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Abstract

Objective—Systemic lupus erythematosus (SLE) is a multifaceted disease characterized by

immune dysregulation and unpredictable disease activity. This study evaluated changes in plasma

concentrations of soluble mediators preceding clinically-defined disease flares.

Methods—Soluble mediators (n=52) were examined, including cytokines, chemokines, and

soluble receptors, using validated multiplex bead-based or enzyme-linked immunosorbent assays

in plasma from European American SLE patients who developed disease flare 6 or 12 weeks after

baseline assessment were compared to 28 matched SLE patients without impending flare and 28

matched healthy controls (n=84). For a subset, mediators within samples preceding SLE disease

flare and during a clinically stable period from the same individual were compared.

Results—Compared to clinically stable patients, patients with impending flare had significant

(p≤0.01) alterations in 27 soluble mediators at baseline with significantly higher levels of pro-

inflammatory mediators, including Th1, Th2, and Th17-type cytokines, several weeks before
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clinical flare. Baseline levels of regulatory cytokines, including IL-10 and TGF-β, were higher in

non-flare SLE patients, while baseline levels of soluble TNFRI, TNFRII, Fas, FasL, and CD40L

were significantly greater in pre-flare patients (p≤0.002). A normalized and weighted combined

soluble mediator score was significantly higher in pre-flare SLE patients versus those with stable

disease (p≤0.0002).

Conclusion—Pro-inflammatory adaptive cytokines and shed TNF receptors, are elevated prior

to disease flare, while regulatory mediators are elevated during periods of stable disease.

Alterations in the balance between inflammatory and regulatory mediators may help identify

patients at risk of disease flare and help decipher SLE pathogenic mechanisms.
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Systemic lupus erythematosus (SLE) is a multifaceted autoimmune disease characterized by

variable immune dysregulation, disabling symptoms and progressive organ damage (1).

Given the heterogeneous nature of SLE, recognition and early treatment to prevent tissue

and organ damage is clinically challenging. Validated disease activity clinical instruments

assess and weigh changes in signs and symptoms within each organ system. The Safety of

Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus Erythematosus

Disease Activity Index (SELENA-SLEDAI (2)) is a reliable measure of clinical disease

activity (1). However, the traditional biomarkers incorporated in the SELENA-SLEDAI are

not necessarily the earliest, or sufficient biologic signals of worsening disease. In addition,

proposed serologic markers of disease activity, alone or in combination, including anti-

dsDNA, complement, complement split products, and inflammatory markers (ESR and

CRP), are limited in their clinical utility due to inconsistent correlation with disease activity

(3, 4). Despite clinical instruments of disease activity and improved treatment regimens to

temper chronic inflammation, SLE patients may experience an average of 1.8 disease flares

annually (5). Treatment typically relies on rapidly acting, toxic agents such as steroids.

Earlier identification and treatment of flares might prevent significant organ damage and

improve the quality of life for patients with SLE (6). Further, uncovering early markers of

clinical flares may provide mechanistic insight to improve the development and selection of

targeted preventative treatments.

Certain cytokines and chemokines are known to be involved in SLE pathogenesis and

disease flare. IL-6, TNF-α, and IL-10, as well as Th1 and Th2 type cytokines, are implicated

in SLE disease activity (7–9); elevated IL-12 has been detected prior to disease flare (10).

Th17 pathway mediators are elevated in samples from SLE patients with increased disease

activity (11) and sequelae, including cutaneous (12), serositis (12), and renal (13)

manifestations. In addition to an increase in inflammatory mediators with elevated disease

activity, regulatory pathways are diminished, including decreased TGF-β (14) and the

potential for altered T-regulatory cell populations (15–19) and/or activity (20), suggesting an

imbalance between inflammatory and regulatory mediators in promoting flares (21). This

study builds on previous work by concurrently evaluating soluble inflammatory and

regulatory mediators in the context of altered disease activity with ensuing SLE disease

flare.
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In addition to soluble mediators of inflammation, SLE flares might also involve altered

regulation of membrane-bound or soluble receptors expressed by activated immune cells (7).

Members of the TNF(R)eceptor superfamily act as co-stimulatory molecules on B and T-

lymphocytes and form a prototypic pro-inflammatory system (reviewed in (22)). The ligand/

receptor pairings are either membrane bound or can be cleaved by proteases as soluble

proteins that cluster as trimers to either block ligand/receptor interactions or to initiate

receptor-mediated signal transduction. Multiple members of the TNFR superfamily are

implicated in SLE. The classical ligand TNF-α interacts with two TNFRs, TNFRI (p55) and

TNFRII (p75), both of which have been associated with altered SLE disease activity (7). In

addition, expression and cleavage of Fas, FasL (23), and CD40L [CD154] (24) are increased

in SLE patients. BLyS and APRIL, key regulators of B cell survival and differentiation, are

important SLE therapeutic targets (25). In a study of 245 SLE patients followed for two

years, with power to account for some confounding factors such as medications, increased

BLyS levels associated with increased disease activity (4, 26). Furthermore, a neutralizing

anti-BLyS monoclonal antibody can reduce risk of disease flare over time (27), suggesting

that BLyS may help regulate disease activity in some patients (28). However, their roles in

ensuing disease flares are presently unknown.

This study explores the inflammatory and regulatory pathways potentially dysregulated

early in lupus flare before clinical symptoms are reported. Plasma samples and clinical data

were evaluated from SLE patients and matched, healthy controls participating in the SLE

Influenza Vaccination Cohort (29). Using an xMAP multiplex approach, European-

American (EA) SLE patients with impending disease flare 6 or 12 weeks after vaccination

were found to have increased pre-flare inflammatory adaptive cytokines, chemokines, and

shed TNFR superfamily members, with decreased regulatory mediators of inflammation,

compared to matched patients with stable disease. These results enabled the development of

a combined soluble mediator score that reflects pre-flare immune status in SLE patients who

go on to flare.

METHODS

Study population

Experiments were performed in accordance with the Helsinki Declaration and approved by

the Institutional Review Boards of the Oklahoma Medical Research Foundation and the

University of Oklahoma Health Sciences Center. Study participants were enrolled in the

SLE Influenza Vaccination Cohort (29) after written informed consent. Female EA SLE

patients (meeting ≥ 4 ACR classification criteria (29)) with disease flare 6–12 weeks post-

vaccination (age 46.9 ± 14.0 years, n=28, Supplementary Table 1) were matched by age (± 5

years), race, gender, and time of disease assessment to patients with stable disease (age 47.2

± 12.3 years, n=28, Supplementary Table 1), as well as unrelated healthy controls (age 46.8

± 13.5 years, n=28). Samples from 13 SLE patients pre-flare were compared to samples

drawn from the same individuals in a different year with no associated SELENA-SLEDAI

flare, Supplementary Table 1.
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Clinical data and sample collection

Demographic and clinical information were collected as previously described (29), including

humoral response to influenza vaccination, medication usage, clinical laboratory values,

disease activity, and SELENA-SLEDAI defined flare (Supplementary Table 1); severe flares

were uncommon and not assessed independently (29). Patients were evaluated at baseline/

pre-vaccination and 6 and 12 weeks post-vaccination for disease activity by SELENA-

SLEDAI (29). Blood was collected from each participant before vaccination, and at 2, 6, and

12 weeks after vaccination. Plasma was isolated and stored at −20°C until further use.

Soluble analyte determination

Plasma levels of BLyS (R&D Systems, Minneapolis, MN) and APRIL (eBioscience/

Affymetrix, San Diego, CA) were determined by enzyme-linked immunosorbent assay

(ELISA), per the manufacturer protocol. An additional fifty analytes, including innate and

adaptive cytokines, chemokines, and soluble TNFR superfamily members (Supplementary

Table 2), were assessed by xMAP multiplex assays (Panomics/Affymetrix, Santa Clara, CA)

(30).

Data were analyzed on the Bio-Rad BioPlex 200® array system (Bio-Rad Technologies,

Hercules, CA), with a lower boundary of 100 beads per sample/analyte. Median

fluorescence intensity for each analyte was interpolated from 5-parameter logistic nonlinear

regression standard curves. Analytes below the detection limit were assigned a value of

0.001 pg/mL. Well-specific validity was assessed by AssayCheX™ QC microspheres (Radix

BioSolutions, Georgetown, TX, USA) to evaluate non-specific binding. A known control

serum was included on each plate (Cellgro human AB serum, Cat#2931949, L/N#M1016).

Mean inter-assay coefficient of variance (CV) of multiplexed bead-based assays for cytokine

detection has previously been shown to be 10–14% (31, 32), and a similar average CV

(10.5%) across the analytes in this assay was obtained using healthy control serum. Intra-

assay precision of duplicate wells averaged <10% CV in each 25-plex assay.

Statistical Analysis

Plasma mediator concentration—Concentrations of plasma mediators were compared

between pre-flare SLE patients and matched non-flare patients or self non-flare samples by

Wilcoxon matched-pairs test and adjusted for multiple comparisons using the False

Discovery Rate (FDR) via the Benjamini-Hochberg procedure (using R version 2.15.3).

Differences between pre-flare patients, matched non-flare patients or self non-flare samples,

and matched healthy controls were determined by Friedman test with correction by Dunn’s

multiple comparison. Except where noted, analyses were performed using GraphPad Prism

6.02 (GraphPad Software, San Diego, CA).

Soluble mediator score—To compare the overall level of inflammation in pre-flare vs.

non-flare SLE patients (at baseline/pre-vaccination) in relationship to disease activity at flare

(post-vaccination), a soluble mediator score was derived by the cumulative contribution of

all pre-flare 52 plasma mediators assessed in relationship to SELENA-SLEDAI disease

activity at flare, following an approach previously used for rheumatoid arthritis (33). Briefly,

the concentration of all 52 plasma analytes were log-transformed and standardized;
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(observed value)-(mean value of all SLE patients assessed [Flare and NF or SNF])/(standard

deviation of all SLE patients assessed [Flare and NF or SNF]). Spearman coefficients of

each analyte were generated from a linear regression model testing associations between the

flare SELENA-SLEDAI disease activity scores and each pre-flare soluble mediator. The

transformed and standardized soluble mediator levels were weighted by the respective

Spearman coefficients and summed for a total, global soluble mediator score (33). By

generating the weights, the inflammatory mediators that were most differentially altered at

baseline between pre-flare and non-flare SLE patients in their associations with SELENA-

SLEDAI scores at time of disease flare contributed most to the score and therefore the

overall level of inflammation correlating with disease flare, Supplementary Tables 3–4.

RESULTS

Inflammatory mediators and regulatory cytokines are altered prior to SLE disease flare

SLE patients within our cohort were followed longitudinally and evaluated for evidence for

SELENA-SLEDAI disease flare. We hypothesized that clinical changes in disease activity

are the result of a perturbation in the already dysregulated immune system of SLE patients.

To test whether markers of immune dysregulation might precede clinical disease flares, 52

soluble analytes were compared in 28 EA SLE patients in whom flare was detected after

influenza vaccination, matched SLE patients who did not experience flare for at least 12

weeks post-vaccination, and matched healthy individuals. All SLE patients, with or without

subsequent flare, had similar SELENA-SLEDAI scores (3.8 ± 3.7 flare vs. 2.6 ± 3.2 non-

flare [NF], p = 0.2451 by Wilcoxon matched-pairs test) and ESR levels (25.5 ± 21.3 flare vs.

16.8 ± 9.6 NF, p = 0.0870 by Wilcoxon match-pairs test) at baseline (Supplementary Table

1).

At baseline and follow-up, non-flare SLE patients had levels of T cell mediators IFN-γ

(Th1), IL-13 (Th2), as well as IL-17A and IL-21 (Th17), that were similar to those in

healthy controls, despite significantly higher levels of cytokines from antigen presenting

cells (APC), including IL-12, IL-5, and IL-6 (Supplementary Figure 1A–C). However, in

those who later experienced a flare, baseline levels of several proinflammatory mediators

were increased (Figure 1), including Th1, Th2, and Th17 type cytokines (Figure 1A–C and

Supplementary Table 3). Patients with impending flare also had higher baseline levels of

IP-10, MCP-1, and MCP-3 (Figure 1D), as well as IL-8 and soluble ICAM-1

(Supplementary Figure 1H). While levels of soluble TNF receptors TNFRI and TNFRII and

CD40L were increased in all SLE patients compared to healthy controls (Supplementary

Figure 1E), baseline levels of several soluble TNF superfamily members, including TNFRI,

TNFRII, TNF-α, Fas, FasL, and CD40L, were significantly higher in patients with

subsequent flare compared to non-flare patients (Figure 1E and Supplementary Table 3).

In contrast to proinflammatory mediators, regulatory cytokines were higher in stable SLE

patients compared to patients with subsequent flare or to healthy controls. At baseline

(Figure 1F) and follow-up (Supplementary Figure 1F), patients with no flare within 12

weeks had relatively higher levels of regulatory cytokines IL-10 and TGF-β and chemokine

SDF-1 compared to both SLE patients with subsequent flare (Figure 1F) and healthy

controls (Supplementary Figure 1F). Furthermore, the balance between inflammatory (IL-1α

Munroe et al. Page 5

Arthritis Rheumatol. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



and IL-1β) and regulatory (IL-1 receptor antagonist; IL-1RA) IL-1 family cytokines was

significantly altered. Plasma levels of IL-1α and IL-1β were significantly higher in pre-flare

compared to non-flare SLE patients (Figure 1G and Supplementary Figure 1H), while non-

flare patients had a 2–3 fold mean increase in plasma IL-1RA compared to SLE patients

with flare (Figure 1G and Supplementary Table 3) and healthy individuals (Supplementary

Figure 1G). IL-1RA levels were similar in pre-flare patients and matched healthy controls

(Supplementary Figure 1G). IL-1 receptor antagonist (IL-1RA) downregulates IL-1

mediated immune activation, binding to IL-1 receptor type I (IL-1R1) and preventing

binding of IL-1 and subsequent signaling through the receptor (reviewed in (34)). Given that

an increased circulating IL-1RA:IL-1β ratio would favor an anti-inflammatory state (34), the

mean 2.5- and 3.2-fold increase in IL-1RA:IL-1β ratio in non-flare patients compared to pre-

flare SLE patients (Figure 1G) and healthy individuals (Supplementary Figure 1G),

respectively, implicates an enhanced, regulatory anti-inflammatory state in stable periods of

SLE.

Plasma mediator patterns differ in the same patient during stable vs. pre-flare periods

Of the 28 patients with impending flare, 13 participated in the study in multiple years and

had at least one flare and one non-flare year. No significant difference in baseline SELENA-

SLEDAI scores (3.0 ± 4.3 flare vs. 2.9 ± 2.0 self non-flare [SNF], p = 0.7065) or ESR levels

(31.3 ± 23.0 flare vs. 27.0 ± 21.4 SNF, p = 0.5967) preceded a flare compared to an

observed non-flare period in the same patients (Supplementary Table 1). In contrast,

consistent with the results above, levels of several inflammatory mediators varied between

pre-flare and non-flare periods (Figure 2 and Supplementary Table 4). Impending flares

were associated with increased Th1, Th2, and Th17 (Figure 2A–C) type cytokines,

compared to both self non-flare and matched healthy control samples (Supplementary Figure

2A–C). In addition, levels of plasma IP-10, MCP-1 and MCP-3 (Figure 2D), along with IL-8

and ICAM-1 (Supplementary Figure 2H), were significantly elevated in pre-flare periods

compared to periods of stable disease. Levels of T-lymphocyte secreted IL-2, IFN-γ, IL-5,

IL-13, and the Th17 type cytokines were similar in healthy controls and SLE patients during

non-flare periods (Supplementary Figure 2A–C), while APC-secreted IL-12 and IL-6 were

higher in SLE patients in both pre-flare and non-flare periods compared to matched healthy

controls (Supplementary Figure 2A–C).

During non-flare periods, levels of soluble TNF-α and Fas in SLE patients were not

significantly different than in matched healthy controls, while TNFRI, TNFRII, FasL, and

CD40L were persistently elevated in SLE patients regardless of impending flare

(Supplementary Figure 2E). Compared to periods of stable disease, pre-flare periods were

marked by increases in soluble TNF-α and sFas (nonsignificant) and further increases in

TNFRI, TNFRII, FasL, and CD40L (Figure 2E and Supplementary Table 4). Levels of

SDF-1 were similar during pre-flare and non-flare periods. TGF-β significantly decreased

during pre-flare periods, but the apparent decrease in IL-10 levels was not significant

(Figure 2F). A significant pre-flare increase in IL-1β and decrease in IL-1RA resulted in a

2.7-fold decrease in the IL-1RA:IL-1β ratio compared to stable periods in the same patient

(Figure 2G). Thus, when followed longitudinally, an altered balance of proinflammatory and

regulatory cytokines precedes SLE flares.
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Not all inflammatory mediators increase prior to flare

BLyS and APRIL, TNFR superfamily ligands that support B cell survival, differentiation

and autoantibody production (35), were increased in SLE patients compared to healthy

controls at baseline (Figure 3) and follow-up (data not shown). However, levels of these

mediators were not different between pre-flare and non-flare patients in this study. Levels of

IL-15 and IL-2Rα (CD25), along with MIG, MIP-1α, and MIP1-β, were also similar

between both groups of SLE patients and higher in SLE patients than healthy controls

(Figure 3). In addition there was no difference between SLE patients and healthy controls

for 16 assessed analytes (Supplementary Table 2).

A weighted global soluble mediator score correlates with impending flare

To determine the correlation and relative contribution of pre-flare inflammatory and

regulatory soluble analytes to SLE disease flare risk, we developed a combined soluble

mediator score based on a previously described approach used to identify individuals at

increased risk of developing rheumatoid arthritis (33). A distinct advantage of this approach

is that it does not require cut-offs for each cytokine/chemokine to establish positivity, and

gives impact to those untransformed pre-flare analytes with stronger correlations (Spearman

correlation coefficients) to disease activity at time of flare (Supplementary Tables 3–4,

center panel). Twenty-eight of 52 pre-flare analytes assessed, as well as the IL-1RA:IL-β

ratio, were significantly altered in SLE patients with impending flare compared to matched,

non-flare patients, or the same patients during a non-flare period (with 25 of 52 significant

after controlling for false discovery rate; Supplementary Tables 3–4, far left panel).

The soluble mediator score was significantly higher in SLE patients with impending flare

versus matched stable patients (median soluble mediator score 4.14 [pre-flare] vs. −1.70

[non-flare], p< 0.0001; Table 1A and Figure 4A) or from the same patients during non-flare

periods (median soluble analyte score 7.41 [pre-flare] vs. −3.09 [self non-flare], p= 0.0002;

Table 1B and Figure 4B–C). Compared to stable patients or to non-flare periods in the same

patients, pre-flare patients were 13.8 or 11.1 times more likely, respectively, to have a

positive soluble mediator score (Table 1). Twenty-one of 28 SLE patients with impending

flare have positive soluble mediator scores, while 23/28 non-flare SLE patients have

negative soluble mediator scores (Figure 4A). Ten of 13 SLE patients with samples

available at pre-flare and non-flare periods have positive soluble mediator scores at time of

impending flare (Figure 4B), all of which decrease during a comparable periods of non-flare

(Figure 4C).

DISCUSSION

Delays in treating SLE flares may potentiate chronic inflammation, leading to recurrent

illness and end-organ damage. Immune dysregulation in SLE likely precedes clinical

disease, and in some cases, low grade active inflammation could persist over time,

contributing to progressive organ damage in the absence of overt clinical flare. Our data

point to the nature of the immune response that either leads to impending disease flare

(inflammation) or allows for periods of non-flare (regulation). In this study, elevated levels

of shed TNF receptors and/or pro-inflammatory Th adaptive pathway cytokines were found
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in nearly all SLE patients prior to impending flare (Figure 5). While a predominant

inflammatory pathway is evident for a subset of patients, a number of patients had elevated

inflammatory mediators from multiple pathways, which may help explain variability among

previous reports of inflammatory mediators in SLE patients with active disease (9, 10, 12).

In this study, regulatory factors were less likely to be elevated prior to a flare, suggesting an

altered balance of inflammatory and regulatory mediators.

Significantly higher levels of IL-1β and IL-1α, as well as lower levels of IL-1RA, preceding

a disease flare suggest that diminished downregulation of innate cytokines may contribute to

increased disease activity during SLE flares. The IL-1RA/IL-1β ratio may reflect changes in

either inflammatory IL-1β or regulatory IL-RA levels. Pre-flare SLE patients have

significantly higher IL-1β levels than either non-flare SLE patients or the same SLE patients

during a non-flare period (SNF), as well as HC (non-flare SLE patients have similar levels

of IL-1β as HC). The opposite is true with respect IL-1RA, which are significantly higher in

SLE patients during non-flare periods (pre-flare SLE patients have IL-1RA levels similar to

HC). That HC individuals do not have altered IL-1β or IL-1RA levels highlights the state of

immune dysregulation in SLE patients that is further unbalanced in the pre-flare state.

Additionally, T-regulatory cells require TGF-β and IL-10 for their development and

propagation (reviewed in (36)). In this study, the lower levels of TGF-β and IL-10, with

increased inflammatory cytokines, may reflect a failure of active regulation in the period

before disease flare. IL-10 and TGF-β levels are higher in stable SLE patients, suggesting

the possibility of context-dependent regulatory roles for these cytokines. Future studies will

assess whether SLE patients with impending flare have varied numbers or function of T-

regulatory cells (15–19), or possibly T-effector cells that are resistant to T-regulatory cell

influence (20).

TNFR superfamily members are a context-dependent group of ligand-receptor pairs (22) and

we detect significantly elevated levels of soluble members, including TNF-α and its

receptors TNFRI and TNFRII, Fas and FasL, and CD40L/CD154 in pre-flare SLE patients.

Ectodomain shedding of TNFR family members occurs through the activation of ADAM (a

disintegrin and metalloprotease) family members, most notably ADAM-17 (TNF-α

converting enzyme [TACE]), which is upregulated in response to cellular activation (37).

TNFRI and TNFRII shedding suggests a reactive process to cellular activation in SLE

patients with impending flare. Soluble TNF-α interacts primarily with TNFRI on a variety

of cell types (22). TNFRII, activated optimally by membranous TNF-α (22), lowers the

threshold of activation on T-effector cells, while contributing to the suppressive function of

T-regulatory cells (38), in part from TNFRII shedding (39).

While individual markers may not universally correlate with development of flares, the

overall balance between inflammatory and regulatory mediators could be a predictor of

impending flares. Varying pre-flare levels of specific soluble plasma mediators were

significantly altered in SLE patients who flared and/or correlated with disease activity at

time of disease flare (Supplementary Tables 3–4). The normalized, weighted, soluble

inflammatory mediator score developed in this study enhanced our ability to discern factors

that significantly contributed to downstream clinical sequelae in SLE patients with

impending flare (Table 1 and Figure 4). Although our findings are promising, further study
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of outliers and how to recognize them may be warranted. This is evidenced by the finding

that 7 of 28 pre-flare SLE patients had negative soluble mediator scores and 5 of 28 non-

flare SLE patients had a positive soluble mediator scores. However, all of the 13 SLE

patients with disease flare followed longitudinally had decreased soluble mediator scores

during periods of non-flare. Future evaluation of inflammatory and regulatory mediators in

the soluble mediator score utilizing larger, diverse cohorts will allow for the consideration of

race and age in the combined mediator score.

In addition, future refinement of the combined mediator score utilized in SLE patients

longitudinally must also address the effects of real-life parameters that may perturb immune

regulation, such as medication regimens, infections, or vaccinations. No significant

difference was found in the SLE-specific medications utilized by pre-flare vs non-flare SLE

patients, nor in the same SLE patients between pre-flare and non-flare periods of

assessment, Supplementary Table 1. The current study utilizes samples from SLE patients

and matched healthy controls collected prior (pre-flare) and subsequent to vaccination (flare

time point). Although it is possible that some of the SLE patient disease flares could be

associated with vaccination, we previously demonstrated the rate of flare in this vaccination

cohort is similar to that of non-vaccination cohort studies (29) and others have demonstrated

no increase in flare rate with vaccination (40, 41). Further, we see limited difference in

soluble mediators between pre-flare (pre-vaccination) and flare (follow-up) time points in

SLE patients who flare at either 6 or 12 weeks post-vaccination, suggesting that vaccination

does not contribute to immune perturbations that lead to disease flare This is further

supported by similar pre- and post-vaccination (6 or 12 weeks) soluble mediator levels in

SLE patients during non-flare periods, as well as in matched healthy controls.

If larger prospective studies validate this approach, an optimized mediator score could

become a valuable prognostic tool in experimental SLE trials and in lupus clinical care.

Such an approach has been validated in RA (42), and holds promise for improved clinical

management of disease activity (43). For SLE patients with stable disease and relatively low

risk of impending flare, it may be relatively safe to reduce treatments with significant side

effects. Depending on the comprehensive clinical picture of an individual patient, early

detection of risk for SLE flare could prompt closer monitoring, preventative treatments, or

inclusion in clinical trials for targeted biologics relevant to pathways altered within the

mediator score. In the future, chronic suppression of critical flare pathways and/or

augmentation of regulatory pathways might promote longer periods of remission, decreased

accumulation of organ damage over time, and better quality of life for SLE patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Increased adaptive immunity pathways and soluble TNF superfamily members, and

decreased levels of regulatory mediators, in SLE patients with impending flare. Plasma was

procured at baseline from SLE patients who exhibited disease flare 6 to 12 weeks later

(black bar) and demographically matched SLE patients who did not exhibit flare (NF,

stripped bar). Levels of Th1 (A), Th2 (B), and Th17 (C) type cytokines, as well as

chemokines (D), soluble TNF superfamily members (E), regulatory mediators (F), and

IL-1RA:IL-1β ratio (G) in 56 EA SLE patients (mean ± SEM) were measured. Significance

was determined by Wilcoxon matched-pairs test. * p< 0.05, **p < 0.01, *** p < 0.001,

**** p, 0.0001
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Figure 2.
SLE patients have altered baseline mediators in adaptive immunity pathways and soluble

TNF superfamily members during pre-flare periods compared to the same patients during

non-flare periods. Plasma was procured at baseline from 13 SLE patients who exhibited

disease flare 6 to 12 weeks later (black bar) and from the same patients in a separate year of

the study when they did not exhibit disease flare (SNF, gray bar). Plasma Th1 (A), Th2 (B),

and Th17 (C) type cytokines, as well as chemokines (D), soluble TNF superfamily members

(E), regulatory mediators (F), and IL-1RA:IL-1β ratio (G) were measured (mean ± SEM).

Significance was determined by Wilcoxon matched-pairs test. * p< 0.05, **p < 0.01, *** p

< 0.001, **** p, 0.0001
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Figure 3.
Soluble mediators of inflammation in SLE patients which are elevated compared to healthy

controls, but which do not discriminate between impending disease flare and non-flare.

Plasma levels of BLyS, APRIL, IL-15, IL-2Rα, MIG, MIP-1α, and MIP-1β were measured

and compared between (A) pre-flare SLE patients (black bar), matched non-flare SLE

patients (NF, striped bar), and matched healthy controls (HC, white bar) or (B) SLE patients

during a pre-flare period (black bar), the same SLE patients during a non-flare period (SNF,

gray bar), and matched healthy controls (HC, white bar). Data are shown as mean ± SEM;

significance between SLE patients (Flare and NF/SNF) and HC was determined by

Wilcoxon matched-pairs test. * p< 0.05, **p < 0.01, *** p < 0.001, **** p, 0.0001
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Figure 4.
Higher Soluble Mediator Scores in SLE patients with impending flare. Soluble Mediator

Scores from baseline (pre-vaccination) plasma levels were determined for each SLE patient

who exhibited disease flare within the following 12 weeks relative to (A) a demographically

matched SLE patient who did not exhibit disease flare (NF, p < 0.0001 by Wilcoxon

matched-pairs test) or (B) the same SLE patient in a separate year of the study with no

observed disease flare (SNF, p = 0.002 by Wilcoxon matched-pairs test). Data presented as

Box and Whisker (median ± max and min) graphs. C. Soluble Mediator Scores for each SLE

patient were compared between year of impending disease flare (Flare) and year of non-flare

(SNF) in B.
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Figure 5.
Summary of altered soluble mediators in SLE patients prior to disease flare. Inflammatory

mediators which were significantly higher in SLE patients with impending disease flare

(compared to NF/SNF and HC) are listed in red, while those significantly higher in the

NF/SNF groups (compared to pre-flare and HC) are listed in blue. Those mediators which

were found to be higher in SLE patients compared to HC, but not different between groups

of SLE patients, are dashed. SLE patients with impending disease flare have increased

innate and adaptive mediators of inflammation, including those from Th1, Th2, and Th17

pathways. In addition inflammatory chemokines and soluble TNFR superfamily members

are elevated. SLE patients who are in a period of non-flare (NF/SNF groups) have higher

regulatory mediators, including IL-10, TGF-β, and IL-1RA
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