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Abstract

Background: Systemic Lupus Erythematosus (SLE) isa
chronic multisystem autoimmune disease that is highly heter-
ogeneous in its presentation. Effective SLE patient care relies
on serological biomarkers. There is high interest in the iden-
tification of autoantibodies other than Antinuclear Antibodies
(ANA) and anti-double stranded DNA (Anti-dsDNA).

Aim: To evaluate the use of antinucleosome (Anti-NCS)
antibody as a single marker to detect disease activity and
renal involvement in SLE patients.

Methods and Material: This case-control study was carried
out in Clinical Pathology Department at Assiut University
Hospital in the period from 2014 to 2017. It included 92
patients. Sixty-two patients were diagnosed as SLE. Thirty
patients had connective tissue diseases other than SLE (non-
SLE). Twenty apparently healthy subjects were taken as
controls. All subjects were tested for ANA, anti-dsDNA
antibody and Serum anti-NCS antibody on Alegria® (OR-
GENTEC Diagnostic GmbH-Germany). Statistical analysis:
Date entry and data analysis were done using SPSS Version
19, Chicago, USA (Statistical Package for Socia Science).

Results: There was higher significant elevation in the
level of anti-NCS antibodies than anti-dsDNA in SLE patients
in comparison to those with non-SLE and control groups.In
LN patients anti-NCS antibodies were highly elevated than
anti-dsDNA comparing to non LN patients. Anti-NCS anti-
bodies had a stronger correlation than anti-dsDNA antibodies
with SLEDAI score. In 22 negative anti-dsDNA SLE patients,
13 (59.1%) were positive for anti-NCS. Anti-NCS antibodies
showed higher sensitivity and specificity than anti-dsDNA in
SLE and LN patients.

Conclusion: Anti-nucleosome antibodies is highly sensitive
and specific in diagnosis of SLE, especially if anti-dsSDNA
antibodies are absent. Anti-NCS antibodies are good disease
activity markers for the assessment of SLE and LN disease
activity.
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Introduction

SYSTEMIC Lupus Erythematosus is an acquired,

chronic, inflammatory, multiorgan, autoimmune
disease [1] of unknown etiology [2]. The clinical
spectrum of SLE iswide and ranges from benign
easily treated disease with rash, arthritis, fatigue,

to avery severe life threatening illness with pro-

gressive irreversible damage. The course of the
disease is variable and is characterized by flares
of inflammation that can threaten, in an unpredict-

able manner, almost any organ in the body [3].
Major organ involvement may lead to significant

morbidity and mortality [4]. Abnormal activation
of self-reactive T and B cdlls, self-antibodies and
immune complex production were detected in SLE

[5].Although clinical assessment is the cornerstone
of SLE patient management, these evaluations are
limited and require additional teststo confirm

diagnosis and determine disease activity. Effective
SLE patient care relies on serological biomarkers
[6].Autoantibodies have been implicated with in-
creased risk of organ involvement in SLE [7]. The
most important diagnostic test for SLE is the de-

tection of the presence of ANAS, however, they

have low specificity for the diagnosis of SLE,

because they are found in most systemic autoim-
mune diseases and even in healthy individuals [g].
It iswell-known that patients continue to have
disease activity 10 years after diagnosis [9] even
with appropriate management, often involving new
organ systems [10] . The assessment of disease
activity in SLE depends on the use of standardized,

reliable and validated indices [11].
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Anti-double stranded DNA antibodies serve as
adiagnostic marker [6], and have been used as a
marker for disease activity, especially in renal
disease. But they are found only in 50% of SLE
patients and do not always correlate with disease
activity. Therefore, there is a great amount of
interest in the identification of other autoantibodies
that can be used in the diagnosis and assessment
of disease activity in SLE patients [12].

Nucleosomes are basic elements of chromatin.
They are the fundamental package unit of dSDNA
and histones which is composed of approximately
146 base pairs of DNA wrapped twice around the
protein core which is an octamer composed of two
molecules and each of the molecule consists of the
histones (H2A-H2B-H3-H4), histone H1 bound on
the outside, similar to afinger on aknot to tighten
the complex [12]. Nucleosomes are considered to
be the major antigens in the pathophysiology of
SLE [13]. These nucleosome-restricted or specific
antibodies emerge before the occurrence of anti-
dsDNA and antihistone antibodies and persist later
in the course of the disease, along with the devel-
opment of anti-dsDNA and antihistone antibodies
[2]. Lupus Nephritis (LN) is one of the most serious
complications of SLE, occurring in up to 60% of
the patients with SLE. Traditionally it was thought
that LN resulted from glomerular deposition of
DNA /anti-dsDNAcomplexes. The nucleosome has
been identified as a major autoantigen responsible
for generation of a number of antinuclear antibodies
in SLE and LN [14] . Nucleosomes also play a
pivotal role in the evolution of tissue lesions,
especially glomerulonephritis. In LN, nucleosomes,
anti-nucleosome antibodies, and nucleosome/ im-
munoglobulin complexes have been detected in
the glomerular immune deposits, which support
these findings [15].

Material and M ethods

This case-control study included 92 patients
attending the Rheumatology Unit, Department of
Internal Medicine, Assiut University Hospital.
Sixty two patients were diagnosed as SLE according
to the criteria of American College of Rheumatol-
ogy (ACR) for the classification of SLE [16] . Thirty
patients had connective tissue diseases other than
SLE (non-SLE); 15 patients Rheumatoid Arthritis
(RA), 15 patients with other connective tissue
diseases (Systemic Sclerosis (SSC), Spondyloar-
thritis (SPA), Behcet, ankylosing spondylitis and
scleroderma). Twenty apparently healthy subjects
were taken as controls. Thirty nine patients out of
62 SLE patients were diagnosed as lupus nephritis
according to ACR criteriafor diagnosisof LN

[17,18] . The study was approved by the Ethical
Committee of Faculty of Medicine, Assiut Univer-
sity. Written consents were taken from the patients
before enrollment in this study.

Methods:

Five ml of venous blood were collected under
compl ete aseptic conditions and divided into: Two
ml of venous blood on EDTA tube for CBC and
ESR and three ml were collected into plain tube.
Blood was allowed to clot for 15 minutes at 37°C
and serum was separated by centrifugation at 1000
gx for 10 minutes. Separated serum was inspected
to ensureit is clear and non-hemolyzed or lipaemic.
Serum was divided into aliquots and were stored
at —20°C till time of assay. 24-hours urine was
collected for measuring protein in urine. Creatinine
clearance was calculated [19]. ANA, anti-dsDNA
and anti-NCS were done on Alegria® (ORGENTEC
Diagnostic GmbH-Germany), using ANA detect
kit (ORG200-ORGENTEC-Germany) Lot.no.
1608420, anti-dsDNA screen kit (ORG204S-
Orgentec-Germany) Lot.n0.1615834 and anti-NCS
kit (ORG228-ORGENTEC-Germany) Lot.no.
1614230 & 22851521.

Satistical analysis:

Date entry and data analysis were done using
SPSSVersion 19, Chicago, USA (Statistical Pack-
age for Social Science). Data were presented as
number, percentage, mean, median and standard
error. Chi-sguare test was used to compare between
qualitative variables. Independent samples t-test
was used to compare quantitative variables between
two groups. Person correlation was done to measure
correlation between quantitative variables. p-value
considered statistically significant when p<0.05.

Results

Table (1) shows the demographic data of SLE,
non-SLE patients and control group.

There was significant increase in the frequency
of ANA in SLE and non SLE patients when com-
pared to control group (p=0.002, p=0.003 respec-
tively). In SLE patients there were significant
increase in the frequency of anti-dsDNA and anti-
NCS when compared to non-SLE and control
groups (p=0.000) (Table 2).

Table (3) showed that the anti-dsDNA was
significantly higher in SLE patients than in non-
SLE patients and control group (p=0.000). The
mean value of anti-NCS was significantly higher
in SLE patients than in non-SLE patients and
control group (p=0.000).
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Among 22 SLE patients with negative anti-
dsDNA, 13 (59.1%) patients had positive anti-
NCS.

In SLE patients anti-dsDNA showed positive
correlation with arthralgia ( r=0.253, p=0.047) and
SLEDAI score (r=0.262, p=0.040). Anti-NCSin
SLE patients showed positive correlation with 24-
hour protein, SLEDAI score, and anti-dsDNA ( r=
0.485, p=0.000), (r=0.332, p=0.008), (r=0.324,
p=0.010) respectively as shown in Figs. (1-3).
There was no significant correlation between anti-
dsDNA and anti-NCS antibodies in both non-SLE
and control groups.

In LN patients there was significant positive
correlation between anti-NCS level with 24-hour
proteinin urine, SLEDAI score and serum anti-
dsDNA level (r=0.594, p=0.000), (r=0.341, p=
0.034), (r=0.335, p=0.037) respectively.
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Table (4) showed significant increase in the
frequency of anti-NCS antibodies in SLE patients
with nephritis than SLE patients without nephritis
(p=0.019).

In 39 LN patients, it was found that according
to SLEDAI score [20], three patients were inactive
(score=0) while 36 patients were active (score >4).

Anti-NCS test is more sensitive and specific in
SLE and LN patients than anti-dsDNA. However
by combining the results of the anti-dsDNA anti-
bodies and anti-NCS antibodies in SLE patientsit
was found that the diagnostic sensitivity increased
up to 85.48% and specificity was 78%. However
by combining the results of the anti-dsDNA anti-
bodies and anti-NCS antibodiesin LN patients the
diagnostic sensitivity was 84.7% and specificity
was 53.5% as summarized in (Table 5).

Table (1): Demographic data of SLE, non-SLE patients and control group.

SLE Non-SLE Control
n=62 n=30 n=20 p- p- p-
( ) ( ) ( ) val ue1 va ue2 va ue3
No. % No. % No. %
Sex:
Male 6 9.7 6 200 3 150 019 0681 0.724
Femae 56 903 24 80.0 17 85.0
Age (years):
Mean £ SE 35.13+0.57 34.37+1.23 35.90+1.46 0.679 0991 0.552
Median (range) 36 (20-45) 35 (19-48) 34.5 (27-47)
Duration of disease (years):
Mean £ SE 3.39+0.38 3.64+0.46 — 0.365 - -
Median (range) 25(@8m-13y) 3.0 (6m-9y) -
SLEDAI score:
Mean £ SE 19.85+1.21 — — — — —
Median (range) 19 (4-42) - - - -
Table (2): Frequency of ANA, anti-dsDNA and anti-NCSin al groups.
SLE Non-SLE Control
n=62 n=30 n=20 p- p- p-
( ) ( ) ( ) va ue1 va ue2 val ue3
No. % No. % No. %
ANA (U/ml):
Negative 40 64.5 20 66.7 20 100 0.839 0.002* 0.003*
Positive 22 355 10 33.3 0 0
Anti-dsDNA (U/ml):
Negative 22 355 24 80 20 100  0.000* 0.000* 0.069
Positive 40 64.5 6 20 0 0
Anti-NCS (U/ml):
Negative 21 33.9 26 86.7 19 95 0.000* 0.000* 0.636
Positive 41 66.1 4 13.3 1 5

*: Statistical significant difference (p<0.05).
1: Comparison between SLE and non-SLE groups.

2: Comparison between SLE and control groups.
3: Comparison between non-SLE and control groups.
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Table (3): Comparison between the mean level of anti-dsDNA and anti-NCS in the studied groups.
SLE Non-SLE Control p-, p-, p- .
(n=62) (n=30) (n=20) value value value
Anti-dsDNA (U/ml):
Mean * SE 493.6+118.1 25.1+59 15.9+2.0 0.000* 0.000* 0.992
Median (range) 75.5(6.3-297)  11.5(3.2-150.0) 16 (2.0-29.0)
Anti-NCS (U/ml):
Mean + SE 88.4+125 18.4+3.6 11.9+0.7 0.000* 0.000* 0.216
Median (range) 27.4(3.6-6102) 14.1(4.9-102.7) 11.3(6.3-20.2)
*: Statistical significant difference (p<0.05). 2: Comparison between SLE and control groups.
1: Comparison between SLE and non-SLE groups. 3: Comparison between non-SLE and control groups.
Table (4): Frequency of ANA, anti-dsDNA and anti-NCS in SLE patients with and without
nephritis.
SLE with SLE without
nephritis (N=39) nephritis (n=23) p-
value
No. % No. %
ANA (U/ml):
Positive 14 35.9 8 34.8 0.929
Negative 25 64.1 15 65.2
Anti-dsDNA (U/ml):
Positive 23 59.0 17 739 0.235
Negative 16 410 6 26.1
Anti-NCS (U/ml):
Positive 30 76.9 1 47.8 0.019*
Negative 9 231 12 52.2
Table (5): Sensitivity and specificity of anti-dsDNA, anti-NCS and (anti-dsDNA + anti-NCS) in SLE
and LN group.
Variable Sensitivity ~ Specificity PPV NPV Accuracy AUC
SE:
Anti-dsDNA (U/ml) 64.52 53.85 87.0 241 62.7 0.592
Anti-NCS (U/ml) 66.13 90.00 89.1 682 76.8 0.781
Anti-dsDNA & Anti-NCS (U/ml) 85.48 78.00 828 812 82.1 0.817
LN:
Anti-dsDNA (U/ml) 58.97 60.5 575 619 59.7 0.67
Anti-NCS (U/ml) 84.62 76.74 76.7 84.6 80.5 0.81
Anti-dsDNA & Anti-NCS (U/ml) 84.70 53.49 623 793 68.3 0.69
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Discussion

The present study included 92 patients; out of
them, 62 patients were diagnosed as SLE: 56
(90.3%) of them were females and 6 (9.7%) were
males. Couping with this result Zivkovic et al.,
[21] reported that femal es were higher than males.
SLE had a strong femal e predominance because
females with SLE presented with increased level
of estrogens and reduced level of androgens, prob-
ably due to increased aromatase activity, an enzyme
that converts androgens into estrogens [22,23] . In
this study there was no significant difference be-
tween SLE, non-SLE and control groupsin age
and sex, and in disease duration between SLE and
non-SLE patients.

Autoantibodies are important elements in both
the diagnosis and monitoring of SLE, as some
antibodies appear before the onset of clinical symp-
toms and others are associated with specific clinical
manifestations [24] . Comparing anti-NCS with anti-
dsDNA in SLE patients in the current study, the
frequency of anti-NCS (66.1%) was higher than
anti-dsDNA (64.5%). Thisresult was in consistent
with the results of the studies by Pradhan et dl.,
[15] and Zivkovic et al., [21] . On the other hand,
Minetal., [25] and Campos et a., [26] had reported
lower frequency of anti-NCS than anti-dsDNA
(76% & 79.6%-40% & 58.6% respectively). This
difference from our study may be attributed to the
difference in the number of studied cases and the
sensitivity of the method used. In this study,out of
22 negative anti-dsDNA SLE patients, 13 (59.1%)
patients had positive anti-NCS antibody. Similar
to our result, Su et a., [27] reported that anti-NCS
was present in 51.2% of anti-dsDNA negative SLE
patients and in a Tunisian study, 23.8% had anti-
NCS antibodies without anti-dsDNA Haddouk et
al., [28]. These results supported that anti-NCS may
be more sensitive in patients with SLE lacking of
anti-dsDNA. Comparing anti-NCS with anti-
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dsDNA in non-SLE group in this study, the fre-
guency of anti-dsDNA (20%) was higher than that
of anti-NCS (13.3%). This result was agreed with
the results of the study by saigal et a., [2]. Onthe
contrary, Quattrocchi et al., [29] reported higher
frequency of anti-NCS than anti-dsDNA.

This study demonstrated significant positive
correlation between anti-NCS and anti-dsDNA in
all SLE patients (r=0.324, p=0.010). Similar results
were reported by Braun et al., [21] and Zivkovic et
al., [30] . In the current study there was stronger
correlation of anti-NCS than anti-dsDNA with
SLEDAI scorein SLE patients (r=0.332, p=0.008
and r=0.262, p=0.04) respectively. Thisisin agree-
ment with the study by AmouraZ et a., [31], Simon
etal., [32] and Suleman et al., [33]. On the other
hand, Saigal et al., [2 found astronger correlation
of anti-dsDNA than anti-NCS antibodies with
SLEDAI score.

Comparing the sensitivity and specificity of
anti-NCS with that of anti-dsDNA in SLE patients
of this study, it was found that the sensitivity and
specificity of anti-NCS (66.1% and 90% respec-
tively) were higher than that of anti-dsDNA (64.5%
and 53.8% respectively). Previous studies done by
Abdel Gawad et a., [12] also reported higher sen-
sitivity and specificity of anti-NCS than anti-
dsDNA. On the contrary, Zivkovic et d., [21] re-
ported that the sensitivity of anti-NCS antibodies
for SLE was lower than the sensitivity of anti-
dsDNA antibodies (82.35% vs. 87.06% respective-
ly). Thisfinding can be explained by antibody
positivity cut-off values according to the ROC
curve used in their study were lower than that
recommended by the ELISA test manufacturer. On
the other hand, Bizzaro et al., [34] reported that
data from the meta analysis have shown that anti-
NCS have equal specificity with anti-dsDNA anti-
bodiesin SLE. In our study by combining the
sensitivity of anti-dsDNA and anti-NCS, the sen-
sitivity became 85.5% which was higher than that
of anti-dsDNA or anti-NCS alone. This result
indicated that both of anti-dsDNA and anti-NCS
together resemble the ideal tests for diagnosis SLE.

Out of 62 SLE cases of this study, 39 (63%)
cases found to have LN. Thisresult wasin agree-
ment with Cerveraet al., [35 and Pradhan et al .,
[15] who detect nephritisin 52% and 44% respec-
tively. ANA and anti-dsDNA frequenciesin this
study showed insignificant increasein LN patients
[14 (35.9%) and 23 (59%) respectively] thanin
patients without nephritis [8 (34.8%) & 17 (73.9%)
respectively]. The frequency of anti-NCS showed
significant increase (p=0.019) in LN patients
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(76.9%) than in non LN patients (47.8%). Su et
a., [271 and Zivkovic et al., [21] also found that
anti-NCS antibodies were associated with rena
involvement.

In LN patients of this study, anti-dsDNA showed
no significant correlation with any of the following
investigations (ESR, CRP, urea, creatinine, creat-
inine clearance and 24-hour protein in urine). Also,
anti-NCS showed insignificant correlation with
(ESR, CRP, urea, creatinine, creatinine clearance)
but showed significant positive correlation with
24-hour protein in urine (r=0.594, p=0.000). Saigal
et a., [2] reported that anti-NCS antibodies showed
significant correlation with various manifestations
of LN, this suggested a possible role of anti-NCS
in the pathogenesis of LN. Simon et al., [32] ex-
plained this association by the fact that histones
which constitute part of the nucleosomes have a
cationic charge, whereas the glomerular basement
membrane has an anionic charge, which permits
an interaction between them.

Inthisstudy in LN patients, there was no sig-
nificant correlation between anti-dsDNA and
SLEDAI score whereas anti-NCS and SLEDAI
showed significant positive correlation (r=0.341,
p=0.034). Therefore, serum anti-NCS antibody
levels have value as diagnostic markers and in the
assessment of disease activity especially active
renal disease. Chen et al., [36] described anti-NCS
asindicator of disease activity and lupus nephritis
activity in adults. Significant positive correlation
was detected in LN patients between anti-NCS and
anti-dsDNA (r=0.335, p=0.037). Anti-nucleosome
antibodies and anti-dsDNA antibodies are inde-
pendent and complementary markers of SLE diag-
nosis and, therefore, are strongly suggested as
combined tests [37].

For LN in the current study it was found that
the sensitivity and specificity of anti-NCS antibody
(84.6% and 76.7% respectively) were significantly
higher than that of anti-dSDNA (58.9% and 60.5%
respectively). This result couping with the studies
by Gutierrez-Adrianzen et al., [38] and Abd El-
Gawad et d., [12] . On the other side, Saigal et al.,
[2] reported that anti-NCS antibodies were more
sensitive but not more specific than anti-dsDNA
antibodies in cases with nephritis. By combining
the results of anti-dsDNA and anti-NCSin LN
patients of this study, the sensitivity was (84.7%)
higher than that of anti-dsDNA (58.9%) and nearly
similar to that of anti-NCS (84.6%). So, combina-
tion of anti-dsDNA and anti-NCS were unnecessary
in the diagnosis of LN.

Conclusion:

Results of this study may indicate that anti-
NCS antibodies can be used as an additional marker
for diagnosis and assessment of disease activity in
SLE patients and especially LN patients. Anti-
NCS antibodies may be a sensitive marker of SLE
in the absence of anti-dsDNA antibodies. We rec-
ommended that Anti-NCS and anti-dsDNA should
be done together for SLE patients as they provide
more sensitivity than each parameter alone, while
in LN patients this combination is unnecessary as
the sensitivity of both together almost equal to the
sensitivity of anti-NCS alone. We propose that the
serological ACR criteriafor the classification of
SLE should be reconsidered and revised to include
anti-NCS antibody as a criterion.
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