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Background: Dysregulation of both cellular and humoral immune responses is central in systemic lupus erythematosus (SLE)
pathogenetic mechanisms. Proinflammatory cytokines, such as interleukin 23 (IL23), and their roles in promoting such dysregulation
have recently been highly considered. This research compared IL23 serum levels in 85 Egyptian SLE patients and 85 healthy controls.
Then, IL23 level was correlated to various SLE disease parameters, disease activity, and damage indices.

Results: IL23 serum levels were significantly elevated in SLE patients versus healthy individuals. Furthermore, IL23 levels were
positively correlated with SLE disease activity index (SLEDAI) and were positively correlated with arthritis, seizures, consumption of
complements (C3, C4), and with parameters of nephritis (hematuria, pyuria, casts, and proteinuria). A positive correlation was also
found between IL23 levels and oral prednisolone dose.

Conclusion: IL23 has higher levels in the serum of SLE patients, and is correlated to activity of the disease, especially lupus
nephritis. Further researchis needed to explore its exact role in SLE pathogenesis and whether it can be considered a potential
biomarker or therapeutic target in SLE.

Keywords: interleukin 23, proinflammatory cytokines, systemic lupus erythematosus, SLE disease activity index, lupus nephritis

The Plain Language Summary

Autoimmune diseases occur when your immune system attacks your own body. Systemic lupus erythematosus (SLE) is one of these
autoimmune diseases which can affect different tissues, causing great damage. SLE affects more than 5 million people worldwide,
mostly women of childbearing age. What makes your immune system behave like this is not fully clear, but it is likely an interaction
between your genetics and your environment. The function of your immune system primarily depends on secreted proteins and signal
molecules called interleukins (ILs). Some interleukins may be linked to the autoimmune inflammation in SLE, eg, 1L23.

We compared the amount of IL23 in SLE patients and in normal people. We also checked the link between IL23 and various
symptoms of lupus. Interestingly, we found IL23 is higher in SLE patients. Moreover, there was a link between IL23 and serious SLE
symptoms. These results are important because they revealed some information about this protein in SLE. We hope that future studies
can discover the precise role of IL23 in SLE. In addition, we predict that, in the near future IL23 might be used as a marker for serious
SLE symptoms, or a target for new therapy for this challenging disease.

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease distinguished by its very heterogeneous and
composite clinical picture. SLE pathogenesis is not completely elucidated but it is believed to be multifactorial, involving
hereditary, environmental, as well as hormonal factors. Dysregulation of both cellular and humoral immune responses is
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central in SLE pathogenetic mechanisms. The result is disruption of self-tolerance and formation of autoantibodies with
subsequent production and precipitation of immune complexes in various organs. This ultimately leads to complement
activation and aggregation of neutrophils, monocytes, and lymphocytes.'

The role of T-lymphocytes in SLE pathogenesis is evident by signal transduction, aberrant cytokine secretion, in
addition to activation and accumulation of B lymphocytes and dendritic cells (DC).*

A subtype of T cells, Th17 is implicated in SLE pathogenesis by producing proinflammatory cytokines, mainly
interleukin 17 (IL17), depending on the presence of another cytokine, 1L23. IL23 has a role in the growth and
differentiation of Th17 as well as its sustained IL17 secretion.’

Interleukin-23 (IL-23) is one of the IL-12 cytokine family. It is a heterodimer that includes IL-12p40 and IL-23p19
subunits. The p19 subunit of IL-23 is formed by antigen-presenting cells (APC) as well as T lymphocytes and endothelial
cells. The P40 subunit is formed only by antigen-presenting cells like macrophages, monocytes, and dendritic cells.®”
Engagement of IL23 to its heterodimeric receptor complex composed of IL-12Rb1 and IL-23R is required to exert its
biological activities.”® Interleukin-23 was found to be up-regulated in patients with several autoimmune disorders, such
as Crohn’s disease, rheumatoid arthritis, and multiple sclerosis.’ Previous studies showed controversial data regarding the
association of IL23 with disease activity of SLE through IL17 pathways.’

The current study was conducted to compare the serum levels of IL23 in a cohort of Egyptian SLE patients with those
in healthy controls, and to study the correlation of IL23 levels with SLE manifestations, as well as activity and damage
indices using the SLE-Disease Activity Index (SLE-DAI) and the Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index (SLICC/ACR-DI), respectively.

Patients and Methods
Study Design and Participants Recruitment

The present case-control research was carried out on 85 adult Egyptian patients with SLE diagnosed according to The
2019 European League Against Rheumatism/American College of Rheumatology (EULAR/ACR) classification criteria
for Systemic Lupus Erythematosus.'” Patients were regular attendees following up at the outpatient clinic and the
inpatient unit of the Rheumatology department, Kasr Al-Ainy Faculty of Medicine, Cairo University, during the year
2022. Patients were excluded if they had any malignancy, other autoimmune disease, mixed connective tissue disease,
overlap syndrome, or were pregnant at the time of study. Eighty-five healthy adults (age- and sex-matched) were included
as controls. All individuals signed their informed consent before enrollment. The study has been approved by the Local
Scientific Research Ethics Committee of the Faculty of Medicine, Cairo University, number (N-154-2022), and was
carried out in accordance to the Declaration of Helsinki.

Data Collection

For all patients, detailed history taking and clinical and rheumatological examination were performed. Demographic data,
disease duration, medication history, presence of concomitant chronic diseases, such as hypertension (HTN) and diabetes
mellitus (DM), as well as clinical data of the domains for disease activity and damage indices: SLEDAI and SLICC/
ACR-DI'"'? were collected from the case record forms (CRFs) of the patients. Laboratory investigations included
erythrocyte sedimentation rate (ESR), complete blood count (CBC), full basic biochemical analysis (including 24 hours
urinary protein), as well as immunological profiles (including immunofluorescence antinuclear antibodies (ANA) and
anti-double stranded antibodies (ds-DNA), complement 3 (C3), and complement 4 (C4).

Determination of Human Interleukin 23 (IL-23) in Serum of SLE Patients

IL-23 level was estimated in sera of patients and controls using ELISA kit provided by SunLong Biotech Co., LTD
(Catalogue Number: SL0989Hu), Gangzhou, China. This ELISA kit utilizes Sandwich-ELISA as the method. A pre-
coating with IL-23-specific antibody has been applied to the Microelisa stripplate included in this kit. The correct
Microelisa stripplate wells are filled with standards or samples, and the particular antibody is then added. Then, each
Microelisa stripplate well receives an addition of an antibody that has been Horseradish Peroxidase (HRP)-conjugated
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and is specific for IL-23. Uncombined components are removed. After adding TMB substrate solution to each well, only
the wells containing IL-23 and the HRP-conjugated IL-23 antibody will initially appear blue, which changes to yellow
when the stop solution is added. At a wavelength of 450 nm, the optical density (OD) is measured spectrophotome-
trically. The relationship between the OD value and IL-23 concentration is linear. By comparing the OD of the samples to
the standard curve, the concentration of IL-23 in the samples was determined.

Statistical Analysis

The statistical analysis was performed by IBM SPSS Statistics for Windows, version 23 (IBM SPSS, IBM Corp.,
Armonk, NY). Shapiro—Wilk test was utilized to assess normal value distribution. Mean =+ standard deviation (minimum-—
maximum) were used to present quantitative variables, while frequencies (number of cases) and relative frequencies (%)
were used for categorical data. Statistical comparisons were made for independent parametric parameters by Mann
Whitney test when data were not normally distributed and unpaired Student’s #-test for normally distributed parametric
parameters. Pearson Chi square (x°) test was used for comparing categorical data. Correlations were done between
quantitative variables using Spearman correlation coefficient. P-values were statistically significant if less than 0.05.

Results

The demographic criteria of both patients and controls are presented in Table 1. The clinical and laboratory data within
the patients group are presented in Table 2. Study group included 71 (83.5%) females and 14 (16.5%) males with mean
age 31.45+7.66 years. The duration of the disease ranged from 1-17 years. The age at disease onset ranged from 19-54

Table 1 Demographic Characteristics of Patients and Controls

Characteristics Patients (n=85) | Control (n=85) | P-value
Age (years), meantSD | 30.55+7.04 31.45+7.66 0.429
Male, No. (%) 14 (16.5%) 6 (7.1%) 0.094
Female, No. (%) 71 (83.5%) 79 (92.9%)

Notes: Data expressed as meantstandard deviation or frequency (%), as appropriate. Significance of
age was made by unpaired Students “t” test and comparison of gender was made by Pearson Chi-
Square test.

Table 2 Clinical and Laboratory Characteristics Within the Patients’ Group

(N=85)
Domain Values
Age at onset, meanSD (range, years) 25.95+6.62 (19-54)

Disease duration, mean+SD (range, years) 5.5+4.28 (1-17)

Laboratory data

ESR (mm/h), meantSD (range) 40.28+24.08 (8-90)
Hemolytic anemia, No. (%) 2 (2.4%)

Leucopenia < 3x10%/mm?, No. (%) 13 (15.3%)

Leucocytic count, mean+SD (range) 8.67£6.44 (3-37) (%103 /mm?)
Lymphopenia < 1%103mm?, No. (%) 13 (15.3%)

Thrombocytopenia <100%10*/mm?, No. (%) | 2 (2.4%)

(Continued)
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Table 2 (Continued).

Domain Values
Platelets count, mean+SD (range) 275.59£101.91 (55-507) (%103 /mm?)
Creatinine (mg/dL), meanxSD (range) 0.94+0.79 (0.20—4.56)

Urinary protein (gm/day), meanSD (range) | 3.03+2.60 (0.06-9)

Lupus Nephritis, No. (%) 62 (72.9%)

Renal biopsy class, No. (%)

Class | 2 (2.4%)
Class Il 4 (4.7%)
Class Il 20 (23.5%)
Class IV 28 (32.9%)
Class V 8 (9.4%)

Hypocomplementemia 3 (lowC3), No. (%) 59 (69.4%)

Hypocomplementemia 4 (lowC4), No. (%) 33 (38.8%)

ANA, No. (%) 85 (100%)
DNA, No. (%) 43 (50.6%)
Comorbidity
Hypertension, No. (%) 30 (35.3%)
DM, No. (%) 6 (7.1%)

Medications used

P5 (mg/d), mean#SD (range) 24.07+14.77 (0-60)
MP, No. (%) 25 (29.4%)

HCQ, No. (%) 65 (76.5%)

CYC, No. (%) 12 (14.1%)

MMEF, No. (%) 8 (9.4%)

AZA, No. (%) 30 (35.3%)

Others, No. (%) 45 (52.9%)

Activity and damage scores

SLEDAI Score, mean+SD (range) 11.00+6.37 (0-22)

SLICC- DI Score, mean%SD (range) 0.78 + 0.92 (0-3)

Note: Data expressed as meantstandard deviation (minimum—maximum) or frequency (%), as
appropriate.

years with the mean 25.95+6.62 years. Antinuclear antibodies were present in 100% of patients while anti ds-DNA
antibodies were found in 50.6%. Lupus nephritis (LN) was present in 62 patients (72.9%). Among them, 20 patients
(23.5%) had focal proliferative glomerulonephritis (class IIT), 28 patients (32.9%) had diffuse proliferative glomerulone-
phritis (class IV), and eight patients (9.4%) had membranous glomerulonephritis (class V). The comorbidities were
hypertension in 30 (35.3%) patients and diabetes mellitus in six patients (7.1%). As regards medications: oral Steroids
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prednisolone (P5) were used in 72 (84.7%) patients at a mean dose of 24.07+14.77 mg daily. Intravenous steroids with
methyl prednisolone (IV-MP) were administered in 25 (29.4%) patients. Other disease modifying and immunosuppres-
sive medications were used with the following frequencies: hydroxychloroquine (HCQ), 65 (76.5%); azathioprine
(AZA), 30 (35.3%); mycophenolate mofetil (MMF), 8 (9.4%); and cyclophosphamide (CYC), 12 (14.1%).

IL23 serum levels were significantly elevated among patients versus controls (P<0.0001) (Table 3). A correlation
study was performed between IL23 and various clinical and laboratory parameters as well as total activity and damage
indices. 1L23 showed a significant positive correlation with SLE-DAI score (r=0.840, P<0.0001), disease duration
(r=0.291, P=0.007), seizures (r=0.219, P=0.044), arthritis (r=0.223, P=0.040), urinary casts (r=0.539, P<0.0001),
hematuria (r=0.825, P<0.0001), pyuria (r=0.758, P<0.0001), proteinuria (r=0.683, P<0.0001), hypocomplementemia
(r=0.060, P<0.0001), and prednisone dose (r=0.457, P<0.0001). Other parameters (including the SLICC/ACR-DI score)
showed a positive but insignificant correlation. Interestingly, vasculitis showed a low negative correlation with IL
23, which was not significant (Table 4). In relation to LN, IL23 levels were significantly higher in patients with than

Table 3 Comparison of I1L23 (Pg/MI) of Patients and Controls

Parameter Patients (n=85)

MeaniSD (Range)

Control (n=85) P-value
MeaniSD (Range)

IL-23 (pg/mL) | 20.67+27.14 (0.1-115.2) | 0.00+0.00 (0.00-0.00) | 0.0001%*

Notes: Data expressed as meantstandard deviation (minimum-maximum) or frequency (%),
as appropriate. * P-value is significant, ie,<0.05.

Table 4 Correlations Between IL-23 and Measured Parameters

IL23 Correlations Coefficient r (P-value)

SLEDAI Score 0.840 (0.0001)*

SLICC- DI Score 0.059 (0.593)

Age (years) 0.300 (0.382)

Disease Duration (years) 0.291 (0.007)*

ESR 0.056 (0.619)

Leucocytic count

0.033 (0.763)

Platelets count 0.104 (0.345)
Creatinine 0.103 (0.348)
24 h urinary protein 0.194 (0.075)

Seizures 0.219 (0.044)*
Vasculitis —0.076 (0.490)
Arthritis 0.223 (0.040)*
Casts 0.539 (0.0001)*

Hematuria (>5 RBCs/HPF)

0.825 (0.0001)*

Pyuria (>5 Pus cells/HPF)

0.758 (0.0001)*

Proteinuria (>0.5 gm/day)

0.683 (0.0001)*

(Continued)
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Table 4 (Continued).

1IL23 Correlations Coefficient r (P-value)
New Rash 0.210 (0.054)

Alopecia 0.138 (0.209)

Consumed C3 and/or C4 0.06 (0.0001)*

Fever 0.147 (0.179)

Platelets <100,000 0.095 (0.387

Prednisone dose (mg) 0.457 (0.0001)*

Notes: Correlation coefficient (r), P-value (P). Proteinuria is defined as urinary protein excretion of
greater than 0.5 gm per day. Hematuria is defined as the presence of at least five red blood cells/High
Power Field (HPF), excluding stones and infection and other causes. * P-value is significant, ie, <0.05.
Abbreviations: ESR, erythrocyte sedimentation rate; RBCs, red blood cells; HPF, high power
field; C3, complement 3; C4, complement 4.

Table 5 Comparison of IL23 Levels in Patients with and without LN and Among Different
Renal Biopsy Classes Within the LN Group

IL23 Pg/mL P-value

Patients with LN, Mean+SD 20.63+26.38 0.0001*
62 (72.9%)
Patients without LN, Mean+SD 6.94+20.74
23 (27.1%)
Renal biopsy class

| Mean+SD 3.200+2.97 0.857

Il Mean+SD 7.13+13.45

1] Mean+SD 26.09+29.98

v Mean+SD 19.87+25.00

\ Mean+SD 20.76+29.29

Notes: Data expressed as meantstandard deviation or frequency (%) as appropriate. * P-value is significant, ie, <0.05.

without LN. Further analysis in relation to the class of glomerulonephritis by renal biopsy revealed an insignificant
difference between classes, yet the higher level was among class III (focal proliferative glomerulonephritis) (Table 5).

Discussion

SLE is an inflammatory multisystem autoimmune disorder affecting numerous organs and distinguished by multifactorial
etiology and pathogenesis. Immune dysregulation (innate and adaptive) is important in SLE pathogenesis. Autoantibodies
and subsequent immune complex formation are crucial in SLE inflammatory pathways. Many cytokines are induced by
immune complexes,'? and it has been shown that some cytokines are closely associated with pathogenesis of SLE."
Since the definite pathogenetic pathways in SLE are still mysterious, the researchers tended to study several cytokines of
the pro-inflammatory and anti-inflammatory categories, anticipating to discover their potential role. Among these
cytokines are IL6, IL10, interferon-gamma (IFNy), and tumor necrosis factor (TNF), which have been found to be
helpful in the assessment of SLE serological and clinical activity.'> Another distinct one of these cytokines is the
interleukin 23 (IL23), which is formed by monocytes and motivates the differentiation of T cells into Th17 cells.'®
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Our study involved 85 patients diagnosed as SLE, and 85 gender- and age-matched persons served as healthy
controls. All participants were tested for IL23 serum level, and it was correlated with disease parameters within the SLE
group.

The results of our study revealed that IL23 serum levels were significantly elevated in SLE patients versus healthy
control individuals. These results were similar to many studies that had been done before and had shown that IL23 serum
levels were elevated in SLE patients versus normal healthy controls.*>""’

These results raised the possibility that IL23 might have a role in SLE pathogenesis and that it might be related to
disease parameters.

IL23 has a key role in Th17 cells differentiation that forms IL17.'"® IL17 induces the generation of many proin-
flammatory cytokines like tumor necrosis factor—alpha (TNF-a), IL6, some chemokines, and metalloproteinases, in
addition to recruitment of neutrophils to tissues which are involved in SLE pathogenesis.'®

Both 1L23 and IL17 have vital roles in inflammation, they correspond to the IL23/IL17 axis, which promotes
autoimmunity and chronic inflammation.?

Elevated IL17 serum levels have been revealed in SLE patients and were associated with increased SLE disease
activity, indicating that the IL23/IL17 axis is implicated in SLE pathogenesis and disease activity.?' In lupus-predisposed
mice, it had been found that a IL23 receptor lack leads to decreased IL17 production, and thus these mice were protected
from developing the disease.”

In this research, I1L23 levels were positively correlated with SLE disease activity index (SLEDAI) and also were
positively correlated with arthritis, seizures, C3&C4 consumption, and with parameters of active nephritis (hematuria,
pyuria, casts, and proteinuria). There was also a positive correlation between IL23 levels and oral prednisolone dose.

These results are comparable to other studies done in the same subject. One of these studies was the study done by
Justiz Vaillant and Akpaka who had found that IL23 levels elevated in SLE patients versus normal controls and that 1L23
levels were positively correlated with disease activity index (SLEDAI).? In addition, our results were concomitant with
the study done by Vukelic et al, who also showed that IL23 levels were positively correlated with SLEDAI, arthritis, and
nephritis.”* Fischer et al® had also found that IL23 levels were positively correlated with nephritis.

The role of IL23 in developing arthritis is obvious from its proved role in pathogenesis of synovitis in RA. The
significance of the IL23/IL17 axis in RA pathogenesis, involving synoviocytes, osteoclasts, and immune cells, had been
proved. Both IL17 and IL23 were absent in healthy joints, whereas their elevated levels were shown in the serum and
synovial fluid of RA patients, corresponding to the IL23/IL17 axis in RA pathogenesis.**

The positive correlation between IL23 and oral steroid dose may be attributed to the associated increased oral steroids
dose with increased disease activity. In addition, the correlation with C3 and C4 consumption could be explained by
association of hypocomplementemia with SLE disease activity, especially in lupus nephritis. From these results, it could
be postulated that IL23 plays a role in SLE activity, especially lupus nephritis.

In our study, we found that IL23 level was significantly higher among SLE patients with LN than in patients without
LN. However, further analysis did not reveal a significant difference within different glomerulonephritis classes
diagnosed by renal biopsy, yet the higher value was in the focal proliferative class III. These findings were agreed
with Zickert et al,”> who had found that IL23 levels were higher in patients with biopsy proved lupus nephritis than in
non-nephritic patients.
1'® studied the role of IL23/IL17 in LN in mice and they found that IL23 promoted an autoimmune humoral
response through autoantibodies deposition in kidneys and complement system activation causing nephritis.

Dedong et al*® found that IL17 was present in glomeruli of LN patients. Their findings showed that the IL23/IL17
axis has an important role in LN pathogenesis and that both cytokines might be useful as convenient biomarkers for

Zhang et a

development and assessment of renal disease.

It was found that there is increased glomerular expression of IL17, IL18, IL6, and IL23 in class IV lupus nephritis in
comparison to normal controls indicating that there is more infiltration of Th17 cells in the glomeruli and an upregulation
of IL23/IL17 and urinary cytokines obtained from this signaling pathway.*’

Because of these observations, we can assume that the IL23/IL17 axis has a role in SLE disease manifestations and
activity. Hence, antagonists of these cytokines have been tried as novel therapies for SLE, especially LN, with some
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promising results.”®>* Ustekinumab and Secukinumab were found to be effective in SLE treatment and gave a good

1.3 Brodalumab and Ixekizumab do not have

response in comparison to placebo in a study done by Santacruz et a
ongoing clinical studies to our knowledge.

Notwithstanding, our study has some limitations, which are being a single-center research with a relatively small
cohort size and long disease duration. Of note, the confounding effect of medications patients received before 1L23
quantification cannot be ignored, yet its serum level after treatment is far more than the normal populations and is found
to be associated with disease activity. Hence, more studies, preferably multi-centric and on a larger scale are required to

support our results.

Conclusion

According to the results of the current study supported by results of the previous studies in the same field, we can
conclude that IL.23 has higher levels in serum of SLE patients, and is correlated to activity of SLE, especially lupus
nephritis. As a pro-inflammatory cytokine included in many inflammatory pathways, it could play an important role in
SLE pathogenesis and disease activity. This role makes IL23 a potential biomarker or therapeutic target in SLE, so more
studies are required to get benefits from these results in the management strategies of SLE.
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