
48

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Original Research
Combination of anti-early apoptotic cell autoantibodies and anti-SSA autoantibodies in 

lupus nephritis

Kamal Aktar, Xiang Liu, Xiaowei Yang*

Department of Nephrology, Shandong Provincial Hospital affiliated to Shandong University, Jinan, Shandong, 250021, China

Correspondence to: yxw0537@163.com

Received September 18, 2018; Accepted October 19, 2018; Published October 30, 2018

Doi: http://dx.doi.org/10.14715/cmb/2018.64.13.10

Copyright: © 2018 by the C.M.B. Association. All rights reserved.

Abstract: The aim of this study was to investigate the association of anti-early apoptotic cell autoantibodies, anti-SSA, and anti-SSB with clinical features of 
lupus nephritis (LN). Multiparameter flow cytometry was used to determine early apoptotic cells and for measuring the simultaneous binding of annexin V, 7-AAD, 
and IgG from LN patients (n = 39). The association between clinical features of LN and autoantibodies against early apoptotic cells, and between the autoantibodies 
and anti-SSA and anti-SSB, were further investigated. Thirteen LN patients (33.3 %) were positive for autoantibodies against early apoptotic cells. The prevalence 
of anti-SSA and anti-SSB were similar in patients with anti-early apoptotic cell autoantibodies and those without (anti-SSA: 9/13 versus 15/26; anti-SSB: 3/13 
versus 4/26). Anti-early apoptotic cell antibody-positive patients had lower C3 levels (0.34 ± 0.22) than the antibody-negative patients (0.47 ± 0.17, p = 0.059); 
and significantly higher anti-dsDNA levels (502.99 ± 275.48 versus 214.13 ± 229.29, p = 0.001). In univariate logistic regression analysis, the presence of anti-
early apoptotic cell antibody could predict poor short-term prognosis (HR 7.500, 95 % CI: 1.210 - 46.504, p = 0.030), while patients who were double positive for 
anti-SSA and anti-early apoptotic cell antibody had significantly increased risk of poor short-term outcome (HR 17.500, 95 % CI: 2.500 - 122.500, p = 0.004). The 
combination of anti-early apoptotic cell autoantibodies and anti-SSA might be of predictive value in LN.
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Introduction

Systemic lupus erythematosus (SLE) is a prototypi-
cal autoimmune disease characterized by the produc-
tion of multiple pathogenic autoantibodies associated 
with multiple organ damage. Lupus nephritis (LN) is a 
major contributor to morbidity and mortality in patients 
with SLE (1). Decades of investigations have revealed 
that a variety of potentially pathogenic autoantibodies 
are implicated in SLE. These are anti-double-stranded 
DNA (anti-dsDNA) antibodies (2-4), anti-C1q antibo-
dies (5-8), anti-ribosomal P proteins antibodies (9), anti-
Sm antibodies (10), and anti-C-reactive protein (CRP) 
antibodies (11-13). Although there is a consensus on 
the involvement of some of these autoantibodies in the 
etiology of SLE and/or LN, only few autoantibodies 
have been reported as predictors of clinical outcomes. 
Most interestingly, very little attention has been given 
to autoantibodies against SSA(Ro)/SSB(La) in the pa-
thogenesis of SLE, unlike other antibodies such as anti-
C1q and anti-dsDNA. However, high titers of anti-SSA 
antibodies have been found in eluates from kidneys of 
patients with progressive renal disease (14), and several 
clinical studies have demonstrated that the presence of 
anti-SSA or anti-SSB antibodies is correlated with poor 
outcome in LN (15, 16). 

It has been suggested that apoptotic cells play impor-
tant roles in the induction of autoimmunity in SLE (17-
19). Studies have shown that IgG fractions from all SLE 
patients investigated were bound to late apoptotic cells, 
due probably to presence of numerous autoantigens ex-
posed at the late stages of apoptosis (20). On the other 

hand, only a subset of SLE patients have autoantibodies 
that recognize early apoptotic cells, and SSA/Ro is the 
major autoantigen exposed on the surface of early apop-
totic cells (21). In neonatal lupus syndrome (NLS), the 
recognition of anti-SSA/SSB by the antigens exposed on 
apoptotic cells is thought to be involved in the pathoge-
nesis of cardiac injury (22, 23). Maternal anti-SSA/SSB 
autoantibodies transported across the placenta could 
bind to the surface of apoptotic fetal cardiocytes. This 
impairs the clearance of apoptotic fetal cardiocytes and 
promotes secretion of inflammatory cytokines, thereby 
resulting in tissue damage (24, 25). It is not yet clear 
whether recognition of early apoptotic cells is one of the 
mechanisms involved in anti-SSA/anti-SSB-induced 
pathological cascade of events in non-neonatal SLE, as 
it is in NLS.

Autoantibodies against early apoptotic cells have 
only been tested in anti-SSA positive SLE patients (21). 
It is still uncertain whether these autoantibodies also 
exist in anti-SSA-negative SLE patients. In the current 
study, the prevalence of autoantibodies against early 
apoptotic cells in a small cohort of Chinese patients 
with LN was investigated. In addition, the associations 
between anti-early apoptotic cell autoantibodies, anti-
SSA, anti-SSB, and the clinical features of LN were 
determined.

Materials and Methods

Patients and sera 
Blood samples from 39 patients with active LN who 

were admitted to our hospital between January 2013 and 
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August 2015 were collected seperatedly into pro-coagu-
lation tubes at presentation. The blood samples collec-
ted were then centrifuged at 3000 rpm for 10 min and 
the sera separated as such were stored at -80 oC until 
use. Among the 39 patients, 34 (87.2 %) were females 
and 5 (12.8 %) were males. The age of the patients ran-
ged from 14 to 50 years, with a mean age of 34.0 ± 11.6 
years. The patients fulfilled the 1997 American Col-
lege of Rheumatology (ACR) revised criteria for SLE, 
and the diagnosis of LN was according to clinical and 
laboratory manifestations consistent with ACR criteria 
(26). The clinical disease activity was assessed using 
the Systemic Lupus Erythematosus Disease Activity In-
dex (SLEDAI) (27). The criteria for clinical remission 
were the same as reported previously (28). Complete 
remission was marked by urinary protein excretion < 
0.3 g/day, with normal urinary sediments (RBC < 3/
HP, WBC < 5/HP); serum albumin, and renal function. 
Partial remission was denoted by the presence of any 
of the following features: decreased serum creatinine to 
levels below 130 μmol/L, with a baseline serum crea-
tinine≥130 μmol/l, but≤260 μmol/l; 50 % decrease in 
serum creatinine, with a baseline serum creatinine > 260 
μmol/L; decrease in urinary protein excretion > 50 %, 
and below 3.0 g/24 h, with serum albumin ≥30 g/L and 
stable renal function (29). The patients were followed 
up for 1 year. The primary end point was defined as 
death with active renal disease, while the secondary end 
point was defined as end stage renal disease (ESRD) or 
doubling of serum creatinine. 

The detailed clinical data of the patients were retros-
pectively reviewed. Informed consent was obtained for 
blood sampling. The research was in compliance of 
the Declaration of Helsinki, and ethical approval was 
obtained from hospital ethics committee of Shandong 
Provincial Hospital affiliated to Shandong University 
(No.2013-075).

Sera from 15 healthy subjects matched for gender 
and age were collected and used as normal controls. All 
sera were stored at -80 oC until use.

Assay of autoantibodies
Serum antinuclear antibodies (ANA) were assayed 

using indirect immunofluorescence assay (Euroimmun, 
Lübeck, Germany). Anti-double-stranded DNA (dsD-
NA) antibodies, anti-Sm, anti-SSA, and anti-SSB were 
determined using enzyme-linked immunosorbent assay 
(ELISA) (Euroimmun, Lübeck, Germany). 

Preparation of IgG
Immunoglobin G (IgG) was purified from patient 

sera and control sera on protein G-Sepharose columns 
(Pharmacia) according to the manufacturer’s recom-
mendations. Briefly, serum IgG was bound to protein 
G columns, washed with 50-column volumes of phos-
phate buffered saline (PBS), and eluted with 0.1 M gly-
cine (pH 2.7). The eluate was neutralized by collection 
in 2M Tris-HCl (pH 9.0) and dialyzed against PBS.

Induction of apoptosis 
Jurkat cells were washed twice with serum-free 

RPMI 1640, and then resuspended at a concentration 
of 1×106 cells/ml and irradiated with UVC light for 3 
min. After UV irradiation, the cells were cultured for 3 

h in serum-free RPMI medium so as to harvest the early 
apoptotic cells (30). Early apoptosis was confirmed by 
double-staining with fluorescein isothiocyanate (APC)–
labeled annexin V and 7-AAD according to the instruc-
tion manual of Calbiochem (Darmstadt, Germany).

Binding assay
Immunoglobin G (IgG) binding assay was performed 

according to a previously described method, but with 
mild modification (16). Apoptotic cells were washed 
twice in PBS, and 1 x 106 cells were resuspended in 
100 μl of 3 % BSA/PBS and incubated with 500 μg/ml 
of patient or control IgG at 4 oC for 1 h. The washing 
was repeated, and the cells were stained with 1:100 
dilutions of secondary antibody, fluorescein isothio-
cyanate (FITC)-conjugated anti-human IgG (Abcam, 
Cambridge, USA) at 4 oC for 30 min. A combination 
of FITC-labeled anti-human IgG and APC-labeled an-
nexin V/ 7-AAD was used to assess the early apoptotic 
cells that were bound to IgG.

Statistical analysis
Statistical software SPSS 22.0 (SPSS, Chicago, IL, 

USA) was employed for statistical analysis. Quantita-
tive data were expressed as mean ± standard deviation, 
(SD); median with range (minimum, maximum), or 
number and percentage (%). For comparison of clinical 
features of patients, t-tests, Mann-Whitney U test and 
chi square (χ2) test were used. Logistic regression model 
was applied for identifying prognostic factors associated 
with renal outcome. Only variables with p < 0.1 in the 
univariate logistic regression analysis were used in the 
multivariate logistic regression. Results were expressed 
as hazard ratio (HR) with 95 % confidence intervals 
(CI). Statistical significance was assumed at p < 0.05.

Results

Baseline data of the LN patients
As shown in Table 1, all the patients were positive 

for ANA; 28 patients (71.8 %) were anti-dsDNA posi-
tive, 43.6 % patients had anti-Sm antibody, and 61.5 
% patients were positive for anti-SSA antibody. In the 
patients, anti-SSB antibody was always accompanied 
by anti-SSA antibody: 17.9 % patients were positive for 
both anti-SSA and anti-SSB. 

In the study, 32 out of the 39 patients received 60 - 
80 mg/day prednisone therapy, with 3 patients receiving 
a pulse of methylprednisolone at the beginning because 
of the presence of acute renal failure. Among the 32 
patients, 27 patients completed treatment with monthly 
intravenous cyclophosphamide (800 - 1000 mg/month), 
while 5 patients received mycophenolate mofetil. After 
1-year follow-up, all the 32 patients achieved clinical 
remission, 23 with complete remission and 9 with par-
tial remission.

The 7 patients who were resistant to sequential treat-
ment with pulse of methylprednisolone, intravenous 
cyclophosphamide, and mycophenolate mofetil, with or 
without plasmapheresis and intravenous immunoglobu-
lins, reached the end points.

 However, 4 of them died in the first 3 months due to 
renal failure (n = 3), and hemorrhage of digestive tract 
with continuous heavy proteinuria and severe hypoalbu-
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Clinical association between the presence of anti-
SSA and anti-early apoptotic cell autoantibodies

Since SSA is reported to be probably the preferential 
autoantigen expressed on the surface of early apopto-
tic cells (21), the clinical features of patients who were 
double positive for anti-SSA and anti-early apopto-
tic cell autoantibodies were investigated. As shown in 
Table 3, patients who were positive for the two antibo-
dies had significantly lower C3 levels and higher anti-
dsDNA levels than the other patients (C3 levels: 0.30 
± 0.12 versus 0.46 ± 0.20, p = 0.039; dsDNA levels: 
507.17 ± 308.17 versus 247.48 ± 242.47, p = 0.012).

Renal outcome and the presence of anti-early apop-
totic cell autoantibodies and anti-SSA autoantibodies

After 1-year follow-up, 32 patients achieved clini-
cal remission, while 7 patients reached the end points. 
Baseline anti-early apoptotic cell antibody levels were 

minemia (n = 1). The other 3 patients reached secondary 
endpoint. Two (2) had doubled serum creatinine, while 
1 had ESRD and was on maintenance hemodialysis af-
ter 1-year follow-up.

Prevalence of autoantibodies against early apoptotic 
cells in LN patients

Multiparameter flow cytometry was utilized for se-
lecting early apoptotic cells (annexin V positive, 7-AAD 
negative), and patient and control IgG were tested for 
reactivity to the apoptotic cells. The percentage binding 
of IgG from 15 healthy controls to early apoptotic cells 
were 5.08 ± 1.36 %, and the cut-off value was 9.16 % 
(3 SD above the mean percentage binding of healthy 
controls). As shown in Figure 1, 13 of the 39 patients 
(33.3 %) were positive for autoantibodies against early 
apoptotic cells.

Associations of anti-early apoptotic cell autoantibo-
dies with the presence of anti-SSA, anti-SSB, and the 
clinical features of LN

Among the 13 anti-early apoptotic cell antibody-po-
sitive patients, 9 were positive for anti-SSA antibody (3 
of whom were double positive for anti-SSA and anti-
SSB), while the other 4 patients were double negative 
for anti-SSA and anti-SSB. The prevalence of anti-SSA 
and anti-SSB was similar in patients with, and patients 
without anti-early apoptotic cell autoantibodies (9/13 
versus 15/26 and 3/13 versus 4/26 for anti-SSA and 
anti-SSB, respectively). As shown in Table 2, anti-early 
apoptotic cell antibody-positive patients had lower C3 
levels and significantly higher anti-dsDNA levels than 
anti-early apoptotic cell antibody-negative patients (C3 
levels: 0.34 ± 0.22 versus 0.47 ± 0.17, p = 0.059; anti-
dsDNA levels: 502.99 ± 275.48 versus 214.13 ± 229.29, 
p = 0.001).

Number of patients 39
Gender (male/female) 5/34
Age (mean ± SD.) (years) 34.0 ± 11.6
Number of anemia cases (%) 27 (69.2)
Number of leukocytopenia cases (%) 9 (23.1)
Number of thrombocytopenia cases (%) 14 (35.9)
Number of hematuria cases (%) 29 (74.4)
Number of leukocyturia (non-infection) cases (%) 28 (71.8)
Number of acute renal failure cases (%) 13 (33.3)
Hemoglobin (mean ± SD) (g/l) 96.1 ± 23.7
Urine protein (mean ± SD) (g/24 h) 4.0 ± 2.50
Serum creatinine (mean ± SD) (µmol/l) 113.3 ± 101.0
C3 (mean ± SD) (g/l) 0.4 ± 0.2
SLEDAI (mean ± SD) 20.7 ± 5.5
ANA (%) 39 (100.0)
Anti-dsDNA antibody (%) 28 (71.8)
Anti-Sm (%) 17 (43.6)
Anti-SSA antibody (%) 24 (61.5)
Anti-SSB antibody (%) 7 (17.9)

Table 1. Baseline characteristics of the study patients with lupus 
nephritis.

aSLEDAI = SLE Disease Activity Index; ANA = antinuclear anti-
body; SSA = Sjögren’s syndrome A antigen; SSB = Sjögren’s syn-
drome B antigen.

Figure 1. Binding of serum IgG to the surfaces of early apop-
totic cells. A. Apoptotic cells were produced by exposure to UVC 
light for 3 min, and then cultured in serum-free RPMI 1640 for 3 
h: 54.4 % of the cells were early-apoptotic (annexin V positive/7-
AAD negative) with very few late apoptotic cells (annexin V 
positive/7-AAD positive). B. Representative IgG binding to early 
apoptotic cell populations selected as annexin V positive, 7-AAD 
negative. Unfixed apoptotic cells were incubated with 500 μg/ml 
IgG, followed by fluorescein isothiocyanate–conjugated anti-hu-
man IgG. They were then stained with allophycocyanin (APC)–
conjugated annexin V and 7-AAD. The dotted line represents 
blank control; the dashed line represents FITC-secondary antibody 
control, while the solid line is a representative positive IgG from 
a patient with LN. C. Binding of IgG from patients with LN and 
healthy controls to early apoptotic cells. Each dot represents the 
mean value of 3 to 5 independent experiments. Values above the 
dashed horizontal line (3 SD above the mean percentage binding of 
healthy controls) were considered positive.

Figure 2. Binding of IgG to early apoptotic cells from patients 
with good outcome and patients with poor outcome. At baseline, 
there was a highly significant difference in anti-early apoptotic cell 
antibody levels between patients with good outcome and patients 
with poor outcome, as shown by analysis with Mann-Whitney U 
test). The thick lines represent median values.
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significantly higher in patients with poor short-term out-
come (p = 0.0019; Figure 2).

Table 4 shows the results of univariate logistic re-
gression analysis of 1-year prognosis of patients with 
LN. The results reveal that sex (male), SLEDAI, serum 
creatinine, anti-SSB antibody at baseline are risk fac-
tors. Furthermore, the presence of anti-early apopto-
tic cell antibody at baseline could predict short-term 
prognosis in this cohort (HR 7.500, 95 % CI: 1.210 - 
46.504, p = 0.030). Although anti-SSA was not correla-
ted with prognosis due probably to the high prevalence 
of anti-SSA antibody in this cohort, patients who were 
double positive for anti-SSA and anti-early apoptotic 
cell antibody at baseline had a significantly increased 
risk of poor short-term outcome (HR 17.500, 95 % 
CI: 2.500 - 122.500, p = 0.004). Moreover, in a further 
multivariate logistic regression analysis of the risk fac-

tors, combination of the two antibodies seemed to be 
a potential independent risk factor of poor short-term 
outcome (p = 0.084).

Discussion

Results from assays of autoantibodies against early 
apoptotic cells in anti-SSA positive SLE patients have 
suggested that SSA is the major autoantigen exposed on 
the surface of early apoptotic cells (21). In that study 
(21), it was also found that anti-early apoptotic cell an-
tibody existed in SLE patients with anti-SSA but was 
absent in those with both anti-SSA and anti-SSB. The 
current study is the first study to determine the preva-
lence of anti-early apoptotic cell autoantibodies in a 
LN cohort. The prevalence of anti-early apoptotic cell 
antibody in active LN was 33.3 %, and the prevalence 

Anti-EA+/anti-SSA+ (n=9) Others (n=30) P value
Gender (male) 3 (33.3) 2 (6.7) NS
Age (years) 33.11 ± 12.67 34.20 ± 11.51 NS
SLEDAI 23.00 ± 6.96 20.07 ± 4.86 NS
Anemia 6 (66.7) 21 (70.0) NS
Leukocytopenia 0 (0) 9 (30.0) NS

Thrombocytopenia 2 (22.2) 12 (40.0) NS

Hematuria 6 (66.7) 23 (76.7) NS
Leukocyturia 8 (88.9) 20 (66.7) NS
Urine protein (g/24 hours) 4.65 ± 2.49 3.89 ± 2.48 NS
Serum creatinine (µmol/l) 159.08 ± 142.84 100.83 ± 81.45 NS
C3 (g/L) 0.30 ± 0.12 0.46 ± 0.20 0.039
Anti-dsDNA (U/ml) 507.17 ± 308.17 247.48 ± 242.47 0.012
Anti-Sm (+) 5 (55.6) 12 (40.0) NS
Anti-SSB (+) 3 (33.3) 4 (13.3) NS

Table 3. Clinical features of lupus nephritis patients with anti-EA autoantibodies +ve and anti-SSA +ve.

a EA = early apoptotic cell; SLEDAI = SLE Disease Activity Index; ANA = antinuclear antibody; SSA = Sjögren’s syndrome A 
antigen; SSB = Sjögren’s syndrome B antigen.

Patients with anti-EA autoantibodies (n=13) Patients without anti-EA autoantibodies (n=26) p 
Gender (male) 3 (23.1) 2 (7.7) NS
Age (years) 33.15 ± 12.27 34.68 ± 11.63 NS
SLEDAI 21.69 ± 6.46 20.24 ± 5.06 NS
Anemia 9 (69.2) 18 (69.2) NS
Leukocytopenia 2 (15.4) 7 (26.9) NS

Thrombocytopenia 5 (38.5) 9 (34.6) NS

Hematuria 8 (61.5) 21 (80.8) NS
Leukocyturia 9 (69.2) 19 (73.1) NS
Urine protein (g/24 h) 4.24 ± 2.60 3.94 ± 2.49 NS
Serum creatinine (µmol/L) 138.32 ± 123.30 100.22 ± 87.25 NS
C3 (g/L) 0.34 ± 0.22 0.47 ± 0.17 0.059
ANA 13 (100.0) 26 (100.0) NS
Anti-dsDNA (U/ml) 502.99 ± 275.48 214.13 ± 229.29 0.001
Anti-Sm (+) 6 (46.2) 11 (42.3) NS
Anti-SSA (+) 9 (69.2) 15 (57.7) NS
Anti-SSB (+) 3 (23.1) 4 (15.4) NS

a EA = early apoptotic cell; SLEDAI = SLE Disease Activity Index; ANA = antinuclear antibody; SSA = Sjögren’s syndrome A antigen; SSB = 
Sjögren’s syndrome B antigen.

Table 2. Clinical features of patients with LN with or without anti-EA autoantibodies.
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of anti-SSA and anti-SSB was similar in patients with 
anti-early apoptotic cell autoantibodies and those wit-
hout anti-early apoptotic cell autoantibodies. In other 
words, anti-early apoptotic cell antibody did not distin-
guish between patients with anti-SSA alone and those 
with both anti-SSA and anti-SSB in the cohort studied. 
The patients enrolled in this study were all renal SLE, 
which might be one explanation for the discrepancy 
between the results obtained in the present study and 
results from previous studies. Moreover, anti-early 
apoptotic cell antibody was also detected in LN patients 
with neither anti-SSA nor anti-SSB. Thus, there is need 
to investigate whether autoantigens other than SSA are 
exposed on early apoptotic cells. However, even if there 
are other autoantigens existing on the surface of early 
apoptotic cells, SSA (Ro) appears to be the preferred 
one. More importantly, the pathogenic role of the reco-
gnition of anti-SSA/SSB by the antigens exposed on 
apoptotic cells in NLS, as well as the predictive value of 
anti-SSA/anti-SSB ratio for ESRD in SLE patients have 
been suggested in some studies (15, 28). Furthermore, a 
recent study found that the Ro 60 autoantigen binds to 
endogenous retroelements and regulates inflammatory 
gene expression (31). This implies a pathogenic role 
for anti-SSA antibodies in SLE. Therefore, by way of 
further studies, the associations of anti-early apoptotic 
cell autoantibodies, in combination with anti-SSA, with 
the clinical features and short-term outcomes of LN 
were investigated in the present study. It was found that 
anti-early apoptotic cell antibody, whether combined 
with anti-SSA or not, was not correlated with indices 
of disease activity such as proteinuria, serum creatinine, 
and SLEDAI scores, but were correlated with lower C3 
levels and higher anti-dsDNA levels.

Lupus nephritis (LN) is a major cause of morbidity 
and mortality in patients with SLE. Although treatment 

with glucocorticoids and immunosuppressants has im-
proved survival and renal outcomes in many LN many 
patients, these therapeutic strategies are not sufficient 
for controlling the disease in a significant proportion of 
patients. Indeed, their clinical prognosis remains poor 
due to development of ESRD or vital organ failure. 
In a recent study, it was shown that LN patients who 
were unresponsive to therapies in the first year were 
more than 10 times likely to be unresponsive during 
prolonged therapy (13). In the present study, 17.9 % 
of patients were resistant to current therapies and rea-
ched the end points after 1-year follow up. In univariate 
logistic regression analysis, the risk factors for short-
term outcome identified were sex (male), SLEDAI, 
serum creatinine, and anti-SSB antibody at baseline. 
Notwithstanding the smaller number of patients used, 
these findings are consistent with the results of a pre-
vious analysis of risk factors for long-term outcome 
in a large cohort of Chinese LN patients (28). More 
importantly, using univariate survival analysis, it was 
found that the presence of anti-early apoptotic cell anti-
body at baseline could predict short-term prognosis, and 
the predictive value was significantly strengthened by 
combination of anti-early apoptotic cell antibodies and 
anti-SSA antibodies. In multivariate logistic regression 
analysis, being double positive for anti-SSA and anti-
early apoptotic cell antibody was not a significant inde-
pendent predictor of short-term outcome. However, the 
very high hazard ratio value and borderline significance 
did not allow its rejection as an independent predictor 
of prognosis. Based on clinical evaluation and previous 
studies, it can be reasonably proposed that anti-SSA an-
tibody probably contributes to the pathologic cascade of 
SLE via recognition to early apoptotic cells.

To the best of the knowledge of the authors, the pres-
ent study is the first study to assess the predictive role of 

Univariate Multivariate
Hazard ratio 95 % CI P-value Hazard ratio 95 % CI p

Demographic data
Age 0.989 0.920-1.062 0.754
Sex (female) 0.089 0.011-0.705 0.022
Clinical and laboratory 
data
SLEDAI 1.733 1.153-2.606 0.008 1.778 1.012-3.123 0.045
C3 0.026 0.000-8.630 0.217
Proteinuria 1.071 0.774-1.481 0.679
Serum creatinine 1.016 1.002-1.030 0.027 1.020 0.997-1.044 0.085
Albumin 0.938 0.814-1.081 0.378
Autoantibodies
ANA 1.000 0.998-1.002 0.766
Anti-dsDNA antibody 1.001 0.998-1.004 0.363
Anti-Sm antibody 0.966 0.185-5.030 0.966
Anti-SSA antibody 4.667 0.502-43.366 0.176
Anti-SSB antibody 5.250 0.845-32.634 0.075
Anti-EA antibody 7.500 1.210-46.504 0.030
Anti-EA antibody+
/anti-SSA antibody+ 17.500 2.500-122.500 0.004 83.175 0.551-122558.792 0.084

Table 4. Univariate and multivariate logistic analysis of predictors of short-term outcome of patients with lupus nephritis.

a EA = early apoptotic cell; SLEDAI = SLE Disease Activity Index; ANA = antinuclear antibody; SSA = Sjögren’s syndrome A 
antigen; SSB = Sjögren’s syndrome B antigen.
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anti-early apoptotic cell antibody combined with anti-
SSA in short-term follow-up. 

The relatively small sample size (accompanied by 
very low statistical power of used tests) is probably the 
major limitation of this study. As a result, the calculated 
ORs were not precise (95 % CIs were very wide), so 
that several interesting findings could not be considered 
as being significant. Another limitation of the study is 
that some of the patients did not receive renal biopsy 
due to apprehensions about postoperative complications 
of puncture or contradiction such as severe thrombocy-
topenia. Although the prognostic importance of renal 
biopsy in SLE has been the subject of much debate (32-
35), the association between anti-early apoptotic cell 
autoantibodies and renal histological types, especially 
chronic lesions, vascular lesions and crescent lesions, 
need to be further investigated.

The results obtained in this study demonstrate that 
anti-early apoptotic cell antibodies, in combination with 
anti-SSA antibodies at baseline, might be strong predic-
tors of poor short-term outcome in LN. However, this is 
just a tentative study, and the small sample size limits to 
some extent the generalization of the findings. Thus, a 
prospective study involving a larger sample size is nee-
ded to confirm these findings.
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