Balance between inflammatory and regulatory
cytokines in systemic lupus erythematosus
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ABSTRACT. To investigate the cytokine profile in serum and
cerebrospinal fluid (CSF) from patients with systemic lupus
erythematosus (SLE) and central nervous system infection, we
measured interferon-g (IFN-g), interleukin-1b (IL-1b), IL-4, IL-6, IL-8,
IL-10, and IL-17 levels in serum and CSF from 50 SLE patients and 38
matched controls. In patients with active compared to quiescent disease,
serum levels were higher for IL-1b (P = 0.042) and IL-17 (P = 0.041)
but we found no significant correlation between IL-1b and IL-17 and
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) (r =
0.055, r = 0.219, respectively). IL-10 level in active patients was lower
compared to that in quiescent controls (P = 0.032). When comparing
specific disease manifestations, IL-1b levels in patients with fever (P =
0.035) and IL-6 (P = 0.048) and IL-8 (P = 0.048) levels in those showing
nervous system involvement were higher than in controls. Based on
MRI results, we found that only increased cerebral ischemia was
associated with increased IFN-g levels (P = 0.009). In neuropsychiatric
lupus erythematous patients, CSF levels of IL-6 (P = 0.002), IL-8 (P =
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0.009), and IL-17 (P = 0.034) were significantly higher when compared
with control patients. IL-10:IL-1b ratio in patients with moderate and
quiescent disease was higher than in patients with disease activity (P
= 0.000). Pro-inflammatory adaptive cytokines were elevated during
disease flare, while regulatory mediators were elevated during periods
of stable disease. Alterations in the balance between inflammatory
and regulatory mediators may be targets for novel immunotherapeutic
agents for managing autoimmune diseases.
Key words: Systemic lupus erythematosus; Cytokine; Inflammatory;
Regulatory

INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic, remitting, and relapsing,
multisystem autoimmune disease that predominantly affects women. Patients have a broad
spectrum of remitting and relapsing clinical symptoms including dermatitis, joint pain,
glomerulonephritis and cardiovascular problems (Rahman and Isenberg, 2008). Neurologic
and psychiatric manifestations are common in SLE and occur in up to 75% of patients (Ballok,
2007). Pathophysiologically SLE is characterized by the dysfunction of T, B, and dendritic
cells (DC), skewed cytokine production, breakdown of immunological tolerance, and the
production of antinuclear autoantibodies (Jenks and Sanz, 2009; Crispín et al., 2010; Perl,
2010; Tsokos, 2011). The disturbance of the cytokine balance is implicated in the pathogenesis
of SLE; therefore, cytokine balance might be a candidate target for treating SLE. Recent
pharmaceutical advances have led to the possibility of influencing specific cytokines. For
example, cytokine-blocking agents have been successful in treating inflammatory joint disease
(Maini and Taylor, 2000). However, the usage in SLE has not been as productive probably
due to the presence of a more complex clinical and/or immunological profile in SLE, except
Belimumab in two large phase III studies demonstrating significant clinical efficacy, although
the benefit was not sustained at week 76 (Yildirim-Toruner and Diamond, 2011).
In the present study, we investigated the proðle of soluble pro-inflammatory cytokines
including IL-1b, IL-6, IL-8, IFN-g, IL-17, anti-inñammatory cytokine IL-4, and regulatory
mediator IL-10 in paired cerebrospinal fluid (CSF) and serum samples from 50 SLE and
38 matched controls. We assessed the correlation between cytokine levels and various
clinical manifestations of SLE at different times and determined their potential roles in SLE
pathogenesis.

MATIERAL AND METHODS
Study population
Whole blood, CSF, and urine samples were collected from SLE patients and matched
controls enrolled at the Department of Rheumatology or Neurology of the Afðliation
Hospital of QingDao University Medical College. SLE patients met the American College
of Rheumatology revised classification criteria for SLE (Hochberg, 1997). All participating
subjects gave their written informed consent. The procedures followed were in accordance
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with the ethical standards of the Responsible Committee on Human Experimentation and
with the Helsinki Declaration of 1975 (revised in 1983). Evaluation of neuropsychiatric signs
and symptoms included neuropsychiatric testing, lumbar puncture, and magnetic resonance
imaging (MRI) of the brain. Assays evaluating serum levels of autoantibody and complement
C3 and C4 were performed at our clinical immunology laboratory. Disease activity was
assessed at baseline using the Systemic Lupus Erythematosus Disease Activity Index 2000
update. Active lupus disease was defined as SLEDAI score > 4 in this study (Gladman et al.,
2002). Based on the above criteria, the subjects were divided into four distinct groups: patients
with 1) inactive or mild disease (N = 7), 2) disease flare (N = 43), 3) central nervous system
infection (N = 19), or 4) brain trauma (N = 19).

Immunoassay of cytokines
Ten-milliliter samples of peripheral blood and CSF collected from patients and controls
were centrifuged at 2000 g. The supernatant was immediately (<30 min) collected and stored
at -80°C for cytokine measurement. Serum samples were collected before an increase in dose
of corticosteroid or immunosuppressive drugs for patients with active disease. Cytokines were
measured using ELISA kits from eBioscience (San Diego, CA, USA). The detection limits for
IFN-g, IL-1b, IL-4, IL-6, IL-8, IL-10, and IL-17 are 3, 4, 2, 2, 2, 15, and 10 pg/mL, respectively.

Statistical analysis
Data analysis was performed by SPSS 20.0. All data are reported as means ± standard
deviation or median for the various cytokines as their distribution was highly skewed. Analysis
of variance (ANOVA) was used to compare continuous variables between groups. A simple
linear regression analysis was used to evaluate the correlation between the two parameters. P
< 0.05 was considered statistically significant. Spearman’s correlation was used for correlation
analysis. |r| ≥ 0.70 indicates substantial agreement, 0.40 ≤ |r| ≤ 0.70 indicates moderate
agreement, |r| ≤ 0.40 = slight agreement.

RESULTS
Characteristics of the study population
50 patients with SLE (45 females, 5 males) and 38 controls (30 females, 8 males) were
recruited. The mean ± SD age of these patients was 37.5 ± 9.1 years with a disease duration of
7.2 ± 5.8 years. Thirty-six patients had active disease with a SLEDAI of 12.0 ± 4.9 (range 2-21).

Cytokine levels in relation to clinical profiles
IL-1b and IL-17 levels in patients with disease activity were higher than in patients
with moderate and quiescent disease (P = 0.042, P = 0.041, respectively) but we found no
significant correlation between IL-1b and IL-17 and disease activity (r = 0.055, P = 0.705;
r = 0.219, P = 0.126, respectively). Interestingly, active patients had lower levels of IL-10
compared to healthy controls (P = 0.032). Serum levels of other cytokines were not different
between these groups of patients (Table 1). When analyzed by the presence of specific disease
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manifestations, we found a higher IL-1b level in fever patients (P = 0.035) and IL-6 and IL-8
levels in nervous system involvement (P = 0.048, P = 0.048, respectively). Among standard
laboratory findings, i.e. WBC, CRP, complement, anti-ds-DNA antibody, and there was
no significant association between these cytokines and laboratory findings among all SLE
patients (data not shown). Furthermore, we had also evaluated the associations between these
cytokines and all MRI outcomes, revealing that cerebral ischemia was significant associated
with increased IFN-g levels (P = 0.009).
Table 1. Cytokine levels in serum and CSF from SLE patients and controls (means ± SD).
Cytokines

Brain trauma

Mild disease

IFN-(S)
IFN-(C)
IL-1(S)
IL-1(C)
IL-4(S)
IL-4(C)
IL-6(S)
IL-6(C)
IL-8(S)
IL-8(C)
IL-10(S)
IL-10(C)
IL-17(S)
IL-17(C)

21.92 ± 8.20
19.56 ± 6.63
15.91 ± 5.86
16.34 ± 3.73
7.66 ± 3.10
10.65 ± 3.41
76.00 ± 14.74
133.77 ± 26.50
219.65 ± 67.44
410.37 ± 154.51
8.75 ± 4.44
8.46 ± 5.85
23.74 ± 9.50
29.11 ± 11.31

19.04 ± 7.91
15.99 ± 8.79
13.59 ± 5.33
10.70 ± 1.95
7.74 ± 2.69
10.93 ± 3.32
20.89 ± 8.28
37.53 ± 39.10
132.33 ± 50.67
81.71 ± 34.90
8.84 ± 2.76
6.19 ± 2.17
11.99 ± 5.89
16.10 ± 2.98

Disease flare
No-NPSLE
NPSLE
19.63 ± 6.91
18.41 ± 8.44
16.87 ± 7.05
19.77 ± 9.82
19.87 ± 7.48
19.69 ± 7.58
16.60 ± 8.61
15.24 ± 6.52
8.41 ± 3.49
7.45 ± 3.09
10.05 ± 3.60
10.13 ± 3.31
17.29 ± 7.26
24.29 ± 10.98*
49.60 ± 59.27
83.52 ± 31.10*
126.25 ± 77.64
165.81 ± 61.18*
192.38 ± 175.89
265.57 ± 137.99*
6.94 ± 1.50
7.00 ± 2.14
10.04 ± 6.84
7.68 ± 3.27
18.23 ± 8.22
18.77 ± 7.98
15.98 ± 9.10
21.03 ± 8.30*

Central nervous system infection
21.92 ± 8.20
19.56 ± 6.63
15.91 ± 5.86
16.34 ± 3.73
7.66 ± 3.10
10.65 ± 3.41
76.00 ± 14.74
133.77 ± 26.50*
219.65 ± 67.44
410.37 ± 154.51*
8.75 ± 4.44
8.46 ± 5.85
23.74 ± 9.50
29.11 ± 11.31*

S = serum; C = CSF. *Significantly different (P < 0.05).

Intrathecal cytokine profiling among patients
IL-6, IL-8, and IL-17 levels were higher in NPLE patients compared with SLE (P =
0.002, P = 0.009, P = 0.034, respectively). IL-6, IL-8, and IL-17 were higher in CNS infection
patients than in NPLE patients (P = 0.000, P = 0.001, P = 0.006, respectively).

IL-10:IL-1β ratio in serum and CSF
The IL-10:IL-1b ratio in serum among patients with moderate and quiescent disease
was higher than in patients with disease activity (P = 0.000). There was no difference in CSF
(data not shown).

DISCUSSION
Cytokines are important mediators of intercellular communication and orchestrate
the interaction of immune cells during immune responses, for instance, interleukins (ILs),
interferons (IFNs), and growth factors. Lower cytokine production contributes to immune
dysfunction and causes tissue inflammation and organ damage. Cytokines are important in the
pathogenesis of SLE. Indeed, a different quantitative and/or qualitative expression pattern of
cytokines might determine the activation and suppression of signals in SLE.
In this study on SLE in an continuous patient group, we found a heterogeneous
cytokine profile in both serum and CSF and no correlation between disease manifestations or
severity and cytokine level except for IL-1b in serum. IL-1 is considered a “master” cytokine
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in the pro-inflammatory cytokine network (Voronov et al., 2006) and consists of two agonistic
proteins (IL-1a and IL-1b) and the inhibitor IL-1 receptor antagonist (IL-1Ra). While IL-1b is
the secreted active form produced mainly by macrophages, few studies have investigated IL1b in SLE (Dean et al., 2000; Aringer and Smolen, 2004). We found IL-1b is related to fever.
Fever is defined as a regulated increase in internal body temperature to levels above normal.
Dinarello (1984) found IL-1 was the same as the fever-inducing factor produced by leukocytes
and known as leukocyte pyrogen. He also outlined in a review article the mechanism by which
leukocyte pyrogen was likely to initiate fever and predicted the likely mechanism whereby
antipyretics prevent the synthesis of COX metabolites and therefore reduce fever (Dinarello
and Wolff, 1982). These proposed mechanisms still hold true today (Steinman L, 2008).
Bartfai and his teams have refined that IL-1b-mediated induction of sphingomyelinase via
the receptor for IL-1 mediates a rapid febrile response that circumvents the need for PGE2,
which requires NF-κB induction of transcription of COX2, a process that takes around 30
mins (Sanchez-Alavez et al., 2006). We found an elevated IL-1b level in fever patients, which
may be consistent with this study. Previous clinical studies have suggested that serum IFN-g
and IL-17 levels are correlated with lupus nephritis and SLEDAI, respectively (Doreau et
al., 2009). However, other research suggests that serum IL-17 is not related to the levels of
proteinuria or parameters of disease activity, including SLEDAI, serum levels of anti-dsDNA
antibody, or C3 and C4. This suggests that elevated IL-17 is involved in the etiology of SLE
but is not solely related to renal involvement in SLE patients (Zhao et al., 2010). We found
that SLE patients with inactive or mild disease did not have differences in IFN-r, IL-4, and
IL-10 levels compared to healthy controls, consistent with other studies (Amit M et al., 2000;
Gröndal et al., 2000; Enghard et al., 2006; Kozora et al., 2012; Ballantine et al., 2014). Some
clinical studies are contradictory to these results. In an open-label pilot study a single dose of
murine anti-IL-10 mAb (B-N10) was given to six patients with active steroid-dependent SLE
and led to declining mean daily prednisolone dose (Llorente et al., 2000), however there are
fundamental differences between human and murine SLE (Ballok, 2007). No studies have
evaluated humanized anti-IL-10 mAb thus far (Yildirim-Toruner and Diamond, 2011).
Immune cells exert many of their effector and immunoregulatory functions through
cytokine release. Most cytokines investigated are dysregulated in SLE patients, suggesting that
variability of inflammatory mediators is important in active SLE patients (Tokano et al., 1999;
Gómez et al., 2004; Mok et al., 2010). In this study, SLE patients have significantly higher IL1b and lower IL-10 levels during an early flare compared to non-flare SLE patients, indicating
a disrupted balance between inflammatory and regulatory mediators. The IL-10:IL-1b ratio
implicates an increased regulatory anti-inflammatory state in stable periods of SLE. Compared to
matched patients with stable disease, the decrease in anti-inflammatory and immunoregulatory
cytokine IL-10, which is required for T-regulatory cell development and propagation, may
corroborate a failure of active regulation in the early disease flare. In addition, in contrast
to pro-inflammatory mediators, regulatory cytokines IL-10 levels are higher in stable SLE
patients, suggesting context-dependent regulatory roles for these cytokines (Munroe et al.,
2014). IL-10 is expressed by cells of the adaptive immune system including Th1, Th2, Th17,
and Treg cells, and cells of the innate immune system (DCs, macrophages, NK, eosinophils,
and neutrophils) (Saraiva and O’Garra, 2010; Carter et al., 2011). IL-10 is a key cytokine
regulating immune responses, and the absence results in spontaneous inflammatory disorders
and exacerbated inflammation (Li and Flavell, 2008; Ouyang et al., 2011). In this study, we did
not measure serum TGF-b, the levels of which diminish in association with disease activity,
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lymphocyte subsets, and damage in SLE patients (Becker-Merok et al., 2010). Therefore, we
hypothesize that for treating SLE, we should focus on therapeutic agents that regulate the
immune balance between inflammatory and regulatory mediators rather than on those that
exclusively target pro-inflammatory cytokines.
Our results show that despite the diversity and heterogeneous nature of the NP
manifestations of SLE, the levels of several molecules, including those of IL-6, IL-8, IL17, are increased in the CSF of most patients during NP activity. Recent studies show that
the presence of intrathecal IL-6 and IL-8 leads to the synthesis of matrix metalloproteinase
9 (MMP-9), which results in brain parenchyma damage and the release of neuronal and
astrocytic degradation products that terminate in MRI-verifiable lesions and clinical states of
brain deficiency (Trysberg et al., 2004). Thus far, little information is known about the levels
of intrathecal IL-17. Unlike in multiple sclerosis, IL-17 is not crucial in the pathogenesis
of NPLE (Garrett-Sinha et al., 2008; Miossec et al., 2009). Our data indicate that increased
IFN-g levels are associated with cerebral ischemia by MRI. Vascular compromise resulting
in brain ischemia is frequently related to antiphospholipid (APL) antibodies. The expression
of intrathecal IL-6 and chemokines during the clinical activity of NPLE is different than the
expression in the peripheral blood (Mok and Lau, 2003; Lit et al., 2006), suggesting that these
molecules are produced in situ and that the damage seen in NPLE does not require factors
derived from blood. These results indicate that neurons, microglia, and astroglia can all serve
as both targets and sources of chemokines (Giulian et al., 1993), which represents an innate
immune response.
We acknowledge some limitations of our study. The cytokine panel we studied
represents a significant portion of the inflammatory process in SLE, but there are limitations
imposed by our selection of cytokines. In addition, our study was also limited by small sample
size, cross-sectional design, and multiple statistical comparisons. Serum levels of cytokines
may not reflect actual inflammation as their functional state and it is an oversimpliðcation to
assume that an individual cytokine is pro- or anti-inflammatory. The precise proportions of
cytokine levels in serum and brain are likely to be more important than absolute levels of a
single cytokine. Studies of a larger group of patients with active and inactive disease are needed
to better evaluate the kinetics of these cytokines and their relationship with disease activity
and clinical response to treatment in SLE patients. Although blood and CSF samples were
collected from active patients prior to augmentation of corticosteroids and immunosuppressive
drugs, we cannot exclude a possible influence of concurrent medications on cytokine levels.
Cytokine-modulating therapies are not currently in clinical use for the treatment of
SLE. Novel therapies restoring the immune balance between inflammatory and regulatory
mediators are essential for future therapeutic strategies and to ensure appropriate treatment to
avoid severe complications.
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