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Abstract: To determine the potential changes of IL-6, IL-17A and IL-21 levels during induction therapy, and to assess
their relationship with disease activity and immunologic features on patients with active lupus nephritis, twenty-eight patients treated with corticosteroid and immunosuppressants were included in this study. Demographic,
clinical, serological data and disease activity were assessed. Blood samples were collected at week 0, 12 and 24,
and serum concentrations of IL-17A, IL-6 and IL-21 were measured by cytometric bead array. The serum concentrations of IL-6, IL-17A and IL-21 (P<0.001, P<0.01, P=0.001, respectively) decreased progressively during induction
therapy. Concentration of IL-6, IL-17A and IL-21 was higher in non-remission group than that in remission group. A
positive correlation was established between the concentration of these cytokines and the severity of proteinuria
(P<0.001, P=0.020, P=0.045, respectively), ESR (P<0.001), SLEDAI scores (P<0.05), and ANA titers (P=0.018,
P=0.048, P<0.05, respectively). Additionally, ROC curve analysis for IL-6, IL-17A and IL-21 was performed to predict
the disease activity. The optimal cutoff level was 5.78 pg/ml, 1.98 pg/ml and 8.59 pg/ml, with AUC=0.809, 0.735
and 0.786. The concentration of IL-6 and IL-21 may be regarded as an indicator for the remission of active lupus
nephritis, with cutoff value of 9.12 pg/ml and 11.30 pg/ml, while AUC=0.930 and 0.896. The production of serum
IL-6, IL-17A and IL-21 in active LN was dramatically declined during induction therapy, which may improve disease
activity while delay disease progression of LN.
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Introduction
Systemic lupus erythematosus (SLE) is a chronic heterogeneous inflammatory autoimmune
disorder characterized by the deposition of
immune complexes in different organs, which
may lead to multisystem involvement. It has a
progressive and relapsing/remitting nature on
many patients, presented as a mixture of mild
skin or musculoskeletal and hematological
signs and symptoms [1]. Despite extensive research, the detailed mechanism for SLE pathogenesis has not been completely understood.
Lupus nephritis (LN) is a common complication,
which is a major cause of morbidity and mortality of SLE. Aberrant expansion and dysregulation of several subsets of TH effector, involving
T helper 17 (Th17) cells and T follicular helper
(Tfh) cells, may be associated with autoimmune

diseases, particularly, SLE [1-7]. Previous observations have suggested that the deregulated
production of some cytokines from the cells,
e.g. IL-6, IL-17A, IL-21, etc, plays a central role in
the initiation and progression of SLE [1, 5, 8, 9].
The Th17 profile is mainly characterized by IL17A and promoted mainly by TGF-β and IL-6 [10,
11]. The former is a member in the IL-17 family,
which can amplify the immune response by
inducing the local production of chemokines
and cytokines, recruiting neutrophils and monocytes, augmenting the production of autoantibodies, aggravating the inflammation and damaging target organs, such as the kidney, in SLE
[12, 13]. Several studies have demonstrated
that the serum level of IL-17A was significantly
elevated on patients with LN compared with
those without nephritis and healthy controls,
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which positively correlated with disease activity
[1, 8, 9, 14-17]. IL-6 is a multifunctional cytokine produced in response to inflammatory
stimuli, including IL-1 and TNF-α, with pivotal
roles in regulating the host immune response
to infection [18]. Thus, IL-6 has been found to
be a potent stimulator for the differentiation
and activation of lymphoid and myeloid cells
and the production of acute phase proteins in
liver [19, 20]. Moreover, it displayed a synergistic effect with TGF-β to promote the differentiation of Th17 cells [21]. It is now well known that
the serum level of the cytokine IL-6 is elevated
on patients with SLE, achieving the highest
level on those patients with active disease [1,
8, 9, 21, 22]. Tfh cells, a recently described
novel subset of Th cells, play a critical role in
the development of B cell responses, which is a
dependent cell of T cell, due to their indispensible role in the pathogenic production of autoantibodies [4, 5, 23, 24]. High level of the
immunomodulatory cytokine IL-21 is a hallmark
of Tfh cells due to its regulation on the differentiation of CD4+ T cell [25]. It promotes Tfh cell
differentiation based on the autocrine mechanism, thus forming a positive feedback loop on
naive CD4+ T cells. Additionally, it is critical for
the differentiation of Th17 cells and the generation of IL-17 [26].
Even though it has been recognized that the
level of IL-6, IL-17A and IL-21 in SLE is higher
than that in healthy controls, and higher on
patients with active lupus nephritis than those
without nephritis, which implies its pathological
role in SLE. The potential response of these
cytokines in active lupus nephritis to the induction therapy has rarely been elucidated. In this
present study, the serum level of IL-6, IL-17A
and IL-21 during a 6-month induction therapy
was measured so as to assess the correlations
between these cytokines and the disease activity of SLE. In addition, the role of these cytokines serving as the biomarkers of disease
activity and predictors for the remission of
active lupus nephritis were explored.

University [2016-LW-124]. Demographic and
clinical data were collected. Twenty-eight patients with active lupus nephritis (SLEDAI≥5)
were recruited. All of them met the classification criteria from the American College of Rheumatology [27] and the International Society of
Nephrology/Renal Pathology Society (ISN/RPS)
[28]. Patients were excluded in the study if they
met the following criteria: (1) <18 years old or
>60 years old; (2) in pregnancy or lactation; (3)
treated with immunosuppressive medicine; (4)
coexistence of other autoimmune diseases, such as rheumatoid arthritis and systemtic sclerosis, or chronic diseases affecting cytokines
levels, such as systemic infection. Histological
analysis of renal biopsies showed that the categories of nephritis covering from class III to V.
All the patients were treated with pulse methylprednisolone and with subsequent oral prednisone (0.8 mg/kg/day) and tacrolimus or intravenous cyclophosphamide. The efficacy evaluation was conducted at week 24. Complete remission (CR) was defined as proteinuria <0.5
g/24 hr, serum albumin ≥3.5 g/L, while creatinine increased 15% less than the baseline
level. Partial remission (PR) was defined as 0.5
g/24 hr≤ proteinuria <3.5 g/24 hr, proteinuria
decreased >50% baseline, while creatinine
increased ≤15% of baseline. Patients who met
none of the criteria mentioned above were designated as the non-remission ones.
Clinical follow-up

Patients and methods

After baseline assessment, all patients were
treated with oral corticosteroid and immunosuppressants. The treatment regimens were
individualized by the attending physicians without any interference from the current study
designs. Clinical and laboratory data were collected at week 0, 12, and 24, which included
the routine tests of blood and urine, serum
albumin, creatinine, complements, erythrocyte
sedimentation rate (ESR), the titers of antinuclear antibody (ANA), the serum level of IL-6,
IL-17A and IL-21, and the total protein amount
of 24-hour urine (24 hTP). Lupus disease activity was assessed by the SLEDAI scores [29].

Patient selection

Cytokine assay

This study was performed at the Division of
Rheumatology, the First Affiliated Hospital of
Zhengzhou University. All the participants signed the informed consent forms. The study was
approved by the Ethic Committee of Zhengzhou

Serum was separated from blood samples via
density gradient centrifugation by using the
Ficoll-Paques reagent. Aliquots were stored at
-80°C. The concentration of IL-6, IL-17A and
IL-21 was determined by the Cytometric Bead
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Table 1. Baseline characteristics of LN patients
Characteristics

Visit time
12 week
NS
NS
NS

0 week
24 week
Female sex. n (%)
27 (96.43)
NS
33.50±7.47
NS
Age (years)※
※
68.04±56.61
NS
Diseaseduration (month)
※
Immunologic features
ANA titers (≥1:320). n (%) 17 (60.71)
15 (53.57)
14 (50)
※
0.56±0.26
1.00±0.22
1.03±0.24
C3 (g/L)
0.36±0.35
0.66±0.47 0.70±0.50
C4 (g/L)※
22.89±6.35 35.00±5.86 38.96±4.83
Serum albumin (g/L)※
5.35±3.18
2.01±2.12 0.98±1.49
Proteinuria (g/24 hr)※
11.68±4.40 6.46±2.57 4.96±3.31
SLEDAI Scores※
LN: Lupus nephritis; ANA: antinuclear antibodies; SLEDAI: Systemic lupus
erythematosus disease activity index; C3: complement 3; C4: complement 4;
※
mean ± SD.

Array Kit (Biolegend, America). Quantification
was performed by the BD calibur flow cytometer (BD Biosciences). The corresponding results
were analyzed by using LEGENDplex Data
Analysis software (Biolegend). The relevant
experiments were performed by following the
manufacturer’s protocol with the corresponding results presented as pg/ml.
Statistical analysis
Statistical analysis was performed by using
SPSS statistics software (version 21). Variables
were summarized by using the mean and standard deviation (SD). Person’s rank correlation
analysis was used for assessing the relationship of the serum concentration of IL-6, IL-17A
and IL-21, the SLEDAI score and laboratory
parameters of LN patients. One-way ANOVA
was used for analyzing the serum level of IL-6,
IL-17A and IL-21 in different treatment groups
(NR, PR and CR). The validity of IL-6, IL-17A and
IL-21 as a predictor of disease activity and
remission was estimated by Receiver Operator
Characteristics (ROC) curves, area under curve
(AUC), cutoff point sensitivity, and specificity
with 95% confidence intervals (CIs). The statistical differences were considered as significance when P<0.05.
Results
Baseline characteristics
The baseline characteristics of 28 LN patients
and the change of clinical parameters during
the study were summarized in Table 1. Among
69

these patients, 27 (96.43%) were female, with the mean age at
the time of the study of 33.50±
7.47 years and the mean disease duration of 68.04±56.61
months. All of them were treated
with prednisone; among them, 9
(32.14%) combined with tacrolimus, while 19 (67.86%) combined with cyclophosphamide.
Renal biopsy was performed in
all patients and pathological
classes of lupus nephritis included III (n=2), IV (n=9), V (n=2), III+
V (n=4), and IV +V (n=11). The
treatment outcomes included
CR (n=14), PR (n=9) and NR
(n=5).

Alterations of serum cytokines in LN patients
during induction therapy
The changes in the serum concentration of IL-6,
IL-17A and IL-21 in LN patients receiving induction therapy were shown in Figure 1. A significant decrease in the serum concentration of
IL-6 was observed after induction treatment
(Figure 1A). The mean level of serum IL-6
was significantly higher (P=0.001) at week 0
(23.78±17.86 pg/ml) compared with that at
week 12 (12.16±10.88 pg/ml) and week 24
(7.78±5.37 pg/ml) (P<0.05). The mean level
of serum IL-17A at week 12 (2.90 pg/ml) was
lower than that at week 0 (5.03±4.90 pg/ml),
but with no statistical significance observed
(P=0.077). However, it was significantly lower
at week 24 (1.56±1.85 pg/ml) compared with
that at week 0 (P=0.006) (Figure 1B). Similar to
IL-6, there was a dramatic decline in the serum
level of IL-21 during Induction therapy (Figure
1C).
The level of IL-6, IL-17A and IL-21 in NR, PR
and CR groups
Furthermore, the level of IL-6, IL-17A and IL-21
in NR, PR and CR groups at week 24 was analyzed with the corresponding results summarized in Table 2. The results showed significantly higher serum level of IL-6 and IL-21 in NR
groups at week 24 than that in PR and CR
groups (12.90±5.49 versus 6.63±4.18 and
6.14±3.64 pg/ml, 21.72±8.57 versus 9.51±
8.98 and 8.70±8.43 pg/ml, respectively). A
decline trend for IL-17A was found but no statistical significant difference was observed.
Am J Clin Exp Immunol 2018;7(4):67-75
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Figure 1. Alterations of serum cytokines on LN patients during induction therapy: A. Alteration of serum IL-6 level on
LN patients during induction therapy. B. Alteration of serum IL-17A level on LN patients during induction therapy. C.
Alteration of serum IL-21 level on LN patients during induction therapy. P values depict comparison by Broforroni.
※ is significance at the 0.05 level, ※※ is significance at the 0.01 level, ※※※ is significance at the 0.001 level,
NS is no significance.

Table 2. The levels of IL-6, IL-17A and IL-21 in NR, PR and CR groups

IL-6 (pg/ml)
IL-17A (pg/ml)
IL-21 (pg/ml)

NR

PR

CR

12.90±5.49
2.29±2.05
21.72±8.57

6.63±4.18
1.80±2.32
9.51±8.98

6.14±3.64
0.99±0.88
8.70±8.43

NR vs PR
P
0.031
0.863
0.042

PR vs CR
P
0.959
0.553
0.972

NR vs CR
P
0.012
0.348
0.018

NR: non-remission; PR: partial remission; CR: complete remission. Data are expressed as mean ± SD.

Table 3. Correlations between Cytokines levels and Laboratorial
parameters
IL-6 (pg/ml)
0.248※ 0.400※※※ -0.270※ -0.052 0.259※ 0.409※※※
IL-17A (pg/ml) 0.261※ 0.254※
-0.084 -0.056 0.210※ 0.388※※※
※
※
IL-21 (pg/ml) 0.252
-0.209 -0.184 0.334※※ 0.526※※※
0.220
Correlation is significance at the 0.05 level. ※※Correlation is significance at the
0.01 level. ※※※Correlation is significance at the 0.001 level. NS correlation is no
significance.
※

Correlations between cytokines level and laboratorial parameters
The correlations between the serum level of
cytokines and clinical parameters were further
explored with the relevant results showed in
Table 3. Serum level of IL-6 was positively correlated with SLEDAI score (r=0.248, P=0.023),
proteinuria (r=0.400, P<0.001), ANA titers (r=
0.259, P=0.018), serum C3 (r=-0.270, P=
0.013), and ESR (r=0.409, P<0.001). Similarly,
serum level of IL-17A was correlated with
SLEDAI score (r=0.261, P=0.016), proteinuria
(r=0.254, p=0.020), ANA titers (r=0.210, P=
0.048) and ESR (r=0.388, P<0.001). Such correlations were also found among the serum
level of IL-21, SLEDAI score (r=0.252, P=0.021),
proteinuria (r=0.220, P=0.045), ANA titers (r=
70

nephritis patients

0.334, P<0.05) and ESR
(r=0.526, P<0.001). Somewhat surprisingly, no significant correlation was detected between these cytokines
and the serum level of C4.
Correlation among the serum concentrations of IL17A and IL-6, IL-21 on lupus

Interestingly, the correlation among the serum
concentrations of IL-17A, IL-6 and IL-21 was
also analyzed on LN patients with the relevant
results summarized in Figure 2. There was a
positive correlation among different concentrations of IL-17A and IL-6, IL-21 on patients with
LN (r=0.454, P<0.001; Figure 2A) and (r=
0.440, P<0.001; Figure 2B). A strong correlation between the serum concentrations of IL-21
and IL-6 on patients with LN was also identified
(r=0.342, P=0.001; Figure 2C).
ROC curve analysis
Based on the strong correlation between cytokines and SLEDAI scores, the validity of these
Am J Clin Exp Immunol 2018;7(4):67-75
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Figure 2. Correlations among the serum concentrations of IL-17A and IL-6, IL-21 on lupus nephritis patients. A. Correlation between the serum concentrations of IL-17A and IL-6 on lupus nephritis patients. B. Correlation between the
serum concentrations of IL-17A and IL-21 on lupus nephritis patients. C. Correlation between the serum concentrations of IL-6 and IL-21 on lupus nephritis patients.

Figure 3. A. Receiver operating characteristic (ROC) curve of IL-6, IL-17A and IL-21 for the prediction of SLE diseases
activity. The cutoff value of IL-6 was 5.78 pg/ml, 1.98 pg/ml of IL-17A and 8.59 pg/ml of IL-21, with sensitivity of
90.2%, 67.2% and 88.5%, specificity of 70.0%, 82.9% and 82.6% and AUC of 0.809, 0.735 and 0.786 (95% CI of
0.704-0.915, 0.615-0.856, 0.655-0.916 respectively). B. ROC curve of IL-6 and IL-21 for prediction of remission of
active lupus nephritis. The cutoff value of IL-6 was 9.12 pg/ml versus 11.03 pg/ml of IL-21, with sensitivity of 100%
versus 100%, specificity of 91.3% versus 73.9% and AUC of 0.930 versus 0.896 (95% CI of 0.000-1.000 versus
0.712-1.000), respectively.

cytokines as predictors of disease activity was
subsequently investigated. ROC curve analysis
showed that the optimal cutoff level of IL-6 was
5.78 pg/ml, which had 90.2% sensitivity, 70.0%
specificity, and AUC of 0.809 (95% CI of 0.7040.915). Whereas, the optimal cutoff level of
IL-17A was 1.98 pg/ml, with 67.2% sensitivity,
82.9% specificity, and AUC of 0.735 (95% CI of
0.615-0.856). The optimal cutoff level of IL-21
was 8.59 pg/ml, with 88.5% sensitivity, 82.6%
specificity, and AUC of 0.786 (95% CI of 0.6550.916). The study showed the NR group had
higher level of IL-6 and IL-21 compared with the
remission groups (PR and CR group) (Figure
3A). Furthermore, ROC curve analysis was used
71

for evaluating the role of both cytokines as predictors for the outcome of active LN during
induction therapy. ROC curve showed that, the
most appropriate cutoff value of IL-6 was 9.12
pg/ml, which had 100.0% sensitivity, 91.3%
specificity, and AUC of 0.930 (95% CI of 0.001.00). The appropriate cutoff value of IL-21 was
11.30 pg/ml, which had 100.0% sensitivity,
73.9% specificity, and AUC of 0.896 (95% CI of
0.712-1.000) (Figure 3B).
Discussion
SLE is an autoimmune disease with multiple
organ involvement. Compared with healthy indiAm J Clin Exp Immunol 2018;7(4):67-75
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viduals, patients with SLE have more autoantibody-producing Tfh cells [4, 5, 23, 24] and
more Th17 cells, thus creating a pro-inflammatory milieu in which innate immune cells would
cause tissue damage [2, 3, 12]. Although previous studies have suggested pathogenic roles
for the raised level of IL6, IL-17A and IL-21 in
SLE [1-9], the change of serum cytokines during
induction therapy is first proposed herein.
In a previous study involving the SLE Disease
Activity Index (SLEDAI) and the SLE Activity
Measure (SLAM), a lack of correlation between
the level of IL-6 and overall disease activity was
reported [30]. However, in other studies, which
measured level of IL-6 both before and after
disease exacerbations or at various stages of
disease activity, the level of IL-6 correlated well
with overall disease activity [8]. In addition, an
enhanced expression of IL-6 was detected in
renal glomeruli and tubules with its excretion
increased in the urine of lupus patients with
renal disorders [21]. Besides, Maier-Moore JS
showed that the deficiency of IL-6 not only
decreased autoantibody production and renal
disease in lupus mice model, but also abrogated the differentiation of Th1 and extra follicular
T helper cells, germinal center B cells, and plasma cells in the spleen and eliminated renal T
cells with IL-17, and IL-21 production potential
[20]. Moreover, in a murine SLE model, blocking
the IL-6R alleviated skin lesions [31]. Additional
role of IL-6 in prometing autoimmune inflammation is related to its role in interfering the functional activities of T regulatory cells. It has been
well recognized that T regulatory cells play an
important role in controlling autoimmune response [32, 33], it is clear that IL-6 can reduce
the phenotype and function of T regulatory cells
and then worsen autoimmune diseases [34,
35].
In the present study, it found that the serum
concentration of IL-6 was positively correlated
with 24 hTP, SLEDAI scores, ANA titers, ESR
while negatively correlated with the level of C3.
In addition, it found that the concentration of
IL-6 was higher on the non-remission patients
(NR group) than that on patients in the remission groups (PR and CR group). Possibly, therefore, any relationship between IL-6 and disease
activity in SLE may be most appropriately
assessed by the evaluation of changes in these
variables in the same patients over time.
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In agreement with other previous studies [1, 8,
9, 14, 16, 17], this study demonstrated that the
serum concentration of IL-17A was positively
correlated with 24 hTP, SLEDAI scores, ANA
titers and ESR. Surprisingly, low level of C3 and
C4 is one of the signs of lupus nephritis. However, there was no correlation between IL-17A
with the level of C3 and C4 found. Although
IL-17A has been implicated in the pathogenesis
of SLE, in the study, only the serum level of IL-6
and IL-21 showed significant difference among
NR, PR and CR group. The relevant result was
inconsistent with the finding of Comte and his
colleagues, showing that the production of IL17A was not significantly different between SLE
patients and healthy subjects [36]. In addition,
Sigdel did not detect significant correlation
between the serum level of IL-17A and SLEDAI
in LN patients [15]. These discrepancies may
due to multiple factors, such as the heterogeneity of SLE, measuring differences in ELISA
sensitivity, effect of different immunosuppressive medications [37], and more localized production of IL-17 in the affected tissues than in
plasma [38].
IL-21 is a member of the type-I cytokine family
with pleiotropic activities. It regulates B cell
differentiation and function, promotes Tfh cell
and Th17 cell differentiation, and downregulates the induction of T regulatory cells, which
suggests that IL-21 may play an important role
in the development and pathogenesis of autoimmune diseases, such as SLE [39]. Increased
expression of IL-21 has been detected in BXSBYaa+/J mice, which would develop into severe
SLE-related symptoms, such as lymphadenopathy and hypergammaglobulinemia, and severe
immune-complex mediated glomerulonephritis. The development of the severe SLE-like disease characteristic of BXSB-Yaa mice was critically dependent on IL-21 signaling. IL-21 plays a
role in the accumulation of plasma cells and
the production of autoantibodies observed in
SLE [40]. Inhibition of IL-21 expression and Tfh
cell differentiation effectively suppressed the
expansion of Tfh cell and the production of
IL-21, thereby alleviating lupus nephritis and
prolonging the survival rate of lupus-prone mice
[41]. Similarly, the blockade of IL-21R in BWF1
mice completely prevented the onset of nephritis, which was associated with the dramatic
reduction in splenomegaly and the activation of
B and T cells [42]. Consistent with other stud-
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ies, similar to IL-6, this study indicated that the
serum concentration of IL-21 was positively correlated with 24 hTP, SLEDAI scores, ANA titers
and ESR. In addition, IL-21 showed a significant
difference between NR vs PR and NR vs CR
groups. There was no correlation between the
level of IL-17A and low level of C3 and C4 found.
Moreover, Pan HF showed that the serum level
of IL-21 decreased on patients with SLE compared with those in control group. In addition,
no significant difference was found in the serum level of IL-21 between SLE patients with
nephritis and those without nephritis. Furthermore, no significant difference was found in
patients with different disease activity [43].
Nevertheless, up to now, studies on the serum
expression of IL-21 and the association with
disease activity in SLE patients are very limited.
Therefore, future studies are needed to examine the role of IL-21 in chronic inflammation and
the development of SLE.
In summary, the relevant results confirmed a
strong correlation between the serum level of
IL-6, IL-17A, IL-21 and the related pathogenic
role in lupus nephritis. IL-6 together with TGF-β
can promote the differentiation of Th17 cells
and the production of IL-17A [21]. IL-17A in turn
upregulates the production of IL-6 [44]. The
recent study has discovered that the cytokine
IL-21 may incite T-cell responses towards IL17 producing cells [26]. Compared with healthy
individuals, the increased number of the IL-21expressing CD4+ T was observed in SLE patients with a concomitant increase in the number of Th17 cells [45], leading to overproduction of IL-17A and IL-21. Moreover, IL-6 promotes the differentiation of the subset of naive CD8+ T cells into IL-21-producing B helper
CD8+ T cells [46]. Collectively, the corresponding results indicated that there is a positive
feedback loop between Th17 and Tfh cells, and
the cytokines produced by these cells are
closely involved in the formation and perpetuation of lupus nephritis.
In this study, a significant decrease of IL-6, IL17A and IL-21 was observed during induction
therapy on patients with active lupus nephritis,
accompanied with the decline of SLEDAI, the
reduction of 24 hTP, the decrease of ANA titers,
and the drop of ESR. Therefore, it denotes a significant correlation with SLE disease activity
and exacerbation. In addition, ROC curve analy-
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sis of IL-6, IL-17A and IL-21 suggested that the
cytokines can serve as sensitive and specific
biomarkers for disease activity. Moreover, the
concentration of IL-6 and IL-21 can serve as a
predictor for lupus remission.
Conclusion
The production of serum IL-6, IL-17A and IL-21
in active LN was dramatically declined during
induction therapy, which may improve disease
activity and delay disease progression of LN.
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