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Abstract

Background: Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by
multiple organ involvement and autoantibodies. However, the role of these autoantibodies in the
pathogenesis and clinical symptoms remains unclear.

Objectives: This study aimed to explore the associations between autoantibodies, clinical
symptoms, complement levels, and cytokine levels in SLE patients.

Methods: This study examined 41 confirmed SLE patients. Their serum autoantibody status,
cytokine levels, complement (C3 and C4) levels, and clinical presentations were recorded and
associations were calculated using standard statistical methods.

Results: The most common symptoms in the patients were arthritis, fever, skin rashes,
photosensitivity, and oral ulcers, while the most frequently detected autoantibodies were anti-
Ro/SSA, anti-U1-RNP, anti-dsDNA, and anti-Sm antibodies. The presence of most autoantibodies
was associated with low serum C4 levels. Moreover, the presence of anti-Ro/SSA, anti-U1-RNP,
anti-Sm, and anti-dsDNA antibodies increased the risk of symptoms such as fever, arthritis,
morning stiffness, and generalized edema.

Conclusion: Results of this study indicate the role of particular autoantibodies and cytokines
in pathogenesis and appearance of various clinical features of SLE. This knowledge can be
applied for the prediction of organ involvement, based on early identification of autoantibodies
in SLE patients.

Keywords: Antinuclear antibody, Anti-dsDNA antibody, Anti-Ro/SSA, Anti-U1-RNP, Arthritis,
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Background

Systemic lupus erythematosus (SLE) is a multisystem
autoimmune disease, characterized by a wide range
of detectable autoantibodies in blood, particularly
antinuclear antibodies (ANA). It involves inflammation in
multiple organs such as the heart, kidneys, joints, and skin,
as well as the formation of immune complexes (1). The
etiopathogenesis of SLE is multifactorial, involving the
activation of various processes and cell types, including
oxidative stress, infectious triggers, necrosis, apoptosis, the
formation of Neutrophil Extracellular Traps (NETosis) or
NETs, insufficient apoptosis, and clearance of dead cells,
defects in regulatory T cell numbers and functions, loss of
self-tolerance, and tissue injury. These processes can occur
alone or in combination (2,3).

Autoantibodies appear many years before diagnosis
and clinical manifestation of SLE, signifying their role in
pathogenesis from the beginning (4-6). The production
of autoantibodies in SLE may be antigen-driven, due

to impaired apoptotic pathways and polyclonal B cell
activation, or as a result of idiotypic network dysregulation
(1). In addition to clinical manifestations, classification,
diagnosis, and prognosis in SLE patients rely on the
specificity and serum levels of these autoantibodies. The
most commonly used antigens for the detection of SLE are
Ro/SSA, Scl-70, La/SSB, RNP, Sm, and Jol (7). Not all SLE
patients have detectable levels of these autoantibodies, and
these can occur in isolation or various combinations (8).
The onset of SLE can be acute or insidious, following
a chronic, remitting, and relapsing course. It is typically
associated with febrile illness and presents with injury to
the joints, skin, serosal membranes, and kidneys. Multiple
mechanisms of autoantibody production and pathogenesis
have been identified in SLE, but the contribution of
each autoantibody to disease pathogenesis and clinical
manifestations remains unclear (9,10). Although
associations between certain clinical manifestations
and some autoantibodies in SLE subtypes have been
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documented (e.g., psychosis and anti-ribosomal P
antibodies, and congenital heart block and subacute
cutaneous lupus with anti-Ro/SSA antibodies), the role
of these particular antibodies in the disease’s pathogenesis
has not been adequately studied. Moreover, the precise
mechanisms of immunological injury caused by each type
of autoantibody and participating cytokines are not still
fully understood (10). This study explored the associations
between various serum autoantibodies, inflammatory
cytokines, and presenting disease symptoms in those
diagnosed with SLE.

Materials and Methods

The present study was conducted at the Institute of
Medical Sciences (IMS), Banaras Hindu University (BHU),
Varanasi, UP, India. Patients suspected of suffering from
SLE and/or other autoimmune diseases were referred to
the Department of Pathology, IMS, BHU for investigation
after their clinical examinations conducted in the Division
of Rheumatology, Department of Medicine, Sir Sundarlal
Hospital, IMS, BHU. Patients with rheumatoid arthritis,
inflammatory myositis, scleroderma, mixed connective
tissue disorder (MCTD), and Sjogren’s syndrome were
excluded from the study. A total of 41 patients who
showed symptoms of SLE, had positive anti-nuclear
antibodies (ANA), and were confirmed to have SLE based
on immunological and clinical criteria established by the
American College of Rheumatology (ACR) volunteered
for the study and were included in the analysis. Clinical
symptoms for all enrolled subjects were noted from their
hospital records. Informed written consent was obtained
from all participating participants (11).

Blood samples were collected from study subjects
between 10 a.m. and 2 pm. A total of 4 mL of venous
blood was transferred into a plain vial, and the serum
was separated. Serum samples were immediately stored at
-20 °C until analytical tests were performed. Qualitative
estimation of ANA and anti-dsDNA was performed using
Kits provided by Euro Diagnostica (Sweden), following the
manufacturer’s instructions. Levels of TGF-p, Interferon-y
(IFN- y), and IL10 were estimated by AssayMax (US)
ELISA Kits. Serum immunoglobulin (IgA, IgG, IgM) and
complement (C3 and C4) levels were measured using the
Quantiamate Turbidometer (Tulip Diagnostics, India) and
SPINREACT (Spain) kit method. The D-tek (Belgium)
BlueDot ANA8D IgG Immunodot kit was used to detect
IgG autoantibodies against Sm, U1-RNP, Ro/SSA, La/SSB,
PM-Scl, Scl-70, and CENP-A/B antigens. Reference values
and cut-offs were applied according to the descriptions
in the respective kits. Clinical manifestations were also
recorded and analyzed.

Associations between autoantibodies and symptoms
were analyzed using the Chi-square test. The odds ratio
(OR) and 95% confidence interval (CI) were used to
calculate and express associated risks. Comparison
of serum cytokine levels between patient groups was
done using the Mann-Whitney test (for non-normally
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distributed) or the unpaired t-test (for normally
distributed data). Three outliers (defined as values 1.5
times the interquartile range above the third quartile)
were identified in the IL10 serum levels and were excluded
from the analysis. A P value of<0.05 was considered
statistically significant.

Results

The age of all study participants ranged from 16 to 58
years, with a mean of 34.15+10.5 years. As expected, the
number of female patients was higher (82.9%) than that of
males (17.1%), showing a male/female ratio of 1:4.8. Table 1
depicts the status of serum complements, antibodies, and
cytokines in all study subjects. Most patients exhibited low
C3, normal C4, low IgG, normal IgM and IgA, and low
levels of IFNy, TGF, and IL10.

A summary of the associations between reported
autoantibodies, cytokine levels, and clinical symptoms is
provided in the supplementary file (Supplementary file 1,
Tables S1 and S2). All subjects tested positive for serum
ANA and negative for anti-Scl70 and anti-Jo antibodies
(Table S1). The most common autoantibody was anti-
Ro/SSA, which is present in 53.7% of the study subjects.
The presence of anti-Ro/SSA was associated with a 3.6-
fold increased risk of fever and a 4-fold increased risk
of arthritis, but a reduced risk of generalized edema
(Figure 1A). Moreover, anti-Ro/SSA was associated with
the presence of anti-La/SSB, anti-U1-RNP, and anti-Sm
antibodies (Figure 1B). Furthermore, anti-Ro/SSA positive
patients exhibited significantly lower serum C4 levels
compared to anti-Ro/SSA negative patients (Figure 1C).

Table 1. Status of Serum Antibody, Complements, and Cytokine Levels in
Study Subjects (N=41)

Name Status Number of % of Total
Subjects Subjects

Low (<80 mg/dL) 36 85.8
C3

Normal (80-180 mg/dL) 5 12.2

Low (<10 mg/dL) 18 43.9
C4

Normal (10-40 mg/dL) 23 56.1

Low (<600 mg/dL) 32 78
18G

Normal (600-1600 mg/dL) 9 22

Low (<40 mg/dL) 3 7.3
IgM

Normal (40-230 mg/dL) 38 92.7

Low (<70 mg/dl) 1 2.4
IgA Normal (70-400 mg/dL) 31 75.6

High (>400 mg/dL) 9 22

Low (<40 pg/mL) 35 85.4
IFNy

High (>40 pg/mL) 6 14.6

Low (<80 pg/mL) 23 56.1
TGFB

High (>80 pg/mL) 18 43.9

Low (<80 pg/mL) 22 53.7
ILTO

High (>80 pg/mL) 19 46.3

Note. IgG: Immunoglobulin G; IgM: Immunoglobulin M; IgA: Immunoglobulin
A; IFNy: Interferon-gamma; TGFp: Transforming growth factor beta; IL10:
Interleukin 10.
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Figure 1. A: Association Between Serum Anti-Ro/SSA Antibody and Symptoms; B: Association Between Serum Anti-Ro/SSA Antibody and Other Antinuclear
Antibodies; C: Comparison of Serum C4 Levels in SLE Patients With and Without Anti-Ro/SSA Antibodies (Mann Whitney test); D: Comparison of Serum C4
Levels in SLE Patients With and Without Anti-RNP Antibodies (Mann Whitney test); E: Association Between Serum Anti-RNP Antibody and Symptoms; F:
Association Between Serum Anti-Ro/SSA Antibody and Other Antinuclear Antibodies. Note. SLE: Systemic Lupus Erythematosus; Cl: Confidence Interval

The second most prevalent autoantibody was anti-U1-
RNP, found in 48.8% of subjects. Patients with anti-Ul-
RNP had significantly lower serum C4 levels compared to
those without anti-U1-RNP (Figure 1D). The presence of
anti-UI-RNP increased the risk of morning stiffness by
5.11 times but reduced the risk of weakness symptoms
(Figure 1E). Additionally, anti-U1-RNP was associated
with the presence of anti-Ro/SSA, anti-dsDNA, and anti-
Sm antibodies (Figure 1F). Anti-dsDNA antibody was
present in 39% of patients and showed a 10-fold higher
risk of generalized edema but a lower occurrence of
photosensitivity (Figure 2A). Anti-dsDNA antibodies
were also associated with the presence of anti-U1-RNP

and anti-Sm antibodies (Figure 2B). Patients with anti-
dsDNA antibodies also exhibited significantly lower C4
levels (Figure 2C).

Anti-Sm antibodies were present in 31.7% of the study
patients and were associated with an 8-fold increased
risk of fever, but a reduced risk of weakness symptoms
(Figure 3A). Anti-Sm-positive patients indicated
significantly lower serum C4 levels compared to anti-Sm-
negative patients (Figure 3C). Anti-La/SSB antibodies
were detected in 8% of patients and were associated with
a 6-fold increased risk of breathlessness (Figure 3B).
Anti-La/SSB-positive patients also showed lower serum
C4 levels compared to those who were negative for anti-
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Figure 2. A: Association Between Anti-dsDNA Antibody and Symptoms; B: Association Between Anti-dsDNA Antibody and Other Antinuclear Antibodies; C:
Comparison of Serum C4 Levels in SLE Patients With and Without Anti-dsDNA Antibodies (Mann Whitney test). Note. SLE: Systemic Lupus Erythematosus; Cl:
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Figure 3. A: Association Between Serum Anti-Sm Antibody and Symptoms; B: Association Between Serum Anti-La/SSB Antibody and Breathlessness; C:
Comparison of Serum C4 Levels in SLE Patients With and Without Anti-Sm Antibodies (Mann Whitney test); D: Comparison of Serum C4 Levels in SLE Patients
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La/SSB (Figure 3D). Anti-centromere antibodies were
present in only 2 subjects (4.9%) and were not significantly
associated with symptoms or cytokines.

A detailed list of symptoms reported by study subjects
is presented in Table S2. Arthritis was the most common
symptom, reported by 68.3% of subjects, and was
associated with anti-Ro/SSA antibodies (Figure 1A).
The next most common symptom was fever, reported
in 53.7% of patients. Detection of serum anti-Ro/SSA
and anti-Sm antibodies was related to a higher risk of
fever (Figure 1A and 3A). Skin rashes were reported in
41.5% of patients and were not associated with serum
autoantibodies. However, patients with skin rashes showed
significantly higher IgM levels and lower IgA levels
compared to patients without skin rashes (Figure 4B, 4C).
Morning stiffness was reported by 22% of study subjects
and was associated with a higher occurrence of anti-U1-
RNP antibodies (Figure 1E) and higher serum TGF-f
levels (Figure 4D). Weakness, present in 14.6% of subjects,
was negatively related to anti-U1-RNP (Figure 1E) and
anti-Sm antibodies (Figure 3A). Breathlessness, present
in 14.6% of patients, was associated with the presence
of anti-La/SSB antibodies (Figure 3B). The rest of the
presenting symptoms did not show any significant
association (Table S2). Additionally, none of the three
measured cytokines (IFNy, TGFp, and IL10) showed any
association with autoantibodies.

Discussion
Many inflammatory cytokines and approximately 120
autoantibodies have been reported in SLE, but their precise

roles in the pathogenesis and clinical manifestations of the
disease is still not fully understood. Autoantibodies appear
in SLE patients before the onset of clinical symptoms, and
certain autoantibodies have been found to correlate with
specific manifestations of the disease (12). In this study,
we identified some associations between autoantibodies,
cytokines, and symptoms in SLE patients. The association
between the presence of anti-Ro/SSA and other
autoantibodies such as anti-U1-RNP, anti-La/SSB, and anti-
Sm (Figure 1A, 1F), as well as between anti-dsDNA and anti-
Sm and anti-U1-RNP antibodies (Figure 1F, 2B), suggests
patterns of auto-antigen exposure and the subsequent
production of these autoantibodies in SLE patients.

The most consistently observed association in this study
was between the presence of autoantibodies (i.e., anti-Ro/
SSA, anti-U1-RNP, anti-dsDNA, anti-Sm, and anti-La/
SSB autoantibodies) and lower serum C4 levels in patients,
while C3levels did not showany significant correlation. The
lack of a direct correlation between C4 levels and specific
clinical symptoms suggests its generalized involvement in
SLE pathogenesis. Serum C4 levels are a well-established
tool for monitoring SLE activity. C4 activation plays a
critical role in the clearance of dead cell debris, and its
deficiency can lead to the exposure of autoantigens and
the production of self-targeting antibodies (13). Locally
produced complement C4 is directly involved in inducing
anergy and negative selection of autoreactive B cells,
explaining the higher occurrence of autoreactive B cells in
the absence of C4 in C4" mice (14). Although complete C4
deficiency is rare, it has been reported to increase the risk
of developing SLE (14). Moreover, C4 deficiency in SLE
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Figure 4. A: Comparison of Serum IgM Levels in SLE Patients With and Without Skin Rash (unpaired t-test); B: Comparison of Serum IgA levels in SLE Patients
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patients suggests potential infection-linked pathogenesis
of autoimmune diseases (13).

Anti-Ro/SSA  was the most commonly observed
autoantibody in our study subjects (Table S1), with a
higher prevalence in the Indian population compared
to European and South American patients, but a lower
prevalence than that observed in Oriental populations
from Singapore (15,16). Anti-La/SSB and anti-Ro/SSA
antibodies tend to appear earlier in the course of SLE than
other autoantibodies such as anti-dsDNA, anti-Sm, and
anti-UI-RNP (4,5,7,17). While anti-Ro/SSA is usually
present in SLE and Sjogren syndrome patients, it can
also be observed in other systemic autoimmune diseases,
including systemic sclerosis, MCTD, polymyositis, and
rheumatoid arthritis, though less frequently (7). In
our study subjects, anti-Ro/SSA was associated with
increased occurrence of fever (3.6 times), arthritis
(4.05 times), and low serum C4 levels (Figure 1A, 1C).
The association of anti-Ro/SSA with arthritis, joint
involvement, and C4 deficiency in SLE has been reported
in previous studies (7,18,19). Other previous studies
have highlighted associations between anti-Ro/SSA and
deforming arthropathy, musculoskeletal involvement,
photosensitivity, cutaneous lesions, interstitial lung
disease, and neutropenia in SLE patients (7,18,20,21).

Anti-Ro/SSA antibodies target two proteins, Ro52
and Ro60, which are localized in different cellular
compartments. Ro52 is an interferon (IFN)-inducible
protein that negatively regulates the production of
proinflammatory cytokine. In contrast, Ro60 protein
binds to misfolded non-coding RNAs in vertebrate
nuclei, leading to their degradation. Photosensitivity
and skin involvement in SLE can be linked to ultraviolet
radiation-induced production of the Ro antigens in the
cytoplasm and nucleus of skin cells, which subsequently
trigger the production of anti-Ro/SSA antibodies (7), but
this association was not observed in our study subjects.
The relationship between anti-Ro/SSA and arthritis
remains unclear. Anti-Ro52 and anti-Ro60 antibodies
exhibit distinct clinical associations in SLE (7,22), and
their separate assays can shed further light on their
roles in the development of different clinical symptoms
in SLE patients.

The La/SSB antigen is a part of the Ro/RNP particle,
which consists of Ro52, Ro60, La, and a small RNA
molecule, predominantly located in the nucleus (23).
Anti-Ro/SSA can be detected in the serum of SLE patients
independently, whereas anti-La/SSB antibodies are
typically accompanied by anti-Ro/SSA autoantibodies
(7,18). In the present study, 8 subjects (19.5%) showed
the presence of anti-La/SSB (Table S1), and all of these
subjects were also anti-Ro/SSA-positive. Anti-La/SSB was
associated with higher occurrences of breathlessness and
lower serum C4 levels in patients. A previous study from
Athens, Greece, reported no association between anti-
La/SSB and clinical manifestations in SLE patients (23).
However, some earlier studies have reported associations
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between the presence of anti-La/SSB and joint involvement
(18,19), while in childhood SLE, anti-La/SSB has been
linked to alopecia (21).

The second most common autoantibody detected in
our study subjects was anti-U1-RNP, present in 48.8%
of subjects (Table SI). It was associated with a higher
risk of morning stiffness (5.11 times) in patients, which
aligns with existing evidence suggesting that anti-Ul-
RNP is associated with musculoskeletal involvement
and synovitis, both of which may cause morning
stiffness (24,25). Moreover, associations between joint
involvement and anti-U1-RNP have been reported in
childhood SLE (26).

Anti-Sm antibody was found in 13 (31.7 %) study
subjects who were also anti-U1-RNP-positive, while only
7 out of 20 anti-UI-RNP-positive patients were negative
for anti-Sm. Anti-Sm is a highly specific autoantibody
for SLE and is included in the diagnostic criteria for
disease (27). We found that anti-Sm antibodies were
associated with an increased risk of fever and lower
serum C4 levels (Figure 3A, 3C), but a decreased risk of
weakness (Figure 3A). The presence of fever and low C4
levels suggest active lupus disease in patients, indicating
the role of anti-Sm antibodies in the active phase of SLE.
Previous studies also suggest that the presence of anti-Sm
antibodies is related to disease activity in SLE patients
(16,28). Additionally, anti-Sm antibodies have been
associated with rash, mouth ulcers, alopecia, and serositis,
as well as neurological, renal, and joint involvement (29).

Anti-dsDNA antibodies are a group of antibodies
targeted against double-stranded DNA. In our study,
anti-dsDNA antibodies were the third most common
autoantibodies, detected in 39% of patients (Table S1).
Anti-dsDNA is also highly specific for SLE, are included
in the diagnostic criteria for the disease, and are important
mediators of pathogenesis (30). In the current study,
significant correlations were found between anti-dsDNA
antibodies and generalized edema, photosensitivity, and
low serum C4 levels (Figure 2). The symptom pattern
observed in this study indicates the role of anti-dsDNA
antibodies in the involvement of the kidneys and skin
in SLE patients. Extracellular DNA is a trigger for the
generation of anti-dsDNA antibodies in SLE patients.
These antibodies then form immune complexes with
DNA, which deposit in tissues, inducing inflammation
and nephritis (30). Previous studies have also reported
an association between anti-dsDNA antibodies and renal
involvement (12,31). It was also observed that anti-dsDNA
autoantibodies appear before the onset of renal disease,
suggesting that they can be used as early predictors for
future renal involvement in SLE patients (6).

Arthritis was the most common (68%) symptom in the
study subjects, and its presence was associated with anti-Ro/
SSA antibodies (Table S2). Fever, the second most reported
symptom, was present in 53.7% of study subjects and
was associated with anti-Ro/SSA and anti-Sm antibodies
(Table S2), which play a role in pyrogenic inflammation.
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Skin rash (41.5%) was the third most common symptom,
and it was associated with higher IgM and lower IgA
levels, indicating an increased risk of skin rash in these
patients (Table S2). Photosensitivity was the fourth most
common symptom, observed in 39% of subjects, and it
showed a lower risk associated with the presence of anti-
dsDNA antibodies (Table S2). Oral ulcers, the fifth most
common symptom, were present in 29.3% of subjects
but did not show any association with autoantibodies or
cytokines. Increased serum TGF-beta and anti-U1-RNP
were both associated with morning stiffness, a symptom
present in 22% of subjects. TGF-beta is a potent natural
immunosuppressive cytokine that induces local fibrosis
and can cause tissue damage in chronic inflammatory
diseases (32). Morning stiffness might be related to
increased fibrosis in joints caused by TGF-beta due to
chronic inflammation in SLE patients. Many other rare
symptoms were also reported by the patients (Table S2),
which did not demonstrate any significant associations,
indicating the complex mechanisms of systemic and
organ/site-specific pathogenesis. The relatively small
sample size is a limitation of this study, so further similar
research with a larger sample size is needed to better
understand the role of specific autoantibodies in the
pathogenesis of SLE.

Conclusion

SLE patients exhibit variable patterns of autoantibodies,
cytokines, and clinical manifestations. Arthritis, fever,
skin rashes, photosensitivity, and oral ulcers were the
most common symptoms, while anti-Ro/SSA, anti-Ul-
RNP, anti-dsDNA, and anti-Sm antibodies were the
most frequently detected autoantibodies. This study
also revealed multiple associations between individual
autoantibodies and SLE symptoms, with low serum
C4 levels being associated with the presence of most
autoantibodies. These observations contribute to a
deeper understanding of the etiopathogenesis of SLE. The
identification of particular autoantibodies can be used for
predicting organ involvement and clinical manifestations
during the course of the disease, ultimately enabling
earlier and better management of SLE.
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