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Antiphospholipid syndrome (APS) is a multisystem disorder characterized by thrombosis
and/or recurrent fetal loss. This clinical phenotype heterogeneity may result in differences
in response to treatment and prognosis. In this study, we aimed to identify primary
thrombotic APS (TAPS) from primary obstetric APS (OAPS) using urine proteomics as a
non-invasive method. Only patients with primary APS were enrolled in this study from
2016 to 2018 at a single clinical center in Shanghai. Urine samples from 15 patients with
TAPS, 9 patients with OAPS, and 15 healthy controls (HCs) were collected and analyzed
using isobaric tags for relative and absolute quantification (iTRAQ) labeling combined with
liquid chromatography-tandem mass spectrometry analysis to identify differentially
expressed proteins. Cluster analysis of urine proteomics identified differentiated proteins
among the TAPS, OAPS, and HC groups. Urinary proteins were enriched in cytokine and
cytokine receptor pathways. Representative secreted cytokines screened out
(fold change >1.20, or <0.83, p<0.05) in these differentiated proteins were measured
by enzyme-linked immunosorbent assay in a validation cohort. The results showed that
the levels of C-X-C motif chemokine ligand 12 (CXCL12) were higher in the urine of
patients with TAPS than in those with OAPS (p=0.035), while the levels of platelet-derived
growth factor subunit B (PDGFB) were lower in patients with TAPS than in those with
OAPS (p=0.041). In addition, correlation analysis showed that CXCL12 levels were
positively correlated with immunoglobulin G anti-b2-glycoprotein I antibody (r=0.617,
p=0.016). Our results demonstrated that urinary CXCL12 and PDGFB might serve as
potential non-invasive markers to differentiate primary TAPS from primary OAPS.
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INTRODUCTION

Antiphospholipid syndrome (APS) is a multisystem disorder
characterized by a combination of arterial and/or venous
thrombosis, recurrent fetal loss in women, and persistent
presence of antiphospholipid antibodies (aPLs) including lupus
anticoagulant (LAC), anti-b2-glycoprotein I (ab2GPI) and anti-
cardiolipin antibody (aCL) (1). APLs constitute a heterogeneous
group of immunoglobulins directed against phospholipids or
specific phospholipid-binding plasma proteins (2). The
persistent presence of aPLs is recognized as an important
laboratory diagnostic criterion for the definite classification of
patients with APS according to the updated 2006 Sydney
modification ‘Sapporo criteria’ (3). APS is a heterogeneous
disease combined with thrombotic and obstetric complications
(4). Genomic and proteomic studies have been carried out to
explore the underlying mechanisms. For example, monocytes
derived from patients with APS, patients with thrombosis
without APS, and healthy controls (HCs) expressed different
genes, such as annexin I and annexin II (5). Furthermore, IgG
from patients with only thrombosis and only obstetric
complications triggered different signaling pathways in
monocytes (6). Another study also reported that being treated
with thrombotic or obstetric APS IgG compared with HC IgG,
four of the most significantly changed proteins in human
monocytes were vimentin, myeloperoxidase, cytoskeleton-
associated protein glycine-rich domain-containing linker
protein 2, and zinc finger CCH domain-containing protein (7).
According to these findings, thrombotic and obstetric APS may
be two different subtypes. However, there are no biomarkers to
differentiate TAPS from OAPS.

Urine proteomics has recently received increasing attention.
Urine collection is an easy, non-invasive procedure. And it
reflects the condition of the body in many aspects. It has been
reported that urine proteins can serve as diagnostic biomarkers
in rheumatic diseases. In systemic lupus erythematosus (SLE),
urine proteins such as osteopontin N-half and urinary monocyte
chemoattractant protein-1 could distinguish patients with lupus
nephritis (LN) from those without LN (8, 9). Urinary cluster of
differentiation was found to have a diagnostic value comparable
to traditional serum biomarkers in rheumatoid arthritis (RA)
(10). However, the role of urine proteomics in primary APS
needs to be clarified. Therefore, we aimed to carry out urine
proteomics in patients with primary APS to further identify
TAPS from OAPS.
MATERIALS AND METHODS

Patients
Primary APS patients (PAPS) were enrolled consecutively from
2016 to 2018 inDepartment ofRheumatology and Immunology in
Ruijin Hospital, Shanghai. Patients who met the criteria for the
classification of PAPS using the Sydney criteria were included (3).
The diagnosis of PAPS was confirmed by two senior
Frontiers in Immunology | www.frontiersin.org 2
rheumatologists: Jialin Teng and Chengde Yang. Any APS
patients secondary to other diseases such as SLE were excluded
from this study. Finally, 15 patients with TAPS, 9 patients with
OAPS, and 15 HCs were enrolled in the test cohort. To exclude
obstetric complications, female patients in TAPS group were all
with successful obstetric outcome. OAPS patients without the
history of thrombosis were included. All HCs were recruited from
age- matched volunteers with no history of autoimmune,
rheumatic, or other diseases. All the patients recruited in our
study were treatment-naïve, without receiving any anticoagulant
therapy. Proteomics analysis was performed by protocol as
previously used by our group to identify differentially expressed
proteins in the urine (11). In the validation cohort, urine samples
of 19 patientswith primaryOAPS, 21 patientswith primaryTAPS,
13 HCs with positive aPL antibodies (APL carriers), 20 patients
with miscarriages (non-autoimmune), 21 patients with
thrombosis (non-autoimmune), 30 patients with SLE, 30
patients with RA and 30 HCs were tested by enzyme-linked
immunosorbent assay (ELISA). RA patients who met 2010
Rheumatoid Arthritis Classification Criteria were included (12).
SLE patients were diagnosed using 2012 Systemic Lupus
International Collaborating Clinics (SLICC) classification
criteria (13). Patients with 3 unexplained miscarriages of less
than 10 weeks were regarded asmiscarriage, while patients with at
least one unexplained death of a morphologically normal fetus of
over 10weekswere regarded as intrauterine death, excluding other
causes. Thrombosis was defined according to the established
cr i ter ia , us ing laboratory , imaging or Doppler , or
histopathologic data. APL carriers were defined as HCs with
positive aPL antibodies (either aCL, ab2GPI or LAC). According
to the Sydney criteria, positive aCL and ab2GPI antibodies were
defined as IgG and IgM aCL in the serum or plasma presented at a
medium or high titer (more than 40 GPL or MPL, or the 99th

percentile), and IgG and IgM ab2GPI at a titer over the 99th

percentile. These antibodies were measured by ELISA
(Euroimmun, Germany) at least twice and 12 weeks apart. LAC
was measured by the Automated Coagulation Laboratory 300R
(Milan, Italy) according to the criteria of the International Society
on Thrombosis and Haemostasis (ISTH) committee (14). All
patients were screened using the dilute Russellgically normal
fetus (dRVVT) testing and the activated partial thromboplastin
time. The ratio of the dRVVT screening time/dRVVT confirming
t ime ove r 1 . 20 was cons i de r ed a s LAC pos i t i v e .
Hypocomplementemia was defined as a low serum level of
complement 3 and/or complement 4. Thrombocytopenia was
defined as numbers of platelets less than 100*109/L. Proteinuria
was defined as more than 500mg/24h urine protein. Medical
documents and laboratory tests were collected through the
electronic system. Urine samples were collected early morning
from inpatients excluding urinary tract infections, and frozen at
-80°C until testing. The detection and analysis of these specimens
were performed at the same time in the samebatch in the test study
and validation study, respectively. The studywas performedunder
the Declaration of Helsinki and the Principles of Good Clinical
Practice and approved by the Institutional Review Broad of Ruijin
Hospital (ID:2016-62), Shanghai Jiao Tong University School of
August 2021 | Volume 12 | Article 702425
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Medicine, Shanghai, China. Informed consent was obtained from
the recruited subjects.

Urine Sample Processing
Taking the relatively low concentration of the protein levels into
account, every 5 patients’ urine samples were mixed into one, and
analyzed SDT buffer (4% SDS, 100 mM DTT, 150 mM Tris-HCl,
pH 8.0) was added to the sample and the lysate was boiled for 15
min. After centrifuged at 14000g for 40 min, the supernatant was
quantified with the BCA Protein Assay Kit (Bio-Rad, USA). The
proteins were separated on 12.5% SDS-PAGE gel. Protein bands
were visualized by Coomassie Blue R-250 staining (Beyotime,
Shanghai). 200 mg of proteins for each sample were incorporated
into 30 ml SDT buffer. The detergent, DTT and other low-
molecular-weight components were removed using UA buffer,
which was 8 M Urea, 150 mM Tris-HCl pH 8.0, by repeated
ultrafiltration (Microcon units, 10 kD, Germany). Then 100 ml
iodoacetamide (100 mM IAA in UA buffer) was added to block
reduced cysteine residues and the samples were incubated for 30
min in darkness. The filters were washed with 100 ml UA buffer
three times and then 100 ml Dissolution buffer (DS buffer) twice.
Finally, the protein suspensions were digested with 4 mg trypsin
(Promega, USA) in 40 ml DS buffer overnight at 37°C, and the
resulting peptides were collected as a filtrate. The peptides of each
sample were desalted on C18 Cartridges (Empore™ SPE Cartridges
C18 (standard density), bed I.D. 7 mm, volume 3 ml, Sigma, USA),
concentrated by vacuum centrifugation and reconstituted in 40 µl of
0.1% (v/v) formic acid.

iTRAQ Labeling
100 mg peptide mixture of each sample was labeled using iTRAQ
reagent according to the manufacturer’s instructions (Applied
Biosystems, USA). ITRAQ labeled peptides were fractionated by
Strong Cation Exchange (SCX) chromatography using the
AKTA Purifier system (GE Healthcare, USA). The dried
peptide mixture was reconstituted and acidified with buffer A
(10 mM KH2PO4 in 25% of ACN, pH 3.0) and loaded onto a
PolySULFOETHYL 4.6 x 100 mm column (5 µm, 200 Å, PolyLC
Inc, Maryland, USA). The peptides were eluted at a flow rate of
1 ml/min with a gradient of 0%–8% buffer B (500 mM KCl, 10
mM KH2PO4 in 25% of ACN, pH 3.0) for 22 min, 8–52% buffer
B during 22-47 min, 52%-100% buffer B during 47-50 min, 100%
buffer B during 50-58 min, and buffer B was reset to 0% after
58min. The elution was monitored by absorbance at 214 nm, and
fractions were collected every 1 min. The collected fractions were
desalted on C18 Cartridges (Empore™ SPE Cartridges C18
(standard density), bed I.D. 7 mm, volume 3 ml, Sigma), and
concentrated by vacuum centrifugation.

LC-MS/MS Analysis
LC-MS/MS analysis was performed on a Q Exactive mass
spectrometer (Thermo Scientific, USA) that was coupled to
Easy nLC (Proxeon Biosystems, now Thermo Fisher Scientific,
USA) for 60 min (determined by project proposal). The mass
spectrometer was operated in positive ion mode. MS data were
Frontiers in Immunology | www.frontiersin.org 3
acquired using a data-dependent top10 method dynamically
choosing the most abundant precursor ions from the survey
scan (350-1800 m/z) for (high energy collision dissociation
(HCD) fragmentation. The automatic gain control (AGC)
target was set to 3e6, and maximum inject time to 50 ms.
Survey scans were acquired at a resolution of 70,000 at m/z
200 and resolution for HCD spectra was set to 17,500 at m/z 200,
and isolation width was 2 m/z. The normalized collision energy
was 30 eV. All peptide ratios were normalized by the median
protein ratio. The median protein ratio should be 1 after
the normalization.

Enzyme-Linked Immunosorbent Assay
The urine concentration of C-X-C motif chemokine ligand 12
(CXCL12 or stromal cell-derived factor 1, SDF-1), platelet-derived
growth factor subunit B (PDGFB), matrix metalloproteinase3
(MMP3), and platelet-derived growth factor receptor alpha
(PDGFRA) were measured by human ELISA assay kit (R&D, USA).
ELISA was performed according to the manufacture’s instruction.

Statistical Analysis
Blast2GO was used in gene ontology (GO) enrichment analysis
to annotate the target protein set, and the bar graph was drawn.
Cluster 3.0 was used in cluster analysis. R language pack was used
to make the Venn diagram and volcano plots. All data were
statistically analyzed using the Statistical Package for the Social
Sciences for Windows (V.23.0; SPSS, IBM). Graphs were drawn
using GraphPad Prism software 8.0 (GraphPad Software, USA).
Quantitative data between two groups with a Gaussian
distribution were analyzed using an unpaired t-test. ANOVA
was performed to compare the differences among multiple
groups. Chi-square test and Kruskal-Wallis test were carried
out for comparisons of two or more than two groups with
categorical variable, respectively. Spearman rank-order
correlation analysis was performed to calculate the correlation
coefficient and p value between specific protein and aPLs.
Receiver operating characteristic (ROC) curves and the area
under the ROC curve (AUC) were used to access the
sensitivity and specificity. In the test study, fold change of
more than 1.2 or less than 0.83 was considered significant.
P<0.05 was considered statistically significant.
RESULTS

Clinical Characteristics of Patients
With APS
The clinical characteristics of patients with primary APS and
HCs enrolled in the test cohort were presented in Table 1. Fifteen
patients with TAPS, 9 patients with OAPS, and 15 HCs were
included. Then, 19 patients with primary OAPS, 21 patients
with primary TAPS, 13 APL carriers, 20 patients with
miscarriages (non-autoimmune), 21 patients with thrombosis
(non-autoimmune), 30 patients with SLE, 30 patients with RA,
August 2021 | Volume 12 | Article 702425
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and 30 HCs were included in the validation cohort, and the
clinical data were shown in Table 2.

Comparison of Patients With TAPS,
Patients With OAPS and HCs in the
iTRAQ Study
To identify proteins that were differentially expressed in primary
APS (TAPS and OAPS) and HCs, iTRAQ was performed on the
urine in these samples. Data interpretation was divided into three
groups: TAPS vs. HCs, OAPS vs. HCs, and OAPS vs. TAPS. Cluster
analysis (Figures 1, 2 and 3A) demonstrated that there were 36
upregulated proteins and 392 downregulated proteins, which added
up to a total of 428 proteins in TAPS vs. HCs. In addition, there were
132 upregulated proteins and 337 downregulated proteins, which
summed up to 469 proteins in OAPS vs. HCs. Furthermore, there
were 349 upregulated proteins and 147 downregulated proteins,
which added up to 496 proteins in OAPS vs. TAPS (Supplementary
Table 1). Moreover, in the Venn diagram (Supplementary
Figure 1), a total of 136 proteins changed in TAPS vs. HCs, 236
proteins in OAPS vs. HCs, and 211 proteins in OAPS vs. TAPS.
Proteins with fold change values >1.2 or <0.83, and p values <0.05,
were selected for further screening. The 10 most secreted urine
proteins were identified as potential biomarkers among the TAPS,
OAPS, and HC groups (Supplementary Tables 2–4). GO analysis
comprised three parts: biological processes, molecular functions,
and cellular components (Figures 1–3C). It indicated that cytokines
and cytokine receptors were present, as reported in APS, which
might play an important role (15). Then, CXCL12, PDGFB, MMP3
and PDGFRA screened out in the iTRAQ study were validated by
ELISA in the validation cohort.
Frontiers in Immunology | www.frontiersin.org 4
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TABLE 1 | Clinical and laboratory features of patients with TAPS, OAPS and
HCs in the iTRAQ study.

TAPS
(n=15)

OAPS
(n=9)

HCs (n=15) P value

Age (mean ± SD) 41.1 ± 15.3 34.8 ± 5.0 42.1 ± 14.1 0.402
Sex (female/male) 10/5 9/0 13/2 0.054
Duration (months) 2.1 ± 2.1 4.3 ± 3.7 / 0.125
Venous thrombosis 15 (100.0%) 0 (0.0%) / <0.001
Arterial thrombosis 5 (33.3%) 0 (0.0%) / 0.118
Miscarriage, <10 weeks 0 (0.0%) 6 (66.7%) / 0.001
Intrauterine death, >10
weeks

0 (0.0%) 4 (44.4%) / 0.012

LAC positive 10 (66.7%) 6 (66.7%) / 1.000
IgG aCL positive 4 (26.7%) 3 (33.3%) / 1.000
IgM aCL positive 2 (13.3%) 1 (11.1%) / 1.000
IgG ab2GPI positive 4 (26.7%) 3 (33.3%) / 1.000
IgM ab2GPI positive 1 (6.7%) 3 (33.3%) / 0.130
ANA positive 0 (0.0%) 0 (0.0%) / /
Anti-dsDNA positive 1 (6.7%) 1 (11.1%) / 1.000
Hypocomplementemia 3 (20.0%) 4 (44.4%) / 0.356
Thrombocytopenia 7 (46.7%) 3 (33.3%) / 0.678
ESR (mm/h) 38.2 ± 42.5 19.1 ± 12.5 / 0.233
aGAPSS 8.3 ± 4.2 9.7 ± 3.9 / 0.447
Proteinuria 1 (6.7%) 1 (11.1%) / 1.000
iTRAQ, isobaric tags for relative and absolute quantification; TAPS, thrombotic
antiphospholipid syndrome; OAPS, obstetric antiphospholipid syndrome; HCs, healthy
controls; SD, standard deviation; LAC, lupus anticoagulant; aCL, antibodies to cardiolipin;
ab2GPI, antibodies to b2-glycoprotein I; ESR, erythrocyte sedimentation rate; aGAPSS,
adjusted Global Antiphospholipid Syndrome Score.
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Confirmation of CXCL12 and PDGFB in the
Urine of Patients With TAPS and OAPS by
ELISA in the Validation Cohort
In the validation study, urine samples from 19 patients with
primary OAPS, 21 patients with primary TAPS, 13 APL carriers,
20 patients with miscarriages (non-autoimmune), 21 patients
with thrombosis (non-autoimmune), 30 patients with RA,
30 patients with SLE, and 30 HCs were tested by ELISA. As
shown in Figure 4, CXCL12 levels were higher in the urine of
patients with TAPS than in those with OAPS (p=0.0350), APL
carriers (p=0.0008), patients with miscarriages (p<0.0001),
patients with thrombosis (p<0.0001), patients with RA
(p=0.0012), patients with SLE (p<0.0001), and HCs (p<0.0001).
CXCL12 levels were higher in patients with OAPS than in APL
carriers (p=0.0123), patients with miscarriages (p<0.0001),
patients with thrombosis (p=0.0024), and HCs (p=0.0007), but
showed no differences compared to patients with RA (p=0.2510)
or SLE (p=0.0791). On the other hand, PDGFB levels were higher
in the urine of patients with OAPS than in those with TAPS
(p=0.0406), APL carriers (p=0.0207), patients with miscarriages
(p<0.0001), patients with thrombosis (p<0.0001), patients with
RA (p=0.0002), patients with SLE (p=0.0052), and HCs
(p=0.0005). Urinary PDGFB levels were higher in patients with
Frontiers in Immunology | www.frontiersin.org 5
TAPS than in those with RA (p=0.0425), with miscarriages
(p=0.0144) and with thrombosis (p=0.0007). In addition,
PDGFB levels in patients with TAPS was not significantly
different from SLE (p=0.5294) or HCs (p=0.2067). In ROC
curves, TAPS vs. HCs showed a higher AUC of 0.9328 (95%
confidence interval [CI]: 0.8670-0.9987) (p<0.0001) than that of
OAPS vs. HCs, which was 0.7867 (95% CI: 0.6375-0.9358)
(p=0.0009) in urinary CXCL12 levels. In terms of urinary
PDGFB levels, the AUC of OAPS vs. HCs was higher (AUC:
0.7886, 95% CI: 0.6594-0.9178) (p=0.0007) than that of TAPS vs.
HCs (AUC: 0.6056, 95% CI: 0.4434-0.7678) (p=0.2031). In
addition, there were no differences in the MMP3 (p=0.449)
and PDGFRA (p=0.217) levels between OAPS and TAPS
(Supplementary Figure 2).

Comparison of CXCL12, PDGFB and
Clinical Features in the Validation Cohort
Both the iTRAQ study and validation test indicated the specificity
of CXCL12 and PDGFB in differentiating OAPS from TAPS. To
better understand the relationship between CXCL12, PDGFB, and
the two APS subgroups, we further analyzed the correlation
between the CXCL12, PDGFB, and aPL levels with different
clinical characteristics. First, Spearman rank-order correlation
A B

C

FIGURE 1 | The differentiated urine proteins between patients with TAPS and HCs analyzed by iTRAQ study. (A) Cluster analysis of patients with TAPS with HCs (A
represented HCs; B represented TAPS). (B) Volcano plot showed that CXCL12 was in the upper right quadrant, which was in pink color area. (C) Gene ontology
(GO) analysis of TAPS vs HCs. iTRAQ, isobaric tags for relative and absolute quantification; TAPS, thrombotic antiphospholipid syndrome; HCs, healthy controls.
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analysis was used to evaluate the correlation between the levels of
CXCL12, PDGFB, and aPLs (aCL, ab2GPI, and LAC),
respectively. It showed that CXCL12 levels were positively
correlated with IgG ab2GPI antibody (r=0.617, p=0.016)
(Figure 5). In addition, there were no differences between the
CXCL12 and PDGFB levels in patients with OAPS and TAPS with
single, double, triple positive aPLs (Supplementary Figure 3). In
patients with OAPS, the CXCL12 and PDGFB levels were
analyzed according to the number of adverse pregnancy
outcomes, and no differences were observed (Supplementary
Figure 4). Moreover, in TAPS, the CXCL12 and PDGFB levels
were also analyzed according to the number of thromboses and
the presence or absence of arterial thrombosis, which indicated
that there were no differences (Supplementary Figure 5).
DISCUSSION

Urine biomarkers have been widely discussed in recent years. It
has been reported that there were more than 2300 proteins in the
urine (16). It has also been reported that neutrophil gelatinase-
Frontiers in Immunology | www.frontiersin.org 6
associated lipocalin (NGAL), high mobility group box-1
(HMGB-1), vascular cell adhesion molecule-1 (VCAM-1),
vitamin D-binding protein (VDBP) levels showed diagnostic
performance for discriminating patients with LN from those
without LN (17–20). Besides, collecting urine samples is more
convenient and causes less pain in patients than while collecting
blood samples. We previously reported a study in adult-onset
Still’s disease (AOSD) and found that urine a-1-acid
glycoprotein 1 (LRG1), orosomucoid 1 (ORM1), and ORM2
might be new biomarkers of AOSD (11). Similarly, in this study,
we analyzed urine proteomics to identify new biomarkers that
might help differentiate TAPS from OAPS.

We used iTRAQ to screen for different proteins in the urine of
patients with TAPS, patients with OAPS, and HCs. The results
demonstrated that TAPS vs. HCs, OAPS vs. HCs, and OAPS vs.
TAPS exhibited varied panels of upregulated and downregulated
proteins, in which the CXCL12 levels were higher in the urine of
those with TAPS than OAPS, while the PDGFB levels were lower
in the urine of those with TAPS than OAPS. Then, CXCL12 and
PDGFB levels were validated by ELISA in the validation cohort.
Besides, we analyzed the correlation between CXCL12, PDGFB,
and aPLs. The CXCL12 levels were positively correlated with IgG
A B

C

FIGURE 2 | The differentiated urine proteins between patients with OAPS and HCs analyzed by iTRAQ study. (A) Cluster analysis of patients with OAPS with HCs
(A represented HCs; C represented OAPS). (B) Volcano plot showed that PDGFB was in the upper right quadrant, which was in pink color area. (C) Gene ontology
(GO) analysis of OAPS vs HCs. iTRAQ, isobaric tags for relative and absolute quantification; OAPS, obstetric antiphospholipid syndrome; HCs, healthy controls.
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ab2GPI antibody. Many previous studies manifested that
cytokine played an important role in autoimmune diseases (21,
22). Thus, we investigated this aspect and assumed that CXCL12
and PDGFB might have the potential to differentiate TAPS
from OAPS.

CXCL12 has been reported as stromal cell-derived factor-1
(SDF-1), a chemokine that plays an important role in the
regulation of migration, proliferation, and differentiation of
hematopoietic cells (23). CXCL12 fulfills its functions in
homeostatic and pathological conditions by interacting with its
receptors C-X-C chemokine receptor 4 (CXCR4) and atypical
chemokine receptor 3 (ACKR3). Imbalances in the CXCL12/
CXCR4/ACKR3 axis are associated with diseases, including
cancer, multiple sclerosis, and RA (23). In addition, it has been
reported that plasma CXCL12 levels were significantly elevated
in the blood of patients with TAPS regardless of the arterial/
venous nature of the thrombosis compared with HCs (24), which
was similar to the results of our study. CXCL12 increases the
chemotaxis of inflammatory cells and contributes to the
activation of platelets in the damaged area, which could result
in thrombosis or acceleration of the damage to the vascular
integrity (25, 26). These studies demonstrated that CXCL12
Frontiers in Immunology | www.frontiersin.org 7
might play an important role in the pathogenesis of TAPS. As
reported previously, the functional role of the CXCL12 801
genotype involves the upregulation of CXCL12 protein. In a
genomic study, patients with SLE with and without APS
demonstrated different distributions of CXCL12 G801A
genotype frequencies. SLE patients with APS demonstrated an
increased frequency of the CXCL12 A allele and AA genotype
compared with patients without APS, suggesting the clinical
relevance of this polymorphism (27). It is promising that
blockade of chemokine ligand 2 and CXCL12 could be as
effective as cyclophosphamide in suppressing proliferative LN
(28). It has also been indicated that the CXCR4-CXCL12 axis
could be regarded as a potential therapeutic target because of its
importance for antibody-secreting cells’ homing and survival in
lupus-prone mice (29).

PDGFB is mainly expressed in vascular endothelial cells,
megakaryocytes, and neurons. PDGFB produced by endothelial
cells drives the proliferation and spreading of vascular smooth
muscle cells and pericytes in conjunction with angiogenesis (30).
In addition, PDGFR-b and PDGFB appear to play a role in
neuronal cardiac neural crest development, as both PDGFR-b and
PDGFB knockout mice displayed abnormal cardiac innervation
A B

C

FIGURE 3 | The differentiated urine proteins between patients with OAPS and patients with TAPS analyzed by iTRAQ study. (A) Cluster analysis of OAPS with TAPS
(B represented TAPS; C represented OAPS). (B) Volcano plot showed that PDGFB was in the upper right quadrant, which was in pink color area. CXCL12 was in
the upper left quadrant, which was in blue color area. (C) Gene ontology (GO) analysis of OAPS vs TAPS. iTRAQ, isobaric tags for relative and absolute
quantification; OAPS, obstetric antiphospholipid syndrome; HCs, healthy controls.
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(30). Moreover, it has been reported that the toll-like receptor 9
(TLR9)/transforming growth factor-b1 (TGF-b1)/PDGFB pathway
can be activated in SLE. Elevated PDGFB might contribute to the
proliferation of renal mesangial cells and may be involved in the
development of LN (31). However, more studies are needed to
clarify the role of PDGFB in patients with APS.

Apart from these two cytokines, other biomarkers of APS have
also been reported. Surface-enhanced laser desorption/ionization-
time of flight analysis made it possible to discriminate between
several proteins in women with pregnancy morbidity with and
without aPLs, in which nine proteins were found in significantly
higher levels in aPL-positive women (32). Apolipoprotein H and
mitogen-activated protein kinase, previously described in the
pathogenesis of APS, were found to differ in APS from non-APS
patients with thrombosis (33). Patients with OAPS may also
develop thrombosis. A total of 63% of women with OAPS
developed thrombosis after initial obstetric morbidity. Women
Frontiers in Immunology | www.frontiersin.org 8
with subsequent thrombosis after OAPS had a higher adjusted
global APS score (aGAPSS) (34).

There are several limitations to this study. First, the number
of patients with primary APS was small. We included treatment-
naïve patients with primary APS, which added the difficulty of
recruiting patients. A larger group of patients are needed to verify
the results. Second, not all patients in the TAPS group were
females. There were no differences in the urinary CXCL12 and
PDGFB levels between male and female in patients with TAPS
(p>0.05) (Supplementary Figure 6). Selecting only female
patients with TAPS for this study might cause selection bias.
Therefore, we did not exclude male patients with TAPS.

In conclusion, the iTRAQ analysis showed that TAPS and
OAPS distributed different urine protein patterns. Results of the
validation study indicated that urinary CXCL12 and PDGFB
might serve as potential biomarkers to differentiate primary
TAPS from primary OAPS.
A B

C

D

FIGURE 4 | Validation of CXCL12 and PDGFB as urinary biomarkers for patients with OAPS and patients with TAPS, respectively. (A) CXCL12 levels in the urine of
patients with OAPS, patients with TAPS, APL carriers, patients with miscarriages, patients with thrombosis, systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA) and healthy controls (HCs). (B) The ROC curves of CXCL12 levels in the urine of TAPS vs HCs and that of OAPS vs HCs. (C) PDGFB levels in the urine of
OAPS, TAPS, APL carriers, patients with miscarriages, patients with thrombosis, SLE, RA and HCs. (D) The ROC curves of PDGFB levels in the urine of TAPS vs
HCs and that of OAPS vs HCs. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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