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Abstract

Introduction: Antibodies specific for annexin A8 (AnxA8) have not been investigated in patients suffering from antiphospholipid syndrome (APS) 
yet. The aim of this study was to compare the presence of AnxA8 antibodies in serum of APS patients with that of age-matched healthy controls and 
to investigate whether AnxA8 antibodies are potential biomarkers for APS. 
Materials and methods: We enrolled 22 APS patients and 22 healthy controls in this case-control study. We used sodium dodecyl sulfate polya-
crylamide gel electrophoresis and immunoblot to investigate the presence of AnxA8 antibodies, and we applied enzyme-linked immunosorbent 
assay to investigate the presence of cardiolipin (CL) and beta-2-glycoprotein I (ß2GPI) antibodies. 
Results: The serum of 9/22 APS patients showed AnxA8 IgG isotype antibody reactivity compared to serum of 2/22 healthy controls (P = 0.034). 
When we also included weak immunoblot signals, 12/22 APS patients exhibited AnxA8 IgG isotype antibody reactivity compared to 3/22 healthy 
controls (P = 0.005). We also investigated the presence of AnxA8 IgM isotype antibodies in the serum of APS patients but found no statistically si-
gnificant difference between the APS patient group and healthy control group (P = 0.500). We further investigated the presence of ß2GPI and CL IgG 
and IgM isotype antibodies. AnxA8 IgG isotype antibodies were present in APS patients in a similar frequency as the APS “criteria” antibody against 
CL (P = 0.764). 
Conclusion: We demonstrated that AnxA8 IgG isotype antibodies are potential biomarkers for the diagnosis of APS.
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Introduction

Antiphospholipid syndrome (APS) is an autoim-
mune disorder that is clinically characterized by 
thrombosis and/or obstetric complications (1-3). 
Antiphospholipid syndrome can occur alone (pri-
mary APS) or with other autoimmune diseases 
(secondary APS), e.g., systemic lupus erythemato-
sus (SLE) (4). Due to the lack of specificity in clinical 
manifestations, the diagnosis of APS is based on 
the occurrence of clinical symptoms and the de-
tection of at least one of the three antiphospho-
lipid antibodies (aPL, “criteria” aPLs), i.e., IgG or IgM 

isotype antibodies directed against β2-
glycoprotein I (aß2GPI) and cardiolipin (aCL), or a 
positive lupus anticoagulant (LA) functional assay. 
Patients diagnosed with APS are placed on life-
long anticoagulation, which is associated with a 
risk of bleeding complications. Antiphospholipid 
antibodies titers are used for diagnosis of APS ac-
cording to the revised Sapporo criteria (> 40 IgM 
phospholipid units [MPL] or > 40 IgG phospholipid 
units [GPL]; here, one unit is defined as one micro-
gram of antibody per milliliter or > 99th percentile 
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for aCL and > 99th percentile for anti-β2GPI) (3,5). 
These criteria also require the presence of aPL on 
two occasions, 12 weeks apart, to avoid misdiag-
nosing APS in patients with a low titer or transient 
aPL (6). Laboratory testing is important not only 
for the diagnosis of APS, but also for risk assess-
ment. Lupus anticoagulant assay is a stronger pre-
dictor of risk for vascular thrombosis compared to 
aCL or aß2GPI, but the greatest risk of thrombosis 
is found in people with multiple aPLs (7). Antiphos-
pholipid antibodies are directed against a hetero-
geneous group of antigens, e.g., negatively 
charged molecules, proteins, or phospholipid-pro-
tein complexes. Besides the well investigated 
three “criteria” aPLs, a growing number of “non-
criteria” antibodies against various biomolecules, 
such as prothrombin/phosphatidylserine, vimen-
tin/cardiolipin, protein S, protein C, annexin A2 
(AnxA2), annexin A5 (AnxA5), oxidized low-densi-
ty lipoproteins, lysobisphosphatidic acid, and sul-
fatides, have been linked to the occurrence of APS 
(7). These “non-criteria” aPLs have been proposed 
as relevant in APS and useful to subclassify APS 
with clinical manifestations (8,9). Therefore, identi-
fication of “non-criteria” aPLs is important to as-
sess the risk of APS patients and possibly diagnose 
patients with APS-like symptoms but without 
clearly defined laboratory criteria for an APS (se-
ronegative APS, SNAPS).

Annexin A8 (AnxA8) was originally described as an 
anticoagulant and an inhibitor of phospholipase A2 
activity due to the 56% association with vascular 
anticoagulant-alpha (VAC-α, synonyms: AnxA5, 
lipocortin V) (10). In contrast to other annexins, 
AnxA8 has a low affinity to phosphatidylserine and 
hardly interacts with the cell surface of dying cells 
(11). Annexin A8 is associated specifically with late 
endosomes and involved in actin-based late endo-
some motility (12). It is activated by p53 signalling 
(13). Furthermore, AnxA8 may regulate epidermal 
growth factor receptor signalling and trafficking 
(14). Therefore, prior research speculated that 
AnxA8 has tumour suppressor effects (15). However, 
the biological function of AnxA8 remains unclear. 
Recently, the presence of high AnxA8 antibody ti-
ters was reported in a patient suffering from SNAPS 
(16). Antibodies specific for AnxA8 have yet not 
been investigated in patients suffering from APS.

Here, we compared the presence of AnxA8 anti-
bodies in serum of 22 APS patients with that of 22 
age-matched healthy controls and investigated 
whether AnxA8 antibodies are potential biomark-
ers for APS. 

Materials and methods

This case-control study was performed at the Uni-
versity Hospital of Cologne. We enrolled 22 APS 
patients and 22 healthy controls. The age of pa-
tients in the APS group was 39 (19 - 70) years. 
Twenty of 22 patients were female. The age of pa-
tients in the control group was 41 (19 - 68) years. 
Five of 22 patients suffered from primary APS, 
while 17 patients suffered from secondary APS as-
sociated with SLE. All APS patients were diagnosed 
using the revised Sapporo criteria (3). The diagnos-
tic criteria require one clinical event, i.e., thrombo-
sis or obstetric complication, and two positive an-
tibody blood tests for one of the “criteria” aPLs 12 
weeks apart. All APS patients suffered exclusively 
from thromboembolic events, except 4 patients 
who also suffered obstetric manifestations of APS. 
Patients were excluded if they had other throm-
botic risk factors, e.g., factor V-Leiden and pro-
thrombin mutation, antithrombin, protein C and 
protein S deficiency, and pathological factor VIII 
and factor XII activity. Remaining samples from 
routine laboratory testing were used to identify 
patients for inclusion in the control group. Patients 
in the control group had no APS symptoms or oth-
er autoimmune diseases and no reported throm-
boembolic or obstetric events in their medical his-
tory. Our study was approved by the Ethical Com-
mittee of the University Hospital of Cologne (ap-
plication number 14-176).

Blood samples (remaining samples) were collected 
from July 2014 to March 2017 in 4.7 mL serum 
monovettes, centrifuged at 2772xg for 10 minutes, 
and stored in aliquots at - 70 °C.

We used AnxA8 for the detection of AnxA8 IgG 
and IgM isotype antibodies in the serum of APS 
patients. Recombinant expression of AnxA8, sodi-
um dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE), and immunoblot analysis 
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were performed as described previously (16). Brief-
ly, AnxA8 was recombinantly expressed in bacteria 
and purified by affinity- and endotoxin-removal 
gel chromatography. To investigate the presence 
of AnxA8 IgG and IgM isotype antibodies in the se-
rum of 22 APS patients and 22 healthy controls, 
AnxA8 was separated using SDS-PAGE followed by 
immunoblot analysis with patients’ serum as the 
primary antibody. The presence of AnxA8 antibod-
ies was visualized by electrochemiluminescence 
and assessed after 15 and 45 (sensitive assess-
ment) seconds. 

Cardiolipin antibodies were assayed with a cardi-
olipin IgG and IgM enzyme-linked immunosorb-
ent assay (ELISA) using Euroimmun-Analyser I (Eu-
roimmun, Lübeck, Germany), and concentrations 
of aß2GPI were determined with a Quanta anti-
ß2GPI IgG or IgM-ELISA (Inova Diagnostics, San 
Diego, USA) on a DSX-ELISA-System (Dynex tech-
nologies, Chantilly, USA). Both aCL and aß2GPI val-
ues are expressed in kU. One kU is the binding ac-
tivity of 1 mg/l of IgG- or IgM-antibody of the in-
ternational aCL standard serum (Louisville APL Di-
agnostics, Seabrook, USA) or the IgG- or IgM aß2G-
PI reference calibrator (Rheumatology Lab, Seton 
Hall University, St. Joseph’s Hospital and Medical 
Center, South Orange, USA), respectively. The cut 
off of this quantitative method according to the 
manufacturer is 12 kU for aCL and 20 kU for aß2G-
PI. According to the manufacturers’ specifications, 
the coefficient of variation for the anti-cardiolipin 
assay is 7% and 7.5% for IgG and IgM subtype anti-
bodies and 4.3% and 3.4% for IgG and IgM sub-
type antibodies of the ß2GPI antibody assay.

P-values, odds ratios, and 95% confidence inter-
vals (95% CI) were calculated using SPSS 22.0.0 
(IBM, Chicago, USA). Fisher’s exact test was per-
formed to investigate the relationship between 
the categorical qualitative data. 

Results

The serum of 9/22 APS patients but only 2/22 
healthy controls (P = 0.034) exhibited AnxA8 IgG 
isotype antibody reactivity (Figure 1a). When we 
also included weak immunoblot signals (sensitive 

assessment), 12/22 APS patients exhibited AnxA8 
IgG isotype antibody reactivity compared to 3/22 
healthy controls (P = 0.005). The odds ratio for APS 
and the presence of AnxA8 IgG isotype antibodies 
was 6.9 (95% CI: 1 - 37) and 7.6 (95% CI: 2 - 33) (sen-
sitive assessment).

Figure 1. Analysis of annexin A8 (AnxA8) IgG (a) and IgM (b) 
isotype antibodies in the serum of 22 patients with antiphos-
pholipid syndrome (APS) and 22 healthy controls by SDS-PAGE 
followed by immunoblot. In (a), the serum of 9/22 APS patients 
(No. 4, 11, 12, 14, 15, 16, 17, 20, and 21) showed clear AnxA8 IgG 
isotype antibody reactivity. In addition, serum from patients 8, 
9, and 10 showed weak AnxA8 IgG isotype antibody reactivity 
(sensitive assessment). In contrast, the serum of 2 of 22 (Nos. 
20 and 21) or 3 of 22 (Nos. 20, 21, and 2, sensitive assessment) 
healthy controls were positive for AnxA8 IgG subtype antibod-
ies. Serum of the healthy controls 15, 16, 17, 18, and 22 exhib-
ited a strong background staining but no AnxA8 IgG isotype 
antibody reactivity. In (b), the serum of 6/22 APS patients (No. 
1, 6, 8, 11, 15, and 19) and the serum of 4/22 healthy controls 
(No. 9 and 20-22) exhibited AnxA8 antibodies. We frequently 
found serum samples showing IgM isotype antibody reactivity 
against remaining traces of LPS indicated by a ladder-like pat-
tern (APS No. 4, 18, and 21; control No. 1, 7, 8, 13, 14, 17, 18, 19, 
and 22). First sample C is showing Coomassie staining of affinity 
purified AnxA8.
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Six of 22 APS patient sera and 4/22 healthy control 
sera were positive for AnxA8 IgM antibodies (P = 
0.500) (Table 1). Interestingly, in contrast, IgG iso-
type antibodies were more frequently found in se-
rum samples showing IgM isotype antibody reac-
tivity against remaining traces of lipopolysaccha-
rides (LPS) as indicated by the ladder-like pattern 
(Figure 1) (17). 

We further investigated the presence of ß2GPI and 
CL IgG and IgM isotype antibodies by immunoas-
say. A functional LA assay was not performed, as 
APS patients were anticoagulated and anticoagula-
tion could affect the performance of the LA assay. 
The serum of 10/22 APS patients was positive for 
aCL IgG isotype antibodies, and the serum of 8/22 
APS patients was positive for aCL IgM isotype anti-
bodies. The serum of 9/18 APS patients was positive 
for ß2GPI IgG isotype antibodies, and the serum of 
9/18 APS patients was positive for ß2GPI IgM iso-
type antibodies. For 4 APS patients, no ß2GPI anti-
body analysis was available. Frequency of AnxA8 
IgG isotype antibodies was similar to frequency of 
„criteria“ CL antibodies (P = 0.764). Interestingly, one 
APS patient without CL or ß2GPI antibodies was 
positive for AnxA8 IgG isotype antibodies. 

Discussion

In this case-control study, we investigated the pres-
ence of AnxA8 antibodies in the serum of 22 APS 
patients and 22 healthy controls. We found a statis-
tically significant difference in the frequency of 

AnxA8 IgG isotype antibodies between the APS 
group and the healthy control group. Recently, we 
reported the case of a SNAPS patient with a history 
of six pregnancy losses and a fulminant stroke, with 
no evidence of the three “criteria” aPLs, but with 
high antibody titers against AnxA2 and AnxA8 (16). 

Antiphospholipid syndrome diagnosis requires 
meeting the revised Sapporo criteria of 2006 and 
detection of at least one of three “criteria” aPLs (3). 
Meanwhile, numerous studies describe the pres-
ence of “non-criteria” antibodies in the course of 
APS. The presence of multiple antibodies is com-
monly associated with the greatest risk of throm-
bosis, and increasing interest has been focused on 
“non-criteria” antibodies (18,19). The precise rele-
vance of those antibodies and the diagnostic val-
ue of a positive test result are unclear, as these an-
tibodies were mostly detected by immunoassays 
and not by a functional test, as it was described for 
Annexin A5 anticoagulant activity (20). In our 
study, we used specific immunoblot analysis in-
stead of ELISA analysis to include the molecular 
size of the detected band as additional selection 
criteria for the investigation of the serum samples. 
Several serum samples exhibited antibody reactiv-
ity against remaining LPS traces of affinity- and en-
dotoxin-purified AnxA8, which may yield false 
positive results in ELISA. Analysis by ELISA, there-
fore, is not suited to discriminate between a spe-
cific reactivity against AnxA8 or an unspecific 
cross-reactivity against remaining traces of LPS. 

Prior research on “non-criteria” antibodies was of 
relatively small sample size, and this is also a limi-
tation of our study (20). However, we found a sig-
nificant difference in the presence of AnxA8 IgG 
isotype antibodies between the tested groups. 
Antibodies can occur transiently, particularly IgM 
isotype antibodies that are linked to infectious dis-
orders. Therefore, persistently elevated aPL levels 
are a mandatory laboratory criteria for diagnosis of 
APS, and aPL tests must be repeated within 12 
weeks. We investigated the presence of AnxA8 an-
tibodies only once; however, we found a highly 
significant correlation between the presence of 
AnxA8 IgG isotype antibodies and APS and identi-
fied AnxA8 IgG isotype antibodies as potential bi-
omarkers for the diagnosis of APS.

AnxA8 APS Control P*

IgG, N/total 9 / 22 2 / 22 0.034

IgG (s), N/total 12 / 22 3 / 22 0.005

IgM, N/total 6 / 22 4 / 22 0.500

APS - antiphospholipid syndrome. AnxA8 - annexin A8. 
(s) indicates the results of a sensitive assessment. N/
total - number of positive tested persons/total number of 
participants in group. * Fisher’s exact test, P value < 0.05 was 
set as a level of statistical significance.

Table 1. Presence of annexin A8 IgG and IgM isotype antibod-
ies in the serum of 22 patients with antiphospholipid syndrome
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