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Abstract: Background. Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with a common finding of 

renal involvement which is related to high incidence of mortality and morbidity. IL-6 is produced by leukocytes and intrinsic 

kidney cells that affects inflammation, increases mesangial cell proliferation, and also contributes to autoimmunity. Objective. 

To detect the serum level as well as expression in PBMCs in the blood of IL-6 in SLE patients. Furthermore we compare serum 

level, as well as expression in PBMCs in the blood of IL-6 of lupus nephritis group versus non-nephritis lupus group and to 

study its correlation with other variables in SLE patients. Methods. The study was carried on 100 SLE patients, and 50 healthy 

control subjects. Fifty patients had lupus nephritis and 50 without evidence of lupus nephritis. Serum interleukin 6 (IL6) was 

measured using the ELISA technique as well as the expression of IL6 mRNA in PBMCs. Serum creatinine, C3, C4 and 24 

hours urinary proteins were measured. Lupus activity was assessed using BILAG scoring system. Renal activity was measured 

using renal activity scoring system. Results. Serum IL6 level and its mRNA expression was significantly high in SLE patients 

and was higher in lupus nephritis patients than lupus patients without nephritis. IL6 was significantly correlated with renal 

activity score, 24 hours urinary proteins lowered C3 and C4 level and BILAG score. Conclusion. Serum IL-6 level and its 

mRNA expression is elevated in SLE patients as well as lupus nephritis patients. This was found to be linked with SLE disease 

activity in general and renal involvement in particular. 
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1. Introduction 

Systemic lupus erythematosus (SLE) is a systemic 

autoimmune disease with a common finding of renal 

involvement that is related to high incidence of mortality and 

morbidity [1]. Histologically, renal lupus involvement shows 

a broad range of patterns, which cause assorted clinical 

manifestations, ranging from mild asymptomatic urinary test 

abnormalities to severe nephrotic syndrome or rapidly 

progressive renal failure [2]. Immunopathogenesis involves 

formation of Immune complexes, provoking aberrant 

production of type I interferons α and β (IFN-α/β) and 

proinflammatory cytokines [3, 4]. Lupus nephritis results 

from a complex interaction between autoantibodies in 

association with anti-dsDNA, nucleosomes and histones that 

end up forming kidney immune complexes and permanently 

activated inflammatory cells that stimulate and induce 

proliferation in local cells, which, in turn, stimulate 

complement, cytokines and chemokines [5]. 

Chemokines can amplify kidney inflammation by 

recruiting more leukocytes to the kidney in a positive-

feedback loop. Cytokines can damage kidney parenchyma 

directly. For example, in murine lupus nephritis, exogenous 

IL-6 enhanced the progression of kidney injury, whereas 

treatment with an anti–IL-6 monoclonal antibody alleviated 

disease [6]. Cytokines also can mediate deleterious processes 

such as mesangial and glomerular epithelial cell proliferation, 

glomerulosclerosis, tubular atrophy, and interstitial fibrosis 

[7]. IL-6 is a multifunctional cytokine produced by 

leukocytes and intrinsic kidney cells that affects 

inflammation, increases mesangial cell proliferation, and also 

contributes to autoimmunity by stimulating terminal B-cell 

differentiation, autoantibody secretion, and T-cell 
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differentiation [8, 9]. IL-6 works in synergy with IL-1 and 

tumor necrosis factor (TNF) α to promote inflammation, but 

also can be anti-inflammatory by termination of IL-1– and 

TNF-α–mediated inflammatory cascades [10]. 

In spite of extensive research, there are still unanswered 

questions regarding the role of inflammation in the 

pathogenesis of renal damage in systemic lupus 

erythematosus [11-13] and furthermore the implication of IL-

6 in the initiation of inflammatory cascade. The aim of 

current study was to detect the serum level of IL-6 in SLE 

patients. We plan to examine the expression of IL-6 in blood 

of SLE patients. Furthermore, we compare serum level of IL-

6 between nephritis and non-nephritis groups and to study its 

correlation with other variables including 24 hour urinary 

proteins, BILAG score, C3, C4, serum creatinine, and renal 

activity score. 

2. Material and Methods 

Patients 

In our case control study, we recruited 100 SLE patients 

diagnosed as having systemic lupus erythematosus who 

fulfilled the American College of Rheumatology (ACR) 

classification criteria for SLE [14]. Patients were collected 

from departments of rheumatology, nephrology and internal 

medicine at Al ahsa Hospital, in eastern area of Saudi Arabia, 

from January 2013 to January 2015. Patients with a previous 

diagnosis of another connective tissue disorder which may 

associates SLE such as rheumatoid arthritis, primary Sjogren’s 

syndrome, mixed connective tissue disease, systemic sclerosis, 

antiphospholipid antibody syndrome or idiopathic 

inflammatory myositis were excluded from this study. Also, 

patients with liver disease, other autoimmune disease, or 

malignancies were excluded. This aimed to avoid the possible 

effects of these comorbid conditions on cytokine production. 

Patients were divided into two groups. Group (1): involved 50 

patients with evidence of lupus nephritis as having 24 hour 

urinary protein >0.5 gm or active urinary sediment in the form 

of either microscopic or macroscopic hematuria or white cell 

cast with or without elevated serum creatinine. Group (2): 

involved 50 SLE patients without any evidence of lupus 

nephritis. Group (3): Fifty healthy age- and sex-matched 

control subjects were volunteered to act as a healthy control 

group (HCs). All patients were subjected to careful history 

taking, full clinical examination and routine laboratory 

investigations. 

Clinical assessment 

Overall clinical assessment and disease activity index of 

SLE patients was done using the BILAG (British Isles Lupus 

Assessment Group) disease activity index [15]. It distinguishes 

activity in 8 organs or systems namely general, mucocutaneous, 

central nervous system, musculoskeletal, cardio-vascular 

system/respiratory, vasculitis, renal and haematological 

systems. It provides an accurate means of grading disease 

activity from the "most active" to "no evidence of disease 

activity currently". Patients are classified to 5 grades: A= 9 

points, B= 3 points, C= 1 point, D= 0 point, E= 0 point. 

The protocol for the research project has been approved by a 

suitably constituted Ethics Committee of the hospital and that 

it conforms to the provisions of the World Medical 

Association's Declaration of Helsinki. An informed consent 

has been obtained for all investigations on subjects of the study 

(and patient anonymity has been preserved). 

Laboratory investigations: 

A complete haemogram, chemistry, urinalysis, 24 hours 

urinary proteins and serological tests (C3 and C4) were 

performed for patients. 

Ten milliliters of venous blood was collected from each 

subject and divided into three samples. The first one was used 

for blood chemistry analysis C3, C4, serum creatinine. The 

other blood sample was used for immunoassay of serum 

human IL6 levels. The third one was used for expression of 

Human IL 6 from PMNC. 

Serum creatinine was determined by an automated method 

based on the alkaline picrate reaction, in a Hitachi 912 (Roche) 

chemistry analyzer and the results were expressed as mg/dl. 

Serum C3 and C4 concentrations were measured by the 

turbidimetric immunoassay. 

A 24-hour urine sample were collected and kept in the 

refrigerator or a cool place during the collection period. 

ELISA 

Human IL-6 Immunoassay: The plasma concentration of IL-

6 was measured by a commercially available enzyme-linked 

immunosorbent assay Quantikine HS (R&D Systems,) [16]. 

The level of serum IL6 of nephritis and non-nephritis groups 

will be correlated with the laboratory values including 24 hour 

urinary proteins, BILAG score, C3, C4, serum creatinine, and 

renal activity score 

Real-time PCR 

Total RNA was extracted from PBMC using TRIzol 

(Invitrogen, Carlsbad, CA, USA). (QIAamp RNA Blood Mini 

Kit, QIAGEN, Hilden, Germany; Cat. No. 52304) according to 

the manufacturer instructions. 

Thereafter, RNA was reversed transcribed from 2.5 µg total 

RNA according to the manufacturer's instructions, using 

random hexamers (Invitrogen). cDNA was used for real-time 

PCR with the help of Step One™ real-time PCR system 

(Applied Biosystems, Foster City, CA, USA). 

The sequences of oligonucleotide primers used in the PCR 

for detection of IL 6 expression levels, were as follows: 

� For Human IL-6: Forward is 5'- 

AACCTGAACCTTCCAAAGATGG-3' and Reverse is 

5'- TCTGGCTTGTTCCTCACTACT-3' 

� For Human GAPDH sense: Forward 5′- 

AGAAGGCTGGGGCTCATTTG-3′ and Reverse 5′- 

AGGGGCCATCCACAGTCTTC-3′. 

The amplification scheme used was as follows: initial 

denaturation 30 sec at 95ºC, followed by 40 cycles of 5 sec at 

95ºC, and 30 sec at 60ºC. GAPDH was used as a housekeeping 

gene for normalizing the expression data. Data from the 

reaction were collected and analyzed. The relative copy 

numbers of gene expression were quantitated using the 

comparative threshold cycle (ct) method (∆∆CT) 

Renal activity score 
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Renal activity score was measured using the following 

criteria: proteinuria 0.5-1 gm/day =3 points, proteinuria >1-3 

gm/day = 5 points, proteinuria >3 gm/day = 11 points, urine 

red blood cell count > /= 5/hpf = 3 points, urine white blood 

cell count >/ = 5/hpf = 1 point [17] 

Statistical analysis 

Statistical analyses were performed with SPSS software 

(SPSS, Chicago IL, USA). Data were expressed as mean ± 

SD. Differences between two groups were detected with 

Student’s t test for parametric data and Mann-Whitney U test 

for nonparametric data. The Pearson correlation test was used 

to evaluate the correlation between serum IL-6 levels and 

laboratory values and clinical features. P values <0.05 was 

considered as significant. 

3. Results 

3.1. Study Population 

Demographic, clinical, and some relevant laboratory 

characteristics of the patients are summarized in tables (1). 

The study group comprised 100 SLE patients with a mean 

age of 25 ±3.5 years that ranged from 19.5 to 32.5 years. 

Eighty eight patients were females and 12 were males. Mean 

disease duration was 7±4.5 (range 1- 15) years. Then, SLE 

patients were divided into 2 groups; group with lupus 

nephritis and other group without evidence of lupus nephritis. 

No statistically significant difference in age, gender and 

disease duration in both groups. As regards disease activity, 

there was a statistically significant increase in mean BILAG 

score in lupus nephritis group (15+3.8) versus non-nephritis 

lupus group (5+2.6) (p 0.005). In lupus nephritis group, mean 

renal activity score was 8.8+2.1. A statistically significant 

increase in the level of 24 urinary protein (2.1+ 1 vs 

0.24+0.08 g), serum creatinine (1.5+0.3 vs 0.72+0.1 mg %) 

in lupus nephritis group versus non-nephritis lupus group (p 

0.01). A statistically significant decrease in the level of C3 

(33.6+9 vs 117+9.8 mg %), C4 (5.1+1.2 vs 19.9+2.2 mg %) 

in lupus nephritis group versus non-nephritis lupus group (p 

0.01). 

Table (1). Demographic, laboratory and activity score data in lupus nephritis patients versus non-nephritis lupus patients. 

P Controls N=50 Non- nephritis lupus N=50 Lupus nephritis N=50 Variables 

0.07 NS 23.2+1.8 24.4+3 23.6+2.2 Age 

Gender  

0.08 NS 5(10%) 4 (8%) 8 (16%) Male 

 45(90%) 46(92 %) 42 (84%) Female 

>0.1 NS - 6.8+ 4.3 6.5+ 2.4 Disease duration (years) 

0.005 S - (5+2.6) 15+3.8 BILAG Score 

- - - 8.8+2.1 Renal Activity Score 

0.01 S 0.11+0.03 0.24+0.08 2.1+1 24 urinary protein (g) 

0.01 S 0.59+0.1 0.72+0.1 1.5+0.3 Creatinine (mg %) 

0.01 S 108+13 117+9.8 33.6+9 C3 (mg %) 

0.01 S 20.6+2.8 19.9+2.2 5.1+1.2 vs C4 (mg %) 

 

3.2. Increased Serum Levels of IL-6 in SLE Patients 

Serum levels of circulating IL-6 were significantly higher 

in SLE patients (40.66± 22.8 pg/ml) compared to HC 

subjects (2.32 ± 3.41 pg/ml). (P <0.005) (table 2). 

Table (2). Serum levels of IL-6 in SLE patients. 

Group Serum IL-6 (pg/ml) Mean± SD P 

SLE (N =100) 40.66± 22.8  

HC (N=50) 2.32 ± 3.41 P <0.005 

SLE, systemic lupus erythematosus; HC, healthy control 

3.3. Increased Serum Levels of IL-6 in Lupus Nephritis 

Patients Versus Non-Nephritis Lupus Group 

Table (3). Serum levels of IL-6 in lupus nephritis group versus non-nephritis 

lupus group. 

Group Serum IL-6 (pg/ml) Mean± SD P 

lupus nephritis (N =50) 70.5+25  

non-nephritis lupus (N=50) 20.6+12 P <0.005 

A statistically significant elevation in the level of IL-6 in 

lupus nephritis group versus non-nephritis lupus group 

(70.5+25 vs20.6+12 pg/ml) (p <0.005) (table 3). 

3.4. Upregulated Expression of IL-6 in PBMCs from SLE 

Patients 

Expression of IL-6 mRNA was significantly higher in SLE 

PBMCs when compared to HC (122±15.8 vs 31.37± 9.5; 

respectively) (p 0.01) (table 4). 

Table (4)-A. Serum IL-6 mRNA relative expression in SLE patients. 

Group IL-6 mRNA Mean± SD P 

SLE(N = 100) 122±15.8  

HC (N =50) 31.37± 9.5 P 0.01 

SLE, systemic lupus erythematosus; HC, healthy control. 

3.5. Upregulated Expression of IL-6 in Peripheral Blood 

Mononuclear Cells (PBMCs) from Lupus Nephritis 

Group Versus Non-Nephritis Lupus Group 

Expression of IL-6 mRNA was significantly higher in 

PBMCs of lupus nephritis group versus non-nephritis lupus 

group (142±22.8 vs 91.37± 9.5; respectively) (p 0.05) (table 

5). 
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Table (5)-A. IL-6 mRNA relative expression in peripheral blood 

mononuclear cells (PBMCs) from lupus nephritis group versus non-nephritis 

lupus group. 

Group IL-6 mRNA Mean± SD P 

lupus nephritis (N = 50) 142±22.8  

non-nephritis lupus (N =50) 91.37± 9.5 P <0.05 

3.6. Correlation Between Serum Levels of IL-6 Versus 

Other Variables Among Lupus Nephritis Group and 

Non-Nephritis Lupus Group 

Tables (6) and (7) demonstrate correlation between IL-6 

versus other variables among lupus nephritis group and non-

nephritis lupus group, respectively. In lupus nephritis group, 

there was a statistically significant positive correlation 

between IL-6 versus 24 urinary protein level, BILAG score, 

renal activity score, while there was an inverse correlation 

between IL-6 versus C3 and C4. In non-nephritis lupus group, 

there was no any significant correlation between IL-6 versus 

other variables. 

Table (6). Correlation between serum levels of IL-6 versus other variables 

among lupus nephritis group. 

IL-6 
Variables 

P r 

0.01 0.82 24 urinary protein 

0.01 0.55 BILAG score 

0.01 -0.39 C3 

0.01 -0.45 C4 

0.1 0.08 Creatinine 

0.01 0.59 Renal Activity Score 

BILAG, British Isles Lupus Assessment Group; C3, complement 3; C4, 

complement 4 

Table (7). Correlation between serum levels of IL-6 versus other variables 

among non nephritis lupus group. 

1L-6 
Variables 

P r 

0.5 0.11 24 urinary protein 

0.07 0.13 BILAG 

0.5 -0.17 C3 

0.1 -0.12 C4 

0.1 0.18 Creatinine 

0.08 0.19 Renal Activity Score 

BILAG, British Isles Lupus Assessment Group; C3, complement 3; C4, 

complement 4 

4. Discussion 

Systemic Lupus Erythematosus (SLE) is an inflammatory, 

multisystem, autoimmune disease characterized by a wide 

variety of autoantibodies, some of which are pathogenic. In 

latest years it has become more evident that the polyclonal B 

cell activation in SLE is T-cell dependent. The stimulation of 

the autoantibody producing B cells is likely facilitated by the 

TH2 subtype of T cells producing IL-4, IL-5, IL-6 and IL- 10, 

whereas the TH1 subtype secreting IL-2 and IFN-gamma 

predominates in cell-mediated immune response [18]. Tumor 

necrosis factor (TNF)-α is not just a proinflammatory 

cytokine. It has also been proposed to be an 

immunoregulatory molecule that can alter the balance of T 

regulatory cells [19]. TNF- α has differential effects on B 

cells, on T cells and on dendritic cells as well as on the 

process of programmed cell death. Understanding how the 

immune system integrates the pleiotropic properties of TNF- 

α is a contest, mostly so in diseases like SLE. Meanwhile the 

role of IL-6 in the pathogenesis of SLE is controversial [18]. 

The current study addresses the serum level of IL-6 as well 

as its expression in blood of a cohort of SLE patients. We, 

then compare the serum level of IL-6 in lupus nephritis 

versus non lupus nephritis patients. Finally, we tried to 

disclose any correlation between the serum level of IL-6 SLE 

patients with other variables including 24 hour urinary 

proteins, BILAG score, C3, C4, serum creatinine, and renal 

activity score. 

We found a significant higher serum level of IL-6 in SLE 

patients. Moreover, IL-6 is expressed in blood of SLE in a 

significant high manner since the mRNA levels of IL-6 in 

PBMC were significantly higher in SLE than those in HC. 

Furthermore, we found a statistically significant elevation in 

the level of IL-6 in lupus nephritis group versus non-

nephritis lupus group. Finally, a significant direct correlation 

was found between serum level of IL-6 with 24 hour urinary 

protein, BILAG score for disease activity, renal activity score 

and inverse correlation with C3 and C4 lupus nephritis group. 

On the other hand, in non-nephritis lupus patients, no 

correlation was detected with any of these variables. This 

correlation appeared to be logic in respect of linking IL-6 

with diseased activity in general and renal involvement in 

particular. 

It postulated that, clinically evident renal disease occurs in 

approximately half of the patients with SLE [20]. 

Pathogenesis of lupus nephritis is multifactorial, most 

importantly immune complex deposition [21]. In the normal 

kidney, production of inflammatory chemokines is low, but is 

significantly increased under pathophysiological 

circumstances such as ischemia, toxin exposure, or acute 

inflammation [22]. 

IL-6 is a pleiotropic cytokine expressed by antigen-

presenting cells. Production of IL-6 is induced by IL-1, TNF- 

α, lipopolysaccharide, and platelet-derived growth factor 

(PDGF) [23]. IL-6 induces B-cell differentiation into 

antibody-producing cells, T-cell differentiation into effector 

cells, and also induces the production of many acute phase 

proteins [24-26]. Richards et al. initially showed that IL-6-

deficient BALB/c mice with pristine-induced lupus had 

lower titers of anti-dsDNA antibodies when compared to IL-

6 intact mice, suggesting a possible role for IL-6 in the 

pathogenesis of lupus nephritis and disease flares [27]. 

Moreover, Chemokines can amplify kidney inflammation by 

enrolling more leukocytes to the kidney in a positive-

feedback loop. Cytokines can damage kidney parenchyma 

directly. For example, in murine lupus nephritis, exogenous 

IL-6 accelerated the progression of kidney injury, whereas 

treatment with an anti–IL-6 monoclonal antibody mitigated 

disease [28, 29]. 

Several previous studies tried to investigate levels of IL-6 
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in SLE patients. Crow stated that Inflammatory cytokines, 

such as IL6, IL10, interferon α (IFNα), and IL12, are 

elevated in the sera of SLE patients [30]. Sabry et al 

concluded that Serum TNF- α and IL-6 are sensitive markers 

of SLE disease activity. They may be useful independent 

markers for prediction of SLE disease activity and to 

differentiate normal subjects from those having SLE [18]. 

Wei et al reported that addition of IL-6 has been shown to 

increase autoantibodies, such as anti-double-stranded DNA 

(anti-dsDNA) antibody production, making significant 

contributions to the inflammatory response and accelerating 

the progression of autoimmune diseases such as systemic 

lupus erythematosus [31]. Also Grondal etal. reported that 

serum levels of IL-6 are elevated in human SLE and have 

correlated with disease activity or anti-dsDNA levels in some 

studies [32]. The increased frequency of IL-6-producing 

peripheral blood mononuclear cells correlates with disease 

severity/activity and treatment response [33, 34]. A blockade 

of IL-6 or its receptor has been demonstrated to prevent 

elevated anti-dsDNA antibody levels and the progression of 

autoimmune diseases in addition to improving survival rates 

[35]. Ball et al concluded that plasma IL-6 levels correlate 

with clinical and ultrasound measures of arthritis in patients 

with systemic lupus erythematosus with correlation to 

disease activity [36]. 

It has been reported that serum and urinary IL-6 levels are 

increased in patients with lupus nephritis, especially in those 

with diffuse proliferative lupus nephritis, and correlate with 

nephritic flares [37]. In the normal kidney, IL-6 is localized 

to the mesangial area and within vascular walls. In patients 

with lupus nephritis, its expression is increased in mesangial 

cells, induced in podocytes, and is present in glomerular 

immune deposits and along the apical aspects of proximal 

renal tubular epithelial cells [38-39]. Moreover, in murine 

and human SLE, IL-6 levels are increased in serum, urine, 

and glomeruli and correlate with disease activity [40]. 

Neutralizing IL-6 or blocking the IL-6 receptor mitigates 

disease in murine models of lupus nephritis [41]. 

Yung et al, in their research, explained the mechanisms 

through which IL-6 is locally produced in the kidney during 

pathogenesis of lupus nephritis [42]. They demonstrated that 

human polyclonal anti-dsDNA antibodies bind to annexin II on 

the surface of human mesangial cells and are rapidly 

internalized to induce downstream inflammatory processes 

including increased transcription and translation of IL-6, 

mediated through increased activation of ERK and p38 MAPK. 

Following binding and internalization, the subsequent cellular 

localization of anti-dsDNA antibodies can influence the 

amount of IL-6 secreted by mesangial cells. In this respect, 

induction of IL-6 secretion is more prominent in cells 

stimulated with anti-dsDNA antibodies with intranuclear 

localization compared to antibodies that are localized solely to 

the cytoplasm, and this mechanism of IL-6 induction occurs 

with autoantibodies derived from patients in remission and 

with relapse. The importance of anti-dsDNA antibody-annexin 

II interaction in the induction of IL-6 secretion was 

corroborated in annexin II gene silencing studies. 

Finally, we can conclude that, serum IL-6 level and its 

mRNA expression is elevated in SLE patients as well as 

lupus nephritis patients. This was found to be linked with 

SLE disease activity in general and renal involvement in 

particular. 
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