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Abstract Systemic lupus erythematosus (SLE) is an
autoimmune disease associated with significant morbidity,
including premature cardiovascular disease, and mortality.
Platelets bearing complement protein C4d (P-C4d) were
initially determined to be specific for diagnosis of SLE and
were later found to be associated with acute ischemic stroke in
non-SLE patients. P-C4d may identify a subset of SLE
patients with a worse clinical prognosis. This study
investigated the associations of P-C4d with all-cause mortality
and vascular events in a lupus cohort. A cohort of 356
consecutive patients with SLE was followed from 2001 to

2009. Primary outcome was all-cause mortality. Secondary
outcomes were vascular events (myocardial infarction,
coronary artery bypass graft, percutaneous coronary
transluminal angioplasty, ischemic stroke, venous
thromboembolism, pulmonary embolism, or other
thrombosis). P-C4d was measured at study baseline. Seventy
SLE patients (19.7 %) had P-C4d. Mean follow-up was
4.7 years. All-cause mortality was 4 %. P-C4d was associated
with all-cause mortality (hazard ratio 7.52, 95 % confidence
interval (CI) 2.14–26.45, p =0.002) after adjusting for age,
ethnicity, sex, cancer, and anticoagulant use. Vascular event
rate was 21.6 %. Patients with positive P-C4d were more
likely to have had vascular events compared to those with
negative P-C4d (35.7 vs. 18.2 %, p =0.001). Specifically,
P-C4d was associated with ischemic stroke (odds ratio 4.54,
95 % CI 1.63–12.69, p =0.004) after adjusting for age,
ethnicity, and antiphospholipid antibodies. Platelet-C4d is
associated with all-cause mortality and stroke in SLE patients.
P-C4d may be a prognostic biomarker as well as a pathogenic
clue that links platelets, complement activation, and
thrombosis.
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Background

We have identified complement activation product C4d bound
to the surface of platelets (platelet C4d; P-C4d) in 18 % of
patients with systemic lupus erythematosus (SLE) [1], a
systemic autoimmune disease in which autoantibody
production and complement activation are key participants
in the pathogenesis of organ injury. In our previous studies,
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platelet C4d was highly specific (99 %) for SLE compared to
more than 30 other autoimmune and inflammatory disorders.
Platelet C4d positivity was significantly associated with the
presence of antiphospholipid antibodies in these SLE patients.
We have also demonstrated that platelets bearing C4d are
associated with acute ischemic stroke and stroke severity in
non-lupus patients [2]. Abundant evidence suggests that
therapeutic strategies focused on platelet and/or complement
inhibition hold great promise in the treatment of ischemic
stroke [3–11]. Together, these considerations suggest that
platelets (as the cellular participant in thrombosis) bearing
the complement activation product C4d (as a molecular
mediator of inflammation) may be an informative biomarker
in characterizing patients with SLE.

Utilizing our well-characterized cohort of lupus patients,
we retrospectively evaluated the clinical features associated
with platelet C4d and also investigated its association with
vascular events and all-cause mortality.

Methods

Study Participants

All study participants were 18 years of age or older, and all
provided written informed consent. The University of
Pittsburgh Institutional Review Board approved this study.

Consecutive patients with SLEwere recruited and followed
during routine visits to the University of Pittsburgh Lupus
Patient Care and Translational Research Center beginning in
July 2001 when we began performing the P-C4d assays. Only
patients who met the 1982 or 1997 American College of
Rheumatology (ACR) revised classification criteria for
definite SLE were included [12, 13]. As part of their routine
care, all patients underwent medical history and physical
examination by physicians (AK and SM) who were blinded
to the results of the P-C4d assays. SLE disease activity was
measured at the time of each clinic visit using the Systemic
Lupus Erythematosus Activity Measure (SLAM) [14] and
Systemic Lupus Disease Activity Index (SLEDAI) [15]. The
modified SLEDAI excluded the parameters of complement
and anti-dsDNA antibodies. We did not include the Systemic
Lupus International Collaborating Clinics (SLICC) damage
index [16] in this report since this index was not measured
routinely in all of our SLE subjects until 2008. Patients in this
study were followed until August 2009.

Outcome Characteristics

Primary outcome was all-cause mortality. Secondary
outcomes included vascular event, defined as myocardial
infarction (MI), coronary artery bypass graft (CABG),
percutaneous transluminal coronary angioplasty (PTCA),

ischemic stroke, deep vein thrombosis, pulmonary embolism,
or other thrombosis. Vascular event was further categorized as
coronary heart event (MI, CABG, and PTCA) or thrombotic
event (ischemic stroke, deep vein thrombosis, pulmonary
embolism, and other thrombosis). Data on vascular events,
cancer, and death were collected prospectively and verified by
CM and AK through chart review, death registry, and the
Pennsylvania Cancer Registry. Renal disease was defined
using ACR criteria as having (1) renal biopsy showing lupus
nephritis, (2) persistent proteinuria greater than 0.5 g per day
or greater than 3+ protein by urine dipstick if quantification
was not performed, or (3) evidence of cellular casts in the
urine. Presence of antiphospholipid antibodies was
defined as a positive test for anticardiolipin IgG/IgM
by ELISA and/or lupus anticoagulant. Anti-double-
stranded DNA antibodies were measured by either
Crithidia luciliae immunofluorescence test or ELISA.

P-C4d Measurement

C4d deposition on platelets (P-C4d) was assessed by two-
color flow cytometry as previously described [1]. Briefly,
platelets were identified and electronically gated by
expression of the platelet-specific marker CD42b and by
forward scatter properties, which reflect cell size. Whole
blood was diluted in phosphate-buffered saline and labeled
by immunofluorescence for flow cytometry, using
phycoerythrin-conjugated anti-CD42b (BD Biosciences, San
Jose, CA) and a second monoclonal antibody (mAb)
conjugated to Alexa Fluor 488 (Molecular Probes, Eugene,
OR) or using Alexa Fluor 488 with a Zenon Mouse IgG
labeling kit (Molecular Probes). The mAb were either anti-
C4d (reactive with C4d-containing fragments of all major
allotypes of C4) (Quidel, San Diego, CA) or the IgG1-
isotype control, MOPC21. Samples were analyzed on a
FACSCalibur flow cytometer (BD Immunocytometry
Systems). To minimize the day-to-day variability of PC4d
measurement, the FACSCalibur cytometer was calibrated
daily using the CaliBrite 3 beads (BD). To ensure the long-
term reliability of PC4d measurement, the same mAb clones
and labeling reagents from the same providers were used
throughout the study period; the laser of the FACSCalibur
was maintained by the manufacturer on a regular basis to
ensure the performance of the instrument.

Since P-C4d was not measured at each follow-up visit, we
utilized only the baseline P-C4d measurement. P-C4d was
considered positive for complement deposition based on the
cut point of 2.15 median fluorescence intensity as previously
reported [1], [2] which is derived from repeated measures of
platelet samples from healthy controls. This cut point took into
account the slight variations in fluorescence labeling between
the MOPC21 isotype control and the anti-C4d antibodies, as
well as the detection limitations of the flow cytometer.
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Statistical Analysis

Data are presented as mean (standard deviation) or median
(interquartile range/IQR 25th–75th percentile) based on the
distribution of the continuous variables. Categorical variables
were analyzed using Fisher's Exact test or chi square test. To
determine whether platelet C4d was associated with vascular
events, we compared the prevalence of vascular events in SLE
patients with positive P-C4d with those who had negative P-
C4d at study entry. Multivariable logistic regression was
utilized to assess the independent association of P-C4d with
the overall vascular outcome variable and then each vascular
outcome variable, whereas multivariable Cox proportional
hazard regression was performed to assess the independent
association between P-C4d and all-cause mortality. The test of
proportional hazard assumption was also performed. All
analyses used two-tailed tests with a significance level of
0.05. Analyses were performed using STATA/SE version
11.0 for Windows (Stata Corporation, College Station, TX).

Results

Patient Characteristics

The demographics and characteristics of the 356 SLE patients
are shown in Table 1. The mean age at the initial biomarker
collection was 44.5 years (range:18–81 years). The majority
were female (92.7 %) and Caucasian (82 %). Mean SLE
disease duration was 15.1±8.8 years (range 0.15–45.5 years).
The mean follow-up of consecutive patients since 2001 was
4.7±2 years. The total person-years of follow-up were 1,
657.5 years. Median P-C4d level was 0.55 (IQR 0.03–1.68).
Positive P-C4d was found in 70 SLE patients (19.7 %) at
study entry, which comprised the top quintile of P-C4d levels.
Three SLE patients with positive P-C4d and 10 with negative
P-C4d did not have any follow-up visits.

Association Between P-C4d and Prevalent Vascular Event

Even though 13 SLE patients (3 with positive P-C4d and 10
with negative P-C4d) did not have follow-up visits, we were
able to obtain vascular event history at their initial visit.
Therefore, we did not exclude these subjects from the final
analysis. At study entry, 56 SLE patients had a history of
vascular event and 21 SLE patients developed an incident
vascular event during follow-up. SLE patients with positive
P-C4d were significantly more likely to have any incident
vascular event compared to those with negative P-C4d (12.8
vs. 3.2 %, p <0.01). Due to the low incidence of vascular
events after study enrollment, we assessed the association
between P-C4d and any vascular event as shown in Table 1.
The overall rate of vascular events defined as MI, CABG,

PTCA, ischemic stroke, pulmonary embolism, deep vein
thrombosis, and/or other thrombosis was 21.6 %. Eleven
patients had “other thrombosis” that included lower extremity
artery occlusion (n =3), upper extremity artery occlusion
(n =2), thrombosed renal allograft (n =1), superficial
thrombophlebitis (n =2), central retinal vein thrombosis
(n =1), splenic infarcts (n =1) and vasculitic ulcer with
thrombosis (n =1). SLE patients with positive P-C4d had a
significantly higher rate of any vascular event compared to
those with negative P-C4d (35.7 vs. 18.2 %, p <0.01;
unadjusted odds ratio (OR) 2.50, 95 % CI 1.41–4.44,
p <0.01) as shown in Tables 1 and 2. However, the significant
association was found in the thrombosis category and not in
the coronary heart disease category. P-C4d was univariately
associated with ischemic stroke (12.9 vs. 2.8 %; unadjusted
OR 5.13, 95 % CI 1.90–13.82, p <0.01) and pulmonary
embolism (11.4 vs. 3.5 %; unadjusted OR 3.56, 95 % CI
1.35–9.39, p =0.01). Rates of MI, CABG, PTCA, deep vein
thrombosis, and other thrombosis were similar between the P-
C4d-positive and P-C4d-negative groups. Other covariates
that were univariately associated with any vascular event were
male sex, history of neurological involvement (seizure or
psychosis), antiphospholipid antibodies, greater SLE disease
activity by SLAM, history of steroid use, and history of
anticoagulant use. In multivariable logistic regression,
positive P-C4d was associated with any vascular event (OR
2.18, 95 % CI 1.12–4.04, p =0.01) after adjusting for age,
ethnicity, sex, history of steroid use, and antiphospholipid
antibodies. Furthermore, positive P-C4d continued to be
associated with ischemic stroke (OR 4.54, 95 % CI 1.3–2.69,
p <0.01) independent of the presence of antiphospholipid
antibodies (Table 3). Nearly 40 % of baseline P-C4d positive
patients were consistently P-C4d positive at follow-up. The
baseline PC4d level of persistently P-C4d positive patients
were significantly higher compared to those who became
negative later (Median 6.7 (IQR 4.6–15) vs. 3.8 (IQR 2.7–
6.4), p =0.001). Sub-analysis of the persistently P-C4d positive
patients showed a significant association with ischemic stroke
(OR 5.48, 95 % CI 1.7–17.6, p =0.004) after adjusting for the
same covariates in Table 3.

Baseline SLE disease activity indices (SLEDAI, modified
SLEDAI, and SLAM), serum C3, C4, and platelet count did
not contribute significantly to the multivariable regression
models (p >0.30); the inclusion of baseline SLE disease
activity indices separately also did not attenuate the significant
association between P-C4d and ischemic stroke. Furthermore,
even if we controlled for other variables associated with more
severe SLE disease/damage (i.e., renal disease, anti-dsDNA
antibodies, and SLE disease duration), P-C4d remained
significantly associated with ischemic stroke (OR 4.96,
95 % CI 1.75–14.06, p <0.01). On the other hand, positive
P-C4d was no longer associated with pulmonary embolism
(OR 2.46, 95 % CI 0.84–7.20, p =0.10) whereas other
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Table 1 Baseline patient demographics and clinical characteristics by platelet C4d status at study enrollment (N =356)

All
(n =356)

Platelet C4d p value

Positive
(n =70)

Negative
(n =286)

Age, mean (SD), y 44.5 (12.7) 43 (13.8) 44.7 (12.5) 0.46

Duration of SLE, mean (SD), y 15.1 (8.8) 17.1 (10) 14.6 (8.5) 0.08

Follow-up, mean (SD), y 4.7 (2) 4.7 (2.4) 4.6 (1.8) 0.32

Sex, No. (%)

Women 330 (92.7) 64 (90) 266 (93) 0.65

Men 26 (7.3) 6 (8.6) 20 (7)

Race/ethnicity, No. (%)

White 292 (82) 54 (77.1) 235 (82.2) 0.34

Black 53 (14.9) 13 (18.6) 40 (14)

Others 11 (3.1) 2 (2.8) 9 (3.2)

Smoking history, % 147 (41.3) 30 (42.9) 117 (40.9) 0.77

SLE manifestations, No. (%)

Malar rash 164 (46.1) 35 (50) 129 (45.1) 0.46

Discoid rash 35 (9.8) 9 (12.9) 26 (9.1) 0.34

Photosensitivity 206 (57.8) 32 (45.7) 174 (60.8) 0.02

Oral ulcers 190 (53.4) 34 (48.6) 156 (54.6) 0.37

Arthritis 329 (92.4) 64 (91.4) 265 (92.7) 0.73

Serositis 164 (46.1) 36 (51.4) 128 (44.8) 0.32

Renal disease 138 (38.8) 34 (48.6) 104 (36.4) 0.06

Neurological 41 (11.5) 15 (21.4) 26 (9.1) 0.004

Seizure 35 (9.8) 13 (18.6) 22 (7.7) 0.006

Psychosis 17 (4.8) 4 (5.7) 13 (4.6) 0.68

Hematological 260 (73) 59 (84.3) 201 (70.3) 0.02

Hemolytic anemia 29 (8.2) 12 (17.1) 17 (5.9) 0.002

Leukopenia 149 (41.9) 31 (44.3) 118 (41.3) 0.65

Lymphopenia 140 (39.3) 34 (48.6) 106 (37.1) 0.08

Thrombocytopenia (<100×103) 73 (20.5) 24 (34.3) 49 (17.1) 0.001

Autoantibodies

Antinuclear antibody (Ab) 353 (99.2) 69 (98.6) 284 (99.3) 0.55

Phospholipid (aPL) Ab 134 (37.6) 39 (55.7) 95 (33.2) <0.0001

Cardiolipin Ab 106 (29.8) 32 (45.7) 74 (25.9) 0.001

Lupus anticoagulant 55 (15.5) 17 (24.3) 38 (13.3) 0.02

Double-stranded Ab 188 (52.8) 46 (65.7) 142 (49.7) 0.02

Smith Ab 42 (11.8) 7 (10) 35 (12.2) 0.60

SLE activity indices

Median SLEDAI score
(n=339)a

2 (IQR 0–4) 3 (IQR 2–6) 2 (IQR 0–4) 0.04

Median modified SLEDAI score (n =339)b 0 (IQR 0–2) 0 (IQR 0–4) 0 (IQR 0–2) 0.55

Median SLAM score
(n=339)a

5 (IQR 3–8) 6 (IQR 3–8) 5 (IQR 3–7) 0.13

Platelet count, ×1,000 253 (IQR 192–303) 236 (IQR 180–288) 256 (IQR 196–305) 0.08

Serum C3, % below normal range 115/328 (35.1 %) 31/60 (51.7 %) 84/268 (31.3 %) 0.003

Serum C4, % below normal range 154/328 (47 %) 36/60 (60 %) 118/268(81.7 %) 0.03

Medication use everc

Steroid 271 (76.1) 55 (78.6) 216 (75.5) 0.59

Antimalarial 231 (64.9) 49 (70) 182 (63.6) 0.32

Anticoagulant 42 (11.8) 17 (24.3) 25 (8.7) <0.0001
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covariates, specifically antiphospholipid antibodies (OR 5.75,
95 % CI 1.67–19.76, p <0.01) and history of renal disease
(OR 3.58, 95 % CI 1.18–10.87, p =0.02), were significantly
associated with pulmonary embolism in the multivariable
logistic regression model.

Association Between P-C4d and All-Cause Mortality

Fourteen (3.9 %) SLE patients died during this study. The
mean age of death was 46.9±15.2 years. The overall mortality
rate was 8.4 (95 % confidence interval 5–14.3) per 1,000
person-years. In univariate analysis, more P-C4d-positive
patients died compared to those who were P-C4d-negative
(11.4 vs. 2.1 %, p =0.002). Both groups had similar duration
of follow-up. SLE disease duration appeared to be longer but
not statistically significant in the deceased group compared to
the living group (median 18.6 vs. 14.9 years, p =0.06). The

causes of death were infection (n =4), cardiac arrest (n =2),
congestive heart failure (n =1), ovarian cancer (n =1), lung
cancer (n =1), hemorrhage (n =1), and unknown (n =4). Of
note, 6 of these 14 deceased patients had cancer (ovarian
carcinoma, T-cell lymphoma, non-Hodgkin's lymphoma,
small-cell lung cancer, epithelial hemangioendothelial lung
cancer, anal squamous cell carcinoma). The overall
prevalence of cancer in this study sample was 9 % (32/356)
and the cancer rates were similar in both groups. Five subjects
had a history of cancer prior to the SLE diagnosis.
Immunosuppressive therapy (including cyclophosphamide
use) or smoking history was not associated with malignancy.
Figure 1 illustrates the Kaplan–Meier survival curves for P-
C4d positive and P-C4d negative SLE subjects. A log-rank
test and Wilcoxon test for equality of survival both showed
significant differences between the two groups (p =0.0005
and p =0.002, respectively). As shown in Table 2, positive

Table 1 (continued)

All
(n =356)

Platelet C4d p value

Positive
(n =70)

Negative
(n =286)

Antiplatelet 100 (28.1) 21 (30) 79 (27.6) 0.69

Immunosuppressant 169 (47.5) 43 (61.4) 126 (44.1) 0.009

All-cause mortality (%) 14 (3.9) 8 (11.4) 6 (2.1) 0.002

Any vascular event, everd (%) 77 (21.6) 25 (35.7) 52 (18.2) 0.001

Coronary heart disease

MI 14 (7.1) 5 (4.3) 9 (3.2) 0.16

CABG 6 (1.7) 1 (1.4) 5 (1.8) 0.66

PTCA 10 (2.8) 2 (2.9) 8 (2.8) 1

Thrombosis

Ischemic stroke 17 (4.5) 9 (12.9) 8 (2.8) 0.002

Pulmonary embolism 18 (5.1) 8 (11.4) 10 (3.5) 0.007

Deep vein thrombosis 34 (9.6) 8 (11.4) 26 (9.1) 0.55

Other thrombosis 12 (3.6) 4 (5.7) 7 (2.5) 0.16

Others

Angina 23 (6.5) 6 (8.6) 17 (5.9) 0.42

TIA 11 (3.2) 2 (3.1) 9 (3.2) 1.0

Malignancy, ever 32 (9.0) 6 (8.6) 26 (9.1) 1.0

Continuous variables are presented as mean (standard deviation) or median (Interquartile range/IQR 25th–75th percentile) depending on the data
distribution.

MI myocardial infarct, CABG, coronary artery bypass graft, PTCA percutaneous transluminal coronary angioplasty, PE pulmonary embolism, DVT
deep vein thrombosis, TIA transient ischemic attack
a Baseline SLEDAI and SLAM were completed in 339/356 SLE subjects (66/70 P-C4d positive and 273/286 P-C4d negative subjects).
bModified SLEDAI score excluded the anti-dsDNA and complement parameters.
cMedication use at baseline: antimalarial—hydroxychloroquine, chloroquine, and quinacrine; anticoagulant—warfarin, enoxaparin, and fondaparinux;
antiplatelet—aspirin, clopidogrel, enoxaparin; immunosuppressant—azathioprine, methotrexate, mycophenolate mofetil, mycophenolic acid,
cyclophosphamide, tacrolimus, leflunomide, cyclosporine, and 6-mercaptopruine.
d Vascular event, ever (at baseline and follow-up): MI, CABG, PTCA, ischemic stroke, PE, DVT, or other thrombosis
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P-C4d at baseline was associated with an unadjusted hazard
ratio for all-cause mortality of 5.36 (95 % CI 1.85–15.51, p =
0.002). Positive P-C4d at baseline was significantly associated
with a 7.5-fold increased risk of all-cause mortality (HR 7.52,
95 % CI 2.14–26.45, p =0.002) after adjusting for age, race,
sex, cancer, and anticoagulant use (Table 4). Even though any
vascular event was univariately associated with all-cause
mortality, any vascular event did not attenuate the association
between P-C4d and all-cause mortality in the multivariable

regression model (HR 7.58, 95 % CI 2.16–26.54, p =0.002).
The addition of baseline modified SLEDAI and SLAM to the
separate multivariable regression models did not attenuate the
significant association between P-C4d and all-cause mortality.
Similarly, the addition of variables for more severe SLE
disease/damage (i.e., renal disease, cardiovascular event, and
anti-dsDNA antibodies) also did not attenuate the significant
association between P-C4d and all-cause mortality. No
interactions were found and the proportional hazard
assumption was met.

Discussion

In this retrospective cohort study, we demonstrated that C4d
deposition on platelets at baseline is significantly associated with
all-causemortality and ischemic stroke in patients with SLE. The
mortality rate in our study was 3.9 %, which is lower than in
other studies [17–19]. This low mortality rate may be related to
the potential survival bias based on the relatively long SLE
disease duration (mean 15.1 years) and a short mean follow-up

Table 2 Univariate association
with vascular events and all-cause
mortality

Any vascular event All-cause mortality

Variables OR 95 % CI p value HR 95 % CI p value

Age 1.02 0.99–1.04 0.06 0.99 0.95–1.03 0.71

Duration of SLE 1.01 0.98–1.04 0.58 1.03 0.98–1.09 0.27

Sex (Male) 2.93 1.29–6.68 0.01 1.04 0.14–7.92 0.97

Race (Caucasian) 0.65 0.35–1.20 0.17 0.27 0.09–0.78 0.02

Smoking history 1.52 0.91–2.52 0.10 1.02 0.35–2.95 0.97

SLE Manifestations

Arthritis 0.72 0.27–1.91 0.51 1.03 0.13–7.94 0.98

Serositis 1.18 0.71–1.96 0.51 1.07 0.37–3.05 0.90

Renal disease 1.52 0.92–2.54 0.11 2.73 0.91–8.16 0.07

Neurological 2.35 1.18–4.71 0.02 2.87 0.90–9.16 0.08

Hematological 1.69 0.91–3.14 0.097 1.77 0.40–7.92 0.46

aPL antibodies 2.61 1.56–4.37 <0.01 1.09 0.38–3.11 0.88

dsDNA antibodies 1.64 0.98–2.76 0.06 0.79 0.28–2.28 0.67

SLEDAI score (n =339) 1.06 0.99–1.14 0.10 1.04 0.89–1.21 0.64

SLAM score (n =339) 1.08 1.01–1.14 0.02 1.09 0.98–1.22 0.12

Serum C3 1.00 0.99–1.01 0.83 0.98 0.98–1.02 0.85

Serum C4 1.02 0.99–1.05 0.18 1.06 1.00–1.14 0.06

Medication use, ever

Steroids 2.46 1.20–5.04 0.01 4.03 0.53–30.79 0.18

Antimalarial 0.87 0.51–1.46 0.60 0.52 0.18–1.47 0.22

Anticoagulant 22.5 10.08–50.22 <0.01 5.62 1.95–16.2 <0.01

Antiplatelet 1.31 0.76–2.26 0.34 0.18 0.02–1.37 0.10

Immunosuppressant 1.64 0.99–2.73 0.06 1.46 0.51–4.21 0.48

Vascular event, ever NA NA NA 3.43 1.20–9.78 0.02

Malignancy, ever 2.05 0.94–4.46 0.07 8.22 2.84–23.77 <0.01

Platelet C4d 2.50 1.41–4.44 <0.01 5.36 1.85–15.51 <0.01

Table 3 Association between baseline positive platelet C4d and
ischemic stroke in patients with systemic lupus erythematosus

Independent variables Odds ratio 95 % Confidence
interval

p value

Positive P-C4d 4.54 1.63–12.69 <0.01

Age 1.04 0.99–1.08 0.06

Race (Caucasian) 0.32 0.11–0.96 0.04

Antiphospholipid antibodies 2.11 0.67–5.71 0.22

P-C4d platelet C4d
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since study entry (4.7 years) in our study cohort. Infection, as
expected, was a leading cause of mortality [19–21].

We noted a higher frequency of malignancy in our cohort
(9 %) compared to the other studies (4.3 %, 4.5 %) [22, 23]
even though the SLE duration and age at the time of cancer
diagnosis in our study were similar to those of the other
published studies. When we excluded patients with pre-
existing cancer prior to SLE diagnosis, the incidence of cancer
was reduced to 7.6 %. Factors which could potentially
contribute tomalignancy include immunosuppressive therapy,
chronic inflammation, and cigarette smoking, even though
these factors were not significant in our study.

Our current findings of the association between P-C4d and a
history of stroke corroborate previous work that demonstrated
activation of complement in acute ischemic stroke [4–6, 24–27]
and the interaction between complement activation and
platelets in cerebral ischemic injury. Furthermore, P-C4d was
significantly associated with stroke and not venous
thromboembolism (i.e., pulmonary embolism) in the

multivariable regression analyses. These findings suggest a
potential dual role of platelets which involves inflammation
mediated by complement activation and arterial thrombosis
through platelet activation in cerebrovascular event (i.e., stroke)
in SLE. Although TIAwas not significantly associated with P-
C4d positivity, the small number of TIA events in this study
would preclude any meaningful postulation. Our finding is
consistent with a previous study by Peerschke et al. which
demonstrated a positive association between in vitro
complement activation (C1q and C4d) on platelets and arterial
thrombosis (predominantly stroke) in patients with SLE and
with antiphospholipid antibodies but not in non-lupus patients
with primary antiphospholipid syndrome [28]. This study
utilized a solid phase assay to measure the capacity of sera
from either SLE patients with antiphospholipid antibodies or
non-SLE patients with antiphospholipid syndrome to activate
the classical complement pathway on immobilized
heterologous platelets from healthy donors. A recent study by
Lood et al. investigated in vivo deposition of the complement
proteins C1q, C4d, and C3d on platelets of patients with SLE.
[29] Using a different method from that of the current study, this
group reported values of complement deposition as a
percentage of platelets being positive compared with a negative
isotype antibody and found increased complement C1q, C4d,
and C3d depositions on platelets of SLE patients with venous
and not arterial thrombosis in their univariate analyses. We
initially also found an association between P-C4d and venous
thrombosis, specifically pulmonary embolism, in a univariate
analysis. However, this association was no longer significant
after adjustment for the presence of antiphospholipid
antibodies. Even though the assays utilized by Peerschke et al
[28]. and Lood et al [29]. were not the validated P-C4d assays,
their findings support the link among platelets, complements,

Fig. 1 Kaplan–Meier survival
curves of patients with
systemic lupus erythematosus
(SLE) stratified by platelet
C4d (P-C4d) status. P-C4d
positive SLE patients (dash
line ) had worse survival or
higher all-cause mortality
compared to P-C4d-negative
SLE patients (solid line ). Log-
rank test and Wilcoxon test for
equality of survival both showed
significant differences between
the two groups (p =0.0005 and
p =0.002, respectively)

Table 4 Association between baseline positive platelet C4d and all-cause
mortality in patients with systemic lupus erythematosus

Independent
variables

Hazard ratio 95 % Confidence
interval

p value

Positive P-C4d 7.52 2.14–26.45 <0.01

Age 0.97 0.93–1.01 0.16

Race (Caucasian) 0.09 0.03–0.35 <0.01

Sex (Male) 0.09 0.01–1.11 0.06

Malignancy, ever 50.96 9.99–259.70 <0.01

Anticoagulant use 12.47 3.03–51.29 <0.01

P-C4d platelet C4d
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and thrombosis in SLE. Antiphospholipid antibodies are also
known to activate the classical pathway of the complement
system. Further studies are needed to examine the mechanisms
underlying the interaction of antiphospholipid antibodies with
platelets and complement activation in venous and arterial
thrombosis. Thus far, we speculate that deposition of C4d on
platelet surfaces may influence platelet aggregation and/or
platelet interactions with circulating leukocytes and endothelial
cells. There is growing literature regarding the proinflammatory
capacity of platelets [30–32] and the anti-inflammatory effects
of antiplatelet therapy through reduced platelet activation in
patients who had thrombotic events [33].

Our study was limited by the small sample size, few
patients with positive P-C4d, and few numbers of events;
thus, the 95 % confidence interval was wide. Our patients
were predominantly Caucasian. We did not have SLICC
damage index completed for all subjects in this study. Thus,
we cannot exclude the potential mediating effects of greater
damage related to SLE disease or its treatment in P-C4d-
positive patients. Another limitation is that the majority of
vascular events, including ischemic stroke, occurred prior to
the initial study visit. Therefore, we did not have the exact
etiology or subtype of the stroke events to determine if stroke
was related to SLE and/or other unrelated conditions, such as
atrial fibrillation or carotid stenosis. There are other factors,
such as socioeconomic status and cumulative steroid use,
which we have not accounted for in this study. Nevertheless,
our retrospective cohort study was a relatively large single
center study with longitudinal patient follow-up. Our sub-
analysis of the persistently P-C4d-positive patients showed a
significant association with ischemic stroke (OR 5.48, 95 %
CI 1.7–17.6, p =0.004). This observation further identifies a
much higher risk group of SLE patients who have persistently
positive P-C4d. Previously, P-C4d was found to be highly
specific for the diagnosis of SLE [1]. In a recent multicenter
cross-sectional study, P-C4d followed the best predictors (i.e.,
C4d on erythrocytes and B lymphocytes) for SLE diagnosis
using the receiver operating characteristic curve analysis
comparing SLE and other rheumatic diseases [34]. In our
current study, we discovered an important observation
regarding the association between platelet C4d and poorer
prognosis in patients with SLE, specifically all-cause
mortality and ischemic stroke. Taken together, P-C4d has
potential value as a lupus biomarker for diagnosis, prognosis,
and vascular risk stratification.

In summary, our findings indicate that platelet C4d is
associated with all-cause mortality and ischemic stroke in
patients with SLE. Furthermore, these observations may have
important implications for identifying a subset of SLE patients
who may have more severe clinical manifestations related to
cellular and molecular mechanisms of complement and
platelet activation. Future mechanistic studies of the function
of C4d-positive platelets and their cellular interactions may

provide insight into the pathogenesis of SLE and the potential
therapeutic role of anti-platelet and/or anti-complement
interventions in the treatment of SLE.

Acknowledgments We thank all participants in this study. We thank
Drs. Koumpouras, Maksimowicz-McKinnon, Elliott, and Domsic, who
helped uswith the recruitment of patients and blood collections.We thank
Dr. Steve Jones and Michael Anderson for their review and suggestions
regarding this manuscript. The funding sources of this study are the
National Institutes of Health (RO1 HL-074335, RO1 AR-4676402,
RO1 AR-46588, NCRR/GCRC MO1-RR-00056, K24 AR-02213, K23
AR-051044), the Alliance for Lupus Research, the Arthritis Foundation,
and the Lupus Foundation of America.

Conflict of interest Drs. Joseph M Ahearn and Susan Manzi are
consultants for Exagen Diagnostics, Inc.

References

1. Navratil JS, Manzi S, Kao AH, Krishnaswami S, Liu CC, Ruffing
MJ, et al. Platelet C4d is highly specific for systemic lupus
erythematosus. Arthritis Rheum. 2006;54:670–4.

2. Mehta N, Uchino K, Fakhran S, Sattar MA, Branstetter BFIV, Au K,
et al. Platelet C4d is associated with acute ischemic stroke and stroke
severity. Stroke. 2008;39:3236–41.

3. del Conde I, Cruz MA, Zhang H, Lopez JA, Afshar-Kharghan V.
Platelet activation leads to activation and propagation of the
complement system. J Exp Med. 2005;201:871–9.

4. Atkinson C, Zhu H, Qiao F, Varela JC, Yu J, Song H, et al.
Complement-dependent P-selectin expression and injury following
ischemic stroke. J Immunol. 2006;177:7266–74.

5. Mocco J, Mack WJ, Ducruet AF, Sosunov SA, Sughrue ME, Hassid
BG, et al. Complement component C3 mediates inflammatory injury
following focal cerebral ischemia. Circ Res. 2006;99:209–17.

6. Figueroa E, Gordon LE, Feldhoff PW, Lassiter HA. The
administration of cobra venom factor reduces post-ischemic cerebral
injury in adult and neonatal rats. Neurosci Lett. 2005;380:48–53.

7. De Simoni M, Storini C, Barba M, Catapano L, Arabia A, Rossi E,
et al. Neuroprotection by complement (C1) inhibitor in mouse
transient brain ischemia. J Cereb Blood FlowMetab. 2003;23:232–9.

8. Salter JW, Krieglstein CF, Issekutz AC, Granger DN. Platelets
modulate ischemia/reperfusion-induced leukocyte recruitment in
the mesenteric circulation. Am J Physiol Gastrointest Liver Physiol.
2001;281:G1432–9.

9. Zhang Z-g, Zhang Q-z, Cheng Y-n, Ji S-l, Du G-h. Antagonistic
effects of ultra-low-molecular-weight heparin against cerebral
ischemia/reperfusion injury in rats. Pharmacol Res. 2007;56:350–5.

10. Sakurai-Yamashita Y, Kinugawa H, Niwa M. Neuroprotective effect
of pentosan polysulphate on ischemia-related neuronal death of the
hippocampus. Neurosci Lett. 2006;409:30–4.

11. Kingma JG, Plante S, Bogaty P. Platelet GPIIb/IIIa receptor blockade
reduces infarct size in a canine model of ischemia-reperfusion. J Am
Coll Cardiol. 2000;36:2317–24.

12. Tan E, Cohen A, Fries J. The 1982 revised criteria for the
classification of systemic lupus erythematosus. Arthritis Rheum.
1982;25:1271–7.

13. Hochberg M. Updating the American College of Rheumatology
revised criteria for the classification of systemic lupus erythematosus.
Arthritis Rheum. 1997;40:1725.

14. LiangM, Socher S, LarsonM, Schur P. Reliability and validity of six
systems for the clinical assessment of disease activity in systemic
lupus erythematosus. Arthritis Rheum. 1989;32:1107–18.

Transl. Stroke Res. (2014) 5:510–518 517



15. Bombardier C, Gladman D, Urowitz M, Caron D, Chang C.
Derivation of the SLEDAI. A disease activity index for lupus
patients. The Committee on Prognosis Studies in SLE. Arthritis
Rheum. 1992;35:630–40.

16. Stoll T, Seifert B, Isenberg DA. SLICC/ACR damage index is valid,
and renal and pulmonary organ scores are predictors of severe
outcome in patients with systemic lupus erythematosus.
Rheumatology. 1996;35:248–54.

17. Danila MI, Pons-Estel GJ, Zhang J, Vila LM, Reveille JD, Alarcon
GS. Renal damage is the most important predictor of mortality within
the damage index: data from LUMINA LXIV, a multiethnic US
cohort. Rheumatology. 2009;48:542–5.

18. Nossent J, Cikes N, Kiss E, Marchesoni A, Nassonova V, Mosca M,
et al. Current causes of death in systemic lupus erythematosus in
Europe, 2000–2004: relation to disease activity and damage accrual.
Lupus. 2007;16:309–17.

19. Chambers SA, Allen E, Rahman A, Isenberg D. Damage and mortality
in a group of British patients with systemic lupus erythematosus
followed up for over 10 years. Rheumatology. 2009;48:673–5.

20. Jacobsen S, Petersen J, Ullman S, Junker P, Voss A, Rasmussen J,
et al. Mortality and causes of death of 513 Danish patients with
systemic lupus erythematosus. Scand J Rheumatol. 1999;28:75–80.

21. Cervera R, Khamashta MA, Font J, Sebastiani GD, Gil A, Lavilla P,
et al. European working party on systemic lupus e. morbidity and
mortality in systemic lupus erythematosus during a 10-year period: a
comparison of early and late manifestations in a cohort of 1,000
patients. Medicine. 2003;82:299–308.

22. Tarr T, Gyorfy B, Szekanecz É, Bhattoa HP, Zeher M, Szegedi G,
et al. Occurrence of malignancies in Hungarian patients with
systemic lupus erythematosus. Ann NYAcad Sci. 2007;1108:76–82.

23. Bernatsky S, Ramsey-Goldman R, Clarke AE. Malignancy in
systemic lupus erythematosus: what have we learned? Best Pract
Res Clin Rheumatol. 2009;23:539–47.

24. Di Napoli M. Systemic complement activation in ischemic stroke.
Stroke. 2001;32:1443–8.

25. Pedersen ED, Waje-Andreassen U, Vedeler CA, Aamodt G, Mollnes
TE. Systemic complement activation following human acute
ischaemic stroke. Clin Exp Immunol. 2004;137:117–22.

26. Mocco J, Wilson D, Komotar R, Sughrue M, Coates K, Sacco R,
et al. Alterations in plasma complement levels after human ischemic
stroke. Neurosurgery. 2006;59:28–33.

27. Imm MD, Feldhoff PW, Feldhoff RC, Lassiter HA. The
administration of complement component C9 augments post-
ischemic cerebral infarction volume in neonatal rats. Neurosci Lett.
2002;325:175–8.

28. Peerschke E, Yin W, Alpert D, Roubey R, Salmon J, Ghebrehiwet B.
Serum complement activation on heterologous platelets is associated
with arterial thrombosis in patients with systemic lupus
erythematosus and antiphospholipid antibodies. Lupus. 2009;18:
530–8.

29. Lood C, Eriksson S, Gullstrand B, Jönsen A, Sturfelt G, Truedsson L,
et al. Increased C1q, C4 and C3 deposition on platelets in patients
with systemic lupus erythematosus – a possible link to venous
thrombosis? Lupus. 2012;21:1423–32.

30. Smyth SS, Mcever RP, Weyrich AS, Morrell CN, Hoffman MR,
Arepally GM, et al. Platelet functions beyond hemostasis. J Thromb
Haemost. 2009;7:1759–66.

31. Boilard E, Nigrovic PA, Larabee K, Watts GFM, Coblyn JS, Weinblatt
ME, et al. Platelets amplify inflammation in arthritis via collagen-
dependent microparticle production. Science. 2010;327:580–3.

32. Spinelli SL, Casey AE, Pollock SJ, Gertz JM, McMillan DH,
Narasipura SD, et al. R1: Platelets and megakaryocytes contain
functional nuclear factor-{kappa}B. Arterioscler Thromb Vasc Biol.
2010;30(3):591–8.

33. Muhlestein J. Effect of antiplatelet therapy on inflammatory markers
in atherothrombotic patients. Thromb Haemost. 2010;103:71–82.

34. Kalunian KC, Chatham WW, Massarotti EM, Reyes-Thomas J,
Harris C, Furie RA, et al. Measurement of cell-bound complement
activation products enhances diagnostic performance in systemic
lupus erythematosus. Arthritis Rheum. 2012;64:4040–7.

518 Transl. Stroke Res. (2014) 5:510–518



All rights reserved. © Springer Science+Business Media New York 2013

No part of this publication may be reproduced, transmitted or stored in any form or by any means either mechanical or electronic, including photo-
copying, recording or through an information storage and retrieval system, without the written permission of the copyright holder. 

Although great care has been taken in compiling the content of this publication, the publisher and its servants are not responsible or in any way 
liable for the currency of the information, for any errors, omissions or inaccuracies, or for any consequences arising therefrom. Inclusion or exclusion 
of any product does not imply its use is either advocated or rejected. Use of trade names is for product identification only and does not imply 
endorsement. Opinions expressed do not necessarily reflect the views of the Publisher, Editor or Editorial Board.
Please consult the latest prescribing information from the manufacturer before issuing prescriptions for any products mentioned in this publication.

233 Spring Street, 7th Floor, New York, NY 10013 
Tel. +1-212-460-1500 
www.springerhealthcare.com

Part of the Springer Nature group Printed in USA 


	Relation of Platelet C4d with All-Cause Mortality and Ischemic Stroke in Patients with Systemic Lupus Erythematosus
	Abstract
	Background
	Methods
	Study Participants
	Outcome Characteristics
	P-C4d Measurement
	Statistical Analysis

	Results
	Patient Characteristics
	Association Between P-C4d and Prevalent Vascular Event
	Association Between P-C4d and All-Cause Mortality

	Discussion
	References

	Blank Page



