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Abstract. Antiphospholipid syndrome (APS) is a systemic 
autoimmune disorder characterized by thrombosis and recur-
rent fetal loss, with the persistent presence of antiphospholipid 
antibodies (aPLs). aPLs exert their pathogenic effect via the 
overproduction of tissue factor and activation of complement 
and several cell types, including endothelial cells, platelets 
and notably monocytes. As a result, a hypercoagulable state 
develops leading to APS‑associated obstetric complications 
and fetal loss. Despite being far from optimal, treatment of 
APS usually includes heparin and low dose aspirin. Recently, 
plasma exchange (PE) therapy was successfully used in 
patients with APS with obstetric complications who did not 
respond to the standard treatment. Therefore, the present 
study investigated the mechanism underlying PE action, 
and aimed to determine whether PE affects the functional 
activity of APS monocytes by examining the expression of 
11 mRNA transcripts encoding cytokines, signaling mole-
cules and transcription factors. Monocytes were collected 
prior to and following the PE treatment from women with 
APS who experienced recurrent pregnancy losses, as well as 
from healthy volunteers. Compared with control cells, APS 
monocytes showed deregulated expression of interleukin 
(IL)‑1β, IL‑6, IL‑23, chemokine (C‑C motif) ligand 2 (CCL2), 
C‑X‑C motif chemokine 10 (CXCL10), toll‑like receptor 2, 
and signal transducer and activator of transcription 3. PE 
treatment resulted in increased IL‑1β, IL‑6, IL‑23, CCL2, 
P2X7 and tumor necrosis factor‑α mRNA transcripts in APS 
monocytes, restoring the mRNA expression levels to within 
normal ranges. Furthermore, PE therapy counterbalanced the 
expression levels of CCL2 and CXCL10, the levels of which 
are indicative of T helper cell 1/2 balance. The results of the 

present study indicate that the altered transcriptional profile 
in APS monocytes was restored by the immunomodulatory 
effect of plasmapheresis. 

Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune 
disorder characterized by recurrent arterial and/or venous 
thrombosis, pregnancy morbidity, thrombocytopenia and 
elevated titers of antiphospholipid antibodies (aPLs) (1,2). aPLs 
are a family of antibodies that target phospholipid‑binding 
proteins, including lupus anticoagulant, anticardiolipin (aCL), 
and anti‑β2‑glycoprotein I (anti‑β2‑GPI) (2,3). APS displays 
a variety of clinical manifestations which are recognized to 
be associated with the presence of these aPLs (4). Thrombus 
formation is a key event in APS (5). A number of studies 
have been conducted in order to identify the pathogenesis of 
aPL‑induced thrombosis, and it has been suggested that activa-
tion of monocytes (6,7), platelets (6) and endothelial cells (8) 
contribute to the thrombotic process. In particular, the proco-
agulant activity of monocytes and deregulated tissue factor 
expression were associated with an increased risk of thrombus 
formation. Although the association between monocytes and 
the development of thrombotic complications in patients with 
APS has been well‑established (9), the mechanisms underlying 
aPL action on monocytes remain largely unknown.

Pregnant women with APS are at a high risk of compli-
cations, mainly due to thromboses in the placenta which can 
lead to miscarriages (10,11). The treatment of women with 
APS is predominantly focused on the prevention of further 
thrombotic events and subsequent fetal loss (12). Treatment 
strategies for patients with APS are individualized and usually 
require lifelong anticoagulant therapy (13,14). In the case of 
catastrophic aPL syndrome, a rare life‑threatening variant of 
APS, plasma exchange (PE) therapy is recommended (15). 
Therapeutic PE (also termed plasmapheresis) is an extracor-
poreal blood purification method. The procedure includes the 
separation of blood plasma from cellular components, which 
are subsequently returned back to the patient, and the plasma is 
discarded and replaced with substitution fluids. This approach 
allows active and rapid body cleaning, and the elimination 
of circulating pathogenic autoantibodies, immunoglobulins, 
immune complexes and toxins (16‑18).
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Automated plasmapheresis is routinely used to collect 
plasma products from healthy donors for medical use (19,20). 
The results of previous studies have suggested that PE in 
combination with conventional methods of treatment appears 
to be effective in managing a range of neurological, hema-
tological, renal, metabolic, infectious and immunological 
diseases (21,22). Furthermore, a previous study demonstrated 
that PE is able to prevent the deleterious effects on both 
mother and fetus in women with familial hyperlipidemia or 
systemic lupus erythematosus (23). Limited data is available 
regarding the effect of PE on pregnancy outcome in patients 
with APS. However, a number of clinical studies have reported 
promising results of PE therapy in APS, and recommended 
PE as an additional treatment modality during high‑risk 
pregnancies in women with APS  (24,25). The use of PE 
was effective in reducing the titers of aCL and anti‑β2‑GPI 
antibodies (24,25). Regardless of these data, few studies have 
investigated the immunological changes that occur following 
PE in APS. In consideration of the previous results indicating 
the involvement of monocytes in thrombotic complications, 
the present study aimed to investigate the effects of PE on 
the phenotype of peripheral blood monocytes in women with 
APS who experienced recurrent pregnancy losses. Monocyte 
transcriptional activity and the mRNA expression levels of 
11 genes associated with signaling and recognition processes 
occurring in immune and inflammatory responses were 
investigated.

Materials and methods

Patients. A total of 11  women suffering from recurrent 
miscarriages and APS (mean age, 30±5.6 years) were selected 
for the present study. The patients with APS were classified 
at the Institute of Perinatology, Obstetrics and Gynecology 
according to the following criteria: i) Women with a history 
of two unexplained consecutive spontaneous pregnancy losses 
in the first and second trimesters; and ii)  the presence of 
anti‑cardiolipin antibodies [(immunoglobulin (Ig)G≥40 GPL 
units] and/or anti‑β2‑GPI (IgG≥40 GPL units) and/or positive 
lupus anticoagulant antibodies present in the plasma at two 
separate time points. None of the women met the criteria for 
systemic lupus erythematosus or any concomitant systemic 
autoimmune disease. Blood samples were obtained from 
the patients prior to and following PE therapy. All patients 
received a course of four PE sessions on alternating days. 
The first blood sampling was performed immediately prior to 
the PE procedure. The second blood sampling was obtained 
on day 3 following the last PE session. Nine healthy women 
(mean age, 29±8.5 years) without a positive family history 
of APS, autoimmune diseases, or thrombosis were enrolled 
as a control group at the Viola Blood Center and Diagnostics 
(Yerevan, Armenia). All participants of the present study 
provided written‑informed consent. The present study was 
approved by the ethics committee of the Institute of Molecular 
Biology of the NAS RA (approval no. IRB IORG0003427).

PE therapy. The principle of plasmapheresis is to remove the 
plasma with retransfusion of the blood cells. The procedure 
is multistage and involves taking blood from a patient and 
placing it into a disposable plastic bag blood collection system 

(Baxter International, Inc., Deerfield, IL, USA). Separation of 
the plasma from the blood cells was achieved by centrifuga-
tion at 1,900 x g for 15 min at room temperature. The plasma 
was discarded and replaced with Ringer's solution (Liqvor 
Pharmaceuticals, Yerevan, Armenia), and the blood is then 
returned.

Preparation of peripheral/circulating monocytes. Fresh venous 
blood samples were obtained and placed into Vacutainer tubes 
containing ethylenediaminetetraacetic acid (BD Biosciences, 
Franklin  Lakes, NJ, USA). Peripheral blood mononuclear 
cells (PBMCs) were isolated using Ficoll density gradient 
centrifugation (Life Science Sweden, Sweden) according to the 
manufacturer's protocol. Monocytes were isolated from periph-
eral blood mononuclear cell (PBMCs) by plastic adherence. 
Briefly, 1x106 PBMCs were distributed in plastic tissue culture 
flasks (Corning, Inc., Oneonta, NY, USA) and allowed to adhere 
at 37˚C for 2 h in 2 ml RPMI‑1640 medium (Corning, Inc.) 
supplemented with 10% fetal bovine serum (Sigma‑Aldrich, 
St. Louis, MO, USA). Non‑adherent cells were removed and 
the adherent cells were washed twice with phosphate‑buffered 
saline. Following washing >75% of the cells were identified as 
monocytes, as assessed by FACS Calibur flow cytometry (BD 
Biosciences) using R‑phycoerythrin‑conjugated anti‑human 
CD14 IgG antibody (BioLegend, Inc., London, UK) (26).

Monocytes (1x106  cells/ml) were cultured separately 
at 37˚C for 4 h in RPMI‑1640 medium supplemented with 
10% fetal bovine serum, 2 mmol/l glutamine (Sigma‑Aldrich), 
5 mM HEPES (Sigma‑Aldrich) in the absence or presence 
of 10  ng/ml lipopolysaccharide (LPS; Escherichia  coli 
026:B6; Sigma‑Aldrich) or 10 ng/ml LPS + 100 µM ATPγ‑S 
(Sigma‑Aldrich) in a total volume of 1 ml. Following the culture 
period or directly following isolation, the cells were washed 
once with cold PBS, and stored in 150 µl RNAlater (Qiagen 
GmbH, Hilden, Germany) at ‑20˚C until use. 

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
isolated from monocytes samples using a High Pure miRNA 
Isolation kit (cat.  no.  05080576001; Roche Diagnostics, 
Basel, Switzerland) according to the manufacturer's protocol. 
All samples were treated with RNaseOUT Recombinant 
Ribonuclease Inhibitor (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and maintained at ‑80˚C. cDNA 
synthesis and qPCR were performed as described previ-
ously  (27). Briefly, cDNA synthesis was performed using 
a Transcriptor First Stand cDNA Synthesis kit (Roche 
Diagnostics) and stored at ‑20˚C prior to further use. RT‑qPCR 
was performed using gene‑specific primers designed using 
the Universal Probe Library system (Roche Diagnostics). 
The primer and probes sequences for the investigated genes 
(11 in total) are listed in Table I. Each qPCR reaction was 
performed in triplicate along with a negative template control 
(no cDNA), negative RT control (no reverse transcription) 
and positive template control (calibrator) in quadruplicates. 
Target gene expression levels were normalized against the 
reference gene ribosomal protein  L32. Human universal 
reference RNA (Agilent Technologies, Inc., Santa Clara, 
CA, USA) was used as a calibrator at the concentration of 
1.25 ng RNA/reaction in quadruplicates. qPCR reactions 
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were performed using the Rotor‑Gene 3000 system (Corbett 
Research, Mortlake, Australia) in a 0.1 ml strip tubes (Qiagen 
GmbH) and a final volume of 20 µl. The relative expression 
levels were calculated using the second derivative method 
(Rotor‑Gene software 6.1.71; Corbett Research) (28).

Statistical analysis. The data are presented as means ± stan-
dard deviation. Statistical analyses were performed using 
Graph Pad Prism software, version 5.01 (GraphPad Software, 
Inc., La Jolla, CA, USA). Data were compared using paired 
(prior to PE therapy, vs. following PE therapy) and unpaired 
(all other comparisons) Student's t‑tests or a Mann‑Whitney 
U test if the data were not normally distributed. A P‑value 
of <0.05 was considered to indicate a statistically significant 
difference.

Results

Subheading. Evidence for the clinical benefit of PE has been 
limited and the majority of previous investigations into 
the effectiveness of PE have been conducted in high‑risk 
pregnancies in women with APS (24,25). However, it is not 
known whether the procedure itself affects the functional 
activity of monocytes. Therefore, the present study aimed 
to investigate the impact of PE therapy on gene expression 
by measuring the mRNA expression levels in the monocytes 
from women with APS who had experienced more than two 
pregnancy losses.

Baseline gene expression. Initially, the baseline gene expres-
sion levels of 11  genes [interleukin (IL)‑1β, IL‑6, IL‑23, 
tumor necrosis factor‑α (TNF‑α), chemokine (C‑C motif) 
ligand  2 (CCL2), C‑X‑C motif chemokine  10 (CXCL10), 
Nod‑like receptor family, pyrin domain containing 3, puri-
nergic receptor P2X, ligand‑gated ion channel  7 (P2X7), 
nuclear factor (NF)‑κB, toll‑like receptor  2 (TLR2) and 
signal transducer and activator of transcription 3 (STAT3)] 
in monocytes were quantified in women with APS and 
compared with the expression levels in monocytes from 
healthy control women (Fig. 1). The results demonstrated that 
the baseline mRNA expression of six investigated genes were 
downregulated [healthy controls, vs.  individuals with APS 
prior to PE (mean ± standard deviation)], specifically IL‑1β; 
(1.690±0.467, vs. 0.394±0.09, P=0.002), IL‑6 (0.107±0.046, vs. 
0.004±0.001, P=0.023), IL‑23 (0.125±0.068, vs. 0.017±0.005, 
P=0.039), CCL2 (0.076±0.027, vs. 0.010±0.002, P=0.028), 
TLR2 (0.107±0.033, vs. 0.029±0.016, P=0.045) and STAT3 
(0.164±0.072,  vs. 0.027±0.017, P=0.021); and one gene, 
CXCL10, was upregulated (0.203±0.161,  vs. 0.960±0.258, 
P=0.03). P2X7, NF‑κB and TNF‑α mRNA expression did not 
differ between APS and healthy control monocytes (Fig. 1).

Effect of PE therapy on gene expression. The expression levels 
of all investigated genes prior to and following PE therapy were 
compared. A number of the investigated genes were upregu-
lated following plasmapheresis. As shown in Fig. 1, the mRNA 
expression levels (prior to PE, vs. following PE therapy) of IL‑1β 

Figure 1. Relative mRNA expression levels of candidate genes in monocytes isolated from healthy subjects, patients with APS prior to PE therapy, and patients 
with APS on the third day following PE therapy. The mRNA expression levels of (A) IL‑1b, (B) NLRP3, (C) P2X7, (D) NF‑κB, (E) IL‑6, (F) IL‑23, (G) CCL2, 
(H) CXCL10, (I) TNF‑α, (J) TLR2 and (K) STAT3 were normalized against those of RPL32. Horizontal bars represent the mean values for each group. *P<0.05 
and **P<0.01. APS, antiphospholipid syndrome; PE, plasma exchange; RPL32, Ribosomal protein L32; IL, interleukin; NLRP3, Nod‑like receptor family, pyrin 
domain containing 3; P2X7, purinergic receptor P2X, ligand‑gated ion channel 7; NF‑κB, nuclear factor‑κB; CCL2, chemokine (C‑C motif) ligand 2; CXCL10, 
chemokine (C‑X‑C motif) ligand 10; TNF‑α, tumor necrosis factor‑α; TLR2, toll‑like receptor 2; STAT3, signal transducer and activator of transcription 3.

  A   B   C   D

  E   F   G   H

  I   J   K
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(0.394±0.09, vs. 0.718±0.213, P=0.038), IL‑6 (0.004±0.001, vs. 
0.017±0.005, P=0.025), IL‑23 (0.017±0.006, vs. 0.037±0.014, 
P=0.047), CCL2 (0.010±0.002, vs. 0.047±0.016; P=0.030), 
P2X7 (0.026±0.008, vs. 0.081±0.026, P=0.029) and TNF‑α 
(0.027±0.008, vs. 0.055±0.016, P=0.015) were increased in 
APS monocytes following PE therapy. STAT3 mRNA expres-
sion levels (0.027±0.017,  vs. 0.022±0.003, P=0.049) were 
slightly decreased following PE therapy.

Expression levels. The expression levels (healthy controls, 
vs. APS following PE therapy) of TLR2 (0.107±0.034, vs. 
0.015±0.005, P=0.015) and STAT3 (0.164±0.072,  vs. 
0.022±0.003, P=0.040) were significantly higher in the healthy 
monocytes compared with the APS monocytes following PE 
therapy. Furthermore, the mRNA expression levels of CXCL10 
were significantly higher in APS cells (0.204±0.161,  vs. 
1.266±0.467, P=0.049).

Discussion

There has been considerable evidence that thrombosis is a 
common complication of APS, and monocytes are the primary 
cellular elements which are involved in the hypercoagulation 
observed in this pathology (29). Furthermore, the proinflam-
matory state of monocytes was demonstrated to be associated 
with predisposition to thrombosis (30). The present study exam-
ined whether monocytes from patients with APS displayed an 
altered or proinflammatory state. Contrary to expectations, 
low baseline expression levels of IL‑1β, IL‑6, IL‑23, CCL2, 
TLR2 and STAT3 were observed, and only the expression of 
CXCL10 was upregulated in APS monocytes. Upregulated 
CXCL10 expression combined with downregulated CCL2 
baseline expression in APS monocytes is of particular interest 
as these two chemokines possess unique roles in autoimmune 
diseases (31). CCL2 and CXCL10 regulate immune responses 
via the activation and recruitment of immune cells  (32). 
CCL2/monocyte chemoattractant protein‑1 is a crucial factor 
for the development of adaptive T helper cells (Th)2 responses, 
whereas CXCL10 is a strong chemoattractant for activated 
Th1 lymphocytes (33), and a reliable marker of Th1‑mediated 
autoimmune diseases (34). The results of the present study 
demonstrated that a CCL2‑low/CXCL10‑high transcriptional 
profile of circulating APS monocytes, which may suggest a 
shift towards Th1 immune response in APS. A reduction in 
Th1 cellular immune response and a corresponding increase 
in Th2 cells are essential for successful pregnancy (35). An 
opposite tendency was present in women with recurrent 
miscarriages (36,37). In addition to a Th1‑biased response in 
women with recurrent miscarriages, altered PBMC activity, 
prior to and following pregnancy loss, was also described (37). 
Transcriptional patterns of PBMCs that could account for 
the pathogenesis of primary APS have been studied by 
Bernales et al (38). Despite a wide diversity in the range of 
expression profiles, the authors of the study stated that altered 
cellular 'phenotype' was specific for APS (38). The reason for 
the low functional activity of APS monocytes is unknown. 
Further investigations are required in order to clarify whether 
the downregulation of gene expression in monocytes is due 
to an APS‑associated, inherent feature. There is a possibility 
that this transcriptional profile of monocytes is associated with 

marked hormonal and immunological changes during preg-
nancy in addition to the biological changes that occur during 
miscarriage (39).

Notably, the present study indicated the immunomodula-
tory effect of plasmapheresis on APS monocytes. PE therapy 
resulted in increased mRNA expression levels in six of the 
11  investigated genes, namely IL‑1β, IL‑6 IL‑23, TNF‑α, 
CCL2 and P2X7. Despite the fact that PE therapy increased 
the expression levels of a wide range of mediators, their 
expression levels did not exceed those in the cells from healthy 
subjects, and increased from low baseline expression levels 
to normal, physiological ranges. Although the exact mecha-
nisms underlying this effect have yet to be elucidated, they 
likely involve multiple processes. In addition to the removal 
of IGs, increasing evidence suggests an immunomodulatory 
effect of PE. These include Th1/Th2 balance with a shift to 
Th2 cell response (40), as well as the suppression of IL‑2 and 
interferon‑γ production (41). Notably, PE therapy in the present 
study significantly increased CCL2 expression, whereas 
CXCL10 mRNA expression levels were not affected by the 
treatment procedure. The observed effect may be viewed as 
beneficial for Th1/Th2 balance restoration in APS patients 
following pregnancy loss.

It is well known that ex vivo manipulation of immune cells 
may induce their activation, and it is difficult to ensure that 
in vitro conditions will be the same as physiological condi-
tions. In particular, the cell isolation procedure may affect 
gene expression and protein secretion by monocytes (42,43). 
In lung epithelial cells, centrifugation affects proliferation 
and expression of certain cytokines such as IL‑1β (44). PE 
therapy involves a number of steps: Separation of blood 
components by centrifugation, erythrocytes washing and 
restoration of blood volume with replacement fluids. It 
may be hypothesized that ex  vivo manipulation of blood 
cells during PE may have temporary and reversible effects 
on non‑selective activation of blood cells. The half‑life of 
circulating monocytes was estimated to be ≥3 days (45), and 
PE‑activated circulating monocytes will be replenished with 
bone marrow‑derived cells. At present, it is difficult to deter-
mine whether the observed changes in the expression levels 
of the candidate genes are associated with the unwanted 
side‑effect of experimental manipulations or whether they 
indicate the positive effect of PE on functional recovery 
in APS monocytes. This limitation should be addressed in 
future studies of the impact of PE treatment on the immune 
system.

The therapeutic rationale for PE during APS has yet to be 
fully elucidated. Although PE is not routinely used in APS 
management, this treatment modality serves as a promising 
tool for novel and optimized treatment strategies. The present 
preliminary study demonstrated the immunomodulatory 
effect of plasmapheresis on monocytes obtained from APS 
patients. In a more general context, these observations should 
be considered with caution, as the activating effect of PE on 
immune cells may have dual consequences including adverse 
ones. In the case of APS, normalizing monocyte activity 
following PE is likely to be beneficial; however, treatment 
plans for PE therapy in other pathological conditions should 
be examined on a case‑by‑case basis with consideration of 
possible unwanted side‑effects.
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