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Systemic lupus erythematosus (SLE) is a multi-organ autoimmune disorder that occurs in genetically prone 
individuals. Autoimmunity could not be simply explained by Th1/Th2 cell paradigm. T helper 17(Th17) cells 
producing the cytokine interleukin-17 (IL-17) may explain the promotion and progression of autoimmune 
phenomena. This study aimed to investigate the role of Th17cells, IL-17 and interleukin-23 (IL-23) in the 
pathogenesis of SLE and their correlation with disease activity. The frequencies of circulating Th17 cells in 
15 patients with active SLE, 15 patients with inactive disease and 15 healthy control subjects were measured 
using Flowcytometry after stimulation with phorbol myristate acetate (PMA) and ionomycin for 4 hours. 
Serum levels of IL-17 and IL-23 were measured using the enzyme linked immunosorbent assay (ELISA). 
Significantly higher mean frequencies of circulating Th17 cells were found in active SLE patients (1.54 ± 
0.38%, P<0.001) and inactive SLE patients (1.23± 0.25%, P=0.009) compared to the control group (0.88 ± 
0.41%). The frequencies of circulating Th17 cells positively correlated with the SLEDAI score (r = 0.812, 
P<0.001). The serum levels of IL-17 and IL-23were significantly higher in active SLE (P<0.001) and inactive 
SLE patients (P<0.001) than the control group while, serum levels of both cytokines correlated positively with 
SLEDAI score (r =0.661, P< 0.01 and r =0.701, P< 0.01 respectively). There was significant positive correlation 
between the frequency of circulating Th17 cells and plasma levels of IL-17 and IL-23 (r = 0.789, P< 0.001) and 
(r = 0.792, P < 0.001) respectively. Results of this study provides evidence of a role of Th17 cells in the 
pathogenesis of SLE, and offer scientific rationale for the utility of Th17 cells, IL-17 and IL-23 as biological 
markers for SLE disease activity. This would raise the possibility of anti-IL-17 and anti-IL-23 as innovative 
therapeutic options in controlling disease activity of SLE. 

LE is a multi-organ autoimmune 

disorder that appears in genetically 

prone individuals and is triggered by ill-

defined environmental factors. Patients with 

SLE develop an immune response against 

numerous, mostly intracellular self-antigens. 

This chronic response alters the function of 

the immune system and releases self-antigens 

that along with auto-antibodies deposit in 

susceptible vascular beds causing local 

inflammation and tissue damage that probably 

amplify the autoimmune response (Crispín & 

Tsoko, 2010). 

The disease is characterized by an 

imbalanced T cell homeostasis with a shift 

towards activated effector T-cell subsets 

(Abbas et al., 1996). Two major subsets of 

CD4+ T helper (Th) cells, Th1 and Th2, have 

been shown to be involved in the pathogenesis 

of SLE (Viallard et al., 1999). Autoimmunity 

could not be simply explained by the Th1and 

Th2 cell paradigm (Stockinger & Veldhoen, 

2007). Another subset of cytokine producing 

T-cells, so called Th17 cells producing the 

cytokine IL-17 was described (Tanasescu et 

al., 2010). The potent pro- inflammatory 

activities of Th17 cells can explain a number 

of pathological features of SLE, such as the 

induction of vascular inflammation, 

recruitment of leucocytes, activation of B 

cells and autoantibody production (Yang et 

al., 2011). 

IL-17 has pro-inflammatory capacities 

exerted through its ability to induce secretion 

of chemokines such as IL-8, monocyte 

chemoattractant protein-1 (MCP-1), and 

growth related oncogene protein-α, which 

recruit monocytes and neutrophils (Ruddy et 
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al., 2004). It also facilitates T cell activation 

and infiltration into tissues by up regulating 

the expression of intercellular adhesion 

molecule-1 (ICAM-1) and amplifies the 

immune response by inducing the production 

of IL-6, prostaglandin E2, granulocyte-

macrophage colony stimulating factor (GM-

CSF), and granulocyte colony stimulating 

factor (Crispín & Tsokos, 2010). 

Differentiation of human naïve T cells into 

Th17 cells is regulated by the combinations of 

IL-6/IL-23/IL-1b and TNFα. Although IL-23 

plays only a minor role in the differentiation 

of Th17 from naïve T cells, it is necessary for 

driving the expansion of Th17 cells and is 

involved in the pathology of various 

autoimmune diseases (Langrish et al., 2005). 

Multiple reports have documented the 

involvement of the IL-23/IL-17 axis in animal 

models of SLE and in SLE patients 

(Nalbandian et al., 2009; Puwipirom et al., 

2010). 

The aim of this work was to study the role 

of Th17 cells, IL- 17 and IL- 23 in the 

pathogenesis of SLE as well as their 

correlation with disease activity. 

Patients and Methods 

The study was carried out in the Rheumatology and 

Rehabilitation Department and Microbiology and 

Immunology Department, Faculty of Medicine, Benha 

University, and in Clinical Pathology Department of 

Benha Children Hospital. 

Patients  

Thirty SLE patients were recruited from the 

Rheumatology out-patient clinic and in-patient 

Department of Benha University Hospital and Benha 

Insurance Hospital. Diagnosis of SLE was established 

according to the American College of Rheumatology 

revised criteria (ACR) for SLE (Hochberg, 1997).  

This study included 15 patients with active (group 

1) and 15 with inactive disease (group2), stratified 

according to SLE disease activity score; SLEDAI 

(Bombardier et al., 1992), active lupus disease was 

defined as a SLEDAI score ≥ 6. Fifteen age and sex 

matched healthy subjects were also included as a 

control group. 

Patients with severe infections, malignancies or other 

autoimmune rheumatic diseases were excluded from 

study. 

All patients were thoroughly examined and clinical 

features of SLE were recorded. Patients were subjected 

to laboratory analysis including complete blood cell 

count (CBC) by Sysmex KX-21N automated 

hematology analyzer, erythrocyte sedimentation rate 

(ESR) by Westergren method and complete urine 

analysis for detection of casts and/or proteinuria(>0.5 

g/24 h), Antinuclear antibody (ANA) by indirect 

immunofluorescence on Hep-2 cells using Kallestad 

HEp-2 kit 32583, anti-dsDNA by indirect 

immunofluorescence using Kallestad Crithidia luciliae 

kit 31069 with a normal value ≤40 arbitrary units 

(AU)/litre. Both kits were supplied from Biorad, and 

serum levels of C3 were assessed by radial immune 

diffusion (Binding Site RN023.3). 

• Sampling 

Four CC of venous blood were collected from each 

patient and control subject. Two ml of heparinized 

blood were used immediately for the Flowcytometry 

studies and 2 ml of non heparinized blood for 

separation of serum. 

Quantitation of circulating Th17 cells (Chen et al., 
2010) 

Th17 cells were quantified using Flowcytometer 

(Dickson FACS Calibur, Jermany) after staining with 

fluorescein iso-thiocyanate (FITC)-conjugated anti-

CD4 (Sigma-Aldrich, Inc.) and phycoerythrin (PE)-

conjugated anti-human IL-17A (Becton Dickinson) 

according to the manufacturer’s protocol through the 

following steps: 

• Stimulation of cytokine secreting cells 

1000 µl of the sterile heparinized whole blood were 

stimulated for 4 hours with the polyclonal activator, 

phorbol myristate acetate (PMA) (50 ng/ml; Sigma-

Aldrich) and ionomycin (1 µg/ml; Sigma-Aldrich) and 

10µg/ml brefeldin A (Sigma-Aldrich) to inhibit 

intracellular protein transport at 37°C in a humidified 

5% CO2 incubator. Activated cultures of blood samples 

were washed in wash buffer (PBS, 5% fetal bovine 

serum, 0.1% sodium azide; Merck, Darmstadt, 

Germany).  

• Staining of Cell Surface CD4 

Blood samples were stained using 10µL FITC -

conjugated anti-CD4 (mouse IgG1 isotype Sigma-

Aldrich, Inc.) for 30 min at room temperature. Cells 

were washed using 1ml Staining Buffer/wash and pellet 

by centrifugation (250 × g). 
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• RBCs lysis 

2 ml of FACS lysing solution (Becton Dickinson, 

Lincoln Park, NJ, USA) were added to blood samples. 

After 5 min incubation, samples were centrifuged and 

washed using 250µl BD Cytofix/Cytoperm™ solution 

with 0.1% BSA–PBS. 

• Fixation and permealization of cells using BD 
Cytofix/Cytoperm™ Fixation/Permeabilization Kit 

The cells were thoroughly re-suspended in 250 µl of 

BD Cytofix/Cytoperm solution per tubes and incubated 

for 20 min at 4°C. Cells were washed two times in 1 ml 

of 1x BD Perm/Wash™ buffer, which can be used as 

the wash buffer and as the antibody diluents, and then 

subjected to intracellular cytokine staining. 

• Intracellular IL-17 staining and analysis 

Cells were incubated with PE -conjugated anti-human 

IL-17A (mouse IgG1 isotype Becton Dickinson) for 

30 min at room temperature in the dark. FITC Mouse 

IgG1 and PE Mouse IgG1 (Becton Dickinson,BD) 

isotype control were used as negative controls. After 

staining, cells were washed and immediately analyzed 

using Flowcytometry (BD FACSCalibur Jermany). 

Lymphocytes were gated on the basis of forward- and 

side-scatter properties and at least 10 000 CD4+ cells 

were analyzed. Data were acquired using BD 

Flowcytometer and the results were analyzed using BD 

CellQuest software. 

Determination of serum IL-17and IL-23 levels by 
ELISA 

Sera derived from SLE patients and healthy individuals 

were collected and frozen at-20°C until used. Serum 

IL-17 levels were determined using Quantikine

 

Human 

IL-17 ELSA kit (R&D Systems, Inc) Catalog Number 

D1700 and IL-23 levels were determined using 

Quantikine Human IL-23 ELSA kit (R&D Systems, 

Inc) Catalog Number D2300B according to the 

manufacturer’s recommendation. The results were 

expressed as picograms per millilitre (pg/ml).  

Statistical Analysis 

The collected data were analyzed using SPSS version 

16 software > data were presented as mean ± standard 

deviation and range. Student’t’ test was used to 

compare between 2 means of 2 independent groups. 

Pearson's product correlation coefficient was used to 

test linear correlation between 2 quantitative variables. 

Two sided p value was calculated and was considered 

significant if < 0.05. 

Results 

A total of 30 SLE [27 females (90%) and 3 

males (10%)] patients were included in the 

current study. Fifteen of them had active SLE; 

SLEDAI cutoff score ≥ 6 (group 1), while the 

other 15 patients were inactive with a cutoff 

score < 6 (group 2). Fifteen sex-and age-

matched control subjects were also included 

in this study. Table (1) shows age, sex, 

duration of diagnosis, SLEDAI, clinical 

features and laboratory abnormalities in all 

studied groups. 

The frequency of circulating Th17 cells 

Representative flowcytometric profiles 
showing CD4+ cells producing intracellular 

IL-17 in peripheral blood from one patient 

with active SLE is shown in figure (1b) versus 

isotype control in figure (1a). Significantly 

higher mean frequencies of circulating Th17 

cells were found in active SLE patients 1.54 ± 

0.38% (0.4- 3.1%) (P <0.001) and inactive 

SLE patients1.23±0.25% (0.5-2.77%)(P 

=0.009) compared to the control group 0.88 ± 

0.41 % (0.04-0.95%); Table (2).  

There were significant positive correlations 

between the frequency of circulating Th17 

cells and disease activity including SLEDAI, 

ESR, Anti-dsDNA and inverse correlation 

with C3, Table (3). 

Serum IL-17 and IL-23  

The serum levels of IL-17 ranged from 21.99 

to 28.36 (25.96±4.84 pg/ml) in SLE patients 

with active disease, 15.37 to 24.93 (20.44± 

7.78 pg/ml) in SLE patients with inactive 

disease and 7.69–10.89 (8.55 ± 6.51 pg/ml) in 

controls.  

The serum levels of IL-23 ranged from 

295.53 to 916.64 (526.56±56.74 pg/ml) in 

SLE patients with active disease, 246.62 to 

711.91 (432.73±74.09 pg/ml) in SLE patients 

with inactive disease and 160.61 to 399.32 

(323.77±46.29 pg/ml) in controls.  
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The serum levels of IL-17 and IL-23 were 

significantly higher in active SLE and inactive 

SLE patients than the control group, (P 

<0.001 for both); Table (2). 

There were significant positive correlations 

between plasma levels of IL-17 and IL-23 and 

disease activity including SLEDAI, ESR, 

Anti-dsDNA and inverse correlation with C3. 

There were significant positive correlation 

between the frequency of circulating Th17 

cells and serum levels of IL-17 and IL-23 (r = 

0.789, P < 0.001) and (r = 0.792, P < 0.001) 

respectively (Table 3). 

Table 1. Clinical and Laboratory Characteristics of patients with Systemic Lupus Erythematosus and controls:  

 Group1(activeSLE) Group2(inactive SLE) Group3(control) 

Number (total) 15 15 15 

Sex(female/male) 14/1 13/2 14/1 

Age(years): Range (mean±SD) 21-54 (33±7) 18-52 (34±8) 20-52 (34±3) 

Disease duration (years): range (mean±SD) 1.5 -16 (9.1±2.3) 1-15.5 (8.6±3.6) NA 

SLEDAI: Range (mean±SD) 7-17 (13.3±5.2) 2-5 (3.9±1.1) NA 

Arthritis  14 6 - 

Butterfly erythema  10 8 - 

Oral ulcer 6 3 - 

Alopecia 13 3 - 

Photosensitivity 9 6 - 

Serositis 4 1 - 

Nervous system disorder 4 0 - 

ANA+ (>1/80) 15 15 - 

Proteinurea +(>0.5 g/24 h) 10 1 - 

Anti-dsDNA + (>40 AU/litre) 8 4 - 

C3(g/litre) 6 1 - 

Leucopenia 4 1 - 

Thrombocytopenia 3 0 - 

Non applicable (NA) 
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Figure 1. Representative Fowcytometric profiles showing CD4
+ 

cells producing intracellular IL-17(Fig.1b) versus 
isotype control (Fig.1a) in peripheral blood from one patient with active SLE. 

Table 2. Frequencies of circulating Th17 cells and serum levels of IL-17 and IL-23 in patients with SLE and controls: 

Group 

Th17 

concentration 

(%) 

P value) 
Serum IL-17 level 

(pg/ml) 
P value 

Serum IL-23 level 
(pg/ml) 

P value 

Group1  

<0.001 

 

<0.001 

 

<0.001 

Range 

Mean±SD 

(0.4- 3.1) 

1.54 ± 0.38 

(21.99–28.36) 

25.96±4.84 

(295.53-916.64) 

526.56±56.74 

Group3    

Range 

Mean±SD 

(0.04-0.95) 

0.88 ± 0.41 

(7.69–10.89) 

8.55 ± 6.51 

(160.61-399.32) 

323.77±46.29 

Group2  

0.009 

 

<0.001 

 

<0.001 

Range 

Mean±SD 

(0.5-2.77) 

1.23±0.25 

15.37–24.93) 

20.44± 7.78 

(246.62-711.91) 

432.73±74.09 

Group3    

Range 

Mean±SD 

(0.04-0.95) 

0.88 ± 0.41 

(7.69–10.89) 

8.55 ± 6.51 

(160.61-399.32) 

323.77±46.29 

Group1  

0.013 

 

0.027 

 

<0.001 

Range 

Mean±SD 

(0.4- 3.1) 

1.54 ± 0.38 

(21.99–28.36) 

25.96±4.84 

(295.53-916.64) 

526.56±56.74 

Group2    

Range 

Mean±SD 

(0.5-2.77) 

1.23±0.25 

(15.37–24.93) 

20.44± 7.78 

(246.62-711.91) 

432.73±74.09 

P<0.05 is significant. 
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Table 3. Correlation between circulating Th17 cells and plasma levels of IL-17 and IL-23 and disease activity in SLE. 

 
Th-17 (%) IL-17 (pg/ml) IL-23(pg/ml) 

r P value r P value r P value 

SLEDAI 0.812 <0.001 0.661 <0.01 0.701 <0.01 

ESR (mm/h) 0.707 <0.01 0.652 <0.01 0.449 <0.05 

Anti-dsDNA (AU/litre) 0.422 <0.05 0.421 <0.05 0.489 <0.05 

C3(g/litre) - o.438 <0.05 -0.396 <0.05 -0.416 <0.05 

IL-17(pg/ml) 0.789 <0.001     

IL-23(pg/ml) 0.792 <0.001     

P<0.05 is significant. 

 

Discussion 

SLE is a complex autoimmune disease in 

which a T cell-driven autoimmune response 

against ubiquitously expressed autoantigens 

results in clinically and pathologically diverse 

manifestations (Crispin et al., 2008). 

Although the presence of a large array of 

autoantibodies is the most conspicuous 

characteristic of SLE patients, target organ 

infiltration and chronic inflammation are 

essential pathogenic features that result in 

end-organ damage (Cohen et al., 2008). 

Cytokines are intimately involved in the 

pathogenesis of SLE. They contribute to the 

underlying immune dysfunction and to 

immune-mediated events that damage target 

organs. The potent pro- inflammatory 

activities of Th17 cells and IL-17 amplify 

SLE-induced tissue damage and contribute to 

tolerance breakdown in SLE patients (Crispín 

& Tsokos, 2010). 

In this study we investigated the 

frequencies of circulating Th17 cells in 15 

active SLE patients SLEDAI at cutoff score ≥ 

6 (group 1), 15 inactive SLE patients at cutoff 

score < 6 (group 2) and 15 age and sex 

matched control subjects (group 3). Our 

results showed that the frequencies of 

circulating Th17 cells were significantly 

higher in active and inactive SLE patients 

compared to the control group and that the 

elevated frequencies of circulating Th17 cells 

positively correlated with disease activity as 

assessed by SLEDAI. Serum levels of IL-17 

and IL-23 were significantly increased in 

active SLE patients as well as inactive SLE 

patients compared to the control group and 

these elevated levels positively and 

significantly correlated with the SLEDAI. 

There was a significant positive correlation 

between the frequencies of circulating Th17 

cells and serum levels of IL-17 and IL-23. 

These results agree with Chen et al. (2010) 

who reported that SLE patients had 

significantly elevated frequencies of 

circulating Th17 cells and these elevated 

frequencies positively correlated with disease 

activity suggesting the role of circulating 

Th17 cells in systemic inflammatory diseases 

including SLE. Also, the level of IL-17 was 

significantly higher in the serum of their SLE 

patients than in normal controls. The 

frequencies of circulating Th17 cells 

positively and significantly correlated with 

serum levels of IL-1b, IL-6, IL-17, IL-18, IL-

21 and IL-23 in both Adult- Onsets Still’s 

Disease (AOSD) and SLE patients supporting 

the role of these cytokines in the 

differentiation and expansion/maintenance of 

Th17 cells. 

Wong et al. (2008) reported that plasma 

IL-12, IL-17, IL-23 and CXCL10 
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concentrations and the number of Th17 cells 

were significantly elevated in SLE patients 

than control subjects and elevated IL-12, IL-

17 and CXCL10 concentrations correlated 

positively and significantly with SLEDAI. 

These results also agree with Puwipirom et al. 

(2010) who found that SLE patients had 

elevated numbers of effector and memory 

Th17 cells in the circulation.  

Yang et al. (2009), in their study showed 

that the percentage of Th17 cells was 

significantly increased in the 25 patients with 

active SLE compared with 15 healthy 

individuals and the 25 patients with inactive 

disease with positive correlation between the 

percentage of Th17 cells and the SLEDAI 

score. However, no significant difference was 

observed between patients with inactive SLE 

and healthy individuals. They observed in 6 

individuals tested longitudinally, there was a 

significant decrease in the percentage of Th17 

cells after treatment. These results provide 

evidence that Th17 cells are involved in the 

SLE disease process.  

Mon et al. (2010), showed that the serum 

levels of IL-17 were significantly higher in 

SLE patients (n = 70) compared to healthy 

controls (n = 36).  

The importance of IL-23 in development of 

SLE is also augmented by the study of 

Kyttaris et al. (2010) on a lupus animal 

model, which showed that IL-23 receptor (IL-

23R)-deficiency prevented the development 

of lupus nephritis in mice.  

The local cytokine environment is a 

determining factor in the development of 

Th17 cells. IL-23 is a member of the IL-12 

heterodimeric cytokine family and contains 

the p40 chain, which promotes the 

differentiation of Th17 cells (Bettelli et al., 

2006). IL-23R is not expressed on naive T 

cells, while it is up-regulated during activation 

and renders activated cells responsive to IL-

23 (Bettelli et al., 2007).  

Yang et al. (2009), showed increased 

expression of IL-23R mRNA in active SLE. 

These data suggested that inflammatory 

conditions in active SLE result in the 

expression of IL-23R on Th17 cells allowing 

IL-23 to sustain and strengthen the Th17 

phenotype. They also confirm the recent 

finding that the IL-23–IL-17 axis is important 

for the inflammatory reaction in SLE and the 

importance of IL-23 to be an attractive 

treatment target (Kyttaris et al., 2012).  

Multiple studies have reported increased 

levels of serum IL-17 as well as an increased 

frequency of peripheral blood cells producing 

IL-17 in patients with SLE compared to 

healthy controls (Wong et al., 2000; Zhao et 

al., 2009). Because IL-17 can stimulate the 

monocytes to produce pro-inflammatory 

cytokines including IL-1b and IL-6, it 

amplifies the inflammatory cascade 

suggesting an important role of IL-17 in the 

systemic inflammation in SLE (Alunno et al., 

2012). Apart from its direct pro-inflammatory 

activity, the effects of IL-17 on other cell 

types may contribute to SLE pathogenesis. 

Increased production of total IgG, anti-

dsDNA IgG, and IL-6 by peripheral blood 

mononuclear cells of patients with lupus 

nephritis was observed when they were 

cultured in the presence of IL-17. These 

findings suggest that IL-17 may participate in 

the activation of B cells in patients with SLE 

(Crispín & Tsokos, 2010).  

IL-17 can be produced from different types 

of immune cells including CD4
+ 

T cells, CD8
+ 

T cells, double negative T (DNT) cells and 

ɣδ-T cells as well as natural killer cells. 

However, increased IL-17 production in 

patients with lupus is predominantly produced 

by CD4+ T cells and DN T cells (Crispin et 

al., 2008). Also, Dolff et al. (2010) detected 

that the percentages of IL-17 expressing T-

cells were significantly increased in patients 

with active disease as compared to healthy 

controls. The percentage of IL-17 producing 
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T-cells was correlated with disease activity as 

assessed by SLEDAI. 

Shah et al. (2010), found a strong positive 

correlation between the frequency of Th17 

cells and disease activity. It was reported that 

IL-17 alone or in combination with B cell 

activating factor (BAFF) promoted the 

survival and proliferation of human B cells 

and their differentiation into antibody-

producing cells. This observation helps to 

understand the pathogenic role of IL-17 in 

lupus because aberrant B-cell immunity with 

autoantibody production is essential for tissue 

damage and inflammation in human and 

murine lupus. 

It was reported that lupus patients with 

nephritis had a trend toward an increased 

frequency of CD4+IL-17+ T cells and 

CD3+CD4-IL-17+ T cells compared with 

those without nephritis. Infiltrates of IL-17 

producing T cells, including CD4+T cells and 

DN T cells, have been found in lupus 

nephritis. In addition, IL17 gene expression 

was detected in T cells infiltrating the kidneys 

and in urine sediments of lupus patients 

(Kwan et al., 2009; Wang et al., 2009). These 

findings support the possible pathologic 

significance of IL-17 producing T cells in 

tissue damage and inflammation in lupus 

patients and their expansion is an important 

feature of SLE (Perry et al., 2012). 

In conclusions, this study provides 

evidence of the role of Th17 cells in the 

pathogenesis of SLE. Our data offer a 

scientific rationale for the utility of Th17 

cells, IL-17 and IL-23 as biologic markers for 

disease activity in human lupus. This would 

raise the possibility of anti-IL-17 and anti-IL-

23 as innovative therapeutic options in 

controlling disease activity of SLE. 
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