Increased Expression of Phospholipid Scramblase 1 in
Monocytes from Patients with Systemic Lupus

Erythematosus

ERIKO SUZUKI, OLGA AMENGUAL, TATSUYA ATSUMI, KENJI OKU, TOKO HASHIMOTO, HIROSHI KATAOKA,
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ABSTRACT. Objective. A high incidence of thromboembolic events has been reported in patients with systemic

lupus erythematosus (SLE). Phosphatidylserine (PS) is normally sequestered in the inner leaflet of
cell membranes. Externalization of PS during cell activation is mediated by phospholipid scramblase
1 (PLSCR1) and has a central role in promoting blood coagulation. We investigated the underlying
pathogenic status of thrombophilia in SLE by analyzing PLSCR1 expression on monocytes from
patients with SLE.

Methods. Sixty patients with SLE were evaluated. Twenty-three patients had antiphospholipid syn-
drome (APS/SLE). Plasma D-dimer levels were measured as a marker of fibrin turnover. The cDNA
encoding human PLSCR1 was cloned from the total RNA extract from monocytes, and independent
clones were sequenced. PLSCR1 mRNA expression in CD14+ cells was determined by real-time
polymerase chain reaction. PS exposure on CD14+ cell surface was analyzed by flow cytometry.
Results. Elevated D-dimer levels were found in plasma from SLE patients. Three splice variants of
PLSCR1 mRNA were identified in all subjects, and levels of full-length PLSCR1 mRNA were sig-
nificantly increased in SLE compared to healthy controls (2.9 + 1.5 vs 1.3 + 0.4, respectively; p <
0.0001). Flow-cytometry analysis showed relative enhancement of PS exposure in the surface of
CD14+ cells in SLE patients compared to healthy controls.

Conclusion. Novel PLSCRI1 splice variants were identified. Monocytes in SLE patients had
enhanced PLSCR1 mRNA expression, as well as increased fibrin turnover and cell-surface PS expo-
sure, indicating that PLSCR1 may, in part, contribute to the prothrombotic tendency in SLE.
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AUTOIMMUNE DISEASES
SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by acute/chronic inflammation linked
with the production of autoantibodies, generation of circu-
lating immune complexes, and activation of the complement
system. Thrombotic events are frequent manifestations
observed in more than 10% of patients with SLE!2. The eti-
ology of thrombosis is multifactorial and might be related to
premature atherosclerosis, vasculitis, and hypercoagulabili-
ty. Several environmental or genetic risk factors have been
reported to increase this tendency, but the precise thrombot-
ic mechanisms in SLE are not yet clarified>.
Hypercoagulability in SLE is typically due to the pres-
ence of antiphophospholipid antibodies (aPL), complicated
with the antiphospholipid syndrome (APS)*. aPL belong to
a large family of autoantibodies directed against phospho-
lipid-binding plasma proteins or against the complex of
these proteins with anionic phospholipids>.
Phosphatidylserine (PS) is an anionic phospholipid nor-
mally sequestered in the inner leaflet of the cell membrane.
Externalization of PS occurs in activated cells and plays a
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central role in promoting blood coagulation, as PS serves as
a catalytic surface for the assembly of the coagulation fac-
tors, including the prothrombinase and tenase complex®.
The exposure of PS at the outer leaflet of the plasma mem-
brane is also essential for the binding of aPL to procoagulant
cells. Several groups have reported the crucial role of the
p38 mitogen-activated protein kinase (MAPK) pathway in
aPL-mediated cell activation’#. In order that aPL bind and
activate cells, the immune complexes have to be present on
the PS-exposed cell surface’. One of the key molecules
involved in regulation of PS externalization during cell acti-
vation is phospholipid scramblase 1 (PLSCR1), which cat-
alyzes rapid transbilayer movement of phospholipids
between membrane leaflets. PLSCRI is a lipid-raft associat-
ed type II plasma protein of about 37 kDa containing 318
amino acid residues with a long N-terminal cytoplasmic
domain, a transmembrane helix region, and a short extracel-
lular tail'?.

Although plasma membrane asymmetry is the rule for
normal cells, loss of asymmetry, especially the appearance
of PS at the cell surface, is associated with physiological and
pathological phenomena, including thrombosis!!. In order to
investigate the underlying pathogenic status of thrombophil-
ia in SLE, we examined the expression of PLSCR1 on pro-
coagulant cells from patients with SLE.

MATERIALS AND METHODS

Patients. Sixty unselected consecutive Japanese patients with SLE who vis-
ited the Rheumatic and Connective Tissue Disease Clinic were recruited.
All patients, 57 women and 3 men, mean age 45 years (range 23-70 yrs),
fulfilled the American College of Rheumatology criteria for SLE!Z.
Twenty-three patients (38%) were diagnosed as having APS in association
with SLE. APS was diagnosed according to the revised international crite-
ria for APS13,

The mean SLE disease duration was 15.5 + 9.9 years (range 0.5-42 yrs).
No patient had thrombosis or pregnancy complications within 3 months
before blood collection. Signs of acute thrombosis were not detected in any
patient at the time blood was drawn. Lupus activity was assessed by certi-
fied rheumatologists at the time of blood sampling by analyzing laboratory
data such as white blood cells and platelet count, hemoglobin levels, C-reac-
tive protein (CRP), C3, C4 and CHS50 levels, anti-DNA antibodies, and clin-
ical manifestations. The historical profile of clinical and laboratory mani-
festations and SLE Disease Activity Index (SLEDAI)'* were verified by the
authors using medical records, as summarized in Table 1.

When blood was drawn, 8 patients were receiving warfarin (13%). No
patients were taking heparin.

Blood samples were also collected from 43 apparently healthy Japanese
individuals who consented to join the study (25 women and 18 men, mean
age 28 yrs, range 20-38 yrs).

The study was performed in accordance with the Declaration of
Helsinki and the Principles of Good Clinical Practice. Approval was
obtained from the local ethics committee, and informed consent was
obtained from each subject before enrollment.

Plasma samples. Venous blood was collected into tubes containing sodium
citrate and was centrifuged immediately at 4°C. Plasma samples were
depleted of platelets by filtration then stored at —80°C.

Plasma D-dimer determination. Plasma D-dimer levels (Nanopia, D-dimer,
Daiichi Kagaku, Tokyo, Japan) were measured as markers of fibrin
turnover. The cutoff level was previously defined as > 95th percentile of 65

Table 1. Profile of patients.

Characteristic

Diagnosis, no. (%)

Non-APS 37 (62)
APS 23 (38)
Age, yrs, mean (range) 45 (23-70)

Female:male 57:3
Historical manifestations, no. (%)
Photosensitivity 26 (43)
Oral ulcers 16 (27)
Skin 37 (62)
Arthritis 42 (70)
Serositis 14 (23)
Nephritis 30 (50)
Central nervous system 18 (30)
Hematological 50 (83)
Thrombosis 23 (38)
Arterial 14 (23)
Venous 12 (20)
Arterial and venous 2 3)
Pregnancy morbidity 6 (11)
At the time of blood testing*
SLEDAI, mean (range) 2.5 (0-10)
aPL
aCL IgG/M 8/2 (13)/(3)
Anti-B,-GPI IgG/M 11/3 (18)/(5)
LAC 20 (33)
Other laboratory data, mean + SD (range)
White blood cells, x 103/u1 6.8+2.7 (2.1-14.1)
Platelets, x 103/ul 230 £ 75 (88-433)
Hemoglobin, g/1 125+1.7 (8.2-16.9)
CRP, mg/dI* 0.09 (0.02-3)
C3, mg/dl 853 +22.1 (46-148)
C4, mg/dl 18.6 + 8.1 (4-41)
CH50, U/ml 453 +122 (17.3-72)
Anti-DNA antibodies, IU/ml* 5 (0-59)

* Median (range). SLE: systemic lupus erythematosus, APS: antiphospho-
lipid syndrome, aPL: antiphospholipid antibodies, aCL: anticardiolipin
antibodies, anti-B,-GPI: anti-B,-glycoprotein I antibodies, CRP: C-reactive
protein, IU: international units.

healthy subjects (34 women. 31 men, mean age 40 yrs, range 18-76), as a
routine laboratory assay.
Antiphospholipid antibody determination. 1gG and IgM anticardiolipin
antibodies (aCL) were assayed according to the standard aCL enzyme-
linked immunosorbent assay (ELISA)!. IgG and IgM anti-B,-glycoprotein
I (anti-B,-GPI) antibodies were determined by in-house ELISA as
described!®. Normal ranges of IgG (< 18 GPL) and IgM (< 30 MPL) aCL,
and IgG (< 2.2 U/ml) and IgM (< 6.0 U/ml) anti-B,-GPI antibodies, were
established using 132 healthy controls with 99th percentile cutoff values.
For the detection of lupus anticoagulant (LAC) guidelines recommend-
ed by the Subcommittee on Lupus Anticoagulant/Antiphospholipid
Antibody of the Scientific and Standardisation Committee of the
International Society of Thrombosis and Haemostasis were followed!”.

Isolation and preparation of cells. Venous blood was collected into tubes
containing heparin and processed at room temperature (RT) within 3 hours.
Peripheral blood mononuclear cells (PBMC) were isolated on Ficoll-Paque
plus® gradient centrifugation (Amersham Biosciences, Uppsala, Sweden)
using standard protocols. PBMC were pelleted by centrifugation, and
washed twice with phosphate buffered saline (PBS; Sigma, St Louis, MO,
USA). Contaminated red blood cells were then lysated with red blood cell
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lysis buffer (eBioscience, San Diego, CA, USA) at RT for 10 min and
washed twice with PBS. Monocytes were purified using CD14 microbeads
(Miltenyi Biotec, Bergisch Gladbach, Germany) as follows: PBMC pellet
was suspended in 80 ul of auto MACS™ rinsing solution (Miltenyi
Biotec), and 20 pl of CD14 microbeads were added. After 15 min incuba-
tion at 4°C, cells were washed with 2 ml of MACS rinsing solution, sus-
pended in 500 ul of MACS rinsing solution, and separated in a magnetic
separation kit (Miltenyi Biotec) according to manufacturer’s instructions.
RNA extraction and reverse transcription-polymerase chain reaction
(RT-PCR). Total RNA were isolated from PBMC or monocytes using
RNeasy Mini Kit (Qiagen, Valencia, CA, USA) and reverse-transcribed with
the SuperScript™ First-Strand Synthesis System for RT-PCR (Invitrogen,
Carlsbad, CA, USA). cDNA were amplified using a pair of primers corre-
sponding to sequences residing at the beginning and the end of the coding
domain of the normal human PLSCRI1 transcript noted at GenBank acces-
sion NM_021105. The gene-specific primer sequences were as follows: for-
ward 5’-GCT CTC TGG ACC TTG TCT CG-3’ and reverse primer 5’-CCA
GAG CTA CAG GCC TTA CAG-3’. PCR was performed in 31 cycles of
95°C for 30 s, 61°C for 30 s, and 72°C for 45 s, followed by a final exten-
sion step 72°C for 7 min. The amplified products were resolved in 9% poly-
acrylamide gels, stained with ethidium bromide, and visualized under ultra-
violet light. The housekeeping gene glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as control using the following gene-specific
primer sequences: forward 5’-ACA TCG CTC AGA CAC CAT GG-3’ and
reverse 5’-GTA GTT GAG GTC AAT GAA GGG-3’. RT-PCR for GAPDH
was performed in 28 cycles of 95°C for 45 s, 54°C for 45 s, and 72°C for 45
s, followed by a final extension step at 72°C for 7 min. Bands of 150 bp were
identified for GAPDH in 9% polyacrylamide gels.

Cloning and sequencing of PLSCRI cDNA. Amplification of PLSCR1 was
done using the PCR method described above. PCR products were separat-
ed by electrophoresis in 1% agarose gels and visualized with ethidium bro-
mide. Four fragments of 1122 bp, 905 bp, 750 bp, and 551 bp were identi-
fied, separately recovered from the gel using MiniElute Gel Extraction Kit
(Qiagen), and subsequently cloned into a pcDNA3.1 V5-His®-TOPO® TA
expression kit (Invitrogen). Transformed Escherichia coli clones were ran-
domly selected and screened with the QIAprep Spin Miniprep kit (Qiagen)
and BstX1 restriction enzyme (New England BioLabs, Beverly, MA,
USA). Nucleotide sequences of independent clones from samples of 2
healthy donors were determined using a Centri Spin"?’ column (Princeton
Separations, Adelphi, NJ, USA), and ABI Prism 3130 Genetic Analyzer
(Applied Biosystems, ABI, Foster City, CA, USA). Sequence alignments
were analyzed by the AlignIR version 1.2 (LI-COR) software system, and
homology search was carried out using BLAST programs.

Quantitative real-time PCR. Quantitative analysis of gene expression was
performed by real-time PCR using ABI Prism 7700® Sequence Detection
System (Applied Biosystems) and gene-specific TagMan MGB probe for
PLSCR1 (Hs01062169_m1) (Applied Biosystems), which recognize the
junction sequence between exon 3 and 4 of human PLSCRI1. The level of
the PLSCRI transcript was normalized to that of the GAPDH using
TagMan MGB GAPDH probe (Hs99999905_m1). Relative quantification
was done using the comparable cycle threshold method as described's.

Western blot analysis. For Western blot analysis of PLSCRI1 protein,
PBMC from a healthy donor were incubated in the presence or absence of
interferon-o2a (IFN, 400 TU/ml; Santa Cruz Chemical Co., Santa Cruz,
CA, USA) for 24 h in a 5% CO, atmosphere at 37°C. Cells were kept in
RPMI-1640 medium (Sigma) supplemented with 10% fetal calf serum
(Gibco BRL, Paisley, UK) containing penicillin and streptomycin. After
incubation, PBMC were lysed in 30 ul x 10° cells of lysis buffer (2%
NP-40 in PBS containing 5 mM EDTA, 50 mM benzamidine, 50 mM
N-ethylmaleimide, 1 mM phenylmethylsulfonyl fluoride, and 1 mM leu-
peptin) at 4°C for 1 h. The cell lysates were centrifuged and the super-
natants were collected. Concentration of protein in the supernatants was
determined using bicinchoninic acid (BCA) assay (Thermo, Rockford, IL,
USA).

Supernatants were denatured at 100°C for 5 min in 10% sodium dode-

cyl sulfate (SDS) sample buffer with 2% B-mercaptoethanol, subjected to
electrophoresis in SDS-PAGE gels (20 ug protein/lane), and transferred to
nitrocellulose membrane (Schleicher & Schuell, Dassel, Germany). The
membrane was cut into 3 pieces and blocked with PBS containing 4% low-
fat milk (Yukijirushi, Co. Ltd., Hokkaido, Japan) for 1 h at RT. After 2
washes with PBS-Tween 0.05%, each membrane was probed overnight at
4°C, with one of the following monoclonal antibodies diluted in 1% BSA-
PBS: (1) mouse monoclonal anti-human antibody (1E9) to scramblase 1
(abcam) (1.5 pg/ml); (2) mouse monoclonal anti-human antibody (1.5
ug/ml; Life Span Biosciences, Inc., Seattle, WA, USA); or (3) PLSCR1
monoclonal antibody (M12), clone 1E11, 1.0 pxg/ml (Abnova, Taipei,
Taiwan). After 2 washes, membranes were exposed to horseradish peroxi-
dase-conjugated goat anti-mouse IgG antibody (1:5000; Jackson
ImmunoResearch Laboratories, West Grove, PA, USA) in 1% BSA-PBS at
RT for 1 h. Immunoreactive proteins were visualized using enhanced
chemiluminescence assay (Amersham Biosciences, Piscataway, NJ, USA)
and the optical imaging system (Multi Gauge ver. 3.0, LAS-4000 min,
Fujifilm, Japan).
Measurement of cell-surface PS exposure. Cell-surface exposure of PS was
evaluated by flow-cytometry using FACS Calibur (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA) with the Cell Quest pro-
gram. Monocytes were isolated, as described above, from the subjects who
agreed to the double blood collection. Monocytes from 29 patients and 24
healthy subjects had double staining with Annexin-V-Fluos labeling kit
(Roche Applied Science, Penzberg, Germany) and BD Pharmingen™ PE
anti-human CD14 antibody (BD Bioscience Pharmingen, Franklin Lakes,
NJ, USA) for 15 min at 4°C and exposed to FACS analysis. From each
sample, data from 10,000 counted-gated viable cells were collected and
data were expressed as the percentage of gated CD14+ cells, annexin V+
cells in the total gated cell population.

Statistical analysis. Statistical evaluation was performed by Student’s
t-test. Either Spearman’s rank correlation coefficient or Pearson’s correla-
tion were used for analyzing the correlations as appropriate. The signifi-
cance level was set at p < 0.05.

RESULTS

Plasma D-dimer levels. Thirty-three out of 60 SLE patients
(55%) had elevated plasma D-dimer. Levels of D-dimer
were significantly higher in SLE as compared with those in
healthy subjects (1.3 + 0.7 vs 0.6 + 0.2 g/ml, respectively;
p < 0.0001). There was no difference in plasma D-dimer
levels between patients with APS and those without.

Antiphospholipid antibodies. aCL and anti-,-GPI antibod-
ies were found positive in 17% and 22% of the patients,
respectively. Isotype distribution is shown in Table 1. Titers
of aCL in positive samples ranged from 18.5 to 80 GPL for
the IgG isotype, and 51 to 54 MPL for the IgM isotype.
Among patients with positive anti-8,-GPI antibodies, titers
ranged from 2.2 to 105 U/ml for the IgG isotype, and 8.4 to
40 U/ml for the IgM isotype. LAC was positive in 33% of
the patients.

Expression of PLSCRI mRNA in monocytes. RT-PCR was
performed to amplify the full-coding sequence of PLSCR1
mRNA. Polyacrylamide gel showed that the PCR product of
monocytes had 4 bands, of 1122 bp, 905 bp, 750 bp, and 551
bp (Figure 1). To compare the expression pattern of
PLSCRI1, total RNA samples from monocytes of 25 SLE
patients (15 with APS) and 21 healthy controls were exam-
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Figure 1. PLSCRI RT-PCR in CD14+ cells from healthy controls and patients with systemic lupus erythematosus (SLE).
RT-PCR products are resolved in 9% polyacrylamide gel. Bands correspond to PLSCR1 and GAPDH products of total
RNA from 4 healthy individuals (lanes 1-4), 2 patients with SLE and antiphospholipid syndrome (APS) (lanes 5 and 6),

and 2 patients with SLE without APS (lanes 7 and 8).

ined. The intensities of each splice variant differed among
the individuals, but there was no specific pattern in the
splice variant band intensity in patients with SLE. Because
the variants did not turn to the protein, the biological signif-
icance of splice variants was not specified.

Sequencing analysis of PLSCRI splice variants. One frag-
ment of 1122 bp and a mixture of 905 bp, 750 bp, and 551
bp fragments were inserted into the pcDNA3.1 vector.
Eighteen independent transformed cell clones were identi-
fied to have the expected inserts. DNA sequencing of these
clones showed that 6 contained the 1122 bp DNA fragment
corresponding to the complete coding sequence for PLSCR1
(GenBank accession NM_021105). Seven clones contained
the 905 bp fragment and were identical to the PLSCRI1
cDNA, except for a deletion of a 218 bp fragment corre-
sponding to full exon 4 of PLSCRI as revealed by the
LI-COR AlignIR software. Three clones contained the 750
bp fragment and were identical to the PLSCR1 cDNA,
except for the deletion of 2 fragments of 218 bp and 221 bp,
which correspond to full exons 4 and 6 of PLSCR1, respec-
tively. Two clones contained the 551 bp fragment and were
identical to the PLSCR1 cDNA except for the deletion of 3
fragments of 218 bp, 221 bp, and 162 bp fragments corre-

sponding to full exons 4, 6, and 7 of PLSCR1, respectively.
Sequence homology searches with BLAST programs
revealed that those sequences might be alternative splice
variants of human PLSCR1 mRNA (Figure 2).

Western blotting for PLSCRI. Cell lysate products from
IFN-activated PBMC of one healthy donor were assayed by
Western blotting using 3 monoclonal antibodies directed to
3 different epitopes of PLSCRI1. A single band at 37 kDa
corresponding to full-length PLSCR1 was detected in
IFN-activated cells (Figure 3).

Evaluation of full-length PLSCR1 mRNA levels by real-time
PCR. Mean levels of full-length PLSCR1 mRNA were sig-
nificantly higher in SLE patients than in controls (2.9 + 1.5
vs 1.3 + 0.4, respectively; p < 0.00001). PLSCR1 mRNA
distribution is shown in Figure 4. No statistically significant
correlations were found between levels of PLSCR1 mRNA
expression and the titers of anti-DNA antibodies, IgG/M
aCL, or IgG/M anti-B,-GPI antibodies. SLEDAI and CRP
levels did not correlate significantly with levels of PLSCR1
expression.

Cell-surface PS expression on CDI14+ cells. Flow-cytomet-
ric analysis showed that the amount of expressed PS on cell
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Figure 2. Human PLSCR1 mRNA isoforms. Top panel shows the exon structure and corresponding functional
motifs of human PLSCRI including the DNA binding domain (DNA), protein kinase C phosphorylation site

(PKC), cystein-rich domain (C), nuclear localization signal (NLS), EF hands (EF), and transmembrane domain~=.

32

Exons are not drawn to scale. Lower panel shows human PLSCR1 products of total RNA from monocytes with
exons at the right. Splice variants 1 to 3 highlighted in the right panel correspond to the 3 identified PLSCR1 vari-

ants. *Stop codon.
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Figure 3. Western blotting shows cell lysates from peripheral blood mononuclear cells from a healthy control
treated with (lanes 1, 3, and 5) or without interferon-a. (IFN) (lanes 2, 4 and 6) for 24 hours. Western blotting
was assayed using 3 monoclonal antibodies against human PLSCR1, (A) antibody specific for human PLSCR1
N-terminal region, (B) antibody directed against the C-terminal region of PLSCR1, and (C) antibody directed
against full-length recombinant PLSCR 1 protein. A single band of 37 kDa was observed in IFN-treated cells.

Lower panel shows bands corresponding to B-actin.

RO 091, 0300] .
o i y
E ,_EI.LI.I:I.I].I.I—l
3 P4
6 : ) !
5 XL 3 i
. i = :
- 5 v
R ol £ =
= - & e
2 . ¥ ki : H
I 1 s -
1 I — - -
i * -
Heallhy Al SLE BLE with APS  5LE without APS
M=43 M = G0 =23 MN=37

Figure 4. Quantitative real-time PCR analysis of PLSCR1. Gene expression of PLSCR1 in CD14+ cells was
evaluated in healthy controls and in SLE patients with or without antiphospholipid syndrome (APS) by real-time
PCR. Values were normalized to expression of the housekeeping gene GAPDH and expressed as relative quan-
tification (RQ) in the Y-axis. Data are shown as individual results. Horizontal lines show the mean + SD.
PLSCR1 mRNA expression was significantly higher in patients with SLE.

surface was increased in CD14+ cells from SLE patients
compared to controls (Table 2). No statistically significant
correlations were found between the levels of PS expression
and the autoantibodies investigated above or with
SLEDAI/CRP levels.

In addition, no statistically significant correlation was
observed between PLSCR1 mRNA levels and PS expression
on CD14+ cells in patients with SLE.

DISCUSSION

In our study, we showed enhanced fibrin turnover in patients
with SLE without acute thrombosis, presumably related to the
prothrombotic tendency seen in such patients. A history of
thrombosis was found in 23 SLE patients, which, together with
increased fibrin turnover represented by elevated D-dimer plas-
ma levels, is in concordance with the epidemiological observa-
tion of increased frequency of thrombotic events in SLE3.
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Table 2. Exposure of phosphatidylserine on the cell surface. Values are
mean + SD of percentage of annexin V high-binding cells.

Group p

Healthy subjects, n = 24 178 £5.8

SLE patients, n = 29 257 +11.6 1 vs 2,0.003
2aAPS,n=7 206 82 1 vs 2a, NS
2b non-APS, n =22 273122 1 vs 2b, 0.003

SLE: systemic lupus erythematosus, APS: antiphospholipid syndrome.
NS: not statistically significant.

Several studies show that SLE patients are at high risk of
thromboembolic disease. The presence of aPL, other
thrombotic risk factors, and predisposing conditions may
contribute to the pathogenesis of the thrombophilic state in
SLE, but the underlying disease mechanisms of the
thrombotic tendency in SLE are not yet completely
clarified3 ,19.,20,21,22,23 .

Cell activation leads to rapid redistribution of cell mem-
brane phospholipids and the appearance of PS on the cell
surface. One of the main enzymes responsible for the exter-
nalization of PS is PLSCRI, and we speculate that SLE
patients may have some abnormality in the regulation of PS
expression by PLSCRI1.

We investigated PLSCR1 mRNA expression in mono-
cytes and identified 3 novel splice variants in PLSCRI,
regardless of the presence of SLE. Human PLSCRI1 gene is
located on chromosome 3g23 and spans about 30 kb with 9
exons. Our sequencing analysis revealed 3 splicing variants
generated through exon 4, exons 4/6, or exons 4/6/7 splicing
out, respectively. Although these splice variants do not cor-
respond to new isoforms of PLSCRI1 protein, their identifi-
cation is essential for accuracy in the quantification of
PLSCR1 mRNA expression by PCR-based methods.
Recently, Bernales, et al** evaluated the gene expression of
PLSCR1 mRNA in PBMC from 12 SLE and 7 primary APS
patients, and found higher expression of PLSCR1 mRNA in
primary APS patients. We also analyzed PLSCR1 mRNA
expression in monocytes from 17 primary APS patients (data
not shown), and observed enhanced levels in SLE compared
to those in primary APS patients. Moreover, the presence of
APS in SLE patients did not affect PLSCR1 mRNA levels.
The discrepancy in these data may be due to the different
methodology used for PLSCR1 mRNA quantification, or to
patient variables that may influence expression of PLSCRI.
Bernales, et al** used a pair of primers that recognized the
junction sequence between exons 1 and 2, leading to quan-
tification of the full-length PLSCR and the 3 spliced mRNA
variants. In contrast, our primer selection recognized the
junction sequence between exons 3 and 4, resulting in quan-
tification of full-length PLSCR1 mRNA expression only.
Our RT-PCR results showed that the intensities of each splice
variant differed among individuals, but there was no specific
pattern in the band intensity in patients with SLE. Because

the variants did not turn to the protein, the biological signif-
icance of splice variants was not specified. Therefore, we did
not quantify the splice variants themselves.

In our study, SLE patients had elevated expression of
PLSCR1 mRNA in circulating procoagulant cells, as well as
high plasma levels of D-dimer in the absence of lupus activ-
ity and acute thrombosis, suggesting the prothrombotic state
in SLE as a baseline. We had predicted a correlation
between lupus activity and monocyte variables, but in fact
SLEDALI scores did not correlate significantly with them.
We consider that PLSCR1 upregulation is due to total bio-
logical alteration, which generally occurs in patients with
SLE, but not to particular factors such as aPL.

PLSCR1 was reconstituted from platelets and erythro-
cytes?326_ but has also been detected in a variety of cells'”.
Considering procoagulant cell activation in patients with
SLE, it is likely that PLSCR1 overexpression in other pro-
coagulant cells occurs in lupus patients.

PLSCRI expression is induced by IFN?’, or by various
growth factors?8-2%-30_ Kirou, et al®' showed that expression
of IFN-o-inducible genes was significantly higher in PBMC
from SLE than in those from controls, indicating IFN-o is
the predominant stimulus for those inducible genes in SLE.
Increased PLSCR1 expression may be related to IFN-o
upregulation in SLE patients. Upregulation of IFN-o. is con-
sidered to be linked to the inflammation and autoimmunity
characteristic of SLE, and possibly being extended to throm-
bophilia through overexpression of PLSCR1. Our SLE
patients had high fibrin turnover regardless of the presence
of aPL. However, the thromboembolic complications in
SLE are more common in patients with aPL, pointing to
some regulator mechanisms that counterbalance the pro-
thrombotic tendency. Antiphospholipid antibodies may
affect those regulator mechanisms and represent an aggres-
sive driver to promote thrombosis in SLE.

We demonstrated that PS exposure is relatively increased
in the surface of monocytes in patients with SLE compared
with healthy controls, but we failed to demonstrate the linear
correlation between PLSCR1 mRNA levels and monocyte
PS expression. The exposure of PS on monocytes is likely
related to multiple mechanisms such as the inhibition of an
ATP-dependent aminophospholipid translocase activity, an
enzyme responsible for the maintenance of membrane phos-
pholipid asymmetry in quiescent cells, and other processes
required to maintain the integrity of the membrane. PLSCR1
is not the sole determinant of PS externalization and the bal-
ance between aminophospholipid translocase and PLSCR1
activities may ultimately determine the appearance of PS on
the cell surface. PLSCRI1 is, in any case, a strong driver of
PS externalization.

We identified novel splice variants of PLSCRI.
Monocytes in SLE patients had increased PLSCR1 mRNA
expression, suggesting that PLSCR1 is one of the contribut-
ing factors in the prothrombotic tendency in SLE. Apart
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from our findings of enhanced PLSCR1 mRNA in mono-
cytes, multiple potential mechanisms of thrombosis, such as
atherosclerosis, may affect the prothrombotic state in
patients with SLE.

Further investigation into the mechanisms and biological

significance of impaired PLSCR1 expression will contribute
to better management of affected patients.

ACKNOWLEDGMENT
The authors thank Miki Aoto and Sumiyoshi Naito for their technical sup-
port in the performance of some laboratory tests.

REFERENCES

1.

10.

11.

13.

14.

‘Wahl DG, Bounameaux H, de Moerloose P, Sarasin FP.
Prophylactic antithrombotic therapy for patients with systemic
lupus erythematosus with or without antiphospholipid antibodies:
do the benefits outweigh the risks? A decision analysis. Arch Intern
Med 2000;160:2042-8.

Love PE, Santoro SA. Antiphospholipid antibodies: Anticardiolipin
and the lupus anticoagulant in systemic lupus erythematosus (SLE)
and in non-SLE disorders. Ann Intern Med 1990;112:682-9.

Mok CC, Tang SS, To CH, Petri M. Incidence and risk factors of
thromboembolism in systemic lupus erythematosus: a comparison
of three ethnic groups. Arthritis Rheum 2005;52:2774-82.
Amengual O, Atsumi T, Khamashta MA, Hughes GRV. The role of
the tissue factor pathway in the hypercoagulable state in patients
with the antiphospholipid syndrome. Thromb Haemost
1998;79:276-81.

Atsumi T, Matsuura E, Koike T. Immunology of antiphospholipid
antibodies and co-factors. In: Lahita RG, editor. Systemic lupus
erythematosus. 4th ed. San Diego: Academic Press; 2004:1081-105.
Wiedmer T, Zhou Q, Kwoh DY, Sims PJ. Identification of three
new members of the phospholipid scramblase gene family. Biochim
Biophys Acta 2000;1467:244-53.

Bohgaki M, Atsumi T, Yamashita Y, Yasuda S, Sakai Y, Furusaki A,
et al. The p38 mitogen-activated protein kinase (MAPK) pathway
mediates induction of the tissue factor gene in monocytes
stimulated with human monoclonal anti-beta 2 glycoprotein I
antibodies. Int Immunol 2004;16:1633-41.

Vega-Ostertag M, Casper K, Swerlick R, Ferrara D, Harris EN,
Pierangeli SS. Involvement of p38 MAPK in the up-regulation of
tissue factor on endothelial cells by antiphospholipid antibodies.
Arthritis Rheum 2005;52:1545-54.

Lutters BC, Derksen RH, Tekelenburg WL, Lenting PJ, Arnout

J, de Groot PG. Dimers of beta 2-glycoprotein I increase platelet
deposition to collagen via interaction with phospholipids and the
apolipoprotein E receptor 2’. J Biol Chem 2003;278:33831-8.
Zhou Q, Zhao J, Stout JG, Luhm RA, Wiedmer T, Sims PJ.
Molecular cloning of human plasma membrane phospholipid
scramblase. A protein mediating transbilayer movement of plasma
membrane phospholipids. J Biol Chem 1997;272:18240-4.

Zwaal RF, Schroit AJ. Pathophysiologic implications of membrane
phospholipid asymmetry in blood cells. Blood 1997;89:1121-32.
Hochberg MC. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1997;40:1725.

Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera
R, et al. International consensus statement on an update of the
classification criteria for definite antiphospholipid syndrome (APS).
J Thromb Haemost 2006;4:295-306.

Gladman DD, Ibanez D, Urowitz MB. Systemic Lupus
Erythematosus Disease Activity Index 2000. J Rheumatol

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

2002;29:288-91.

Harris EN, Gharavi AE, Patel BM, Hughes GRV. Evaluation of the
anti-cardiolipin antibody test: report of an international workshop
held 4 April 1986. Clin Exp Immunol 1987;68:215-22.

Amengual O, Atsumi T, Khamashta M, Koike T, Hughes GRV.
Specificity of ELISA for antibody to $2-glycoprotein I in patients
with antiphospholipid syndrome. Br J Rheumatol 1996;35:1239-43.
Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the
diagnosis of lupus anticoagulants: an update. On behalf of the
Subcommittee on Lupus Anticoagulant/Antiphospholipid Antibody
of the Scientific and Standardisation Committee of the ISTH.
Thromb Haemost 1995;74:1185-90.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T))
method. Methods 2001;25:402-8.

Puurunen M, Vaarala O, Julkunen H, Aho K, Palosuo T. Antibodies
to phospholipid-binding plasma proteins and occurrence of
thrombosis in patients with systemic lupus erythematosus. Clin
Immunol Immunopathol 1996;80:16-22.

Ward MM. Premature morbidity from cardiovascular and
cerebrovascular diseases in women with systemic lupus
erythematosus. Arthritis Rheum 1999;42:338-46.

De Stefano V, Rossi E, Paciaroni K, Leone G. Screening for
inherited thrombophilia: indications and therapeutic implications.
Haematologica 2002;87:1095-108.

Afeltra A, Vadacca M, Conti L, Galluzzo S, Mitterhofer AP, Ferri
GM, et al. Thrombosis in systemic lupus erythematosus: congenital
and acquired risk factors. Arthritis Rheum 2005;53:452-9.

Nojima J, Masuda Y, Iwatani Y, Suehisa E, Futsukaichi Y,
Kuratsune H, et al. Tissue factor expression on monocytes induced
by anti-phospholipid antibodies as a strong risk factor for
thromboembolic complications in SLE patients. Biochem Biophys
Res Commun 2008;365:195-200.

Bernales I, Fullaondo A, Marin-Vidalled MJ, Ucar E,
Martinez-Taboada V, Lopez-Hoyos M, et al. Innate immune
response gene expression profiles characterize primary
antiphospholipid syndrome. Genes Immun 2008;9:38-46.
Comfurius P, Williamson P, Smeets EF, Schlegel RA, Bevers EM,
Zwaal RF. Reconstitution of phospholipid scramblase activity from
human blood platelets. Biochemistry 1996;35:7631-4.

Basse F, Stout JG, Sims PJ, Wiedmer T. Isolation of an erythrocyte
membrane protein that mediates Ca2+-dependent transbilayer
movement of phospholipid. J Biol Chem 1996:;271:17205-10.
Zhao KW, Li D, Zhao Q, Huang Y, Silverman RH, Sims PJ, et al.
Interferon-alpha-induced expression of phospholipid scramblase 1
through STAT1 requires the sequential activation of protein kinase
C delta and JNK. J Biol Chem 2005;280:42707-14.

Nanjundan M, Sun J, Zhao J, Zhou Q, Sims PJ, Wiedmer T. Plasma
membrane phospholipid scramblase 1 promotes EGF-dependent
activation of c-Src through the epidermal growth factor receptor.

J Biol Chem 2003;278:37413-8.

Zhou Q, Zhao J, Wiedmer T, Sims PJ. Normal hemostasis but
defective hematopoietic response to growth factors in mice
deficient in phospholipid scramblase 1. Blood 2002;99:4030-8.
Zhao KW, Li X, Zhao Q, Huang Y, Li D, Peng ZG, et al. Protein
kinase C delta mediates retinoic acid and phorbol myristate
acetate-induced phospholipid scramblase 1 gene expression: its role
in leukemic cell differentiation. Blood 2004;104:3731-8.

Kirou KA, Lee C, George S, Louca K, Papagiannis IG, Peterson
MG, et al. Coordinate overexpression of interferon-alpha-induced
genes in systemic lupus erythematosus. Arthritis Rheum
2004;50:3958-67.

Sahu SK, Gummadi SN, Manoj N, Aradhyam GK. Phospholipid
scramblases: an overview. Arch Biochem Biophys
2007;462:103-14.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved. |—

Suzuki, et al: Phospholipid scramblase 1 in SLE

1645

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

