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Systemic lupus erythematosus (SLE) is a multisystem autoimmune connective tissue disorder characterized 
by loss of self-tolerance causing immune-mediated tissue destruction and various clinical presentations. 
Cytokine-mediated immunity involved in the pathogenesis of SLE. Recently, IL-23 was proposed to play a 
crucial role in mediating tissue inflammation and autoimmunity. The present work was aimed to investigate 
the relation between levels of IL-23 mRNA and disease activity in patients with SLE and in those with renal 
involvement. In this work, blood samples from 45 adult patients with SLE and 20 healthy controls were 
collected. Patients were divided into 3 groups. Group I consisted of 16 patients with active SLE with 
nephritis. Group II consisted of 13 patients with active SLE without nephritis. Group III consisted of 16 
patients with inactive SLE based on the SLE disease activity index (SLEDAI). The IL-23 mRNA relative 
concentration was detected by Quantitative Reverse transcriptase- polymerase Chain Reaction (RT–PCR). IL-
23 mRNA expression level in blood was eleven times higher in SLE patients without activity while in active 
SLE patients with and without nephritis showed 34 fold and 17 fold higher IL-23 mRNA expression 
respectively compared to healthy control. IL-23 mRNAs levels were significantly higher in patients with SLE 
compared with healthy controls (P<0.001). Patients with active disease showed higher IL-23 mRNAs 
compared with those with inactive disease as well as healthy controls (P<0.001). IL-23 levels were 
significantly higher in SLE patients with renal involvement compared with those without renal disease 
(P<0.001). It is concluded that IL-23 has a role in the development and pathogenesis of SLE & lupus 
nephritis. 

LE is an autoimmune disorder 

characterized by production of 

autoantibodies and immune complex 

deposition in various organs. The 

pathogenesis of SLE is still incompletely 

defined. Environmental factors on a disease-

prone genetic background may be the cause, 

the former including pathogenic micro-

organisms which elicit both innate and 

adaptive immune responses. Hyper activation 

of the immune system may lead to the 

overproduction of autoantibodies, immune 

complex deposition, inflammatory cytokine 

release, and eventually disease onset (Ding et 

al., 2012). 

The immune cells from patients with SLE 

display many abnormalities, including 

reduced T cell cytotoxicity, abnormal function 

of CD4+ T cells, abnormal activation of B and 

alterations in cytokine biosynthesis (Crispín & 

Tsokos, 2008).  

Since the identification of Th17 cells as a 

third subset of CD4  T-effector cells, there has 

been much interest regarding their role in the 

pathogenesis of autoimmune diseases 

including rheumatoid arthritis (RA), systemic 

sclerosis, multiple sclerosis and SLE (Maddur 

et al., 2012).  

Interleukin-23 is another important 

cytokine in the development, expansion and 

proliferation of the Th17 cell population. So 

Aberrations in the T lymphocyte compartment 

and dysregulated cytokine production are key 

features of SLE pathogenesis and disease 

progression (Puwipirom et al., 2010). 

S 
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IL-23 is a pro-inflammatory heterodimeric 

cytokine composed of two subunits, a unique 

p19 and a common p40 (Kastelein et al., 

2007). The p40 subunit is shared with IL-12 

but they have different receptors and different 

effects (Duvallet et al., 2011). IL-23R, is 

present on NK cells, DCs, T cells, monocytes, 

and macrophages. IL-23 affects IFN-γ 

production, stimulates Th1-cell responses, 

activates memory T cells, and enhances 

inflammation by stimulating the production of 

proinflammatory cytokines. It is also essential 

to promote the expansion and survival of IL-

17-producing cells, including Th17 and 

double negative T (CD3
+
CD4

−
CD8

−
, DNT) 

cells (Riol et al., 2010). 

These effects identify IL-23 as a central 

cytokine in autoimmunity and a highly 

promising treatment target for inflammatory 

diseases. IL-23 is found in the skin of patients 

with psoriasis, in the bowel wall of patients 

with chronic inflammatory bowel disease, and 

in the synovial membrane of patients with 

rheumatoid arthritis. Debate continues to 

surround the role for IL-23 in the 

pathophysiology of inflammatory joint 

diseases (rheumatoid arthritis and 

spondyloarthritis) (Duvallet et al., 2011). 

High serum levels of IL-23 have been 

demonstrated in patients with SLE 

(Puwipirom et al., 2010). These findings 

suggest that abnormally active IL-23 may 

contribute to the pathogenesis of SLE. IL-23 

can stimulate CD4
+
T cell to produce IL-17 

and IFN-γ, which is related to the 

development and maintenance of the disease 

process in SLE (Rönnblom et al., 2006).  

Clinical and pathologic characteristics of 

lupus nephritis were thoroughly abrogated in 

IL-23R-deficient MRL/lpr mice, suggesting 

an indispensable part of IL-23 in kidney 

involvement (Zhang et al., 2009). 

Measuring mRNA is a good indicator of 

gene regulation, as it represents a snapshot of 

cellular activity at the molecular scale and is a 

proxy for transcriptional events. Measuring 

the protein level cannot be assumed to be 

directly correlated with mRNA level since 

post-transcriptional processes affect the final 

synthesis of the native protein. 

This study aimed to investigate the 

expression level and clinical associations of 

IL-23 mRNA in patients with SLE with 

respect to disease activity and renal 

involvement.  

Subjects and Methods 

This study was carried out at Microbiology and 

Immunology Department, and Rheumatology, 

Rehabilitation and Physical medicine Department, 

Benha Faculty of Medicine, in the period between July 

2014 and November of the same year. This study 

included 45 patients(40 females and 5 males) with SLE 

who fulfilled the American College of Rheumatology 

(ACR) updated classification criteria for SLE, 

(Hochberg, 1997), attending the outpatient clinic and 

inpatient of Rheumatology, Rehabilitation and physical 

medicine Department, Benha University Hospitals. 

Their ages ranged from 18-48 years (32.13±9.62). 

Patients suffering from essential hypertension, overlap 

with other autoimmune diseases, congenital renal 

disease or any risk factors for renal insult were 

excluded from this study. All patients were subjected to 

full medical history, complete clinical examination 

including general examination, cardiovascular, chest, 

neurological, vascular and locomotor system 

examinations. Laboratory investigations included the 

following: 1) complete blood count and erythrocyte 

sedimentation rate (ESR) 2) Determination of serum 

urea, creatinine and creatinine clearance. 3) Antinuclear 

antibody (ANA) testing by indirect 

immunofluorescence technique using HEP-2 substrate, 

(IMMCO Diagnostics, Inc., USA) 4) Determination of 

anti- double strands DNA Ab (Anti-ds DNA) (by EIA 

(the Binding Site, Birmingham, U.K) 5) measurement 

of serum complement (C3, C4) by immunodiffusion 

plate method. Urine analysis: for casts and protein 

/creatinine ratio. 

Disease activity was assessed in SLE patients by 

Systemic Lupus Erythematosus Disease Activity Index 

(SLEDAI). Activity categories were defined on the 

basis of scores ;no activity (SLEDAI;0), mild activity 

(SLEDAI; 1-5),moderate activity (SLEDAI; 6-10), 

high activity (SLEDAI; 11-19), very high activity 

(SLEDAI; 20), (Bombadier et al., 1992). The studied 

patients were then divided into 3 groups. Group I: 
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consisted of 16 patients who suffered from active SLE 

with nephritis. Group II consisted of 13 patients with 

active SLE without nephritis. Group I and group II with 

SLEDAI scores > 4. Group III consisted of 16 patients 

with inactive SLE with SLEDAI score <4. Group IV. 

20 apparently healthy volunteers were chosen as a 

control group (16 females, 4 males). The ages of the 

control group ranged between 24-46 years (33.8±8.19). 

A written informed consent was obtained from the 

patients and controls. The study was approved by the 

local ethics committee of Benha University Hospitals.  

Samples 

5ml of peripheral venous blood was drawn under 

complete aseptic precautions from each study 

participant in an EDTA blood collection tube. 500 µl of 

anticoagulated blood was added to 1.3mL RNA later 

solution (Applied Bio systems, USA) in 2 mL 

microfuge tubes and mixed thoroughly by inverting the 

tubes several times. Blood samples mixed with RNA 

later solutions were stored at -20°C till RNA was 

extracted.  

Quantitative RT–PCR analysis of IL-23 

RNA extraction: RNA was extracted from blood 

samples mixed with RNA later solution by RNA 

extraction kit (Total RNA purification Kit Jena 

Bioscience, Germany) according to the manufacturer’s 

instructions. 

Initially, Blood samples mixed with RNA later 

solution were centrifuged for 1minute. The blood cells 

formed a large reddish-brown pellet and the 

supernatant was turbid. The supernatant was removed 

and discarded by aspiration.  

In principle, RNA extraction was performed via 

filter-based, spin column formats which utilize silica 

membranes that were seated at the bottom of a small 

plastic basket. Then samples were lysed and 

homogenized in the presence of guanidine 

isothiocyanate, a chaotropic salt that protects RNA 

from endogenous RNases by using centrifugal force. 

After homogenization, 600 µl of 100% ethanol was 

added to the sample, and RNA was bound to silica-

based beads and impurities were effectively removed 

by washing. Then purified total RNA was eluted in 50 

µl of Elution buffer and left for 20 seconds then 

spinned for 30 seconds at maximum speed to recovery 

of RNA. 

Reverse transcription & cDNA synthesis 

Reverse transcription was performed using Maxime RT 

PreMix Kit tubes (iNtRON BIOTECHNOLOGY).In 

principle, each tube contains OptiScriptTM RT System, 

RT-PCR buffer (10Ý) and dNTPs in a dried pellet. The 

total reaction volume is 20 µl with 1 µg of total RNA, 

the cDNA synthesis reaction was performed as follows: 

cDNA synthesis occurred at 45°C for 60 min followed 

by RTase inactivation step at 95°C for 5min in a 

thermal cycler (Biometra, Goettingen, Germany). The 

quality of the amplicone was checked by UV 

Spectrophotometer (The Thermo Scientific 

NanoDrop™ 1000 Spectrophotometer, USA). The 

absorbance of a diluted DNA sample was measured at 

260 and 280 nm. The amount of DNA was quantified 

using the formula: DNA concentration (g/ml) = 

OD260 (optical density) x 100 (dilution factor) x 50 

g/ml /1000. The OD260 and OD280 values on 

spectrophotometer were been noted and then the 

OD260/OD280 ratio was calculated to ensure the purity 

of the DNA (ratio between 1.8-2.0). 

Quantitative PCR analysis of IL-23 

The real time PCR was performed in a total reaction 

volume of 20 l. The specific primers used were as 

follows: IL-23, forward 5- ACACATGGATCTA 

AGAGAAGAGG -3 and reverse, 5- CTATCAGG 

GAGCAGAGAAGG -3; (Bioneer) (Juan et al., 

2014).The sequences of beta–actin (act as reference 

gene or endogenous control) forward 5-

GATCATTGCT CCTCCTGAGC-3’ and reverse 5-

ACTCCTGCTTGCTGATCCAC-3. The reaction was 

performed in a final volume of 20 µl consisting of 10 

µl Super Real Pre Mix Plus SYBR Green, master mix 

(TIANGEN Biotech, Beijing), 2 µl of Rox dye, 0.6 µl 

of each primer, 2 µl of template DNA and water 

(nuclease-free) was added to achieve a reaction volume 

of 20 µl. Hot Start Taq DNA Polymerase (included in 

the master mix) is provided in an inactive state and has 

no enzymatic activity at ambient temperature. The real 

time PCR instrument ABI7900HT (Applied 

Biosystems, Foster City, CA, USA) was used with the 

following instrument settings: 95°C for 2 min (initial 

denaturation) followed by 40 amplification cycles 

(95°C for 10 Sec. and 58°C for 20 Sec.) (Juan et al., 

2014). For annealing and elongation respectively. 

Negative control that contains 2 μL nuclease free water 

instead of sample DNA was included in the run. 

Amplification specificity was checked by melting-

curve analysis. The 2 -∆∆ threshold cycle (Ct) method 

was used to calculate the relative abundance of target 

gene expression. The ΔΔ Ct method compares results 

from IL-23 gene expression with that of Beta actin 

gene expression which is housekeeping gene. With this 

method, Ct is the cycle number at which the fluorescent 

signal of the reaction crosses the threshold. The Ct is 

used to calculate the initial DNA copy number for the 

gene of interest in relation to a normalizer gene. The 

http://en.wikipedia.org/wiki/Blood_collection
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resulting ΔΔ CT value is incorporated to determine the 

fold difference in expression. In principle when double-

stranded DNA bound with SYBRR Green I dye is 

heated, a sudden decrease in fluorescence is detected 

when the melting point (Tm) is reached, due to 

dissociation of the DNA strands and subsequent release 

of the dye. The fluorescence is plotted against 

temperature. Post-amplification melting-curve analysis 

was done. Typically, this was done via, the used 

thermal cycler which was programmed to produce the 

melt curve after the amplification cycles were 

completed. At the end of the qPCR run, the thermal 

cycler started at a preset temperature (above the primer 

Tm; 67°C) and measured the amount of fluorescence. 

The temperature of the sample is then increased 

incrementally as the instrument continues to measure 

fluorescence. The change in slope of this curve was 

then plotted as a function of temperature to obtain the 

melt curve. Because the melting temperature of nucleic 

acids is affected by length, GC content, and the 

presence of base mismatches, among other factors, 

different PCR products can often be distinguished by 

their melting characteristics. 

Statistical Analysis 

The collected data were summarized in terms of 

number and percentage (for qualitative data) and mean 

± SD and range (for quantitative data). Comparisons 

between SLE patients and controls were carried out 

using cross tabulation and simple univariate tests; Chi-

square test (χ
2
)

 
and Fisher’s Exact Test (FET) to 

compare proportions as appropriate and Student’s t-

test, Mann Whitney test, ANOVA and Kruskal Wallis 

test to compare quantitative data as appropriate. P-

values for calculated test statistics were obtained. A P-

value <0.05 was considered statistically significant. 

The statistical analysis was conducted using STATA 

version 11 (STATA corporation, College Station, 

Texas). 

Results 

This study was conducted on 45 SLE patients 

and 20 healthy volunteers as control group. 

Patients’ and controls’ data were summarized 

in Table 1.  

There were no significant differences 

between patients and controls with regards to 

age and sex (P=0.42 and 0.44) respectively. 

Also, there were no significant differences 

between patients with or without nephritis 

regards to age and sex (P=0.47 and 0.17) 

respectively, Table 1 and 2. Associated 

clinical manifestations of SLE patients were 

summarized in Table 3. 

In 45 SLE patients expression of IL-23 

were significantly higher compared with 20 

healthy control (P<0.001) Table 4, figure 1.  
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Table 1. Demographic and laboratory findings in patients with SLE and controls. 

Variable 
Cases 

(No.=45) 
Control 

(No.=20) 
P-value 

Age (years) 
Mean ± SD; 
range 

32.1±9.6; 
18-48 

33.8±8.1; 
24-46 

NS 

Sex 
Female (%) 
Male (%) 

40(88.8) 
5(11.1) 

16(80.0) 
4(20.0) 

NS 

ESR (mm/Ist hour) 
Mean ± SD; 
range 

31.7±20.4; 
5-70 

6.6±1.0; 
5-8 

˂0.001* 

Hb (gm%) 
Mean ± SD; 
range 

10.1±1.1; 
8.7-12.3 

12.5±0.5; 
11.9-13.3 

˂0.001 

Platelets count (mm³) 
Mean ± SD; 
range 

302472.6±72114.4; 
206754-423678 

374529.4±52308.8; 
289765-439675 

˂0.001 

WBCS count (mm³) 
Mean ± SD; 
range 

6430.8±1415.1; 
4587-8456 

21701±28390; 
6892-77034 

<0.001 

S. creatinine (mg/dL) 
Mean ± SD; 
range 

1.2±0.4; 
0.8-2 

0.94±0.04; 
0.8-0.9 

0.004 

Proteinuria 
Negative (%) 
Positive (%) 

25 (55.6) 
20 (44.4) 

20(100.0) 
0(0.0) 

<0.001 

Cast 
Negative (%) 
Positive (%) 

27(60.0) 
18(40.0) 

20(100.0) 
0(0.0) 

0.001 

Haematuria 
Negative (%) 
Positive (%) 

35(77.8) 
10(22.2) 

20(100.0) 
0(0.0) 

0.02 

ANA 
Negative (%) 
Positive (%) 

20(44.4) 
25(55.6) 

20(100.0) 
0(0.0) 

<0.001 

Anti-ds DNA 
Negative (%) 
Positive (%) 

24(53.3) 
21(46.7) 

16(80.0) 
4(20.0) 

0.05 

Low C3 
Negative (%) 
Positive (%) 

30(66.7) 
15(33.3) 

20(100.0) 
0(0.0) 

0.003 

Low C4 
Negative (%) 
Positive (%) 

36(80.0) 
9(20.0) 

20(100.0) 
0(0.0) 

0.048 

* Obtained using the Mann-Whitney test; ** obtained using the Fisher's Exact Test (FET).Significant P<0.05. NS= not significant 
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Table 2. Comparison of demographic and laboratory findings between SLE patients with and without nephritis and 
controls. 

Variable 

SLE patients 
without nephritis 

Group II, III 
(No.=29) 

SLE patients with 
nephritis 
Group I 

(No.=16) 

Control 
(No.=20) 

P-value 

Age (years) 
Mean ± SD; 

range 
32.8±10.1; 

18-48 
30.8±8.8; 

19-41 
33.8±8.2; 

24-46 
NS* 

Sex 
Female (%) 

Male (%) 
24(82.8) 
5(17.2) 

16(100.0) 
0(0.0) 

16(80.0) 
4(20.0) 

NS
‡
 

ESR (mm/Ist hour) 
Mean ± SD; 

range 
a
24.2±18.8; 5-64 

b
45.3±15.7; 27-70 6.6±1.05; 5-8 <0.001 

Hb (gm%) 
Mean ± SD; 

range 

c
10.5±1.1; 
8.9-12.3 

d 
9.3±0.5; 

8.7-10.2 
12.5±0.5; 
11.9-13.3 

<0.001 

Platelets count (mm³) 
Mean ± SD; 

range 

e
345202.7±51429.

1; 287065-423678 

f
225024.3±19733.6; 

206754-253478 
374529.4±52308.
8; 289765-439675 

<0.001 

WBCS count (mm³) 
Mean ± SD; 

range 
6692.1±1298.6; 

4587-8453 
5957.2±1534.6; 

4679-8456 

g
21701±28390.8; 

6892-77034 
<0.001 

S. creatinine (mg/dL) 
Mean ± SD; 

range 
0.95±0.05; 
0.87-1.02 

h
1.88±0.13; 

1.67-2 
0.94±0.04; 
0.89-0.99 

<0.001 

Proteinuria 
Negative (%) 
Positive (%) 

25(86.2) 
4(13.8) 

0(0.0) 
16(100.0) 

20(100.0) 
0(0.0) 

<0.001
‡
 

Cast 
Negative (%) 
Positive (%) 

23(79.3) 
6(20.7) 

4(25.0) 
12(75.0) 

20(100.0) 
0(0.0) 

<0.001
‡
 

Haematuria 
Negative (%) 
Positive (%) 

29(100.0) 
0(0.0) 

6(37.5) 
10(62.5) 

20(100.0) 
0(0.0) 

<0.001
‡
 

ANA 
Negative (%) 
Positive (%) 

17(58.6) 
12(41.4) 

3(18.8) 
13(81.2) 

20(100.0) 
0(0.0) 

<0.001
‡
 

Anti-ds DNA 
Negative (%) 
Positive (%) 

17(58.6) 
12(41.4) 

7(43.8) 
9(56.2) 

16(80.0) 
4(20.0) 

NS
‡
 

Low C3 
Negative (%) 
Positive (%) 

26(89.7) 
3(10.3) 

4(25.0) 
12(75.0) 

20(100.0) 
0(0.0) 

<0.001
‡
 

Low C4 
Negative (%) 
Positive (%) 

29(100.0) 
0(0.0) 

7(43.7) 
9(56.3) 

20(100.0) 
0(0.0) 

<0.001
‡
 

Disease duration 
(years) 

Mean ± SD; 
range 

4.03±3.5; 
0-12 

5.6±3.2; 
2-10 

- NS
¶ 

SEDAI score 
Mean ± SD; 

range 
2±1.9; 

0-5 
7.6±1.02; 

6-9 
- <0.001

¶ 

Treatment with 
prednisolone 

Negative (%) 
Positive (%) 

10(34.5) 
19(65.5) 

0(0.0) 
16(100.0) 

- <0.001
‡
 

* Obtained using the Kruskal-Wallis test; 
‡ 

obtained using the Fisher's Exact Test (FET); 
¶ 

obtained using the Mann-Whitney test. 
Significant P; <0.05. 

a 
Group II and III vs group I and control (P=0.002), (P< 0.001) 

b 
Group I vs control (P<0.001); 

c 
Group II and III 

vs group I and control group I (P=0.004), (P<0.001);
d 
group I vs controls (P<0.001); 

e 
Group II and III vs group I (P<0.001); 

f 
Group I 

vs controls (P<0.001); 
g 
Controls vs Group I and Group II &III (P<0.001); 

h 
Group I vs group II & III and controls (P<0.001). 

NS= not significant 
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Table 3. Associated clinical manifestation of SLE patients. 

 Number & % of Patients 

Fever 20 (44.4%) 

Oral ulcer 15 (33.3%) 

Alopecia 4 (8.9%) 

Skin rash 10 (22.2%) 

Arthritis 17 (37.8%) 

Seizures 1 (2.2%) 

Psychosis 2 (4.4%) 

Serositis 1 (2.2%) 

Lymphadenopathy 3 (6.7%) 

Edema 4 (8.9%) 

Renal disease 16 (35.6%) 

Hematologic abnormalities 7 (15.6%) 

Hypertension 3 (6.7%) 

Pericarditis 3 (6.7%) 

Table 4. IL-23 mRNA expression in SLE Patients and Controls. 

 Mean±SD Range P-value* 

Cases (n=45) 5.71±0.22 5.39-6.11 
<0.001 

Controls (n=20) 4.43±0.08 4.35-4.57 

* Obtained using the Student’s t-test. Significant P <0.05. 
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Figure 1. Comparison of blood IL-23 mRNA levels between SLE Patients and Controls.  
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In 29 patients with active SLE mean 

expression of Il-23 showed significant 

increase compared with those with inactive 

SLE and with healthy controls (P<0.001) 

each. IL-23 m RNA expression level in blood 

was eleven times higher in SLE patients 

without activity compared to controls. A 

significant increase in expression of IL-23 had 

been demonstrated in patients with inactive 

SLE in comparing to healthy controls 

(P<0.001) table5, figure 2.  

 

Table 5. IL-23 mRNA expression in relation to disease activity in SLE Patients and Controls. 

 Mean± SD Range P-value* 

Active SLE (n=29) †5.81±0.17 5.58-6.11 

<0.001 Inactive SLE (n=16) ‡5.47±0.08 5.39-5.62 

Controls (n=20) 4.43±0.08 4.35-4.57 

* Obtained using one way ANOVA; † significant differences compared to Inactive SLE and Controls; ‡ significant differences 
compared to Controls. P<0.05 Is significant. 
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Figure 2. Comparison of blood IL-23 mRNA levels between patients with and without active SLE and Controls. 



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 17 

IL-23 mRNA expression level in active SLE 

patients with and without nephritis was higher 

34 fold and 17 fold respectively compared to 

healthy control. The expression of IL-23 was 

markedly increased in 16 SLE patients with 

nephritis in comparing with 29 SLE patients 

without nephritis and 20 heath controls 

(P<0.001) each. The high expression of IL-23 

was also demonstrated in SLE patients 

without nephritis compared to controls 

(P<0.001) Table 6, figure 3.  

 

Table 6. IL-23 expression in SLE patients with and without nephritis and in controls. 

 Mean± SD Range P-value* 

SLE with nephritis (n=16) †5.96±0.08 5.88-6.11 

<0.001 SLE without nephritis (n=29) ‡5.57±0.13 5.39-5.81 

Controls (n=20) 4.43±0.08 4.35-4.57 

*Obtained using one way ANOVA; † significant differences compared to SLE without nephritis and Controls; ‡ significant differences 
compared to Controls. Significant P<0.05. 
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Figure 3. Comparison between blood IL-23 mRNA levels in SLE Patients with and without nephritis and Control 

group.  
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There were no significance differences in 

expression of IL-23 mRNA in relation to age 

and sex, Table 7. Regarding different 

laboratory and clinical variables, patients with 

positive parameters in the laboratory variables 

showed significant or highly significant 

elevation in expression of IL-23 than those 

with negative parameters. From all the clinical 

variables, only patients with fever and arthritis 

showed high significant elevation in 

expression of IL-23 (P<0.001) each, (Table7). 

Table 7. Differences in IL-23 expression in relation to different variable among patients. 

Variable  
IL-23 (in relative units) 

P-value* 
Mean±SD Min max 

Sex 

Female (n=40)  589885.2±304993 245348.1 1279978 
NS 

Male (n=5) 497881.5±213440.6 264069 653756.5 

Fever 

No (n=25) 355919±78704.34 245348.1 489364.3 
<0.001 

Yes (n=20) 859342±215583.7 489364.3 1279978 

Arthritis 

No (n=28) 387830.1±119609.5 245348.1 653756.5 
<0.001 

Yes (n=17) 895621.8±214166.7 489364.3 1279978 

Proteinuria  

Negative (n=25) 393098±128397.4 245348.1 653756.5 
<0.001 

Positive (n=20) 812868.2±280426.3 380289.6 1279978 

Hematuria  

Negative (n=35) 517037.5±307467.2 245348.1 1279978 
0.002 

Positive (n=10) 798850.2±41807.6 753218.7 846827.4 

lowc3 

Negative (n= 30) 437257.3±171723.4 245348.1 753218.7 
<0.001 

Positive (n=15) 864473.1±288759 414588.3 1279978 

lowc4 

Negative (n=36) 466573±188712.7 245348.1 811714.8 
<0.001 

Positive (n=9) 1032021±193376.4 846827.4 1279978 

Prednisone treatment 

Negative (n=10) 393751.6±140187.8 245348.1 653756.5 
<0.001 

Positive (n=35) 728391.3±304821.9 315718.9 1279978 

Cast  

Negative (n=27) 449321.2±176307.6 245348.1 753218.7 
<0.001 

Positive (n=18) 775174.5±333670.7 315718.9 1279978 

ANA  

Negative (n=20) 471717.4±250744 245348.1 969257.1 
0.01 

Positive (n=25) 666018.6±305068.4 275839.6 1279978 

AdsDNA  

Negative (n=24) 480593±211980.6 245348.1 811714.8 0.03 

 Spearman correlation coefficient (rho; ρ) P-value 

Age (years) (-) 0.20 NS 

*Obtained using the Mann-Whitney test. Correlation with age was calculated by Spearman correlation coefficient.  
Significant P<0.05. NS= not significant 
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Discussion 

Systemic lupus erythematosus is a highly 

heterogeneous disease. It is characterized by 

dysregulation of the production of a wide 

spectrum of inflammatory cytokines 

contributing to the effector phase of the 

disease and playing a fundamental role in 

downstreaming the pathological symptoms of 

the disease (Warchoł et al., 2010). 

Characterization of subgroups of patients with 

SLE into specific disease phenotypes, such as 

those with major organ involvement, may 

facilitate the investigation of disease 

pathogenesis. For example, lupus nephritis 

affects over 50% of patients with SLE and is a 

major cause of morbidity. Despite significant 

advances in the understanding of interactions 

between immune cells, soluble factors and 

resident kidney cells, the precise 

pathophysiological mechanisms that underlie 

the development of lupus nephritis remain 

unclear. This uncertainty means that treatment 

of lupus nephritis depends on the use of 

nonselective and toxic immunosuppressive 

regimens (Houssiau et al., 2008). 

Although IL-23 was previously reported to 

be necessary for Th17 differentiation, it is 

currently thought that IL-23 plays an 

important role in the survival and expansion 

of pathological Th17 cells (Cua et al., 2003; 

Langrish et al., 2005). 

Therefore, the co-existence of IL-23 

producing M1 macrophages and GM-CSF 

producing Th1/17 T cells forms a positive 

interactive inflammatory positive feedback 

circuit that is associated with the highest 

levels of inflammation in autoimmune disease 

including Rheumatoid arthritis (Kokkonen et 

al., 2010), multiple sclerosis (MS) (El-Behi et 

al., 2011), and possibly, SLE (Orme & 

Mohan, 2012). 

The present study demonstrated that IL-23 

mRNAs expression was higher in patients 

with SLE than healthy controls. The study 

further revealed that IL-23 mRNA was 

significantly higher in 29 patients with active 

diseases than 16 patients with inactive disease 

and healthy controls. These results was 

coincided with (Juan et al., 2014) who 

reported that IL-23 mRNA levels were 

significantly higher in the 108 SLE patients 

compared with the 60 healthy but in contrast 

to them regarding the presence of no 

significant difference was observed between 

patients with inactive or active SLE.  
Our result also supported by (Huang et al., 

2007) who found that mRNA levels of IL-23 

in active SLE patients were significantly 

higher compared with those in the inactive 

SLE patients. They concluded that up 

regulation of IL-23 may contribute to SLE 

pathogenesis and it may be therapeutic targets 

in SLE. 

These results were also in agreement with 

Wong et al., (2008)
 
who reported that IL-23 

from co-stimulated lymphocytes were 

significantly higher in SLE patients than 

control.  

Our work revealed that IL-23 expression 

levels were significantly higher in patients 

with nephritis compared with patients without 

nephritis and with healthy controls. These 

finding were in hand with Juan et al., (2014) 

who obtained similar results. They suggested 

that IL-23 is involved in the pathogenesis of 

renal disease in SLE and could represent a 

possible marker for renal involvement in SLE 

and a therapeutic target in this subgroup of 

patients.  

These results were in consistence with Xia 

et al., (2015) who found that IL-23protein 

level increased significantly in the serum and 

urine of 105 SLE patients with and without 

lupus nephritis compared with 30 healthy 

controls. 
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Chen et al., (2012) reported that significantly 

higher levels of glomerular IL-23 expression 

were observed in renal biopsies from lupus 

nephritis patients as compared to normal 

controls. They also reported that glomerular 

IL-23 expression levels were positively 

correlated with renal SLEDAI and 

histological activity index for LN patients. 

They suggested the potential role of the IL-23 

in the intra-renal inflammation of SLE. 

Zhang et al., (2009) suggested that IL-23 

promoted an autoimmune humoral response 

with (auto)-antibodies depositing in the 

kidneys and activating the complement 

system resulting in nephritis. One possible 

mechanism that would explain this 

phenomenon is that IL-23-induced Th17 cells 

provided excessive help to B cells, resulting 

in Ig deposition in the kidneys, rather than 

attracting leukocytes in the site of 

inflammation. 

In our study, the ratio between female -to-

male patients was 8:1most of them in second 

and third decades of life. This was in line with 

Manzi, 2001 who reported that in SLE 

patients female-to-male ratio peaks at 11:1 

during the childbearing years. In spite of the 

pervious finding, our study showed that no 

significance difference in expression of IL-23 

mRNA in relation to age and sex which in 

consensus with Juan et al., (2014) who obtain 

similar results.  

Our study demonstrated that regarding 

different laboratory and clinical variables, 

Patients with positive parameters in the 

laboratory variables showed significant or 

highly significant elevation in expression of 

IL-23 than those with negative parameters. 

From all the clinical Variables, only patients 

with fever and arthritis showed high 

significant elevation in expression of IL-23. 

This may explain the high percentage (44.4% 

and 37.8%) of these two signs in the patients. 

This finding may also pointed to role of Il-23 

in exaggeration of these clinical and 

laboratory manifestation in SLE patients and 

help Ig deposition and complement activation 

in the kidney. Targeting the IL-23 seems to be 

a relevant and realistic therapeutic approach 

and this new agent paves the way for additive 

and alternative treatments to SLE. 

In conclusion, IL-23 mRNA expression is 

increased in SLE patients with special 

consideration in lupus nephritis patients which 

indicate that the IL-23 may play a crucial role 

in the immunopathogenesis of SLE.  
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