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Microparticles (MPs)	can	be	formed	from	any	cell	type	
and	are	abundant	in	the	circulation	
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Advantage:	
• Can	be	measured	in	

frozen	samples
• Origin	can	be	

determined

Limitation:	
Poorly	standardized	
methods
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MPs: in many compartments, - easy to study?
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Microparticles	are formed through a	blebbing
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Microparticles express	various	surface	markers
1) Cell	specific	markers	from	“parent	cell”
2) Activation	markers	
3) Phosphatidylserine	(PS)
4) Other	markers	
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Bioactive	surface	molecules	on	MPs	
have	biological	function	and	may	cause	diseases
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Flow	Cytometry
• How	big	is it?
• What is
exposed?

Proteomics
• What proteins
are	there?

• How	much of	
each?

Electron	
Microscopy

• Shape,	size?
• Internal
structures?

How are MPs detected?

PS+	and	PS- Microparticles in	SLE	

Both	
Phosphatidylserine	positive		MPs
and	
Phosphatidylserine	negative	MPs
Are	more	prevalent	in	SLE	than	
controls

The	difference	is	even	more	
pronounced		for	PS	negative		MPs	

Mobarrez et	al	Scientific	Reports	6:36025,	2016

Proportion	of phosphatidylserine (PS)		
expression	in	SLE

N=280 N=280

Mobarrez et	al	Scientific	Reports	6:36025,	supplementary picture 2016

Healthy	controls
n=52

11

APS	patients	
n=52

Flow	cytometry

Subdivision	according	to	cell	
origin	and	activation/	
inflammation	markers

Lactadherin

Investigated	APS	patients	and	controls	at	
Karolinska	University		Hospital		

Vikerfors et	al	Lupus	21	802-09,	2009 12

Increased	number	of	monocyte	MPs	in	APS,	
but	platelet	MPs	did	not	differ

Monocytes Platelets

Vikerfors et	al	Lupus	21	802-09,	2009
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Increased	numbers	of	endothelial	MPs	and	
Tissue	factor	positive	endothelial	MPs	in	APS

Endothelial	MPs TF	expressing	
Endothelial	MPs

Vikerfors et	al	Lupus	21	802-09,	2009

PS/Lactadherin positive	vs.	negative	MPs	in	
APS	vs.	controls	

APS patients also had significantly higher num-
bers of MPs negative to lactadherin as compared
with healthy controls (see Figure 3). Proportion of
lactadherin-negative particles could not separate
patients on the basis of clinical manifestations,
medications or serology.

Discussion

We demonstrate that TF expressing EMPs are
much more frequent in APS patients than in con-
trols. In agreement with previous studies, we found
increased numbers of total MPs, EMPs and MMPs
in APS patients when compared with healthy con-
trols.5,6 However, in contrast to earlier reports, the
number of PMPs did not differ between patients
and controls.6 We also showed that the MP pattern
does not discriminate between ‘obstetric’ and
‘thrombotic’ APS.

Our results suggest that a chronic state of
activation or apoptosis is present in APS patients,
since study samples were not drawn at the time of
acute thrombosis or obstetric complication. This
state seems to engage both endothelial cells and
monocytes. The increased number of TF-exposing
EMPs is a particularly interesting finding given the
large surface that is exposed to the coagulation
system on EMPs, the importance of TF in the
initiation of the coagulation cascade and its
proposed role in APS pathogenesis.13

There are several hypothetical reasons which
may explain why PMPs were not raised in APS
patients when compared with controls. These
include: the tranquil phase of the disease, known
presence of effective ongoing treatment and per-
haps the fact that all MPs were not fully recognized
by our method as PS-positive. We used lactadherin
to detect PS exposure, a method which has been
shown to have good sensitivity and specificity.12

However, we observed a relatively large number
of lactadherin negative particles in the patient
group when compared with controls. To explain
this phenomenon, further research is needed. Our
hypothesis that PS may be hidden through binding
of antibodies needs to be investigated.

For several reasons, the cross-sectional design of
our study is a major limitation.

Conclusion

We have found that in both obstetric and throm-
botic APS, the total number of MPs is increased as

Table 2 Clinical characteristics of APS patients

Characteristics (N¼ 52) N (%)

I. Clinical characteristics

Venous thrombosis 29 (56)

Arterial thrombosis 17 (33)

Any thrombosis 42 (81)

Obstetric morbidity 20 (38)

II. Treatment

Vitamin K antagonists 24 (46)

Dalteparin 7 (13)

ASA 19 (37)

Statins 9 (17)

Antimalarials 3 (6)

III. Laboratory criteria

LAC pos 33(63)

aCL IgG pos 39 (75)

aCL IgM pos 12 (23)

aB2GP1 IgG pos 38 (73)

Two positive tests (double positivity) 25 (48)

p < 0.001
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Figure 3 Proportion of lactadherin-negative microparticles in
APS patients and controls.
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Figure 2 Number of TF-positive endothelial microparticles in
patients and healthy controls.

Studies of microparticles in patients with the antiphospholipid syndrome (APS)
A Vikerfors et al.

804

Lupus

Lactadherin/PS		positive	MPs	in	APS Lactadherin/PS	negative	MPs	in	APS

Vikerfors et	al	Lupus	21	802-09,	2009

Microparticles
in	APS	vs.	
controls

Chturvedi et	al.	
Semin Thromb Hemostasis,	44;	5/2018

β2-GlycoproteinI - β2GPI

Adaption	from P.	G.	deGroot et	al,	2011

Ig	and	β2GPI	are	highly	
upregulated	in	MPs	from	

SLE	patients
as	demonstrated	by	
protemoic analysis		

Fold	change	vs.	healthy	controls	
0.5.	2								5								10										15

Östergard et	al	Arthritis	&	Rheumatism	,	2680-90,	2013 Nielsen	et	al	Arthritis	&	Rheumatism	;	64,	1227-1236,	2012
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β2GPI+ MPs in	aPL	pos,	aPLneg SLE	patients	and	
in	controls
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Mobarrez et	al	J	Thromb &	Hemostasis,	15	1799-1806,	2017

Phosphatidylserine	(PS)		expression	might	be	
blocked	on	MPs	in	SLE	and	APS

Cell-s
pecific
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Nuclear molecules 
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Mobarrez et	al	Eur J	Clin Invest.	2018

Mobarrez et	al	J	Thromb &	Hemostasis,	15	1799-1806,	2017

Proposed	mechanism	leading	to	accumulation	of	pro-
thrombotic/inflammatory	MPs	in	the	circulation	
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