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Abstract 

Antiphospholipid antibodies (aPL) occur in patients with multiple sclerosis (MS) with 

a number of studies reporting elevated levels; their exact prevalence and pathogenic 

role remain unclear. Epidemiological studies associate MS with an increased risk of 

deep venous thromboembolism and stroke; overlapping clinical features with APS. 

Antibodies against the first domain - Domain I (DI) - of 2glycoprotein I (2GPI), 

show the most clinical significance and evidence for pathogenicity in the 

antiphospholipid syndrome (APS), but have not yet been investigated in MS. Serum 

from a well-defined cohort of 127 MS patients and 92 healthy controls were tested for 

IgM and IgG antibodies against cardiolipin (CL), 2GPI and DI.  Higher frequency of 

IgM and IgG anti-CL were found in MS patients (18.1% and 21.3%), compared to 

controls (1.1% in both cases, p<0.0001). We report that anti-DI antibodies were 

associated with MS patients, with 6.3% and 7.1% positive for IgM and IgG, 

respectively, compared to controls, 1.1% (p<0.05). IgM anti-CL antibodies were 

elevated in secondary progressive MS and primary progressive MS compared to 

relapse-remitting MS, (p<0.005). This study enrolled the largest number of patients 

with definite MS for studying the association with aPL. Although we confirmed IgM 

and IgG anti-CL antibodies occur in patients with MS, this is the first study that 

identified anti-DI antibodies in MS patients. This new finding may prove valuable and 

future studies are required to evaluate its role as a potential risk factor of 

thromboembolic phenomena in MS.  
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1. Introduction 

 

Multiple sclerosis (MS) is an autoimmune disease of unknown etiology, in which 

chronic inflammation drives multifocal demyelination of axons in the central nervous 

system (CNS) [1]. The pathological course of the disease is heterogeneous and 

involves an early, predominantly inflammatory demyelinating disease phase of 

relapsing-remitting MS (RRMS), which over a variable period of time, develops into 

a progressively degenerative stage associated with axonal destruction and scar 

formation, causing physical and cognitive disability [2].  

 

Autoantibodies play an important role in MS pathogenesis [3-5]. During the last 

decade, much effort has been made to characterize the autoantibodies present in MS 

patients in order to find early predictors for diagnosis and disease progression [6]. 

Despite intense research, due to the overlap in autoantibody profiles in autoimmune 

diseases and to the complexity of MS, there is no known MS-associated antibody 

specificity that can individually discriminate between MS patients and controls [7, 8].   

Antiphospholipid antibodies (aPL) are amongst the most commonly investigated 

autoreactive antibodies in MS [4, 9]. Autoimmune disorders such as the 

antiphospholipid syndrome (APS) and systemic lupus erythematosus (SLE) are 

associated with persistently positive aPL and recurrent venous or arterial thrombosis 

and/or fetal loss. aPL are known to react not only with phospholipid alone but with 

phospholipid binding proteins, 2glycoprotein I (2GPI) being the most important 

target autoantigen. In addition, the IgG isotype appears to be more closely associated 

with clinical manifestations than either the IgM or IgA isotype. Anti-2GPI 

antibodies form a rather heterogeneous group of antibodies with some patients 
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positive for these antibodies suffering from thrombosis whereas others do not [10]. 

All domains of 2GPI have been described to be targeted by aPL, although most 

studies regarding clinical significance point to antibodies to domain I (DI) as being 

important [11-13]. Extensive epitope mapping studies were then undertaken to 

characterize the immunodominant epitope within DI. It was discovered that patient-

derived anti-2GPI antibodies targeting DI of 2GPI bind a conformational epitope 

that includes residues Arg39–Arg43; Asp8–Asp9 and the interlinker region 

connecting Domains I and II [14]. The role of DI as the immunodominant epitope of 

β2GPI is supported by various epidemiological studies, which indicate the 

diagnostic/predictive value of anti-DI antibodies [15, 16]. 

 

Most often, clinical findings cannot clearly distinguish between MS and APS [4]. An 

acute isolated neurological syndrome poses the biggest diagnostic problem, since it is 

the most common symptom in MS but can also be the only feature or first 

manifestation in APS/SLE, before other features of these diseases, such as thrombosis 

and/or miscarriages for APS and systemic manifestations for SLE, appear [17]. It has 

been reported that MS patients with atypical features had much higher prevalence of 

aPL than patients with classic MS and slower progression of the disease [18].  

 

Noteworthy, defining neuromyelitis optica as a distinct disease entity from MS came 

from the identification of a highly specific serum antibody, which is absent in patients 

with conventional MS [19]. Whereas IgG specific autoantibodies for aquaporin 4 is 

pathognomonic for neuromyelitis optica, the presence of T cells, complement, and 

inflammation is required for the development of parenchymal tissue damage. 

Activated CD4+ T helper 1 (TH1) and T helper 17 (TH17) cells differentiate and 
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secrete IFN-γ, IL-2, or IL-17A, IL-17F and IL-21 respectively [20, 21]. These effects 

can largely promote inflammation per se, as well as recruiting other inflammatory 

cells such as macrophages and monocytes [22, 23]. CD8+ T cells are found more 

abundant than CD4+ T cells and their clonal expansion is also encountered more 

commonly [24], whilst there is evidence that they may differentially contribute to 

disease activity and plaque formation [25].  

 

In MS, the reported frequencies of positive aPL have ranged between 2% and 88%, 

although these are predominantly of IgM over IgG isotype, possibly due to patients 

not having undergone antibody class switch yet [9, 26-29]. Notably, the implications 

of aPL on the clinical presentation of MS and their role in its pathogenesis are still not 

fully understood [30, 31]. Many potential pathophysiological mechanisms have been 

identified by which aPL could lead to neurological dysfunction. A proposed role in 

the pathogenesis is by targeting antigens on the blood brain barrier (BBB) and 

compromising its integrity [27] or the antibodies could be related to modification of 

structure and function of proteins involved in the inflammatory–thrombotic processes 

during disease re-activation [32]. Alternatively, some studies reported that anti-2GPI 

stimulates the expression of adhesion molecules, endothelial cell activation and 

adherence to CNS cells. In particular, IgG anti-2GPI affinity purified from the serum 

of a patient with SLE/APS bound to CNS cells such as astrocytes, neurons and 

cerebral vascular endothelium [33]. It has also been suggested that molecular mimicry 

of aPL-target antigens with myelin, myelin-related proteins and brain phospholipids 

may lead to cross-reactivity and predispose to a prothrombotic state [4, 34]. Although 

a role of aPL on MS disease pathogenesis cannot be ruled out, the findings of other 

studies suggest that the presence of aPL may represent a by-product of disease 
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progression since it has been shown that more patients with MS had elevated titres 

during a disease flare with aPL positivity having a higher prevalence in secondary 

progressive MS (SPMS) compared to RRMS [9, 35-37].  

 

Consequently, the aim of the present investigation is to use standardized ELISA 

protocols for the detection of aPL in the serum of a large well-defined cohort of 

patients with MS and compare these with controls, to assess their frequency and to 

attempt to better explain the possible association of these antibodies in the 

pathogenesis of MS. Our study, has enrolled the largest number of patients that are 

well characterized in terms of their clinical history to date.  Interestingly, to our 

knowledge this is the first study conducted that explores the potential relevance of 

antibodies against DI of 2GPI in patients with MS. 

 

2. Patients & Methods 

 

2.1 Patient population 

Blood samples from 127 patients diagnosed with MS, as defined by the McDonald 

criteria [38] and followed at The Cyprus Institute of Neurology and Genetics clinic, 

were collected prospectively for the purposes of this study. None of the MS patients 

participating in the study had secondary APS or any clinical manifestation such as 

thrombotic events or pregnancy complications that are associated with APS or any 

underlying autoimmune disease. In parallel, sera were also obtained from 92 controls 

with no long-term illness or history of immune-mediated disorders. All subjects had 

provided written informed consent. MS patients consisted of 88 RRMS patients, 11 

primary-progressive MS patients (PPMS), 28 SPMS (5 with relapse) diagnosed using 
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the McDonald criteria [38], aged between 22 and 79 years, of whom 62 patients were 

receiving treatment. A relapse was defined as an episode of neurological disturbance 

attributable to MS, lasting at least 24 h and confirmed by objective observation [38].  

  

2.1.1. Blood processing 

Blood samples were allowed to clot, centrifuged within 3 h of collection for 10 min 

(1500 g at 25 °C) and the sera were frozen in aliquots at -20° C. The frozen aliquots 

were freeze-thawed once.  

 

2.2. aPL detection 

ELISA for detecting IgG and IgM anti-CL 

Anti-CL were measured as previously described [39], using commercially sourced 

calibrators (Louisville APL Diagnostics, USA). A set of polyclonal calibrators (7 IgG 

calibrators; 7 IgM calibrators) was used to construct IgG and IgM calibration curves 

from which IgG and IgM anti-CL values, respectively, of unknown samples were 

determined. These calibrators were used according to the manufacturer’s instructions. 

Briefly, 96-well plates were coated with 50 μg/ml cardiolipin (Sigma,UK) in ethanol 

on the test half and ethanol alone on the control half. Plates were incubated overnight 

at 4°C and then blocked with 10% FBS/PBS for one hour at room temperature. Sera 

were tested in triplicate at a dilution 1:50 with 10% FCS/PBS, incubated at room 

temperature for 90 minutes. Bound IgG and IgM was detected by addition of anti-

human IgG or IgM horseradish peroxidase conjugate (Sigma, UK) in 10% FCS/PBS 

for one hour followed by addition of substrate, and absorbance was read at 450 nm. 

The net OD reading for each sample was calculated by subtracting the readings 

obtained using buffer alone from the corresponding antigen-coated readings in order 
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to exclude non-specific background binding. Activity was defined in IgG and IgM 

phospholipid units, GPLU and MPLU units respectively. The IgG and IgM calibrator 

activity ranges were 16-96 GPLU and 16-96 MPLU respectively. Inter and intra plate 

variations were assessed using a control on each ELISA plate.   

 

2.2.1. ELISA for detecting IgG and IgM anti-2GPI 

Anti-2GPI binding was measured as previously described [39]. The test half of the 

plate was coated with 4 μg/ml human 2GPI (Louisville Diagnostics, USA) in PBS; 

PBS alone was used on the control half. The plates were blocked using 0.5% porcine 

gelatin/PBS. Sera were diluted in PBS/1% BSA and incubated for one hour at room 

temperature. Commercially sourced positive control sera (Louisville APL 

Diagnostics, USA) for IgG and IgM anti-2GPI antibodies were used to define 

activity in SGU and SMU units respectively.  Positive controls were serially diluted to 

obtain a standard curve and the positivity of the first point was assigned as 40 SGU 

and 40 SMU units according to the manufacturer’s instructions.  

 

2.2.2. ELISA for detecting IgG and IgM anti-DI 

The anti-DI antibodies were measured [40] in the same manner as human 2GPI, 

except the plates were coated with bacterially-expressed, conformationally correct 

human recombinant DI, produced by bacterial expression at University College 

London [41, 42].  Commercially sourced positive control sera (Louisville APL 

Diagnostics, USA) for IgG and IgM anti-2GPI antibodies were used as calibrators 

for anti-DI assay. Calibrators were serially diluted to obtain a standard curve, and 

arbitrary units were assigned to each point. Anti-DI activity was defined as DI units, 
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GDIU and MDIU, for IgG and IgM DI antibodies respectively [40], and calculated as 

described for the anti-CL assay.  

 

2.3. Statistical analysis 

Graphical representations were constructed using GraphPad Prism Version 5 for 

Windows, La Jolla, California USA. All statistical tests were run using the IBM Corp 

SPSS Version 20 software, Armonk, NY. All results were treated with the Pearson’s 

Chi-squared test, and the Fisher's exact test where a variable had an expected 

frequency of five or less. For mean comparisons between two groups with continuous 

variables, the non-parametric Mann-Whitney test was used. The nominal P value 

<0.05 was considered statistically significant.   

 

3. Results 

 

3.1. Prevalence of positivity for aPL 

The relevant demographic and clinical characteristics of the study population groups 

at the time of sample collection are listed in Table 1. One hundred and twenty seven 

MS subjects and 92 controls enrolled in the study were screened for the presence of 

either IgG/IgM aPL antibodies targeting CL, β2GPI and DI of β2GPI by standardised 

ELISA protocols. Gender was matched between the study group and control group (p 

value = 0.149). MS and control group were of similar age (mean age for MS was 51.7 

± 12.19 and mean age for controls was 52.1 ± 17.75; p value = 0.585). Patients with 

multiple sclerosis included in the study did not have any other concomitant disease 

and they had not presented any APS – related thrombotic episodes or misscarriages. 

Based on the sera from a population of 92 controls, our cut-offs for positivity in the 
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ELISA assays are defined by the 99th percentile of the activity of healthy subjects. 

Overall, 43% of patients with MS tested were positive for at least one aPL antibody as 

opposed to 3% of controls; p<0.0001 (Figure 1).  

 

Comparing the three antigens, the most prevalent antibodies were anti-CL with the 

highest percentage of positivity (percentage positivity range 18.1-21.3%). Similarly, 

levels of anti-DI antibodies were found to be elevated in patients with MS compared 

to controls. There was a statistically significant association of IgG anti-CL antibodies 

observed by a subset of 21.3% (n=27) patients with MS found positive for IgG anti-

CL antibodies compared to 1.1% of control. Mean titre for IgG anti-CL is shown in 

Figure 2A (p<0.05). The range of GPLU for MS patients that were positive for IgG 

anti-CL antibodies was 18 – 144 GPLU (mean GPLU 47). Likewise, for the IgM anti-

CL antibodies, 18.1% of MS cases were found positive (n=23) as opposed to 1.1% 

controls (n=3), p<0.0001 (Figure 2B). The range of MPLU for MS patients that were 

positive for IgM anti-CL antibodies was 49 – 118 MPLU (mean MPLU 74). Mean 

activity of MS and controls against DI is shown graphically in Figure 3A&B (p<0.05, 

for both IgG and IgM anti-DI). IgG anti-DI antibodies in patients with MS were 

detected at a frequency of 7.1% (n=9) compared to controls (1.1%, n=1) (Figure 3A). 

For IgM anti-aDI antibodies, there was an incidence of 6.3% (n=8) compared to 1.1% 

(n=1) of controls (Figure 3B). The range of GDIU for MS patients positive for IgG 

anti-DI antibodies was 53 – 175 MDIU (mean GDIU 89) and for MDIU was 2 – 21 

(mean MDIU 6). 

 

There was no significant difference in titres between MS patients and controls for IgG 

anti-2GPI antibodies (illustrated in Figure 4). Out of 127 MS patients, only 3 
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patients were found positive for IgG anti-β2GPI antibodies and no positive IgG anti-

β2GPI antibodies were detected for the controls (Figure 4A). However, for the IgM 

isotype, there were 6 MS patients found positive as opposed to no positive antibodies 

in the controls; mean titre is illustrated in Figure 4B (p<0.05).  

 

3.2. Antibody positivity status with respect to type of MS 

The frequency of aPL positive results was examined for any association with the type 

of MS (RRMS, PPMS and SPMS). It is observed that there was seropositivity for IgG 

anti-CL antibodies among all groups including 18.2% of RRMS and for PPMS but for 

SPMS there was a positivity of 32.1% (Table 2). There was no significant difference 

between groups. On the contrary, IgM anti-CL antibody positivity was differentially 

distributed among groups with a frequency of 10.2% in RRMS, 36.4% in PPMS and 

35.7% in SPMS patients (p<0.005), showing elevation of IgM anti-CL antibodies 

with disease progression (Table 2).  

 

There was no statistically significant association of positive aPL with a specific type 

of MS for the other two antigens (β2GPI and DI). Nonetheless, it is apparent that 

there was a trend suggesting a correlation of positive IgG anti-DI antibodies in SPMS 

and PPMS patients  (Table 2).  

 

Interestingly, regarding the positivity across the panel of aPL tested in relation to the 

type of MS, 71.4% of SPMS patients were positive for at least one aPL with only 

eight patients found negative for all aPL tested. Moreover, it is observed that 31.8% 

of RRMS and 54.5% of PPMS were positive for at least one aPL.  
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4. Discussion 

 

The fundamental findings of this paper are significant associations between the 

presence of aPL and patients with MS compared to controls. There was a higher 

percentage of 43% patients with MS tested positive for at least one aPL antibody 

while the respective frequency in healthy controls was 3%. Koudriavtseva et al also 

showed that the rate of at least one aPL positivity reached 60% in patients with MS 

[43]. Antibodies recognizing cardiolipin are the most prevalent autoantibodies in this 

cohort. To date, this study enrolled the largest number of patients with MS, with most 

detailed characterization, under long-term follow-up at one centre, to answer different 

questions. Our presumption is that previous studies thus far report an association 

between aPL and MS with a wide variability. Notably, a predominance of IgM over 

IgG subtypes was reported, perhaps due to poor class-switching; this could possibly 

result from no 2GPI recognition by T cells in MS. A possible explanation for the 

inconsistencies regarding the prevalence of aPL in the studies reported thus far could 

be the limited number of patient serum samples tested. 

 

The trend observed for anti-CL antibodies was similar to that found for anti-DI 

antibodies. IgG and IgM anti-DI levels were 7.1% and 6.3% in MS patients compared 

to 1.1% in the controls. β2GPI is the major antigen for autoantibodies that cause APS, 

an autoimmune disease characterized by an increased risk of thrombosis and recurrent 

fetal loss. It is now well established that even though other domains of the β2GPI may 

be targeted, the antibodies against DI are more strongly associated with thrombosis 

than autoantibodies against other parts of this protein [14, 44, 45]. DI is accessible to 

antibody recognition only after the protein takes its open so-called “hook-like” 
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conformation rather than its closed circular form, hence, it is exposed only when the 

protein is bound to an anionic surface. This is mainly driven by the interaction of the 

fifth domain of the protein with anionic phospholipids on cellular plasma membranes 

[46]. After exposure to negatively charged phospholipids, β2GPI binds, opens up, and 

exposes the epitope of the autoantibodies and the antibodies are able to recognize 

β2GPI [47]. Hence, β2GPI when coated on an ELISA plate may prevent exposure of 

cryptic epitopes and explain why we could not detect antibodies against whole β2GPI 

in contrast to our finding of raised levels of anti-DI antibodies in patients with MS.  

 

To better understand the involvement of aPL in MS, we have correlated aPL positivity 

with different types of MS. SPMS patients showed a higher frequency for IgG anti-

CL antibodies (32.1%) whilst this was true for both primary and secondary 

progressive MS groups for IgM anti-CL antibodies (36.4% and 35.7% respectively). 

On the contrary, RRMS patients showed the least frequency for IgM anti-CL, which 

can signify a relationship between an increase in autoantibody production and disease 

activity and progression in MS. Up to 20.5% RRMS patients were positive for one 

aPL. Interestingly, three patients in the study found positive for three aPL 

simultaneously, belong to this group. In the case of anti-DI antibodies, our results 

suggest a trend of elevated IgM anti-DI antibodies in PPMS and SPMS which is even 

higher for IgG anti-DI antibodies. This is further supported by the finding that 71.4% 

SPMS patients were positive for at least one aPL and 25% were positive for two aPL 

simultaneously while from the same group only eight patients were negative for all 

tested aPL. Nevertheless, a larger sample size of PPMS and SPMS patients in future 

studies could re-enforce the hypothesis of aPL prevalence relating to disease 

progression. 



 14 

Nevertheless, we speculate that anti-DI antibodies may occur as one of the arms 

constituting the expanding inflammatory milieu and their occurrence is a piece of 

evidence indicating the actual degree of the impairment or possibly a marker that 

favours the prognosis of the disease. Since there are still unsolved questions regarding 

the biological and clinical significance of aPL, their occurrence in clinical conditions 

other than the APS may provide more in-depth knowledge regarding their function. 

Noteworthy, the general consensus for the APS appears to be that once aPL are 

generated and sustained, it is thought that a “second hit” is needed for thrombus 

formation [48, 49]. In line with this observation, it has been suggested that infectious 

processes and microbes could trigger an inflammatory response by increasing the 

expression of the aPL target antigen or the expression of antigenic epitopes which 

might constitute the second hit. This could fit well for our hypothesis for thrombosis – 

a possible common denominator with MS - as several reports in literature have 

described an association between cerebral venous thrombosis and MS [50-52]. 

 

Interestingly, in a systematic review, Marrie and colleagues reported that stroke was 

more usually encountered in MS than in the general population [53]. Peeters and 

colleagues also confirmed a higher risk of venous thromboembolism in MS compared 

to healthy controls [54]. Furthermore, the possibility of an underlying disrupted 

venous drainage from the CNS is the third described vascular impairment in MS [55]. 

Moreover, vascular diseases may be more frequent in patients with MS for several 

reasons. First they may share pathophysiology including endothelial dysfunction, 

platelet activation and hypercoagulation [56, 57]. Second, the increased surveillance 

of patients with MS may increase the likelihood of being diagnosed with vascular 

disease, although diagnostic difficulties in distinguishing stroke from MS flares may 
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influence the findings. Thrombotic processes in MS may rather signify the 

compensating efforts of the innate immune response, either to challenging infections 

or genetic and environmental disruption of anti-coagulative mechanisms [34]. Hence, 

we speculate that pro-thrombotic factors, including positivity for aPL, could indicate 

that the pathogenic mechanisms of MS may, to some extent, involve thrombotic 

processes. 

 

Our study had a number of limitations. We did not study whether aPL found in all 

patients are persistently positive, which is a triggering pathogenic factor. Some data is 

available for a number of patients whose serum was available longitudinally and we 

have confirmed that the titres remain positive (5 out of 7 patients remain persistently 

positive for IgG anti-DI and 3 out of 4 patients remain persistently positive for IgG 

anti-CL; data not shown). aPL titres can fluctuate, sometimes being negative in the 

acute phase and most studies have not measured aPL sequentially [17]. In future 

though, it may be worthwhile to carry out a detailed investigation on whether the 

remaining positive patients in our cohort are persistently positive. Another limitation 

is the lack of information on lupus anticoagulant which is of clinical importance and 

on whether the patients had experienced any complications during pregnancy and the 

number of live births. Hence the relevance of aPL positivity to MS is unclear however 

it does not lessen their importance as biomarkers in MS. 

 

5. Conclusions 

Altogether, our findings showed a significant increase of aPL in patients with MS 

compared to healthy controls. This is by far, the largest study screening patients 

diagnosed with definite MS for aPL and investigating the involvement of novel anti-
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DI antibodies in MS. In conclusion, we have identified that anti-DI antibodies were 

found to be positive in our cohort of patients with MS and could be the triggering 

factor for the occurrence of inflammatory-thrombotic processes in MS. 

 

Acknowledgements 

 

We would like to especially thank all patients with MS and all healthy donors at the 

Cyprus Institute of Neurology and Genetics for donating blood for our research. We 

would like to thank Mrs Eftyxia Gaglia and Mrs Astero Constantinou, Cyprus 

Institute of Neurology and Genetics. 

 

Disclosure statement 

The authors have no conflicts of interest to declare. 

 

References 

 

[1] Frohman EM, Racke MK, Raine CS. Multiple sclerosis--the plaque and its 

pathogenesis. N Engl J Med, 2006;354:942-55. 

[2] Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG. Multiple 

sclerosis. N Engl J Med, 2000;343:938-52. 

[3] Chapman J. The interface of multiple sclerosis and antiphospholipid 

antibodies. Thromb Res, 2004;114:477-81. 

[4] Uthman I, Noureldine MH, Berjawi A, Skaf M, Haydar AA, Merashli M et al. 

Hughes syndrome and multiple sclerosis. Lupus, 2015;24:115-21. 



 17 

[5] Hu ZD, Deng AM. Autoantibodies in pre-clinical autoimmune disease. Clin 

Chim Acta, 2014;437:14-8. 

[6] Fraussen J, Claes N, de Bock L, Somers V. Targets of the humoral 

autoimmune response in multiple sclerosis. Autoimmun Rev, 2014. 

[7] Somers K, Govarts C, Stinissen P, Somers V. Multiplexing approaches for 

autoantibody profiling in multiple sclerosis. Autoimmun Rev, 2009;8:573-9. 

[8] Fraussen J, Vrolix K, Martinez-Martinez P, Losen M, De Baets MH, Stinissen 

P et al. B cell characterization and reactivity analysis in multiple sclerosis. 

Autoimmun Rev, 2009;8:654-8. 

[9] Szmyrka-Kaczmarek M, Pokryszko-Dragan A, Pawlik B, Gruszka E, Korman 

L, Podemski R et al. Antinuclear and antiphospholipid antibodies in patients 

with multiple sclerosis. Lupus, 2012;21:412-20. 

[10] de Laat B, Mertens K, de Groot PG. Mechanisms of disease: antiphospholipid 

antibodies-from clinical association to pathologic mechanism. Nat Clin Pract 

Rheumatol, 2008;4:192-9. 

[11] Pericleous C, Rahman A. Domain I: the hidden face of antiphospholipid 

syndrome. Lupus, 2014;23:1320-3. 

[12] Ioannou Y, Rahman A. Domain I of beta2-glycoprotein I: its role as an epitope 

and the potential to be developed as a specific target for the treatment of the 

antiphospholipid syndrome. Lupus, 2010;19:400-5. 

[13] Pericleous C, Ruiz-Limon P, Romay-Penabad Z, Marin AC, Garza-Garcia A, 

Murfitt L et al. Proof-of-concept study demonstrating the pathogenicity of 

affinity-purified IgG antibodies directed to domain I of beta2-glycoprotein I in 

a mouse model of anti-phospholipid antibody-induced thrombosis. 

Rheumatology (Oxford), 2015;54:722-7. 



 18 

[14] Ioannou Y, Pericleous C, Giles I, Latchman DS, Isenberg DA, Rahman A. 

Binding of antiphospholipid antibodies to discontinuous epitopes on domain I 

of human beta(2)-glycoprotein I: mutation studies including residues R39 to 

R43. Arthritis Rheum, 2007;56:280-90. 

[15] Mahler M, Norman GL, Meroni PL, Khamashta M. Autoantibodies to domain 

1 of beta 2 glycoprotein 1: a promising candidate biomarker for risk 

management in antiphospholipid syndrome. Autoimmun Rev, 2012;12:313-7. 

[16] Meroni PL, Chighizola CB, Rovelli F, Gerosa M. Antiphospholipid syndrome 

in 2014: more clinical manifestations, novel pathogenic players and emerging 

biomarkers. Arthritis Res Ther, 2014;16:209. 

[17] Ferreira S, D'Cruz DP, Hughes GR. Multiple sclerosis, neuropsychiatric lupus 

and antiphospholipid syndrome: where do we stand? Rheumatology (Oxford), 

2005;44:434-42. 

[18] Karussis D, Leker RR, Ashkenazi A, Abramsky O. A subgroup of multiple 

sclerosis patients with anticardiolipin antibodies and unusual clinical 

manifestations: do they represent a new nosological entity? Ann Neurol, 

1998;44:629-34. 

[19] Mitsdoerffer M, Kuchroo V, Korn T. Immunology of neuromyelitis optica: a T 

cell-B cell collaboration. Ann N Y Acad Sci, 2013;1283:57-66. 

[20] Gutcher I, Becher B. APC-derived cytokines and T cell polarization in 

autoimmune inflammation. J Clin Invest, 2007;117:1119-27. 

[21] Haines CJ, Chen Y, Blumenschein WM, Jain R, Chang C, Joyce-Shaikh B et 

al. Autoimmune memory T helper 17 cell function and expansion are 

dependent on interleukin-23. Cell Rep, 2013;3:1378-88. 



 19 

[22] Goverman J. Autoimmune T cell responses in the central nervous system. Nat 

Rev Immunol, 2009;9:393-407. 

[23] Doerck S, Gobel K, Weise G, Schneider-Hohendorf T, Reinhardt M, Hauff P 

et al. Temporal pattern of ICAM-I mediated regulatory T cell recruitment to 

sites of inflammation in adoptive transfer model of multiple sclerosis. PLoS 

One, 2010;5:e15478. 

[24] Crawford MP, Yan SX, Ortega SB, Mehta RS, Hewitt RE, Price DA et al. 

High prevalence of autoreactive, neuroantigen-specific CD8+ T cells in 

multiple sclerosis revealed by novel flow cytometric assay. Blood, 

2004;103:4222-31. 

[25] Eikelenboom MJ, Killestein J, Izeboud T, Kalkers NF, van Lier RA, Barkhof 

F et al. Chemokine receptor expression on T cells is related to new lesion 

development in multiple sclerosis. J Neuroimmunol, 2002;133:225-32. 

[26] Roussel V, Yi F, Jauberteau MO, Couderq C, Lacombe C, Michelet V et al. 

Prevalence and clinical significance of anti-phospholipid antibodies in 

multiple sclerosis: a study of 89 patients. J Autoimmun, 2000;14:259-65. 

[27] Bidot CJ, Horstman LL, Jy W, Jimenez JJ, Bidot C, Jr., Ahn YS et al. Clinical 

and neuroimaging correlates of antiphospholipid antibodies in multiple 

sclerosis: a preliminary study. BMC Neurol, 2007;7:36. 

[28] Tourbah A, Clapin A, Gout O, Fontaine B, Liblau R, Batteux F et al. Systemic 

autoimmune features and multiple sclerosis: a 5-year follow-up study. Arch 

Neurol, 1998;55:517-21. 

[29] Sugiyama Y, Yamamoto T. Characterization of serum anti-phospholipid 

antibodies in patients with multiple sclerosis. Tohoku J Exp Med, 

1996;178:203-15. 



 20 

[30] JW IJ, Conti-Kelly AM, Greco P, Abedi M, Amos M, Provenzale JM et al. 

Anti-phospholipid antibodies in patients with multiple sclerosis and MS-like 

illnesses: MS or APS? Lupus, 1999;8:109-15. 

[31] Collard RC, Koehler RP, Mattson DH. Frequency and significance of 

antinuclear antibodies in multiple sclerosis. Neurology, 1997;49:857-61. 

[32] Koudriavtseva T, Plantone D, Renna R. Antiphospholipid antibodies: a 

possible biomarker of disease activity in multiple sclerosis and neuromyelitis 

optica spectrum disorders. J Neurol, 2014;261:2028-9. 

[33] Caronti B, Calderaro C, Alessandri C, Conti F, Tinghino R, Pini C et al. 

Serum anti-beta2-glycoprotein I antibodies from patients with 

antiphospholipid antibody syndrome bind central nervous system cells. J 

Autoimmun, 1998;11:425-9. 

[34] Koudriavtseva T. Thrombotic processes in multiple sclerosis as manifestation 

of innate immune activation. Front Neurol, 2014;5:119. 

[35] Zivadinov R, Ramanathan M, Ambrus J, Hussein S, Ramasamy DP, Dwyer 

MG et al. Anti-phospholipid antibodies are associated with response to 

interferon-beta1a treatment in MS: results from a 3-year longitudinal study. 

Neurol Res, 2012;34:761-9. 

[36] Stosic M, Ambrus J, Garg N, Weinstock-Guttman B, Ramanathan M, Kalman 

B et al. MRI characteristics of patients with antiphospholipid syndrome and 

multiple sclerosis. J Neurol, 2010;257:63-71. 

[37] Garg N, Zivadinov R, Ramanathan M, Vasiliu I, Locke J, Watts K et al. 

Clinical and MRI correlates of autoreactive antibodies in multiple sclerosis 

patients. J Neuroimmunol, 2007;187:159-65. 



 21 

[38] McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD et 

al. Recommended diagnostic criteria for multiple sclerosis: guidelines from 

the International Panel on the diagnosis of multiple sclerosis. Ann Neurol, 

2001;50:121-7. 

[39] Giles I, Lambrianides N, Pattni N, Faulkes D, Latchman D, Chen P et al. 

Arginine residues are important in determining the binding of human 

monoclonal antiphospholipid antibodies to clinically relevant antigens. J 

Immunol, 2006;177:1729-36. 

[40] Cousins L, Pericleous C, Khamashta M, Bertolaccini ML, Ioannou Y, Giles I 

et al. Antibodies to domain I of beta-2-glycoprotein I and IgA 

antiphospholipid antibodies in patients with 'seronegative' antiphospholipid 

syndrome. Ann Rheum Dis, 2015;74:317-9. 

[41] Ioannou Y, Giles I, Lambrianides A, Richardson C, Pearl LH, Latchman DS et 

al. A novel expression system of domain I of human beta2 glycoprotein I in 

Escherichia coli. BMC Biotechnol, 2006;6:8. 

[42] Pericleous C, Miles J, Esposito D, Garza-Garcia A, Driscoll PC, Lambrianides 

A et al. Evaluating the conformation of recombinant domain I of beta(2)-

glycoprotein I and its interaction with human monoclonal antibodies. Mol 

Immunol, 2011;49:56-63. 

[43] Koudriavtseva T, D'Agosto G, Mandoj C, Sperduti I, Cordiali-Fei P. High 

frequency of antiphospholipid antibodies in relapse of multiple sclerosis: a 

possible indicator of inflammatory-thrombotic processes. Neurol Sci, 

2014;35:1737-41. 



 22 

[44] Iverson GM, Victoria EJ, Marquis DM. Anti-beta2 glycoprotein I (beta2GPI) 

autoantibodies recognize an epitope on the first domain of beta2GPI. Proc Natl 

Acad Sci U S A, 1998;95:15542-6. 

[45] de Laat B, van Berkel M, Urbanus RT, Siregar B, de Groot PG, Gebbink MF 

et al. Immune responses against domain I of beta(2)-glycoprotein I are driven 

by conformational changes: domain I of beta(2)-glycoprotein I harbors a 

cryptic immunogenic epitope. Arthritis Rheum, 2011;63:3960-8. 

[46] Agar C, van Os GM, Morgelin M, Sprenger RR, Marquart JA, Urbanus RT et 

al. Beta2-glycoprotein I can exist in 2 conformations: implications for our 

understanding of the antiphospholipid syndrome. Blood, 2010;116:1336-43. 

[47] Yamaguchi Y, Seta N, Kaburaki J, Kobayashi K, Matsuura E, Kuwana M. 

Excessive exposure to anionic surfaces maintains autoantibody response to 

beta(2)-glycoprotein I in patients with antiphospholipid syndrome. Blood, 

2007;110:4312-8. 

[48] Shoenfeld Y, Meroni PL, Toubi E. Antiphospholipid syndrome and systemic 

lupus erythematosus: are they separate entities or just clinical presentations on 

the same scale? Curr Opin Rheumatol, 2009;21:495-500. 

[49] Meroni PL, Borghi MO, Raschi E, Tedesco F. Pathogenesis of 

antiphospholipid syndrome: understanding the antibodies. Nat Rev 

Rheumatol, 2011;7:330-9. 

[50] Vandenberghe N, Debouverie M, Anxionnat R, Clavelou P, Bouly S, Weber 

M. Cerebral venous thrombosis in four patients with multiple sclerosis. Eur J 

Neurol, 2003;10:63-6. 

[51] Maurelli M, Bergamaschi R, Candeloro E, Todeschini A, Micieli G. Cerebral 

venous thrombosis and demyelinating diseases: report of a case in a clinically 



 23 

isolated syndrome suggestive of multiple sclerosis onset and review of the 

literature. Mult Scler, 2005;11:242-4. 

[52] Koudriavtseva T, Renna R, Plantone D, Mainero C. Demyelinating and 

thrombotic diseases of the central nervous system: common pathogenic and 

triggering factors. Front Neurol, 2015;6:63. 

[53] Marrie RA, Cohen J, Stuve O, Trojano M, Sorensen PS, Reingold S et al. A 

systematic review of the incidence and prevalence of comorbidity in multiple 

sclerosis: overview. Mult Scler, 2015;21:263-81. 

[54] Peeters PJ, Bazelier MT, Uitdehaag BM, Leufkens HG, De Bruin ML, de 

Vries F. The risk of venous thromboembolism in patients with multiple 

sclerosis: the Clinical Practice Research Datalink. J Thromb Haemost, 

2014;12:444-51. 

[55] D'Haeseleer M, Cambron M, Vanopdenbosch L, De Keyser J. Vascular 

aspects of multiple sclerosis. Lancet Neurol, 2011;10:657-66. 

[56] Sheremata WA, Jy W, Horstman LL, Ahn YS, Alexander JS, Minagar A. 

Evidence of platelet activation in multiple sclerosis. J Neuroinflammation, 

2008;5:27. 

[57] Aksungar FB, Topkaya AE, Yildiz Z, Sahin S, Turk U. Coagulation status and 

biochemical and inflammatory markers in multiple sclerosis. J Clin Neurosci, 

2008;15:393-7. 

 

 

 

 

 



 24 

 Table 1. Demographic and clinical variables of subjects* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Except where indicated otherwise, values represent the number of subjects. RRMS, 

relapse-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; 

PPMS, primary progressive multiple sclerosis; N/A, not available. 

** A total of 13 patients were receiving other medication which includes:  

mitoxantrone, azathioprine, mycophenolate, glatiramer acetate, methotrexate, 

paroxetine, fingolimod, citalopram, alprazolam.  

 

 

 

 

 MS HC 

No. of subjects (F:M) 89:38 55:37 

Mean age (SD) 51.6912.19 52.117.75 

   

Clinical history   

RRMS 88 N/A 

SPMS 23 N/A 

SPMS with relapse 5 N/A 

PPMS 11 N/A 

   

Treatment**   

Interferon- 40 N/A 

Natalizumab 11 N/A 
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Table 2. Rate of aPL positivity in the study population groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cut-off values for positive in each assay was defined as the 99th percentile of the 

healthy controls: Anti-CL (15.72 GPL or 48.35 MPL/ml for IgG or IgM) and anti-DI 

(50.72 GDIU or 1.47 MDIU for IgG and IgM). The cut off for the anti-2GPI assay 

was zero. aPL, antiphospholipid antibodies; anti-β2GPI, anti-β2glycoprotein; CL, 

cardiolipin; DI, domain I; RRMS, relapse-remitting multiple sclerosis; PPMS, 

primary progressive multiple sclerosis; SPMS, secondary progressive multiple 

sclerosis; pos, positive. 

aPL Healthy 

(n=92) 

Pos/Total 

(% pos) 

RRMS 

(n=88) 

Pos/Total 

(% pos) 

PPMS 

(n=11) 

Pos/Total 

(% pos) 

SPMS 

(n=28) 

Pos/Total 

(% pos) 

Anti-CL IgG 1/92  

(1.1%) 

16/88 

(18.2%) 

2/11  

(18.2%) 

9/28 

(32.1%) 

Anti-CL IgM 1/92  

(1.1%) 

9/88 

(10.2%) 

4/11  

(36.4%) 

10/28  

(35.7%) 

Anti-2GPI IgG 0/92  

(0%) 

2/88  

(2.3%) 

0/11  

(0%) 

1/28  

(3.6%) 

Anti-2GPI IgM 0/92  

(0%) 

3/88  

(3.4%) 

0/11  

(0%) 

3/28 

(10.7%) 

Anti-DI IgG 1/92  

(1.1%) 

4/88  

(4.5%) 

2/11  

(18.2%) 

3/28  

(10.7%) 

Anti-DI IgM 1/92  

(1.1%) 

6/88  

(6.8%) 

1/11  

(9.1%) 

1/28  

(3.6%) 
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Figure Legends 

 

Figure 1. Comparison of positive aPL against the measured antigens in MS 

subjects versus healthy controls.  

Results are shown as percentage of positive subjects. The comparison was performed 

using Fischer’s exact test. p<0.0001. 

 

Figure 2. Detection of IgG and IgM anti-CL antibodies in serum.  

Serum from MS patients and from healthy controls (HC) was tested for the presence 

of IgG (A) and IgM (B) antibodies to cardiolipin. Serum was tested in triplicate at 

1:50 dilution, and titres were expressed in GPLU/MPLU (IgG phospholipid units/IgM 

phospholipid units) in comparison to the binding of polyclonal calibrators. Symbols 

represent individual subjects; bars show the mean ± SEM (* p<0.05 for IgG anti-CL 

and ** p<0.005 for IgM anti-CL). Dashed line depicts the cutoff for positivity, 

defined as values more than in the 99th percentile of the healthy controls (n = 92).  

 

Figure 3. Detection of IgG and IgM anti-DI antibodies in serum 

Activities of IgG (A) and IgM (B) antibodies to DI in MS patients and healthy 

controls. Experiments were performed in duplicate for each sample, and titres were 

expressed in DI units in comparison to the binding of polyclonal sample. Symbols 

represent individual subjects; bars represent the mean ± SEM (**** p<0.0001). 

Dashed line indicates the cutoff for positivity in the assay (the 99th percentile of the 

healthy control group (n = 92)).  

 

Figure 4. Detection of IgG and IgM anti-2GPI antibodies in serum.  
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Serum from MS patients and from healthy controls (HC) was tested for the presence 

of IgG (A) and IgM (B) antibodies to 2GPI. Titres were expressed in SGU in 

comparison to the binding of polyclonal calibrators (* p<0.05 for IgM anti-2GPI).  


