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A defect in clearance of apoptotic materials is pivotal in the pathogenesis of systemic lupus erythematosus 
(SLE).  Protein S participates in the removal of apoptotic remnants and the anticoagulation pathway.  The 
aim of the study was to clarify the relationship between plasma levels of free protein S and the disease 
activity or subclinical atherosclerosis in SLE.  Free protein S was measured by an enzyme-linked 
immunosorbent assay, and patients were classified into two groups of free protein S levels: low (< 50%) 
and normal (≥ 50%).  One hundred-eleven Korean female patients with SLE were enrolled, and the levels 
of free protein S were 67.4 ± 19.7%.  Carotid plaque was detected in 25 (22.5%) patients.  Twenty-one 
patients with low free protein S had lower hemoglobin (11.4 ± 1.4 vs. 12.5 ± 1.4 g/dL) and lymphocytes  
(1,221 ± 609 vs. 1,720 ± 1,097/µL), higher erythrocyte sedimentation rate (30.1 ± 20.6 vs. 20.8 ± 17.8 mm/
h), and lower complement 3 (80.8 ± 27.6 vs. 103.4 ± 25.8 mg/dL) and complement 4 (15.6 ± 10.4 vs. 21.5 ± 
7.6 mg/dL) than those with normal protein S.  There was no significant difference in the proportion of 
patients with increased carotid artery intima-media thickness (> 4.6 mm) or with carotid artery plaque 
between two groups.  The low levels of free protein S were associated with hemoglobin (OR = 0.64, p = 
0.04) and complement 3 (OR = 0.96, p = 0.005).  Free protein S is correlated with disease activity, but not 
with subclinical atherosclerosis in SLE.
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Introduction
Systemic lupus erythematosus (SLE) is a chronic 

inflammatory disease derived from the activated immune 
response, and one of the distinguishing features in its patho-
physiology is the impaired clearance of apoptotic cells 
(Munoz et al. 2008).  Delayed or incomplete clearance of 
apoptotic debris enables recurrent exposures of superfluous 
self-antigen to immune cells.  Hyperactive immune cells, 
including macrophages and lymphocytes, damage tissues 
and release pro-inflammatory molecules, leading to inflam-
mation.  Tyro3, Axl, and Mer (TAM) receptors, and their 
ligands, protein S and growth arrest-specific protein 6 
(Gas6), are known to be required for the optimal phagocy-
tosis of apoptotic cells (Rothlin and Lemke 2010; van der 
Meer et al. 2014). Alteration of such receptors and ligands 
has been found in patients with SLE and is considered to 
contribute to prolonged auto-antigen production and 
repeated immune response provocations (Suh et al. 2010; 
Wu et al. 2011; Gheita et al. 2012; Zizzo et al. 2013; Wu et 
al. 2014; Zhu et al. 2014).

Protein S is not only a ligand of TAM receptors, but 

also an anticoagulant cofactor for activated protein C (APC) 
(Suleiman et al. 2013).  In the coagulation pathway, APC 
inactivates coagulation factors Va and VIIIa.  Deficient lev-
els of protein S limit the action of APC, increasing suscepti-
bility to coagulation or thrombosis.  It is well known that 
protein S deficiency results in a hypercoagulable status, 
leading to arterial and venous thrombosis or vasculopathy 
(Engesser et al. 1987; Pintao et al. 2013).  Protein S is pro-
duced in various cells, including liver cells, endothelial 
cells, and monocyte-derived cells.  Plasma protein S levels 
vary according to age, sex, hormonal status, lipid metabo-
lism and genetic factors (Marlar and Gausman 2011).  Of 
the protein S found in plasma, 60% is bound to C4b-binding 
protein (C4BP), with the remaining 40% found in free 
form.  The action of the C4BP-protein S complex is weaker 
than free form of protein S.  Protein S acts as a ligand for 
TAM receptors, involving a removal of apoptotic debris.  It 
has been revealed that an alteration of Gas6/Protein S-TAM 
system renders defects in clearance of apoptotic debris, 
affecting homeostasis and inflammation (van der Meer et al. 
2014; Tabib et al. 2018).  In addition to its anti-thrombotic 
activity, protein S binds to phosphatidylserine exposed on 
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the surface of apoptotic cells and stimulates macrophage 
phagocytosis (Anderson et al. 2003).  Although protein S 
deficient mice exhibited defect in their vascular develop-
ment and generated elevated levels of thrombin, these find-
ings are consistent with the data for human subjects (Levine 
et al. 2014).  In systemic inflammatory status including sep-
sis, the decreased levels of protein S and C have been 
regarded as biomarkers for severity and defects in physio-
logic inhibition of coagulation (El Beshlawy et al. 2010; 
Mihajlovic et al. 2017).  In SLE, free protein S levels are 
decreased compared to healthy controls, and this decrease 
is correlated with complement levels or disease activity 
markers (Suh et al. 2010; Recarte-Pelz et al. 2013).

Plasma free protein S levels have been rarely studied 
in patients with SLE, and the relationship between free pro-
tein S and the propensity to develop atherosclerosis in SLE 
has not been clarified.  We investigated the levels of free 
protein S in patients with SLE and aimed to clarify the rela-
tionship of the levels of free protein S with subclinical ath-
erosclerosis or lupus disease activity markers.

Methods
Study participants

Only female patients with SLE were recruited.  All patients met 
the Systemic Lupus International Collaborating Clinics (SLICC) clas-
sification criteria for SLE (Petri et al. 2012), and received standard-
of-care treatment for SLE.  Any patients with cardiovascular disease, 
cancer, chronic renal failure, or pregnancy were excluded.  Traditional 
risk factors were assessed by chart review or by participant inter-
views.  A family history risk factor was defined as ‘having someone 
with premature cardiovascular disease before 55 years of age among 
first degree male relatives, or before 65 years of age among female 
relatives’.  Smoking was defined as being present if the subject had 
smoked for more than 20 pack-years, despite cessation at the time of 
recruitment.  The body mass index (BMI) and waist-hip ratio (WHR) 
were measured for all participants.  Comprehensive medication histo-
ries were obtained, including the use of corticosteroids, immunosup-
pressants, anticoagulants, and statins.

Laboratory test and disease activity assessment
Routine chemical analyses, a complete blood count, the eryth-

rocyte sedimentation rate (ESR), lipid profiles (total cholesterol, tri-
glyceride, high density lipoprotein (HDL), and low density lipopro-
tein (LDL) cholesterol), and complement levels (C3 and C4) were 
examined for each patient.  Additionally, autoantibody results were 
recorded, including antinuclear antibodies (ANA), anti-double-
stranded DNA (anti-dsDNA) antibodies, anti-cardiolipin antibodies 
(ACA), and lupus anticoagulant (LA).  Plasma levels of free protein S 
were assessed using an enzyme-linked immunosorbent assay 
(Corgenix Medical, CO, USA), which uses a monoclonal antibody 
specific for free protein S, and the data are reported in percent (%) of 
normal, relative to a reference plasma that has been standardized 
against Secondary Standard for Coagulation/International Society on 
Thrombosis and Haemostasis (SSC/ISTH) preparation, which is cali-
brated to World Health Organization (WHO) standards.  The ranges 
of normal population were 50~150%.  Disease activity and disease-
related damage were assessed using the Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI) and SLICC/American College of 

Rheumatology (SLICC/ACR) Damage Index, respectively 
(Bombardier et al. 1992; Gladman et al. 1997).

Measurement of carotid artery intima-media thickness and plaque
Carotid artery intima-media thickness (cIMT) and presence of 

carotid artery plaque, which represent subclinical atherosclerosis were 
measured using an ultrasound machine (11 MHz linear transducer, 
LOGIQ P6 pro; GE, Fairfield, CT, USA).  Using B-mode ultrasound, 
the right and left common carotid arteries were scanned longitudi-
nally, and bifurcation of the carotid artery was checked.  Then, the 
three portions were measured at 10 mm intervals from 10 mm 
upwards, and mean values were calculated.  Values from each side 
were then averaged to produce an overall measurement of the cIMT 
(Naqvi and Lee 2014).  The presence of carotid artery plaque was 
assessed.  To minimize inter-observer related bias, each test was per-
formed by one investigator who was kept blind to the clinical data.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of 

Ajou University Hospital (AJURB-MED-KSP-12-387), and all pro-
cedures involving human participants were conducted according to 
the principles expressed in the Declaration of Helsinki.  Each partici-
pant provided written informed consent.

Statistical analysis
Data are expressed as mean ± standard deviation for continuous 

variables or frequencies and percentages for categorical variables.  
The levels of free protein S were classified into two groups and clini-
cal features were compared by using Spearman’s rho method.  The 
variables which showed a significant difference included the logistic 
regression analysis with univariate and multivariate ways.  Two-sided 
p-values of less than 0.05 were considered statistically significant.  
All computations were performed using the SPSS version 22.0 (SPSS 
statistics IBM Corp. Armonk, NY, USA)

Results
Clinical characteristics of patients

Basic characteristics of the patients with SLE are 
shown in Table 1.  A total of 111 of Korean female patients 
with SLE were enrolled.  Disease duration was 76.3 ± 52.1 
months.  All patients had ANA, 34 patients (30.6%) had 
anti-dsDNA antibodies, 27 patients (24.3%) had ACA, and 
12 patients (10.8%) had LA.  Forty-seven patients (42.3%) 
had arthritis, 20 patients (18%) had alopecia, and 19 
patients (14.4%) had renal involvement.  SLEDAI value 
was 4.4 ± 3.3, and only three patients were given a score of 
1 on the SLICC Damage Index.  Of the patients enrolled, 
106 patients (95.5%) took hydroxychloroquine, 75 (73.5%) 
took corticosteroids and 34 (30.6%) took non-steroidal anti-
inflammatory drugs (NSAIDs).  The current corticosteroid 
dose was 2.6 ± 3.0 mg prednisolone-equivalent, and the 
accumulated corticosteroid dose was 10.5 ± 16.8 g prednis-
olone-equivalent.  The level of free protein S was 67.4 ± 
19.7%, cIMT was 4.06 ± 0.85 mm, and 25 patients (22.5%) 
had carotid plaque.

Clinical features of patients with low plasma free protein S
In this study, the levels of free protein S were mea-
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sured as a percentile, and it is stated that 50~150% is nor-
mal range as a reference (Kristoffersen et al. 2017).  
Twenty-one patients had low levels of plasma free protein S 
(< 50%) which means deficient level (Table 2).  The 
patients with low level of free protein S had lower hemo-
globin (11.4 ± 1.4 vs. 12.5 ± 1.4 g/dL, p = 0.003) and lym-
phocyte count (1,221 ± 609 vs. 1,720 ± 1,097/µL, p = 
0.026), higher ESR (30.1 ± 20.6 vs. 20.8 ± 17.8 mm/h, p = 
0.023), and lower complement 3 (80.8 ± 27.6 vs. 103.4 ± 

25.8 mg/dL, p = 0.001) and complement 4 (15.6 ± 10.4 vs. 
21.5 ± 7.6 mg/dL, p = 0.005) compared to those with nor-
mal levels of free protein S.  There was no significant dif-
ference in the proportion of patients with increased cIMT  
(> 4.6 mm) or carotid plaque between two groups.

Associations of the clinical features to low levels of plasma 
free protein S

On univariate regression analysis, the low levels of 

n 111 

Age, years 38.9 ± 7.7 

Disease duration, months 76.3 ± 52.1 

Smoking 4 (3.6) 

Hypertension 4 (3.6) 

Family history of CVD 23 (19.8) 

Menopause 10 (9.0) 

BMI, kg/m2 21.1 ± 2.8 

WHR 0.81 ± 0.06 

Hemoglobin, g/dL 12.3 ± 1.4 

WBC, /µL 5,536 ± 2,066 

Lymphocyte, /µL 1,626 ± 1,039 

Platelet, x 103/µL 217 ± 66 

ESR, mm/hr 22.3 ± 18.4 

Total cholesterol, mg/dL 160.4 ± 37.4 

Triglyceride, mg/dL 101.0 ± 72.9 

HDL cholesterol, mg/dL 53.5 ± 13.9 

LDL cholesterol, mg/dL 86.7 ± 30.6 

Complement 3, mg/dL 99.15 ± 26.5 

Complement 4, mg/dL 20.3 ± 8.6 

Anti-dsDNA Ab 34 (30.6) 

Anti-phospholipid Ab 32 (28.8) 

Anti-cardiolipin Ab 27 (24.3) 

Lupus anticoagulant 12 (10.8) 

Mucocutaneous involvement 44 (39.3) 

Arthritis 47 (42.3) 

Renal involvement 19 (14.4) 

SLEDAI 4.4 ± 3.3 

Free protein S, % 67.4 ± 19.7 

Carotid IMT, mm 4.06 ± 0.85 

Carotid plaque 25 (22.5) 

Table 1.  The clinical characteristics of patients with systemic lupus erythematosus.

Data are shown as mean ± SD, or the number of patients (% of the patient number 
per each group).
CVD, cardiovascular disease; BMI, body mass index; WHR, waist-hip ratio; WBC, 
white blood cells; ESR, erythrocyte sedimentation rate; HDL, high density lipopro-
tein; LDL, low density lipoprotein; dsDNA, double-strand deoxyribonucleic acid; 
Ab, antibody; SLEDAI, systemic lupus erythematosus disease activity index; IMT, 
intima-media thickness.
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free protein S were associated hemoglobin levels (odds 
ratio (OR) = 0.6, p = 0.003), lymphocyte (OR = 1.0, p = 
0.03), ESR (OR = 1.03, p = 0.04), C3 (OR = 0.96, p = 
0.001) and C4 (OR = 0.91, p = 0.007) (Table 3).  Then mul-

tiple logistic analysis was performed to find associated fac-
tors for low levels of free protein S in patients with SLE.  
Hemoglobin (OR = 0.64, p = 0.04) and complement 3 (OR 
= 0.96, p = 0.005) were associated with low levels of free 

Free protein S ≥ 50% Free protein S < 50% p value 

n 90 21  

Age, years 39.4 ± 8.1 36.6 ± 5.1 0.12 

Duration, months 93.7 ± 59.5 72.3 ± 49.8 0.1 

Hemoglobin, g/dL 12.5 ± 1.4 11.4 ± 1.4 0.003* 

Leukocyte, /µL 5,703 ± 2,082 4,823 ± 1,879 0.1 

Lymphocyte, /µL 1,720 ± 1,097 1, 221 ± 609 0.03* 

Platelet, x 103/µL 221 ± 64 203 ± 70 0.15 

ESR, mm/hr 20.8 ± 17.8 30.1 ± 20.6 0.02* 

CRP, mg/dL 0.16 ± 0.35 0.22 ± 0.38 0.62 

T. cholesterol 162.2 ± 38.9 152.8 ± 29.7 0.45 

Triglyceride 100.4 ± 74.1 103.6 ± 69.2 0.52 

HDL cholesterol 53.7 ± 12.7 52.8 ± 18.4 0.68 

LDL cholesterol 88.4 ± 32.7 79.3 ± 18.1 0.36 

Complement 3, mg/dL 103.4 ± 25.8 80.8 ± 27.6 0.001* 

Complement 4, mg/dL 21.5 ± 7.6 15.6 ± 10.4 0.005* 

Anti-dsDNA Ab 26 (28.9) 8 (38) 0.47 

Anticardiolipin Ab 24 (26.6) 3 (14.2) 0.24 

Lupus anticoagulant 11 (12.2) 1 (4.7) 0.32 

Mucocutaneous involvement 38 (42.2) 6 (28.6) 0.25 

Arthritis 40 (44.4) 7 (33.3) 0.36 

Renal involvement 15 (14.4) 4 (14.2) 0.8 

SLEDAI 4.3 ± 3.0 5.1 ± 3.6 0.33 
Medication 

Hydroxychloroquine 
NSAID 
Aspirin 
Statin 
Azathioprine 
Cyclophosphamide 
MMF 

86 (95.6) 
31 (34.4) 
13 (14.4) 

4 (4.4) 
5 (5.6) 
5 (5.6) 
8 (8.9) 

20 (95.2) 
3 (14.2) 
3 (14.2) 
1 (4.7) 

5 (23.8) 
2 (9.5) 
1 (4.7) 

0.95 
0.07 
0.99 
0.37 
0.08 
0.51 
0.54 

Steroid current dose, mg/d 
Steroid cumulative dose, g 

2.5 ± 1.8 
8.6 ± 10.1 

2.5 ± 1.4 
18.9 ± 3.1 

0.84 
0.19 

Carotid IMT > 4.6mm 22 (24.4) 2 (9.5) 0.14 

Carotid plaque 20 (22.2) 5 (23.8) 0.88 

Table 2.  The comparison of SLE patients according to the free protein S level.

Data are shown as mean ± SD, or the number of patients (% of the patient number per 
each group).
SLE, systemic lupus erythematosus; ESR, erythrocyte sedimentation rate; dsDNA, 
double-strand deoxyribonucleic acid; Ab, antibody; SLEDAI, systemic lupus erythema-
tosus disease activity index; NSAID, non-steroidal anti-inflammatory drugs; MMF, myco-
phenolate mofetil; IMT, intima media thickness.
*p < 0.05.
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protein S.

Discussion
Protein S has been known to interact with TAM recep-

tors on apoptotic cells and enhance their clearance without 
further inflammatory reactions (van der Meer et al. 2014).  
Decreased levels of free protein S in SLE could affect the 
incomplete removal of debris and drive autoimmune 
responses, cumulating in autoantibody formation causing 
systemic inflammation (Munoz et al. 2008).  Among 111 
Korean patients with SLE, patients with low levels of free 
protein S had lower hemoglobin and lymphocyte count, 
higher ESR, and lower levels of complements compared to 
those with normal levels of free protein S.  However, the 
cIMT and presence of carotid plaque were not different 
between them.  Moreover, hemoglobin and complement 3 
were associated with low levels of free protein S in patients 
with SLE.

The complement pathway can be activated to eliminate 
damaged cells and has many functions including opsoniza-
tion, chemotaxis, cell activation, and the lysis of target 
cells.  Complement components such as C3, C4 and C1q 
are useful markers, not only for patients with several infec-
tions, but also for patients with chronic self-reactive inflam-
mation like SLE (Winberg et al. 2017; Margery-Muir et al. 
2018).  Complement depletion is a typical manifestation 
and also used as disease activity marker in SLE, and it has 
been found that it makes patients with SLE vulnerable to 
infection.  In our study, the complements (C3 and C4) are 
lower in the patients with defective levels of free protein S, 
especially C3 were found to be associated independently 
with the low levels of free protein S.  A study showed the 
depletion of complements was correlated positively with 
protein S as one of various inflammatory parameters in sep-
sis (Lendak et al. 2018).  This study could identify the cor-
relation between free protein S and complement levels, 
which represents not only systemic inflammation clinically, 
but also the defects in clearance of apoptotic debris as 
major pathogenesis of SLE.  In addition, the correlation 

between increased ESR and low levels plasma free protein 
S could be related with systemic inflammatory status in 
SLE.  Such defect might contribute to one of pathogenesis 
of SLE, the process of unremoved cell debris and autoanti-
body production leading to unnecessary immune response.

Lymphopenia and hemolytic anemia are common 
hematologic manifestations and one of biomarkers for dis-
ease activity or prognosis of SLE (Mu et al. 2018).  
Hemoglobin levels are decreased through the complicated 
ways including hemolysis, iron deficiency or chronic 
inflammation, could represent disease status in chronic 
inflammatory disease.  In this study, the hemoglobin levels 
were analyzed according to the level of plasma free protein 
S.  The hemoglobin levels were lower in the patients having 
the low levels of free protein S.  Similarly, the levels of free 
protein S were lower in SLE patients with active hemato-
logical involvement in previous data (Suh et al. 2010).  
Although the detailed mechanism needs to be investigated, 
defective levels of free protein S might lead to deterioration 
of hematologic system in patients with SLE.

Cardiovascular diseases such as stroke or myocardial 
infarction, develop earlier and more frequently in patients 
with SLE compared to the normal population (Esdaile et al. 
2001; Roman et al. 2003).  Many researches showed sub-
clinical atherosclerosis represented by cIMT or carotid 
plaque was increased in patients with SLE compared to age 
and sex-matched healthy controls (de Leeuw et al. 2006; 
McMahon et al. 2014).  In addition, the risk for CVD 
among patients with SLE was related to the disease-related 
features including disease activity and treatment patterns as 
well as the traditional risk factors (Jung et al. 2019).  It has 
been reported that disease activity markers such as comple-
ment levels and SLEDAI, anti-phospholipid antibodies, 
nephritis, and CVD are related morbidity or mortality in 
SLE (Cacciapaglia et al. 2009; Jung et al. 2014).  However, 
increased cIMT or the presences of plaque were not differ-
ent between two groups divided by the levels of free protein 
S in this study.  Low levels of free protein S might have lit-
tle effect on subclinical atherosclerosis in Korean patients 

Variables 
Univariate Multivariate 

OR 95% CI for OR p value OR 95% CI for OR p value 

Age 0.95 0.89 1.02 0.14 0.98 0.91 1.07 0.71 

Hemoglobin 0.6 0.42 0.84 0.003 0.64 0.42 0.99 0.04 

Lymphocyte 1.0 1.0 1.00 0.03 1.00 1.00 1.00 0.35 

ESR 1.03 1.0 1.03 0.04 1.01 0.98 1.04 0.67 

Complement 3 0.96 0.93 0.98 0.001 0.96 0.93 0.99 0.005 

Complement 4 0.91 0.85 0.98 0.007 NA 

Carotid IMT > 4.6mm 0.33 0.07 1.51 0.15 0.25 0.05 1.43 0.12 

Table 3.  The univariate and multivariate logistic analysis for low free protein S (< 50%) in SLE.

SLE, systemic lupus erythematosus; ESR, erythrocyte sedimentation rate; IMT, intima 
media thickness; OR, odds ratio; CI, confidence interval; NA, not available.
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with SLE.
There were some limitations in this study.  Sample size 

was relatively small to assess the relationships between sev-
eral manifestations or laboratory findings and the defective 
levels of protein S.  There was no definite difference in pro-
tein S according to severity or clinical characteristics of 
SLE except hemoglobin and complement 3.  However, this 
is the first study to investigate relationship between a ligand 
of TAM receptors and subclinical atherosclerosis in patients 
with SLE.  Abnormal levels of free protein S which are 
regarded as contributing an impaired clearance of apoptotic 
cells might have little effect on subclinical atherosclerosis 
in SLE.

In conclusion, the defective levels of plasma free pro-
tein S were independently associated with hemoglobin and 
complements levels, but not with subclinical atherosclerosis 
in Korean patients with SLE.
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