses. A one-way ANOVA followed by the Bonferroni Post Hoc test was performed to assess
differences in plasma ANXA5 levels within haplotype groups. The
Bonferroni threshold for correction for multiple testing was estimated at 0.05/4 ¼ 0.0125, taking into account the number of haplotypes (four). All values reported were reconverted to geometric
means with the appropriate 95% conﬁdence interval (CI). The association of plasma ANXA5 levels with carotid IMT was tested by a
linear regression analysis and Pearson correlation. To test the
relationship between circulating ANXA5 levels and total

Table 1
Baseline characteristics of FH patients from the ASAP study.
Characteristics

n ¼ 284

Age, years
Gender, male/female, n (%)
History of CVD, n (%)
Smoking, n (%)a
Body mass index, kg/m2
Total cholesterol, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Triglycerides, mmol/L
Hs-CRP, mg/L
Carotid IMT, mmb
CCA-IMT, mmb

48.4 ± 10.4
114 (40.1)/170 (59.9)
82 (28.9)
172 (60.6)
25.7 ± 3.5
10.13 ± 1.99
1.16 ± 0.31
8.17 ± 1.96
1.64 (1.12e2.28)
2.2 (0.8e4.6)
0.93 ± 0.22
0.87 ± 0.17

Values are presented as means ± SD or n (%). Triglycerides and hs-CRP are given as
median (interquartile range).
CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein;
IMT, intima-media thickness; CCA-IMT, common carotid artery intima-media
thickness; mm, millimeter.
a
Previous and current smokers.
b
Data of 282 patients are shown.

197

cholesterol, triglycerides, HDL-C, LDL-C and hs-CRP, we calculated
Pearson's correlation coefﬁcients. Skewed distributed variables
(triglycerides and hs-CRP) were also ln-transformed prior to
analysis.
In the GIRaFH study, the contribution of ANXA5 variations to
CVD risk was examined by Cox proportional hazards regression.
The follow-up period started at birth and ended at the ﬁrst occurrence of established fatal or non-fatal CVD event. Patients without
CVD were censored at the date of the last lipid clinic visit or at the
date of death attributable to other causes than CVD. In all analyses,
we included year of birth, sex and smoking in the Cox regression
models.

3. Results
3.1. Patient characteristics of the ASAP study
Clinical characteristics of 284 FH patients participating in the
ASAP study are shown in Table 1. Baseline characteristics of the
study group were comparable to those of the total ASAP cohort
(data not shown) [25]. The population consisted of Caucasian individuals with the mean age of 48.4 years; sixty percent of the
subjects were female. Twenty-nine percent of the patients had a
history of CVD, and 60.6% individuals were smokers (former and
current).

3.2. Effect of plasma ANXA5 levels on progression of atherosclerosis
in ASAP
We investigated the association between plasma ANXA5 levels
and carotid IMT in a subset of subjects (n ¼ 141) randomly selected
from the ASAP cohort. Plasma ANXA5 levels did not differ signiﬁcantly between male (n ¼ 50) and female (n ¼ 91) subjects (geometric mean 13.17 mg/L, 95% CI: 11.01e15.75 versus 12.81 mg/L, 95%
CI: 10.98e14.94, p ¼ 0.82) and were not inﬂuenced by age (linear
regression: b ¼ 0.009, p ¼ 0.10). Plasma ANXA5 levels did not
correlate with cholesterol (total, HDL, LDL) levels, triglycerides
levels and an inﬂammation marker hs-CRP (Supplementary
Table 1). No association was found between plasma ANXA5 and
carotid IMT (linear regression: b ¼ 0.01, p ¼ 0.8).

3.3. ANXA5 SNPs and haplotypes in ASAP
Supplementary Table 2 shows the minor allele frequencies and
the genotype frequencies of the seven SNPs in ANXA5 in the ASAP
cohort. All SNPs were in HardyeWeinberg equilibrium. Haploview
analysis showed a high degree of linkage disequilibrium between
all SNPs except for SNP1 and SNP6 (Supplementary Fig. 1). SNP3
and SNP4 as well as SNP2 and SNP5 were completely linked (r2 ¼ 1).
SNP7 was tightly linked to SNP2 and SNP5 (r2 ¼ 0.85). Based on the
seven polymorphisms, the four previously reported common haplotypes were constructed (Table 2). Haplotype H1, the most
frequent haplotype (51%), was composed of the major alleles of all
seven polymorphisms. Haplotype H2 was discriminated from
haplotype H1 by rs1050606 (SNP6). Haplotype H3 was the third
major haplotype (9.9%) and consisted of the major allele of
rs62319820 and the minor alleles of the other polymorphisms.
Haplotype H4 compiled the minor alleles of rs62319820,
rs28717001, rs28651243, rs1050606 and the major alleles of the
three other SNPs. Besides the common haplotypes, three rare
haplotypes (H5, H6, H7; frequency <1%) were identiﬁed in nine
patients (Table 2). They were excluded for further analyses.
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Table 2
Polymorphisms and haplotypes of the ANXA5 gene in 284 FH patients from the ASAP trial.

dbSNP ID

SNP1

SNP2

SNP3

SNP4

SNP5

SNP6

SNP7

g.-628C>T
c.-390C>T

g.-467G>A
c.-229G>A

g.-448A>C
c.-210A>C

g.-422T>C
c.-184T>C

g.-373G>A
c.-135G>A

g.-302T>G
c.-64T>G

g.-1C>T
c.-1C>T

rs62319820

rs112782763

rs28717001

rs28651243

rs113588187

rs1050606

rs1131239

Haplotype
H1
H2
H3
H4
H5
H6
H7

C
C
C
T
C
C
C

G
G
A
G
A
G
G

A
A
C
C
C
A
C

T
T
C
C
C
T
C

G
G
A
G
A
G
G

T
G
G
G
G
G
G

C
C
T
C
C
T
T

Haplotype
frequency
0.51
0.29
0.099
0.09
0.007
0.005
0.002

Nucleotide numbering from the ATG initiation codon; SNP, single nucleotide polymorphism; dbSNP indicates NCBI database for SNPs (http://www.ncbi.nlm.nih.gov/snp);
minor alleles in bold and underlined.

3.4. ANXA5 haplotypes and plasma ANXA5 levels
Among the ASAP participants, a one-way ANOVA corrected for
multiple testing revealed signiﬁcant differences in plasma ANXA5
levels within haplotypes H2 and H4 (Table 3). Haplotype H2 was
associated with decreased plasma ANXA5 levels. Post Hoc analysis
indicated that homozygous H2 carriers had lower ANXA5 levels
(mean 6.20 mg/L, 95% CI: 4.24e9.05) compared to heterozygous
subjects (mean 13.33 mg/L, 95% CI: 11.13e15.94, p < 0.001) and nonH2 subjects (mean 14.25 mg/L, 95% CI: 12.18e16.69, p < 0.001).
There were no differences in plasma ANXA5 levels between H2
heterozygotes and non-H2 individuals (p ¼ 0.568).
Furthermore, non-H4 individuals (mean 10.98 mg/L, 95% CI:
9.73e12.39) had a 2-fold lower circulating ANXA5 levels compared
to homozygous H4 carriers (mean 29.67 mg/L, 95% CI: 15.53e44.44,
p ¼ 0.007) and heterozygous H4 subjects (mean 24.48 mg/L, 95% CI:
19.99e30.02, p < 0.001). Plasma ANXA5 levels were not different
between homozygotes for H4 and heterozygotes for H4 (p ¼ 0.615).
With respect to the relationship of carotid IMT with lower
plasma ANXA5 levels in H2 carriers as well as with higher plasma
ANXA5 levels in H4 carriers, additional analyses did not reveal any
statistical evidence for such association which might also be
explained by the low number of cases in these subgroup analyses.
3.5. ANXA5 haplotypes and progression of atherosclerosis in ASAP
A linear regression analysis approach was applied to study the association between ANXA5 variations and age-related carotid IMT (i.e.,
the average of available IMT values measured in three carotid segments).
None of the ANXA5 SNPs was associated with the age-related
increase in carotid IMT (Supplementary Table 3).
Of the four haplotypes studied, the ANXA5 haplotype H3 tended
to be associated with more rapid carotid IMT increase with age.
Heterozygous haplotype H3 carriers tended to have a larger arterial
wall thickening over time compared with non-H3 subjects, in both
the unadjusted model (b ¼ 0.0129 mm/year versus b ¼ 0.0072 mm/
year, p ¼ 0.053) and after adjustment for gender (b ¼ 0.0135 mm/
year versus b ¼ 0.0076 mm/year, p ¼ 0.044) (Table 4). However, this
association did not reach Bonferroni-corrected statistical signiﬁcance level. Other ANXA5 haplotypes did not demonstrate any association with the age-related IMT progression (Table 4).
3.6. ANXA5 haplotypes and the risk of cardiovascular events
To conﬁrm the results from the ASAP study, we investigated
the contribution of ANXA5 variations to the risk of cardiovascular events in an independent cohort of 1730 FH patients from

Table 3
Association of ANXA5 haplotypes with plasma ANXA5 levels in FH patients from the
ASAP study.
Haplotype
Haplotype
H1H1
H1Hx
Non-H1
Haplotype
H2H2
H2Hx
Non-H2
Haplotype
H3Hx
Non-H3
Haplotype
H4H4
H4Hx
Non-H4

Number
n ¼ 141

Geometric mean ANXA5
(95% CI), mg/L

1

Overall
p-value
0.875

36
69
36

13.42 (10.90e16.53)
13.00 (11.19e15.09)
12.33 (9.07e16.78)

12
56
73

6.20 (4.24e9.05)
13.33 (11.13e15.94)
14.25 (12.18e16.69)

30
111

9.89 (7.48e13.09)
13.90 (12.24e15.77)

3
25
113

29.67 (15.53e44.44)
24.48 (19.99e30.02)
10.98 (9.73e12.39)

2

0.0005

3

0.018

<0.0001

4

Hx indicates all haplotypes except for the one given; CI, conﬁdence interval.
Differences were assessed by one-way ANOVA; the threshold for Bonferroni
correction for multiple testing: 0.05/4 haplotype groups ¼ 0.0125.

the GIRaFH study. Four ANXA5 SNPs covering the four common
ANXA5 haplotypes were genotyped. All SNPs were in HardyeWeinberg equilibrium (Supplementary Table 4). Neither
individual SNPs nor the common haplotypes were associated
with CVD risk (Table 5 and Supplementary Table 5). No signiﬁcant associations were found either with only homozygous wild
type carriers (i.e., H1H1) as a reference category (data not
shown). Subgroup analysis showed no signiﬁcant associations
between ANXA5 variations and the history of myocardial
infarction, angina pectoris, stroke/TIA or cardiac death (data not
shown).

4. Discussion
We investigated whether ANXA5 gene variants and plasma
ANXA5 levels were associated with atherosclerosis progression or
CVD risk in FH patients. In our study, plasma ANXA5 levels were not
associated with IMT. ANXA5 haplotypes were associated with
plasma ANXA5 levels, but did not correlate with carotid IMT parameters in the ASAP study or CVD risk in the GIRaFH cohort. Our
data, therefore, showed a lack of association of ANXA5 protein
levels as well as ANXA5 haplotypes with carotid IMT progression or
the risk of cardiovascular events in FH patients.
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Table 4
Association of ANXA5 haplotypes with the age-related carotid IMT progression in FH
patients from the ASAP trial.
Haplotype

b (SE)
Haplotype H1
H1H1 (n ¼ 77)
H1Hx (n ¼ 128)
Non-H1 (n ¼ 68)
Haplotype H2
H2H2 (n ¼ 27)
H2Hx (n ¼ 107)
Non-H2 (n ¼ 139)
Haplotype H3
H3Hx (n ¼ 54)
Non-H3 (n ¼ 219)
Haplotype H4
H4H4 (n ¼ 4)
H4Hx (n ¼ 41)
Non-H4 (n ¼ 228)

Adjusted modela

Unadjusted model
Overall
p-value

b (SE)

0.27
0.0062 (0.0024)
0.0077 (0.0017)
0.0111 (0.0021)

0.30
0.0066 (0.0023)
0.0083 (0.0017)
0.0113 (0.0021)

0.89
0.0100 (0.0038)
0.0081 (0.0019)
0.0081 (0.0017)

0.93
0.0100 (0.0037)
0.0084 (0.0018)
0.0087 (0.0016)

0.053
0.0129 (0.0026)
0.0072 (0.0013)

0.044
0.0135 (0.0026)
0.0076 (0.0013)

0.48
0.0153 (0.0067)
0.0067 (0.0027)
0.0084 (0.0013)

Table 5
Association of ANXA5 haplotypes with CVD risk in FH patients from the GIRaFH
study.
Haplotype

Overall
p-value

0.55
0.0153 (0.0066)
0.0075 (0.0026)
0.0088 (0.0013)

Results of the linear regression analysis (n ¼ 273) are shown. b indicates regression
coefﬁcient; b represents IMT increase with age (mm/year).
a
Adjusted for gender. Hx means all haplotypes except for the one given; IMT,
intima-media thickness; SE, standard error.

A possible role of ANXA5 in the pathophysiology of atherosclerosis has been postulated based on the observations that
ANXA5 has anti-atherogenic and anti-inﬂammatory properties and
is found in high concentrations in atherosclerotic plaques. Of note,
it has been shown that the uptake of labeled recombinant ANXA5
by atherosclerotic plaques correlates with the extent of apoptosis
[29]. In this regard, reduced plasma ANXA5 levels in patients with
severe coronary stenosis has been proposed to reﬂect the presence
and extent of CVD [24]. Moreover, in systemic lupus erythematosus
(SLE) patients, antiphospholipid antibody-mediated reduced
binding of ANXA5 to endothelial cells was found to be associated
with IMT and it has been suggested to be an important mechanism
in SLE-related CVD [3]. These observations prompted us to investigate whether ANXA5 plasma levels and ANXA5 gene variants are
associated with atherosclerosis progression in a high risk population of FH patients. The FH patient population was chosen because
of its homogeneity, characterized by elevated LDL-C levels and an
increased risk of premature CVD [30]. We hypothesized that ANXA5
variants associated with circulating plasma ANXA5 levels would
predict clinical features of atherosclerosis and CVD risk in FH
patients.
The four promoter polymorphisms (rs112782763, rs28717001,
rs28651243, rs113588187) evaluated in this study are known
functional SNPs [20]. The rs112782763, which is located 19 nucleotides upstream from the transcription start site 1 (tsp1) in the
gGCCc sequence, affects the zinc ﬁnger binding of the MTF-1
(metal-regulatory) transcription factor [31]. The substitution
rs28717001 changes the tsp1 itself. The third polymorphism
rs28651243 located 27 nucleotides downstream from the tsp1
disrupts a SP1 (speciﬁcity protein 1 transcription factor) consensus.
The rs113588187 destroys a BamHI restriction site in the close
proximity of an AP-4 (motif B)/MED-1 consensus, which in turn is
essential for the full ANXA5 promoter activity [20,32]. The ANXA5
M2 haplotype (including our haplotype H3) comprising the four
mentioned above promoter SNPs is related to a reduced ANXA5
promoter activity in vitro [20] and reduced mRNA levels in placental
tissues [33]. Altogether, it is thought that through reduced ANXA5
expression on the surface of placental trophoblasts and inefﬁcient
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Haplotype
Non-H1
H1Hx
H1H1
Haplotype
Non-H2
H2Hx
H2H2
Haplotype
Non-H3
H3Hx
H3H3
Haplotype
Non-H4
H4Hx
H4H4

CVDþ (n ¼ 548)
n (%)

HR (95% CI)a

p-value

482
883
365

150 (27.4)
278 (50.7)
120 (21.9)

1.0
0.9 (0.7e1.1)
1.0 (0.8e1.3)

0.5
1.0

777
727
226

257 (46.9)
217 (39.6)
74 (13.5)

1.0
0.8 (0.7e1.0)
1.0 (0.8e1.3)

0.08
0.9

424 (77.4)
119 (21.7)
5 (0.9)

1.0
1.2 (1.0e1.5)
0.8 (0.3e1.9)

0.1
0.6

465 (84.8)
82 (15.0)
1 (0.2)

1.0
1.0 (0.8e1.3)
NA

Number of subjects,
n ¼ 1730
H1

H2

H3
1358
349
23
H4
1463
261
6

0.7

CVDþ, patients with cardiovascular disease; Hx, all haplotypes except for the one
given; HR, hazard ratio; CI, conﬁdence interval; NA, not applicable.
HRs were calculated with HxHx (i.e., non-H1, non-H2, non-H3 and non-H4) as a
reference category (HR ¼ 1.0).
a
Adjusted for sex, year of birth and smoking.

phospholipid shielding, this haplotype contributes to a prothrombotic placental environment [20]. In addition, SNP rs1131239
located in the ANXA5 Kozak sequence was chosen since the minor
rs1131239T-allele has previously been reported to be associated
with a protective role in the risk for myocardial infarction [16,17].
Furthermore, we also evaluated the rs62319820, because its minor
T-allele is known to be a major contributor to higher plasma ANXA5
levels in healthy controls [23].
We initially found a trend towards a larger arterial wall thickening over time in heterozygous H3 patients compared to non-H3
carriers in the ASAP study, suggesting a possible clinical relevance
of ANXA5 H3 in susceptibility to cardiovascular events. Remarkably,
such a larger arterial wall thickness progression observed in ANXA5
H3 carriers (13.5 mm/year after adjusting for sex) should contribute
to a higher incidence of cardiovascular events, resulting in an
increased CVD risk in these individuals. Unfortunately, no such
effect was found while studying the CVD risk in a large population
of FH patients from the GIRAFH study, which was designed to
substantiate genetic risk factors in FH patients. Power calculations
showed that the GIRaFH study had a ~85% power (a ¼ 0.05) to
detect a clinically relevant odds ratio of 1.5 for ANXA5 H3 (haplotype frequency of 0.10; an assumed prevalence of the disease of
30%). Since replication in a larger study including patients with a
similar disease phenotype failed, we have to consider our initial
ﬁnding, a trend for an association of ANXA5 H3 with IMT in the
ASAP study, as a false-positive result or as a type I error.
Evidence for an association between ANXA5 genetic variants and
carotid IMT or CVD risk in atherosclerosis is scarce. Recently, it has
been shown a moderate association between ANXA5 intronic SNPs
rs4833229, rs6830321 and the risk on restenosis in patients undergoing percutaneous coronary intervention for atherosclerosis
(odds ratio 1.29, pallelic ¼ 0.011 and odds ratio 1.35, pallelic ¼ 0.003,
respectively) [15]. A possible explanation for the discrepancy with
this study could be explained by the pathophysiology underlying
FH. Since atherosclerosis is a multifactorial disease, the contribution of genetic variations to CVD risk should be considered in the
context of a chronic inﬂammatory disease of the arterial wall. It is
known that elevated plasma LDL-C levels in FH patients maintain a
chronic inﬂammatory environment within the arterial wall. The
effects of LDL-C on the inﬂammatory reactions in atherosclerosis
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appear to be more dominant than the small effects of endogenous
ANXA5. Our observation that plasma ANXA5 levels were not
associated with cholesterol levels or an inﬂammation marker may
support the minor impact of endogenous ANXA5 on inﬂammation
in atherosclerosis. Of note, as our study was restricted to FH patients, the role of ANXA5 genetic variations in atherosclerosis
should be examined in other patient populations in order to understand its true physiological impact.
In conclusion, the data obtained from two independent cohorts
of FH patients indicate that both common genetic variants in ANXA5
and plasma ANXA5 levels are not associated with carotid IMT parameters or CVD risk.
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