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Interleukin biomarkers as predictive tools for lupus
nephritis class and disease activity in systemic lupus
erythematosus

Saif Dalia S'®, Abdelsattar S?, Zahran ES3, Khalil M4, Samir S°, Abo Mansour HE®

ABSTRACT

Background: Systemic lupus erythematosus (SLE) is an autoimmune disease that affects multiple organs, particularly
the kidneys. Interleukin (IL) biomarkers including IL-10 and 1L17/23 axis play an important role in SLE pathogenesis.
Objectives: To investigate the predictive value of 1L-17, IL-23, and IL-10 biomarkers in detecting lupus nephritis
(LN) class in SLE cases.

Methods: This is a case-control study involving 160 individuals: 100 patients with SLE (80 LN patients who had a
recent report of kidney biopsy in the two months prior to the study +20 non renal SLE patients), and 60 age- and
sex-matched healthy volunteers. All participants were subjected to clinical and laboratory studies, as well as the
evaluation of their IL-17, IL-23, and IL-10 biomarkers.

Results: IL-17, IL-23, and IL-10 were significantly elevated in SLE patients (p-value < 0.001), especially in cases
with high disease activity (p-value < 0.001). Moreover, these biomarkers were considerably higher in LN patients
(p-value < 0.001), particularly among class III and IV LN (p-value < 0.001) and in cases with high nephritis activity
index (p-value < 0.001). ROC curve analysis revealed precise cutoff points of IL-17, IL-23, and IL-10 levels in each
renal histopathological class with high sensitivity and specificity.

Conclusion: 1L-17, IL-23, and IL-10 biomarkers are higher in SLE patients and are correlated with SLE Disease
Activity Index (SLEDAI). They are more prevalent in individuals with LN, particularly in cases with high activity
index and with more aggressive classes (in renal classes Il and IV). These biomarkers might function as indicators
for detecting LN activity and as predictors of LN class.

Keywords: Systemic Lupus erythematosus; Lupus Nephritis; Interluekin-17, 23, and 10; Disease Activity Index-

lupus nephritis histopathological class.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease manifested by a wide range of
clinical signs and symptoms'. One common and se-
vere symptom of SLE is kidney involvement, notably
lupus nephritis (LN). The estimated prevalence of LN
is between 35% and 60%, and its clinical manifesta-
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tion ranges from mild condition to rapidly progressing
nephropathy***>. In spite the advancement in our un-
derstanding of LN pathogenesis and the improvement
of effective treating plans, only 50%—-70% of patients
experience remission and LN remains a leading cause
of death and disability in SLE cases®.

The most reliable method for assessing LN, confirm-
ing the diagnosis, identifying the kind and extent of
kidney tissue damage, as well as the glomerular activity
and chronicity indices, is still a kidney biopsy”®. How-
ever, this approach is invasive, and it is not practical to
perform recurrent biopsies for LN assessing. Therefore,
there is an obvious need for new biomarkers that can
distinguish between different classes of LN, LN activity
grades, and severity indices, predict renal flares, and
assess the responses to treatment and the progression
of the disease. Certain biomarkers serve as viable al-
ternative, or complementary less invasive methods for
managing LN. These biomarkers could be indicators of
pathological processes and response to treatment®'°.

Conventional laboratory biomarkers encompass im-
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munological serology tests such as anti-double-strand-
ed DNA (Anti-dsDNA) and levels of complement, along
with renal disease-related parameters regarding pro-
teinuria assessed via 24-hour urine protein excretion or
the urine protein/creatinine ratio (uPCR), urinary sedi-
ment, and glomerular filtration rate (GFR)'°. These are
the tried-and-true measures for evaluating LN clinically.
However, they could not identify the onset of LN flares
and its progression, along with restricted sensitivity and
specificity to distinguish active disease from chronic or-
gan damage, so, development of management strategies
is essential'! 2,

Th17 cells are a subset of T-cells that developed from
CD4+ T-cells under the influence of IL-6, IL-21, and
IL-1. Their primary cytokine is IL-17. Other cells, in-
cluding T-cell receptor- (TCR-) yd and TCR-aff dou-
ble negative (DN) T-cells (CD3 + CD4 + CD8)", also
generate IL-17. In addition to inducing other cytokines,
IL-17 has potent proinflammatory effects'?, encourages
the invasion of inflammatory cells, and increases the
infiltration T-lymphocytes'. It has been shown that
IL-17 and B-cell activating factor (BAFF) collaborate
to enhance the proliferation B-cell lymphocytes and
the production of antibodies'. Patients with SLE have
higher serum levels of IL-17 along with increased Th17
cells'®!”. Furthermore, IL-17 has been found in intersti-
tial infiltrating T- lymphocytes and renal glomeruli'®*°.

The I1L-23/IL-17 axis is established when anti-
gen-presenting cells produce IL-23, which stimulates
the growth of Th17 cells and is essential for their main-
tenance?®. Previous research on LN patients revealed
high levels of IL-23 in their blood, and lupus-prone
animals showed an increase in T-cells expressing high
amounts of both IL-17 and IL-23 receptors'. Nephri-
tis in mice has been demonstrated to be induced by
IL-23-treated lymphocytes; however, in mouse lupus
models, nephritis development is prevented by reduc-
ing IL-23-receptor?.

Monocytes and, lymphocytes produce the cytokine
IL-10, which has pleiotropic effects on inflammation
and immunological modulation. It improves B-cell de-
velopment, survival, proliferation, and generation of
antibodies; these actions contribute to autoimmune
disorders. Although IL-10 is anti-inflammatory cyto-
kine, little is known about its effects in SLE patients*. A
deeper understanding of cytokines could provide a new
therapeutic approaches and the discovery of new bio-
markers of disease activity, as well as a greater aware-
ness of LN pathogenesis.

MCP-1, TWEAK, NGAL, and uric acid are among
the diagnostic biomarkers that showed a strong ability
to differentiate between patients with LN from those
without. Furthermore, several cytokines and chemok-
ines, such as cell adhesion molecules (CAMs), IL-10,

IL-17, MCP-1, and IP-10, are valuable in monitoring
the activity of LN. Patients with active LN have been
shown to have elevated MCP-1 urine levels (uMCP-1)
that is a chemotactic factor that encourages the migra-
tion of leukocyte to the kidney (23,24).

Therefore, we aimed to assess the usefulness of IL-
17, IL-23, and IL-10 as predictive tools for detecting
LN class, as well as, the association of each cytokine
with SLE and LN disease activity.

MATERIALS AND METHODS

Study design and participants

A case-control study was conducted on 100 SLE pa-
tients and 60 age- and sex-matched healthy volunteers.
The study was conducted at the outpatient clinics of
rheumatology, rehabilitation, and internal medicine,
as well as the inpatient rheumatology unit, at Menou-
fia University Hospital from October 2021 to October
2023. Data was collected simultaneously with patient
recruitment. Patients were selected based on consecu-
tive enrollment during their clinic visits. Inclusion cri-
teria were as follows: patients diagnosed with SLE and
meeting the Systemic Lupus International Collaborat-
ing Clinics (SLICC) criteria for classifying SLE* and pa-
tients with LN who had a recent report of kidney biop-
sy (within two months before the study) (Figure 1). The
reporting of this study conforms to STROBE guidelines
(26). In contrast, the exclusion criteria were as follows:
history of smoking, alcohol drinking, pregnancy, can-
cer, diabetes, hypertension, endocrine disorders, meta-
bolic syndrome, or cardiovascular disease.

All subjects provide written informed consent, and the
study was authorized by the Menoufia University Fac-
ulty of Medicine ethical committees under IRB number
42024INTM14.

Clinical and Laboratory Assessment

In this study, the following laboratory investigations
were performed on the cases: complete blood count
(CBO), erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP), kidney function tests (serum urea
and creatinine), albumin, anti-nuclear antibody (ANA),
anti-dsDNA, and protein creatinine ratio.

Moreover, the patients underwent a full clinical
examination and history taking. Disease activity was
monitored using the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI-2000)*".

Kidney biopsy reports for LN patients included their
histopathology class, the activity and chronicity indi-
ces (done by an independent pathologist based on the
International Society of Nephrology/Renal Pathology
Society classification system)?82°.
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Figure 1. Flow diagram of study participants throughout the study

Samples collection and measurements

In total, 7 mL of venous blood was withdrawn from
the cubital vein of each participant and then distributed
as follows: 1 mL of blood was placed in a citrate tube
for the measurement of ESR, and 2 mL of blood was
placed in an EDTA tube to determine the CBC using
the Sysmex XT-1800i automated hematology analyzer
(Sysmex, Japan).

Centrifugation was used to separate the serum from
the remaining 4 mL to perform further biochemical ex-
amination. The Cobas ¢501 Auto analyzer (Roche, Ger-
many) was used to assess liver and kidney functions,
while the Cobas e601 Auto analyzer (Roche, Germany)
was employed to measure CRP. To assess anti-dsDNA
antibodies, we utilized the Algeria Automated Analyzer
and an ELISA kit (Catalog #MBS269122). The thresh-
old for positive anti-dsDNA antibody results was estab-
lished at 30 TU/mL. ANA testing was performed using
indirect immunofluorescence (IIF), with a cutoff value
of a titer of 1:160 or greater.

Additionally, we employed a BioTekELx800 UV-Vis
microplate reader (Biotek Instruments, USA) follow-
ing the manufacturers guidelines to analyze cytokines
IL-17A, 1IL-23, and IL-10 using ELISA Kkits from the
International Trade Company, Shanghai, China. The
catalog numbers for the specific cytokines were Cata-
log#201-12-0048, Catalog# SEA384Hu, and Catalog#
RD 194572200 R. Each result was expressed as pg/mL
+ standard deviation (SD).
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Urine samples were collected in sterile containers
and analyzed using a Beckman Instruments Synchron
CX 9 ALX analyzer (Fullerton, CA, USA) to determine
the albumin-to-creatinine ratio (ACR) along with urine
creatinine and albumin levels®.

Sample size

A cluster sample included all patients meeting inclu-
sion criteria, collected from outpatient clinics of rheu-
matology, rehabilitation, and internal medicine depart-
ments, as well as the inpatient rheumatology unit at the
Faculty of Medicine, Menoufia University, during the
period from October 2021 to October 2023; addition-
ally, almost half of the patients’ number was added as a
control group.

Statistical analysis

SPSS (Statistical Package for Social Sciences), version
20, was used to tabulate and evaluate the data that had
been reported (SPSS Inc., Chicago, IL, USA). Mean +
standard deviation (SD) and range were used to char-
acterize quantitative data, while percentages and num-
bers were employed to represent categorical data. Two
sets of quantitative data that were normally distribut-
ed were compared using the Student t-test, while the
Mann-Whitney U test was for non-normally distribut-
ed data. Moreover, Kruskal-Wallis test was utilized to
compare quantitative data in more than two subgroups
of non-normally distributed data. The receiver operat-
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TABLE |I. Demographic data, IL-17, IL-23, and IL-10 levels among participants of the study groups

Control

S Test P value
34;2_:4347 ?;Sgt 0.09
a3
24&;_:4;3.72 9_1;5 <0.001
26.827_ ;98.20 57‘695; <0.001
3,96;61,11 10%9 <0.001

Cases
N =100

Age (years)
Mean + SD 36.6 +7.25
Range 25-54
Gender
Male 30 (30.0)
Female 70 (70.0)
Disease duration (years) 8.8%=3.75

2-18
IL 17 (pg/mL)
Mean + SD 75.16 £ 22.76
Range 15-105
IL-23 (pg/mL)
Mean + SD 187.26 = 56.47
Range 88-290
IL-10 (pg/mL)
Mean + SD 25.13+9.52
Range 4-45

X2 = chi-square; U = Mann—Whitney U test; IL = interleukin; SD= standard deviation; pg/mL = picogram/milliliter.

ing characteristics (ROC) curve was utilized to evaluate
the sensitivity and specificity of the investigated mark-
ers for predicting a given event. A value of <0.05 was
deemed significant for the P value®'.

RESULTS

The present study revealed no statistically significant
differences in age or sex between the SLE patients and
controls. Concurrently, 70% of SLE patients were fe-
males. The study participants’ mean age was 36.6 =
7.25 years for cases and 34.73 + 6.47 years for controls.
Patients with SLE had average disease duration of 8.84
+ 3.75 years. Compared to controls, SLE patients had
significantly higher blood levels of 1L-17, IL-23, and
IL-10 (Table D).

In total, 85% of SLE cases were receiving steroids
and 40% were on hydroxychloroquine. On the other
hand, 30% were on mycophenolate mofetil, 46% on
azathioprine, and 17% on cyclophosphamide.

The descriptive statistics of the laboratory data relat-
ed to ESR, CRP, CBC (HB, WBCs, and platelets) among
the SLE cases under study are displayed in Table II.
Mean serum levels of creatinine urea, and albumin were
0.96 £ 0.30, 39.60 + 13.98, and 33.82 + 6.95, respec-
tively. The mean anti-dsDNA was 221.85 £ 171.10, and
96% of cases showed ANA positivity. In terms of SLE-
DAL, about 16% of the cases had mild disease activity,
47% had moderate disease activity, 28% had severe dis-
ease activity, and 9% had very severe disease activity.

In this study, 80% of the SLE cases had LN. Based
on the renal histopathological classes found in the renal
biopsy results, the patients were categorized as follows:
10% of the cases had class I nephropathy, 31.2% had
class II, 47.5% had class 111, and 11.2% had class IV.
Additionally, approximately 51.2% of patients with LN
had a high activity index (12-24), whereas 48.8% had
a low (0-5)/moderate (6-11) activity index (Table 1I).
Compared to SLE patients with moderate disease ac-
tivity, individuals with high disease activity had signifi-
cantly higher serum levels of 1L-17, IL-23, and IL-10
biomarkers (Table III).

The current study’s results showed that blood lev-
els of the biomarkers IL-17, IL-23, and IL-10 increased
significantly at more aggressive classes of LN. Class
IV demonstrated the highest values, whereas class I
showed the lowest (Table I11).

According to the current study, serum urea, creat-
inine, albumin, ANA, anti-dsDNA titer, and the bio-
markers IL-17, IL-23, and IL-10 were significantly el-
evated in cases of LN compared to non-LN cases. Ad-
ditionally, renal patients exhibiting a high renal disease
activity index displayed higher levels of these markers
compared to those with moderate-to-low renal activity
index (Tables IV and V).

Figure 2 (A, B, C, and D) illustrates the effectiveness
of IL-17, IL-23, and IL-10 at varying levels in the pre-
diction of LN histopathology classes. Specifically, at a
cutoff point of 57.5, IL-17 serum level was found to be
able to distinguish between cases of LN (class 1) and
non-nephritis cases with a sensitivity of 88.8% and a
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TABLE Il. Descriptive statistics of the laboratory
data among the studied cases
The studied systemic
lupus cases
N =100
ESR (mm/hr) Mean + SD 56.66+22.06
Range 20-98
CRP (mg/dL) Mean + SD 27.53+16.12
Range 4-70
Hb (mg/dL) Mean + SD 11.20+1.27
Range 75-13
WBCs (cells/mL) Mean + SD 5246.0£1817.0
Range 2000 - 9200
Platelets (cells/mL) Mean + SD 279.69+68.99
Range 109 — 410
Urinary protein/creatinine ratio
(uPCR) g/mg Mean + SD 1.20+0.82
Range 0.1-33
Serum creatinine (mg/dL) Mean + SD 0.96+0.30
Range 05-15
Serum urea (mg/dL)
Mean + SD 39.60+13.98
Range 20-69
Anti-dsDNA (U/mL) Mean + SD 221.85+171.10
Range 15 - 540
ANA
+ve 96 (96%)
_ve 4 (4%)
Serum albumin (g/1) 33.8246.95
Mean + SD 20_ 54
Range
SLEDAI N (%)
Mild (1-5) 16 (16.0)
Moderate (6-10) 47 (47.0)
Severe (11-19) 28 (28.0)
Very severe (>20) 9 (9.0)
Renal histopathology N (%) N =80
Class I 8 (10.0%)
Class 11 25 (31.2%)
Class III 38 (47.5%)
Class IV 9(11.2%)
Renal tissue activity index N =80
High activity (12-24) 41 (51.2)
Low (0-5)/moderate activity (6-11) 39 (48.8)
ESR = Erythrocyte sedimentation rate; CRP = C-reactive protein;
HB = hemoglobin, WBCS = white blood cells; ANA = anti-nuclear antibody,
Anti-dsDNA = anti-double-stranded deoxyribonucleic acid; SLEDAI = SLE
Disease Activity Index; uPCR = urinary protein/creatinine ratio; U/mL = unit/
milliliter; g/l= gram/liter.
*Significant statistical dereference between groups

specificity of 65%. In contrast, the cutoff points for
class 11, 111, and IV nephritis were 60.5, 85.5, and 98.5,
exhibiting sensitivity and specificity of 88% and 75,
89.5% and 76%, and 77.8% and 84.2%, respectively.
The blood level of IL-23 demonstrated that, at a cut-
off point of 142, it could differentiate between cases of
LN (class I) and non- nephritis cases with a sensitivity

of 85% and a specificity of 100%. For class 11, the re-
quired value must exceed 146.5, indicating a sensitivity
of 80% and a specificity of 75%. Class 111 was anticipat-
ed at a cutoff value of 205, with a sensitivity of 76.3%
and a specificity of 92%. At the threshold above 267.5,
class IV was predicted with a sensitivity of 77.8% and a
specificity of 97.4% (Table VI).

Finally, in cases of LN, the serum concentration of
IL-10 may signify various types of renal impairment:
A value ranging from 18.5% to 20.5% may indicate
class I, with 86.3.8% sensitivity and 75% specificity.
Values ranging from 20.5 to 26.5 exhibit a sensitivity
of 68% and a specificity of 75% for class II prediction.
The 226.5-<33.5 values provide a sensitivity of 81.6%
and a specificity of 68% for predicting class III, whereas
>33.5values demonstrate 100% sensitivity and 92.1%
specificity for identifying class IV (Table VI).

DISCUSSION

Numerous interleukins have a role in the pathophys-
iology of LN, and may serve as therapeutic targets for
renal involvement in lupus patients'=. In light of renal
histopathology being the gold standard for determining
the classes of LN, our goal was to investigate the useful-
ness of IL-17, IL-23, and IL-10 biomarkers as predic-
tors for detecting LN class and their relationship with
SLE and LN disease activity.

Prior studies documented elevated 1L-17, IL-23, and
IL-10 levels in SLE patients and their relationship with
disease activity, renal involvement, LN activity, and re-
nal histopathology***'. However, none of these stud-
ies identified the exact cutoff points that can predict
LN class. This study is the first to report precise cutoff
points for IL-10, IL-17, and IL-23 at which we could
predict LN class, so we suggest using them as a non-
invasive substitute for kidney biopsy, particularly for
individuals unable to undergo the procedure.

The current investigation found a statistically signif-
icant difference in the I1L-17, 1L-23, and IL-10 levels
between the cases and controls; cases with high versus
low disease activity regarding SLEDAI; cases with LN
versus those without LN; and patients with nephritis
who had a high renal activity index versus those who
had a moderate-to-low renal activity index.

According other researches, SLE patients had higher
levels of 1L-17, IL-23, and IL-10 biomarkers than con-
trols, and this is consistent with our findings. Addition-
ally, previous studies revealed that Th17 cells and 1L-17
biomarkers are implicated in several SLE pathological
pathways, including autoantibodies synthesis, B-cells ac-
tivation, the induction of vascular inflammation, and leu-
kocytes recruiting, all of which contribute to the inflam-
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TABLE Ill. Serum levels of IL-17, IL-23, and IL-10 in relation to disease activity (SLEDAI) and among
different renal histopathology classes

SLEDAI
Moderate (6-10)

Mild (1-5) Severe (11-19)

Very severe (220) P value

N =16 N =47 N =28 N=9

IL-17 (pg/mL)

Mean + SD 42.88 +22.02 73.53+16.12 88.86 + 13.52 98.44 + 5.05 304 0,001
Range 15-80 34-97 37-102 90-105 : :
IL-23 (pg/mL)

Mean + SD 138.75 £ 37.72 167.55 + 47.99 223.0 £ 36.42 26522 +27.75 01 0,001
Range 88-210 88-265 110-279 210-290 : '
IL-10 (pg/mL)

Mean + SD 17.44 + 8.37 23.02+7.31 2839 + 7.87 30.67+ 7.43

Range 4-29 935 944 27-45 29.18 <0.001

Renal histopathology (biopsy)

Class I Class T1 Class IIT Class IV P value
N=8 N =25 N =38 INERY)

IL-17 (pg/mL)

Mean + SD 49.5+21.57 73.88 +13.12 90.74 + 6.96 98.5 +5.15 46.42 <0.001
Range 19-89 37-90 69-100 90-105

IL-23 (pg/mL)

Mean + SD 137.13 +16.90 178.32 +27.29 223.18 £ 37.58 264.0 + 34.14 43.68 <0.001
Range 110-170 127-210 140-269 200-290

IL-10 (pg/mL)

Mean + SD 17.50 = 4.81 2324 +5.96 29.31+5.0 42.33 £ 3.67

Range 7-22 12-33 16 - 43 34-45 B <0.001

K test = Kruskal-Wallis test; SLEDAI = SLE Disease Activity Index; IL = interleukin; SD = standard deviation; pg/mL = picogram/milliliter

TABLE IV. Comparison between SLE cases with and without lupus nephritis regarding laboratory-
measured parameters

Systemic lupus nephritis among cases

Present Absent P value
N =80 N =20
Urinary protein/creatinine ratio (uPCR) g/mg U
Mean + SD 1.46 +0.73 0.20 £ 0.10 6.81 <0.001
Range 0.2-33 0.1-0.6
Serum creatinine (mg/dL) t-test
Mean + SD 1.03£0.28 0.68 £0.15 5.57 <0.001
Range 0.5-1.5 0.5-1
Serum urea (mg/dL) t-test
Mean + SD 42.28 +13.99 28.88+7.27 5.94 <0.001
Range 20-69 20-48
Albumin g/l t-test
Mean + SD 33.13+£6.58 36.60 + 7.86 2.03 0.045
Range 20-45 22-54
Anti-dsDNA (U/ml) U
Mean = SD 266.06 + 161.91 45.0 £ 78.89 5.52 <0.001
Range 19-540 15-170
ANA X?
+ve 80(100%) 16(80%) 16.67 <0.001
-ve 0(0%) 4(20%)
IL 17 (pg/mL) U
Mean + SD 8222 £17.74 46.90 = 18.46 5.83 <0.001
Range 19-105 15-78
IL 23 (pg/mL) t-test
Mean + SD 205.15 £ 47.73 115.70 = 20.06 12.83 <0.001
Range 110-290 88-140
IL 10 (pg/mL) U
Mean + SD 27.70 £ 8.27 14.85+ 7.0 5.25 <0.001
Range 7-45 4-29

ANA = anti-nuclear antibody; Anti-dsDNA = anti-double-stranded deoxyribonucleic acid; IL = interleukin; uPCR = urinary protein/creatinine ratio; SD = standard
deviation; pg/mL = picogram/milliliter; U/mL = unit/milliliter.
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mation persistence and glomerular damage?>3>26-38:4041,

Other studies suggested that the autoantibodies syn-
thesis by activated B-cells triggers the secretion of IL-
23 by dendritic cells, inducing the formation of more
IL-17. Moreover, 1L-10 has been observed to inhibit
the activation of T-cells and macrophages and the pro-
duction of proinflammatory cytokines on immune cells
in vitro. Furthermore, IL-10 promotes B-cell survival,
proliferation, differentiation, and antibody produc-
tion' and reduces autoreactive B-cell apoptosis by up
regulating Bcl-2 expression, leading to enhanced pro-
duction of autoantibodies in SLE*>#-#,

Other results that corroborated our findings demon-
strated a significant positive relationship between I1L-17
levels and SLEDAI scores. They also, demonstrated that
the elevated serum IL-10 levels were found to be con-
siderably associated with the high SLEDAI scores*"*.

Consistent with our findings, additional investi-

gations revealed that peripheral blood mononuclear
cells have been shown to upregulate 1L-23, leukocytes
co-stimulated with 1L-23 in patients with LN produce
IL-17A, and IL-17 is included in the onset and pro-
gressing of kidney disease. Furthermore, IL-17, 1L-23,
and IL-10 levels were elevated in patients with high LN
activity, suggesting that these markers may be useful
biomarkers in detecting LN activity*" **. Moreover,
Dedong et al.* indicated that IL-17 and IL-23 may serve
as alternative biomarkers for the diagnosis of LN, evalu-
ating its activity, and assessing its response to treatment.

The current study demonstrated a significant statis-
tical difference between blood levels of IL-17, 1L-23,
and IL-10 in different renal histopathological classes at
distinct cutoff values for each class of LN (from class I
to class 1V, as there were no cases of class V nephritis).
According to Chen et al.* and Santa Cruz et al.*, who
support our findings, patients with more progressive

TABLE V. Comparison between cases with high renal disease activity and cases with low/moderate
renal disease activity regarding the measured parameters

Disease activity among cases

High activity (12-24)
N =41

Urinary Protein/creatin ratio (uPCR) g/mg

Mean + SD 1.94 £ 0.65
Range 02-33
Serum creatinine (mg/dL)

Mean + SD 1.07 +0.29
Range 0.5-1.5
Serum urea (mg/dL)

Mean + SD 46.86 + 14.79
Range 20-69
Albumin

Mean + SD 32.94 + 6.84
Range 2044
Anti-dsDNA

Mean + SD 324.58 + 150.48
Range 22-540
IL-17 (pg/mL)

Mean + SD 93.68 +5.95
Range 77-105
1L-23 (pg/mL)

Mean + SD 234.51 £ 40.01
Range 115-290
IL-10 (pg/mL)

Mean + SD 31.15+7.43
Range 16 - 45
Renal histopathology

Class 0 (0.0)
Class 1T 3(7.3)
Class 11T 30 (73.2)
Class IV 8 (19.5)

Low (0-5)/moderate
activity(6-11)
N =39
U
0.94 +0.35 .
042 1 6.39 <0.001
t-test
0.98 +0.26
05-15 1.52 0.13
t-test
3746 +£11.41 .
20-66 3.17 0.002
33.33 +£6.38
20-45 0.27 0.79
204.54 £ 151.93 321 0.001*
19-540 : '
t-test
70.18 + 18.06 N
10-90 7.73 <0.001
t-test
174.28 £ 33.82 "
110-240 7.25 <0.001
t-test
24.08 £ 7.61 *
7_a4 421 <0.001
8 (20.5) -
22 (56.4) ®
8(20.5) 40.6 <0.001
12.6)

The quantitative data was described as mean + SD and range. ANA = anti-nuclear antibody; Anti-dsDNA= anti-double-stranded deoxyribonucleic acid;

pg/mL = picogram/milliliter. *Significant statistical difference between groups.
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Figure 2. A. ROC curve analysis of interleukins (IL-17, IL-23, IL-10) for prediction of systemic lupus nephritis from systemic lupus
without nephritis. B. ROC curve analysis of interleukin (IL-17, IL-23, IL-10) for prediction of class II renal affection. C. ROC curve
analysis of interleukin (IL-17, IL-23, IL-10) for prediction of class III renal affection. D. ROC curve analysis of interleukin (IL-17,

IL-23, IL-10) for prediction of class IV renal affection.

class of LN (class IV and V LN) reported a higher per-
centage of Th17 cells in the circulation. Moreover, there
is strong evidence supporting the role of the 1L-17/23
axis in the pathophysiology of LN, with both cytokines
serving as predicting biomarkers of LN disease activi-
ty and progression. In contrast, Zeid et al.** discovered
insignificant differences in the blood level of IL10 be-
tween the various clinical groups.

Zickert and colleagues™ reported that patients with
chronic active nephritis (classes 111, 1V, V) had greater
levels of IL-17. While, those who did not see improve-
ment had higher IL-23 levels. They concluded that in-
dividuals with LN who exhibited no improvement in
BILAG (The British Isles Lupus Assessment Group) had
greater 1L-23 levels, indicating that a subset of these
patients possessed a Th17 phenotype, which may influ-
ence their treatment response and serve as a biomarker
for inadequate therapeutic efficacy’®. They also con-
cluded that a high baseline IL-17 predicted an unfavor-
able histopathological response.

The Van Vollenhoven trial, which evaluated the ef-
fectiveness of ustekinumab (Interleukin 17 inhibitor)

in patients with SLE, demonstrated significant clinical
improvements for patients treated with ustekinum-
ab in the first two phases of the trial compared with
the placebo group. While a phase I1I study did not re-
port enough evidence to support the continued use of
ustekinumab as a treatment for lupus®'.

While, Cesaroni et al., study suggested that the ef-
fectiveness of ustekinumab in treating SLE patients de-
pends on the blockage of IL-12 that mainly affects the
mechanism of action of ustekinumab.

On another hand in a case report described by Dai et
al that studied the effect of secukinumab (IL-17A inhib-
itor) in a patient diagnosed with psoriasis and system-
ic lupus erythematous, significant improvement in all
clinical symptoms related to joint pain, stiffness, dorsal
erythema, skin manifestations and laboratory measure-
ments of SLE, and psoriasis was reported after treat-
ment with secukinumab™.

Other studies have documented that IL-23 blockers
are a significant therapeutic target for managing SLE
patients, as IL-23 is responsible for the basic features
of lupus, involving the growth of dendritic T cells, de-
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TABLE VI. The validity of IL-17, IL-23, and IL-10 for prediction of classes of renal histopathology

P-value

Differentiate between patients with
nephritis and those without

Cut-off point Sensitivity Specificity
57.5 88.8% 65%
142 85.0% 100%
18.5 86.3% 75%
60.5 88% 75.0%
146.5 80% 75%
20.5 68% 75%
85.5 89.5% 76%
205 76.3% 92%
26.5 81.6% 68.0
98.5 77.8% 84.2%
267.5 77.8% 97.4%
335 100% 92.1%

IL-17 (pg/mL) 0.92 <0.001
IL-23 (pg/mL) 0.94 <0.001
IL-10 (pg/mL) 0.88 <0.001
Prediction of class II

IL-17 (pg/mL) 0.83 0.006
IL-23 (pg/mL) 0.87 0.002
IL-10 (pg/mL) 0.77 0.02

Prediction of class III

IL-17 (pg/mL) 0.86 <0.001
IL-23 (pg/mL) 0.85 <0.001
IL-10 (pg/mL) 0.78 <0.001
Prediction of class IV

IL-17 (pg/mL) 0.86 0.001
IL-23 (pg/mL) 0.83 0.002
IL-10 (pg/mL) 0.98 <0.001

IL = interleukin; AUC = area under the curve; pg/mL = picogram/milliliter.

creased IL-2 levels, and enhanced I1L-17 formation®*.

Based on our findings, we recommend further clinical
studies to consider the IL-17/23 axis and IL-10 blockers
as a treatment option for SLE and LN. Furthermore, it
is important to study the protective effects of 1L.-17/23
inhibitors in preventing the onset of LN in SLE patients
and in halting the progression of early-stage LN.

LIMITATIONS

This article lacks an evaluation of the effect of medica-
tions on outcomes, which is a limitation of this study.

CONCLUSION

IL-17, 1L-23, and IL-10 biomarkers are higher in SLE
patients and are correlated with SLE disease activity
(SLEDALI). They are more prevalent in individuals with
LN, particularly in cases with high activity index and
with more aggressive classes of LN (in renal classes 111
and IV). They also might function as biomarkers for de-
tecting LN activity and as predictors of LN class. These
biomarkers may serve as a sensitive and accurate al-
ternative to renal biopsy, especially in cases where this

invasive procedure is impractical.

REFERENCES

1. Chen P-M, Tsokos GC. T cell abnormalities in the pathogenesis
of systemic lupus erythematosus: an update. Curr Rheumatol
Rep 2021; 23(2):12.
https://doi.org/10.1007/s11926-020-00978-5

2. Anders HJ, Saxena R, Zhao MH, Parodis I, Salmon JE, Mohan C.
Lupus nephritis. Nat Rev Dis Primers 2020; 6(1):7.
https://doi.org/10.1038/s41572-019-0141-9

3. Almaani S, Meara A, Rovin BH. Update on lupus nephritis. Clin
J Am Soc Nephrol 2017; 12(5):825-835.
https://doi.org/10.2215/C]N.05780616

4. Tektonidou MG, Dasgupta A, Ward MM. Risk of end-stage renal
disease in patients with lupus nephritis, 1971-2015: a systemat-
ic review and Bayesian meta-analysis. Arthritis Rheumatol 2016;
68(6):1432-1441. https://doi.org/10.1002/art.39594

5. Petri M, Barr E, Magder LS. Risk of renal failure within 10 or 20
years of systemic lupus erythematosus diagnosis. Arthritis Care
Res (Hoboken) 2021; 48(2):222-227.
https://doi.org/10.3899/jrheum.191094

6. Yu F, Haas M, Glassock R, Zhao MH. Redefining lupus nephri-
tis: clinical implications of pathophysiologic subtypes. Nat Rev
Nephrol 2017; 13(8):483-495.
https://doi.org/10.1038/nrneph.2017.85

7. Fanouriakis A, Kostopoulou M, Cheema K, Anders HJ, Aringer
M. 2019 update of the Joint EULAR/ERA-EDTA recommenda-
tions for the management of lupus nephritis. Ann Rheum Dis
2020; 79(6):713-723.
https://doi.org/10.1136/annrheumdis-2020-216924

88 www.arprheumatology.com ¢ The official Journal of the Portuguese Society of Rheumatology


https://doi.org/10.1007/s11926-020-00978-5
https://doi.org/10.1038/s41572-019-0141-9
https://doi.org/10.2215/CJN.05780616
https://doi.org/10.1002/art.39594
https://doi.org/10.3899/jrheum.191094
https://doi.org/10.1038/nrneph.2017.85
https://doi.org/10.1136/annrheumdis-2020-216924

Saif Dalia S. et al.

10.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

Hahn BH, McMahon MA, Wilkinson A, et al. American College
of Rheumatology guidelines for screening, treatment, and man-
agement of lupus nephritis. Arthritis Care Res (Hoboken) 2012;
64(6):797-808. https://doi.org/10.1002/acr.21664

Birmingham DJ, Merchant M, Waikar SS, et al. Biomarkers of
lupus nephritis histology and flare: deciphering the relevant
amidst the noise. Nephrol Dial Transplant 2017; 32(Suppl
1):i71-i79. https://doi.org/10.1093/ndt/gfw300

Mok CC. Biomarkers for lupus nephritis: a critical appraisal. ]
Biomed Biotechnol 2010; 2010:638413.
https://doi.org/10.1155/2010/638413

Soliman S, Mohan C. Lupus nephritis biomarkers. Clin Immu-
nol 2017; 185:10-20.
https://doi.org/10.1016/.clim.2016.08.001

Apostolidis SA, Crispin JC, Tsokos GC. IL-17-producing T cells
in lupus nephritis. Lupus 2011; 20(2):120-124.
https://doi.org/10.1177/0961203310389100

Zhang Z, Kyttaris VC, Tsokos GC. The role of IL-23/IL-17 axis in
lupus nephritis. J Immunol 2009; 183(5):3160-3169.
https://doi.org/10.4049/jimmunol.0900385

Ouyang W, Kolls JK, Zheng Y. The biological functions of T
helper 17 cell effector cytokines in inflammation. Immunity
2008; 28(4):454-467.
https://doi.org/10.1016/j.immuni.2008.03.004

Elela MA, Gawdat HI, Hegazy RA, et al. B cell activating factor
and T-helper 17 cells: possible synergistic culprits in the patho-
genesis of alopecia areata. Arch Dermatol Res 2016; 308(2):115-
121. https://doi.org/10.1007/s00403-016-1617-z

Vincent FB, Northcott M, Hoi A, Mackay E Morand EE Clinical
associations of serum interleukin-17 in systemic lupus erythe-
matosus. Arthritis Res Ther 2013; 15(4):R97.
https://doi.org/10.1186/ar4277

Wong CK, Ho CY, Li EK, Lam CW. Elevation of proinflammatory
cytokine (IL-18, IL-17, IL-12) and Th2 cytokine (IL-4) concen-
trations in patients with systemic lupus erythematosus. Lupus
2000; 9(8):589-593.
https://doi.org/10.1191/096120300678828703

. Wang Y, Ito S, Chino Y, et al. Laser microdissection-based anal-

ysis of cytokine balance in the kidneys of patients with lupus
nephritis. Clin Exp Immunol 2010; 159(1):1-10.
https://doi.org/10.1111/].1365-2249.2009.04031.x

Chen DY, Chen YM, Wen MC, et al. The potential role of Th17
cells and Thl7-related cytokines in the pathogenesis of lupus
nephritis. Lupus 2012; 21(13):1385-1396.
https://doi.org/10.1177/0961203312457718

Langrish CL, Chen Y, Blumenschein WM, et al. IL-23 drives a
pathogenic T cell population that induces autoimmune inflam-
mation. ] Exp Med 2005; 201(2):233-240.
https://doi.org/10.1084/jem.20041257

Kyttaris VC, Zhang Z, Kuchroo VK, Oukka M, Tsokos GC. Cut-
ting edge: IL-23 receptor deficiency prevents the development
of lupus nephritis in C57BL/6-lpr/lpr mice. ] Immunol 2010;
184(9):4605-4609.

https://doi.org/10.4049/jimmunol.0903595

Zeid SA, Khalifa G, Nabil M. IL10 in lupus nephritis: detection
and relationship with disease activity. Electron Physician 2015;
7(8):1680-1685. https://doi.org/10.19082/1680

Palazzo L, Lindblom J, Mohan C, Parodis I. Current insights on
biomarkers in lupus nephritis: a systematic review of the litera-
ture. J Clin Med 2022; 11(19):5759.
https://doi.org/10.3390/jcm11195759

Gouda W, Abd elaziz Alsaid A, Abbas AS, et al. Silent lupus ne-
phritis: renal histopathological profile and early detection with
urinary monocyte chemotactic protein 1. Open Access Rheuma-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

tol 2022:161-170.

https://doi.org/10.2147/OARRR.S373589

Petri M, Orbai AM, Alarcon GS, et al. Derivation and valida-
tion of the Systemic Lupus International Collaborating Clinics
classification criteria for systemic lupus erythematosus. Arthritis
Rheum 2012; 64(8):2677-2686.
https://doi.org/10.1002/art.34473

von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. ] Clin
Epidemiol 2008; 61(4):344-349.

https://doi.org/10.1016/j jclinepi.2007.11.008

Gladman DD, Ibafiez D, Urowitz MB. Systemic lupus erythema-
tosus disease activity index 2000. ] Rheumatol 2002; 29(2):288-
291.

Bajema IM, Wilhelmus S, Alpers CE, et al. Revision of the ISN/
RPS classification for lupus nephritis: clarification of definitions,
and modified NIH activity and chronicity indices. Kidney Int
2018; 93(4):789-796.
https://doi.org/10.1016/1.kint.2017.11.023

Choi SE, Fogo AB, Lim BJ. Histologic evaluation of activity and
chronicity of lupus nephritis and its clinical significance. Kidney
Res Clin Pract 2023; 42(2):166-173.
https://doi.org/10.23876/j.krcp.22.083

Schneider ME Munoz A, Ku E, et al. Estimation of albu-
min-creatinine ratio from protein-creatinine ratio in urine of
children and adolescents with CKD. Am ] Kidney Dis 2021,
77(5):824. https://doi.org/10.1053/j.ajkd.2020.07.015
Levesque R. SPSS programming and data management: a guide
for SPSS and SAS users. Chicago: SPSS Inc.; 2005

Mostafa AT, Abd Allah AA, Abd Alwahed SA, et al. Interleukin
17 role as a biomarker in systemic lupus erythematosus patients.
Sohag Med ] 2022; 26(1):42-50.
https://doi.org/10.21608/smj.2022.131003.1313

Robert M, Miossec P. Interleukin-17 and lupus: enough to be a
target? For which patients? Lupus Sci Med 2020; 29(1):6-14.
https://doi.org/10.1177/0961203319891243

Wong CK, Lit LC, Tam LS, et al. Hyperproduction of IL-23 and
IL-17 in patients with systemic lupus erythematosus: implica-
tions for Th17-mediated inflammation in auto-immunity. Clin
Immunol 2008; 127(3):385-393.
https://doi.org/10.1016/j.clim.2008.01.019

Crispin JC, Tsokos GC. IL-17 in systemic lupus erythematosus.
J Biomed Biotechnol 2010; 2010:943254.
https://doi.org/10.1155/2010/943254

Larosa M, Zen M, Gatto M, et al. IL-12 and IL-23/Th17 axis in
systemic lupus erythematosus. Exp Biol Med (Maywood) 2019;
244(1):42-51. https://doi.org/10.1177/1535370218824547
Fischer K, Przepiera-Bedzak H, Sawicki M, et al. Serum inter-
leukin-23 in Polish patients with systemic lupus erythematosus:
association with lupus nephritis, obesity, and peripheral vascular
disease. Mediators Inflamm 2017; 2017:9401432.
https://doi.org/10.1155/2017/9401432

Suarez-Fueyo A, Bradley SJ, Tsokos GC. T cells in systemic
lupus erythematosus. Curr Opin Immunol 2016; 43:32-38.
https://doi.org/10.1016/1.c0i.2016.09.001

Tsokos GC, Lo MS, Costa Reis P, Sullivan KE. New insights into
the immunopathogenesis of systemic lupus erythematosus. Nat
Rev Rheumatol 2016; 12(12):716-730. https://doi.org/10.1038/
nrrheum.2016.186

Godsell J, Rudloff I, Kandane-Rathnayake R, et al. Clinical asso-
ciations of IL-10 and IL-37 in systemic lupus erythematosus. Sci
Rep 2016; 6:34604. https://doi.org/10.1038/srep34604

Abd Elazeem MI, Mohammed RA, Abdallah NH. Correlation

89


https://doi.org/10.2147/OARRR.S373589
https://doi.org/10.1002/art.34473
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.23876/j.krcp.22.083
https://doi.org/10.1053/j.ajkd.2020.07.015
https://doi.org/10.21608/smj.2022.131003.1313
https://doi.org/10.1177/0961203319891243
https://doi.org/10.1016/j.clim.2008.01.019
https://doi.org/10.1155/2010/943254
https://doi.org/10.1177/1535370218824547
https://doi.org/10.1155/2017/9401432
https://doi.org/10.1016/j.coi.2016.09.001
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/nrrheum.2016.186
https://doi.org/10.1038/srep34604
https://doi.org/10.1002/acr.21664
https://doi.org/10.1093/ndt/gfw300
https://doi.org/10.1155/2010/638413
https://doi.org/10.1016/j.clim.2016.08.001
https://doi.org/10.1177/0961203310389100
https://doi.org/10.4049/jimmunol.0900385
https://doi.org/10.1016/j.immuni.2008.03.004
https://doi.org/10.1007/s00403-016-1617-z
https://doi.org/10.1186/ar4277
https://doi.org/10.1191/096120300678828703
https://doi.org/10.1111/j.1365-2249.2009.04031.x
https://doi.org/10.1177/0961203312457718
https://doi.org/10.1084/jem.20041257
https://doi.org/10.4049/jimmunol.0903595
https://doi.org/10.19082/1680
https://doi.org/10.3390/jcm11195759

Interleukin biomarkers in systemic lupus erythematosus

42.

43.

44,

45.

46.

47.

90

of serum interleukin-10 level with disease activity and severi-
ty in systemic lupus erythematosus. Egypt Rheumatol Rehabil.
2018:45(1):25-33. https://doi.org/10.4103/err.err_15_17

Wang H, Xu J, Ji X, et al. The abnormal apoptosis of T cell sub-
sets and possible involvement of IL-10 in systemic lupus erythe-
matosus. Cell Immunol. 2005;235(2):117-121.
https://doi.org/10.1016/j.cellimm.2005.08.031

Ouyang W, Rutz S, Crellin NK, et al. Regulation and functions of
the IL-10 family of cytokines in inflammation and disease. Annu
Rev Immunol. 2011;29:71-109.
https://doi.org/10.1146/annurev-immunol-031210-101312
Llorente L, Zou W, LevyY, etal. Role of interleukin 10 in the B lym-
phocyte hyperactivity and autoantibody production of human
systemic lupus erythematosus. ] Exp Med. 1995;181(3):839-
844. https://doi.org/10.1084/jem.181.3.839

Chen XQ, Yu YC, Deng HH, et al. Plasma IL-17A is increased
in new-onset SLE patients and associated with disease activity. ]
Clin Immunol. 2010;30(2):221-225.
https://doi.org/10.1007/s10875-009-9365-x

Huang X, Hua J, Shen N, Chen S. Dysregulated expression of
interleukin-23 and interleukin-12 subunits in systemic lupus
erythematosus patients. Mod Rheumatol. 2007;17(3):220-
223, https://doi.org/10.3109/510165-007-0568-9

Thurman JM, Serkova NJ. Non-invasive imaging to monitor lu-
pus nephritis and neuropsychiatric systemic lupus erythemato-
sus. F1000Res. 2015;4:153.
https://doi.org/10.12688/f1000research.6587.2

48.

49.

50.

51.

52.

53.

54.

Dedong H, Feiyan Z, Jie S, et al. Analysis of interleukin-17 and
interleukin-23 for estimating disease activity and predicting the
response to treatment in active lupus nephritis patients. Immu-
nol Lett. 2019;210:33-39.
https://doi.org/10.1016/).imlet.2019.04.002

Santacruz JC, Pulido S, Arzuaga A, et al. Current evidence for
IL-17/23 blockade for the treatment of lupus nephritis. Cureus.
2021;13(12). https://doi.org/10.7759/cureus.20087

Zickert A, Amoudruz P, Sundstrom Y, et al. IL-17 and IL-23 in
lupus nephritis - association to histopathology and response to
treatment. BMC Immunol. 2015;16(1):7.
https://doi.org/10.1186/512865-015-0070-7

van Vollenhoven RE Kalunian KC, Dorner T, et al. Phase 3, mul-
ticentre, randomised, placebo-controlled study evaluating the
efficacy and safety of ustekinumab in patients with systemic lu-
pus erythematosus. Ann Rheum Dis. 2022;81(11):1556-1563.
https:/doi.org/10.1136/ard-2022-222858

Cesaroni M, Seridi L, Loza MJ, et al. Suppression of serum inter-
feron-y levels as a potential measure of response to ustekinumab
treatment in patients with systemic lupus erythematosus. Arthri-
tis Rheumatol. 2021;73(3):472-477.
https://doi.org/10.1002/art.41547

Dai B, Bai Y, Yu H, et al. Response of psoriasis with systemic
lupus erythematosus to secukinumab: a case report and review
of the literature. Dove Press. 2023;16:3589-3594.
https://doi.org/10.2147/CCID.S440977

Dai H, He E Tsokos GC, Kyttaris VC. IL-23 limits the produc-
tion of IL-2 and promotes autoimmunity in lupus. J Immunol.
2017;199(3):903-910.
https://doi.org/10.4049/jimmunol. 1700418



https://doi.org/10.1016/j.imlet.2019.04.002
https://doi.org/10.7759/cureus.20087
https://doi.org/10.1186/s12865-015-0070-7
https://doi.org/10.1136/ard-2022-222858
https://doi.org/10.1002/art.41547
https://doi.org/10.2147/CCID.S440977
https://doi.org/10.4049/jimmunol.1700418
https://doi.org/10.4103/err.err_15_17
https://doi.org/10.1016/j.cellimm.2005.08.031
https://doi.org/10.1146/annurev-immunol-031210-101312
https://doi.org/10.1084/jem.181.3.839
https://doi.org/10.1007/s10875-009-9365-x
https://doi.org/10.3109/s10165-007-0568-9
https://doi.org/10.12688/f1000research.6587.2

