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Systemic lupus erythematosus (SLE) is known for its wide range of clinical
manifestations. The diagnosis of SLE remains a challenge and to a great extent depends
on multiple serum autoantibodies such as anti-nuclear antibody (ANA), anti-double
stranded (ds) DNA antibody and anti-Smith antibody. ANA is a very sensitive but not
specific marker and primarily use for SLE screening. Anti-dsSDNA and anti-Sm are SLE-
specific autoantibodies with lower sensitivity of 80% and 30% for SLE, respectively. A
substantial percentage of SLE patients were found to be persistently negative for SLE-
specific autoantibodies. It was reported to be as high as 51.2% for anti-dsDNA and 62.4%
for anti-Sm. This impediment can delay the establishment of diagnosis and treatment.
Therefore, researchers continue to search for other biomarkers that are better or able to
complement the available standard SLE investigations. Cell membrane DNA (cmDNA)
was identified as a specific target for autoantibodies in SLE patients. Autoantibodies
towards cmDNA (anti-cmDNA) were shown to have promising value as an SLE
biomarker. This study evaluated the potential of serum anti-cmDNA antibodies detection
using indirect immunofluorescent (I1F) technique as a diagnostic marker in SLE. This
study included serum samples of 83 SLE, 86 other connective tissue diseases (OCTD)
and 61 healthy subjects. The OCTD samples were 56 rheumatoid arthritis, 12
scleroderma, 10 Sjogren’s syndrome and eight mixed connected tissues disease (MCTD).
All samples were analysed by both IIF technique utilising Raji cells as substrate and
ELISA for the presence of anti-cmDNA. For IIF, anti-cmDNA was reported as positive
if there was presence of cell membrane continuous or punctate fluorescent ring. For
ELISA, anti-cmDNA positivity was determined according to the cut-off value identified
using ROC curve analysis. Serums from SLE patients were also tested for anti-dsDNA
and anti-Sm antibodies using enzyme-immunoassays. These findings showed that anti-
cmDNA positivity by IIF was the highest in SLE (55.4%) than in OCTD (9.3%) and
healthy subjects (0%). Detection of anti-cmDNA using IIF technique showed high



specificity in differentiating between SLE from healthy subject (100%) and OCTD
(90.7%). The sensitivity of anti-cmDNA in differentiating between SLE from both
groups was the same (55.4%). Anti-cmDNA was shown to be significantly associated
with arthritis (p=0.019). However, no significant associations were found between anti-
cmDNA and other SLE clinical presentations (mucocutaneous, serositis, lupus nephritis,
neurological and haematological involvement). Despite, SLE-associated autoantibodies
(ANA, anti-dsDNA and anti-Sm) were also more frequently seen in anti-cmDNA
positive SLE, they were not statistically significant. In SLE with negative specific
autoantibody, anti-cmDNA was detected in up to 52.1% of SLE patients with negative
anti-Sm, 36.8% of SLE patients with negative anti-dsDNA and 31.3% of SLE patients
with negative both anti-Sm and anti-dSDNA. Anti-cmDNA detection using ELISA was
found to be more sensitive at 95.2% and 97.6% but less specific at 88.5% and 86.0% in
differentiating SLE from healthy subjects and OCTD, respectively. In summary, IIF
technique provided a high specificity for anti-cmDNA detection which makes it an
excellent confirmatory tool for SLE diagnosis. ELISA technique on the other hand, is
more suitable as a screening tool because it has better sensitivity. Anti-cmDNA also has
the potential as a new additional biomarker to the current standard SLE autoantibodies
especially in SLE with negative anti-dsDNA and/or anti-Sm antibodies.
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Lupus eritematosus sistemik (SLE) terkenal dengan kepelbagaian manifestasi klinikal.
Penyiasatan bagi SLE masih merupakan suatu cabaran dan banyak bergantung kepada
kehadiran pelbagai jenis autoantibodi serum seperti antibodi anti-nuklear (ANA),
antibodi anti-double stranded (ds) DNA dan antibodi anti-Smith. ANA adalah penanda
biologi yang sangat sensitif namun tidak spesifik, dimana ia digunakan terutamanya
sebagai ujian saringan SLE. Anti-dsDNA dan anti-Sm adalah autoantibodi spesifik-SLE
namun mempunyai sensitiviti yang lebih rendah, masing-masing 80% dan 30%. Selain
daripada itu, kajian mendapati bahawa terdapat sebahagian pesakit SLE yang kekal
negatif untuk autoantibodi spesifik-SLE. Anti-dsDNA telah dilaporkan negatif sehingga
51.2%, manakala anti-Sm sehingga 62.4% dalam kalangan pesakit SLE. Cabaran ini
boleh menyebabkan kelewatan dalam membuat diagnosis serta rawatan. Oleh sebab itu,
para penyelidikan terus berusaha untuk mencari penanda biologi baharu yang lebih baik
atau boleh melengkapi ujian autoantibodi SLE yang sedia ada. Cell membrane DNA
(cmDNA) telah dikenal pasti sebagai sasaran spesifik untuk autoantibodi dalam pesakit
SLE. Autoantibodi terhadap cmDNA (anti-cmDNA) didapati mempunyai nilai potensi
sebagai penanda biologi untuk SLE. Kajian ini menilai potensi pengesanan antibodi
serum anti-cmDNA menggunakan teknik indirect immunofluorescence (I1F) sebagai
penanda diagnostik untuk SLE. Kajian ini menggunakan sampel serum daripada 83 SLE,
86 other connective tissue disease (OCTD) dan 61 subjek sihat. Sampel OCTD
merangkumi 56 rheumatoid arthritis, 12 scleroderma, 10 Sjogren's syndrome dan lapan
mixed connective tissue disease (MCTD). Semua sampel dianalisis dengan teknik I1F
menggunakan sel Raji sebagai substrat dan ELISA untuk mengenal pasti kehadiran anti-



cmDNA. Bagi teknik IIF, anti-cmDNA akan dilaporkan positif jika terdapat cincin
flourecent yang continuous atau punctate pada sel membran. Bagi ELISA, nilai cut-off
yang dikenalpasti menggunakan ROC curve telah digunakan untuk menentukan bacaan
positif anti-cmDNA. Serum pesakit SLE juga diuji untuk antibodi anti-dsDNA dan anti-
Sm menggunakan enzyme immunoassay. Hasil kajian kami menunjukkan bahawa anti-
cmDNA positif adalah paling tinggi ada pada SLE (55.4%) berbanding OCTD (9.3%)
dan subjek sihat (0%). Pengesanan anti-cmDNA menggunakan teknik 1IF menunjukkan
spesifisiti yang tinggi dalam membezakan SLE dari subjek sihat (100%) dan OCTD
(90.7%). Sensitiviti anti-cmDNA dalam membezakan SLE dari kedua-dua kumpulan
adalah sama, iaitu 55.4%. Anti-cmDNA terbukti mempunyai hubungan yang signifikan
dengan arthritis (p=0.019). Walaupun begitu, tiada hubungan yang signifikan di antara
anti-cmDNA dan ciri-ciri klinikal SLE yang lain (mukokutaneus, serositis, nefritis lupus,
penglibatan neurologi dan hematologi). Walaupun autoantibodi spesifik-SLE lebih kerap
didapati pada pesakit SLE yang positif anti-cmDNA, hubungan mereka adalah tidak
signifikan secara statistik. Dalam SLE tanpa kehadiran autoantibodi spesifik-SLE, anti-
cmDNA dapat dikesan dalam sebanyak 52.1% SLE yang negatif anti-Sm, 36.8% SLE
yang negatif anti-dsDNA and 31.3% SLE negatif kedua-dua autoantibodi anti-Sm dan
anti-dsDNA. Pengesanan anti-cmDNA menggunakan ELISA didapati lebih sensitif, iaitu
95.2% dan 97.6% tetapi kurang spesifik iaitu 88.5% dan 86.0% dalam membezakan SLE
dari subjek sihat dan OCTD, masing-masing. Kesimpulannya, teknik IlF memberikan
spesifisiti tinggi dalam pengesanan anti-cmDNA yang menjadikannya alat pengesahan
yang sangat baik untuk SLE. Manakala teknik ELISA lebih sesuai sebagai alat saringan
kena ia mempunyai sensitiviti yang lebih baik. Anti-cmDNA juga merupakan penanda
biologi baharu yang berpotensi dan sangat berguna terutamanya untuk SLE yang negatif
kepada anti-dsDNA dan/atau anti-Sm.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Systemic lupus erythematous (SLE) is an autoimmune disease characterised by a
multitude of immune responses as a consequence of host antibodies attacking own
tissues. Previous studies have concluded that the clinical aetiology of SLE can be derived
from multifarious genetic alterations and environmental factors (Ching et al, 2012). SLE
has a broad range of pathophysiologic mechanisms and clinical presentations. SLE
characteristics often overlapped with the other autoimmune diseases such as
dermatomyositis (DM) and rheumatoid arthritis (RA) as they possess some similar
symptoms and clinical features (Encinas & Kuchroo, 2002). It is imperative that to
explore and establish an improved method of differentiating between SLE and other
autoimmune diseases in prospect of an effective diagnosis-making process.

To date, SLE diagnosis is often carried out by detecting the presence of serum anti-
nuclear antibodies (ANA), anti-double stranded antibody (anti-dsDNA) and anti-Smith
antibodies (anti-Sm). This is following the guideline by European League Against
Rheumatism (EULAR) and American College of Rheumatology (ACR). ANA is identify
in about 78% of SLE patients. However, the drawback of ANA testing is that, it not
specific to SLE. ANA can be positive in other autoimmune diseases such as in 14% of
rheumatoid arthritis, 74% of Sjogren’s syndrome and 87% of scleroderma patients (Tan
etal, 1997). Anti-dsDNA on the other hand, can only be detected in 75% of SLE patients
(Conti et al, 2015). Despite its higher specificity, there is still substantial possibility of
under-diagnosing SLE. Although highly specific for SLE, anti-Sm is present in only up
to 30% of patients (Aganovic-Musinovic et al, 2012). Therefore, it is evident that anti-
Sm cannot be solely depended upon for diagnosing SLE. The current study aims to
further investigate on anti-cell-membrane DNA (anti-cmDNA) antibody which has been
described to deliver comparable specificity but with higher sensitivity when compared
to anti-dsDNA and anti-Sm antibodies in diagnosing SLE (Ru et al, 2015).

Cell membrane DNA (cm-DNA) is derived from cell nucleus before being expressed on
cell membrane of the surface of B-lymphocytes as a 17 kb polynucleotide chain and
monocytes (Chen et al, 2008). The cm-DNA is different from other nuclear DNA in
terms of its location, physical properties, and cell cycle synthesis (Lerner et al, 1971).
Servais et al. in 1998 had demonstrated that cm-DNA can be the specific target for 19G
antibodies in SLE and had shown that cm-DNA receptor epitopes are different from ds-
DNA and single stranded DNA (ss-DNA) antibodies. The growing body of literature had
suggested cm-DNA as the next highly potential biomarker to be used in diagnosing SLE.
Anti-cmDNA was shown to have higher sensitivity and specificity compared to anti-
dsDNA and anti-Sm antibodies (Tonutti et al, 2008; Servais et al, 1998).



1.2 Problem Statement

The clinical uses of serum biomarkers are indispensable for diagnosing SLE. However,
the sensitivity of current standard SLE biomarkers are still lacking of their full functions.
In addition, current standard SLE biomarkers can also be detected in other diseases,
creating a tendency for misdiagnoses. Therefore, a new and enhanced biomarker needs
to be explored and identified in order to provide superior diagnostic capacity for SLE.
The studies of anti-cmDNA in SLE were rather scant and no similar studies have been
done in the South East Asian countries including Malaysia. The SLE disease
manifestations and the immunological profile are highly variable between patients of
different population and ethnicity. It would be of great interest to see whether similar
findings on the potential use of anti-cmDNA in diagnosing SLE can be found in
Malaysian population.

This study would provide information on the usefulness of anti-cmDNA in diagnosing
SLE. Previous studies have discovered that anti-cmDNA can be detected by IIF
technique using Raji cell lines as substrate. This technique can be prepared in-house and
compared to other cell lines, Raji cells have demonstrated the strongest expression of
cm-DNA. It would be interesting to see if this IIF technique is able to consistently
provide a reliable detection of anti-cmDNA and compare its sensitivity and specificity
to the ELISA technique, which is relatively more expensive. Besides that, this study
would also determine the diagnostic value of anti-cmDNA antibodies in diagnosing SLE
compared to the standard autoantibodies (anti-dsSDNA and anti-Sm) and determine the
proportion of anti-cmDNA in SLE patients negative for SLE standard autoantibodies.

1.3 Obijective

1.3.1  General Objective

To evaluate the potential of serum anti-cmDNA antibodies detected using indirect
immunofluorescent (I1F) technique as diagnostic marker in systemic lupus erythematous
(SLE).



1.3.2

Specific Objectives

To determine the proportion of serum anti-cmDNA antibodies among SLE,
other connective tissue diseases and healthy subjects.

To determine the diagnostic accuracy (sensitivity and specificity) of anti-
cmDNA antibodies in SLE.

To determine the associations between anti-cmDNA antibodies with SLE
clinical manifestations.

To determine the proportion of anti-cmDNA antibodies among SLE with
negative SLE standard autoantibodies (anti-dsDNA and anti-Sm).

To determine and compare the diagnostic accuracy (sensitivity and specificity)
provided by IIF and ELISA techniques in detecting anti-cmDNA antibodies.
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