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and -8 of peripheral blood mononuclear cells 
and upregulated serum cytokines in patients 
with pediatric systemic lupus erythematosus

Yanyan Guo1,2,3*, Qinghe Chai4*, Yun Zhao3, Peng Li3, Jie Qiao4, Jianping Huang1,3

1Department of Pediatrics, Bayi Childrens Hospital Affiliated to Clinical Medical College, Beijing Military General 
Hospital, Sourthern Medical University, Beijing 100007, P. R. China; 2Beijing Key Laboratory of Pediatric Organ 
Failure, Beijing, 100007, P. R. China; 3Department of Pediatrics, Affiliated Hospital of Inner Mongolia Medical 
University, Hohhot 010059, P. R. China; 4Department of Ophthalmology, Inner Mongolia People’s Hospital, Hohhot 
010017, P. R. China. *Equal contributors.

Received June 22, 2015; Accepted August 6, 2015; Epub November 15, 2015; Published November 30, 2015

Abstract: Autoimmune disease systemic lupus erythematosus (SLE) is associated with increased expression of 
pro-inflammatory cytokines such as interferons (IFNs) and specific interleukins (ILs), which are induced by toll-like 
receptors (TLRs). The present study aimed to examine the serum levels of cytokines, the activation of TLR-7 and 
TLR-8 of peripheral blood mononuclear cells (PBMCs) from pediatric SLE patients, and to investigate the response 
of those PBMCs to viral RNA via the TLR-7 and TLR-8 signaling. Results demonstrated that pediatric SLE patients 
had increased serum concentrations of interleukin (IL)-1β, IL-6, IL-8, IL-10, and IFN-α, and promoted activation of 
TLR-7 and TLR-8, compared to control subjects. Moreover, the peripheral blood mononuclear cells (PBMCs) from 
pediatric SLE patients were more sensitive to the stimulation by the transfection with viral RNA from influenza virus, 
with a promoted activation of TLR-7 and TLR-8 signaling. In conclusion, pro-inflammatory cytokines, such as IL-1β, 
IL-6, IL-8, IL-10, and IFN-α were promoted in pediatric SLE patients, with an increased activation of TLR-7 and TLR-
8 to the stimuli, such as virus infection. It implies the TLR-7 and TLR-8 activation by virus infection might play an 
important role in the pathogenesis of pediatric SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a proto-
typic systemic autoimmune disease, which can 
result in skin rashes, arthritis, leukopenia, 
nephritis, and inflammation of the nervous sys-
tem [1]. Immunologically, SLE is characterized 
by the high B cell reactivity and producing auto-
antibodies to nuclear and cytoplasmic compo-
nents [2]. And sustained production of autoan-
tibodies leads to the accumulation of immune 
complex in kidney [3], brain [4] and other 
organs. SLE begins with the self-tolerance loss 
and the presence of auto-reactive lymphocytes 
in the peripheral blood, due to both environ-
mental and genetic factors [5, 6]. Multiple 
types of cells in the adaptive and innate 
immune system have been confirmed to con-
tribute to SLE pathogenesis. 

Cytokines exerts a key regulatory role in control-
ling the immune responses in SLE patients [7]. 
There is an imbalance in the cytokine produc-
tion of SLE patients [8, 9], which exert orches-
trated interactions in the SLE [10, 11]. Previous 
studies suggested that serum IFN-α level was 
promoted in SLE patients and correlated with 
SLE Disease Activity Index (SLEDAI) scores, 
organ involvement, the levels of anti-dsDNA 
antibodies and complement activation [12]. 
And such clinical manifestations as fever, rash 
and lymphopenia correlated with elevated 
serum IFN-α in SLE patients [13]. The major 
functions of IL-1α and IL-1β, are to act as media-
tors of the host inflammatory reaction to infec-
tions [14]. High serum IL-1 levels tend to corre-
late with disease activity of lupus nephritis [15]. 
And two open-label trials with a recombinant 
form of IL-1Ra, suggested limited but positive 
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effects [13]. IL-6 is produced mainly by macro-
phages, but also by many other cell types. IL-6 
is upregulated in the serum and to higher 
degree in the urine of some lupus patients and 
in murine lupus models, implying the role for 
IL-6 in lupus nephritis [16, 17]. And IL-6 upregu-
lation is also recognized in kidney biopsies of 
SLE patients with renal disease [18]. A trial with 
the specific antibody to the IL-6R, tocilizumab 
for lupus patients demonstrated decreased 
disease activity [19]. Therefore, cytokines play 
important regulatory roles in SLE. 

Toll-like receptors (TLRs) are a family of con-
served pattern-recognition receptors in innate 
immune system and play crucial roles in the 
innate defense against foreign agents [20]. 
These protein receptors are characterized by 
their ability to promptly respond to invading 
pathogens including flagella in and lipopolysac-
charide (LPS) of bacteria, nucleic acids derived 
from viruses and zymosan of fungi [21]. Such 
TLRs as TLR-3, TLR-7 and TLR-9 which are in B 
cells, plasmacytoid dendritic cells (pDCs) are 
recognized to play important roles in lupus 
pathogenesis via mediating the recognition 
and binding of self nucleic acids and related 
immune complexes [22]. Approximately half of 
SLE patients are defective in the clearance of 
dying cellular debris, which is rapidly cleaned 
up by macrophages in healthy individuals [23], 
and such defect was reconfirmed in an SLE 
murine model [24]. The accumulating cellular 
debris leads to an increased release of host 
DNA and RNA, which promote the production of 

implies the key regulatory role of TLR-7/8 in the 
upregulation of pro-inflammatory cytokines in 
PBMCs from pediatric SLE patients.

Materials and methods

Pediatric systemic lupus erythematosus pa-
tients and control subjects

Total of 22 pediatric patients with SLE and 17 
healthy subjects were enrolled from Jan 2013 
to Jan 2015 in the Department of Pediatrics, 
Affiliated Hospital of Inner Mongolia Medical 
University. Detailed characteristics of these 
pediatric SLE patients and healthy control sub-
jects were described in Table 1. The healthy 
volunteers as control subjects had no history of 
autoimmune disorders or other inflammatory 
diseases, without recent (3 month) acute or 
lasting chronic infection with viruses or bacte-
ria. All SLE patients were matched as closely as 
possible for age, sex, lifestyle and geographical 
lineage with control subjects, excepting that 
they were suffering from SLE. Diagnosis for SLE 
was made according to the criteria proposed by 
the American Rheumatism Association for the 
classification of SLE [25]. Written consent was 
obtained from each individual before the study. 
And the study was approved by the Ethics 
Committee of the affiliated Hospital of Inner 
Mongolia Medical University.

Enzyme-linked immunosorbent assay (ELISA) 
for cytokines

Serum or supernatant levels of IL-1β, IL-6, IFN-α 
and IL-8 were quantified using the solid phase 

Table 1. Demographic and clinical characteristics of patients 
with pediatric systemic lupus erythematosus
Characteristics PSLE (n = 22) Control (n = 17) P value
Age (years) 13.6 (8-17) 14.2 (7-20) 0.4060
Gender 0.5099
   Female 21 16
   Male 1 1
SLE Duration (years) 4.2 ± 1.85 / /
SLEDAI 6.727 (0-24) / /
SDI 0-3 / /
Major manifestations / /
Cerebrovascular accident 4 / /
Deep vein thrombosis 2 / /
Neuropsychiatric SLE 2 / /
Pulmonary hypertension 2 / /
Significant thrombocytopenia 4 / /
Lupus nephritis 8 / /

autoantibodies [23]. Moreover, 
TLRs have been confirmed to 
mediate the host DNA/RNA rec-
ognition and the production of 
pathogenic autoantibodies in 
SLE [20].

In the present study, we exam-
ined the serum levels of pro-
inflammatory cytokines such as 
IL-1β, IL-6, IFN-α and IL-8 in 
pediatric SLE patients, then we 
determined the expression lev-
els of TLR-2, TLR-4, TLR-7, TLR-8 
and TLR-9 in the PBMCs from 
these pediatric SLE patients, 
and investigated the sensitivity 
of the two groups of PBMCs to 
the stimulation with single-
stranded RNA (ssRNA) or TLR-
7/8 agonist. The present study 
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enzyme-linked immunosorbent assay (ELISA) 
kit (Abcam, Cambridge, UK) according to the 
product’s manual. In brief, the precoated micro-
plates (with monoclonal mouse anti-human 
antibody against IL-1β, IL-6, IFN-α or IL-8) were 
firstly blocked with 1% Bovine Serum Albumin 
(BSA; Ameresco, Framingham, MA, USA) over-
night at 4°C, and then were added with the 
standard samples, with the serially-diluted 
serum or with cell supernatant samples for a 
incubation at 37°C for 1 hour. Then each well in 
the plate was aspirated and were washed with 
phosphate buffered saline with Tween 20 
(PBST) for three times. And then the detection 
antibody (polyclonal antibody against IL-1β, 
IL-6, IFN-α or IL-8 conjugated with horseradish 
peroxidase), was added to each well and incu-
bated for 2 h at room temperature. Again after 
washing, substrate solution was added for 
another incubation of 20 min at room tempera-
ture. Finally, the stop solution was added, and 
the optical density of each well was determined 
immediately at 450 nm. 

RNA isolation and quantitative real-time RT-
PCR

Total mRNA from the PBMCs was extracted 
using the Trizol reagent (Life Technologies, 
Grand Island, NY, USA) under the guidance of 
the product’s manual. Quantitative real-time 
RT-PCR (RT-qPCR) was performed using 
QuantiFast SYBR Green PCR Kit (Qiagen, 
GmbH, Hilden, Germany) according to the kit’s 
manual, with glyceraldehyde-3-phosphate de- 
hydrogenase (GAPDH) as internal control. The 
data were normalized to GAPDH and expressed 
as the fold change over control and calculated 
with the ∆∆Ct method [26].

Stimulation of PBMCs with ssRNA or with TLR-
7/8 agonist

PBMCs were isolated from pediatric SLE 
patients using Histopaque-1077 (Sigma-
Aldrich, St. Louis, MO, USA) from blood of pedi-
atric SLE patients or healthy volunteers and 

Figure 1. Serum levels of IL-1β, IL-6, IFN-α and IL-8 in pediatric SLE patients. Serum levels in the pediatric SLE 
patients (N = 22) or in normal subjects of IL-1β (A), IL-6 (B), IFN-α (C) or IL-8 (D) was assayed with the ELISA kit for 
each cytokine. The significance was calculated by the Mann-Whitney test, and the p-value was indicated accordingly.
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were resuspended in RPMI 1640 (GIBCO, 
Rockville, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) (Invitrogen, Carlsbad, 
CA, USA) 2 mM L-glutamine (Sigma-Aldrich, St. 
Louis, MO, USA), 100 U/ml penicillin, and 100 
U/ml streptomycin (both from CSPC, Shi- 
jiazhuang, China). For the stimulation with 
ssRNA, PBMC cells were suspended with a titer 
of 1 × 105/ml and were transfected with ssRNA, 
which was synthesized by Integrated DNA 
Technologies (IDT) with high-pressure liquid 
chromatography (HPLC) purification (Ambion, 
Austin, TX, USA), and then were incubated at 
37°C for 8 hours, and then were assayed for 
IL-1β, IL-6, IFN-α or IL-8 in the supernatant. For 
the stimulation with TLR7/8 agonist, 1 × 105/ml 
PBMCs were treated with R848 (Invitrogen, 
San Diego, CA, USA) with a final concentration 
of 0.5 or 1 μg/mL, for 6 hours, and then were 
incubated at 37°C for 8 hours, and then were 
assayed for IL-1β, IL-6, IFN-α or IL-8 in the 
supernatant.

Statistical analysis

Statistical analysis was performed using 
GraphPad Prism 6 Software (GraphPad, San 
Diego, CA, USA). The results are presented as 
means ± standard deviation (SD), and the dif-
ference between the two groups was examined 
by the Mann-Whitney test.

Results

Upregulation of serum cytokines in patients 
with pediatric SLE

There were 22 pediatric SLE patients and 17 
normal subjects were involved in this study. The 
demographic and clinical characteristics of 
these patients and subjects were shown in 
Table 1. We have examined the serum levels of 
pro-inflammatory cytokines such as IL-1β, IL-6, 
IFN-α and IL-8 in the two groups of subjects. As 

shown in Figure 1, the serum level of IL-1β was 
1.599 ± 0.1957 ng/mL in pediatric SLE 
patients, significantly higher than 1.110 ± 
0.07064 ng/mL (P<0.05) in normal subjects. 
And the serum levels of IL-6, IFN-α and IL-8 
were also significantly higher in pediatric SLE 
patients, than in normal subjects (4.272 ± 
0.4222 ng/mL vs 2.848 ± 0.2344 ng/mL for 
IL-6 with a p value of 0.0099, 3.597 ± 0.3220 
ng/mL vs 1.917 ± 0.1908 ng/mL for IFN-α, 
with a p value of 0.0002, and 14.55 ± 1.873 vs 
3.944 ± 0.3602 for IL-8, with a p value of less 
than 0.0001). Thus, we recognized the upregu-
lation of pro-inflammatory cytokines such as 
IL-1β, IL-6, IFN-α and IL-8 in serum of pediatric 
SLE patients.

TLRs level in PBMCs from patients with pediat-
ric SLE

To deduce the mechanism into the promotion 
to pro-inflammatory cytokines in pediatric SLE 
patients, we then investigated the expression 
of TLRs in the peripheral blood mononuclear 
cells (PBMCs) of pediatric SLE patients. Firstly, 
the percentage of PBMCs with the positivity of 
various type of TLR in each subject was count-
ed. Table 2 indicated that there was no signifi-
cant difference in the TLR-2- or TLR-4-positivity 
between pediatric SLE patients and normal 
subjects (P = 0.066 for TLR-2 or P = 0.066 for 
TLR-4), whereas there were significantly more 
TLR-7-, TLR-8- or TLR-9-positive PBMCs in the 
pediatric SLE patients than in normal subjects 
(P<0.0001 for TLR-7-positivity, P<0.001 for 
TLR-8-positivity or P<0.01 for TLR-9-positivity). 
And then we quantitatively examined the 
expression levels of the above-mentioned TLRs 
in the PBMCs from pediatric SLE patients and 
normal subjects. Though the levels of TLR-2 
and TLR-4 were higher in the pediatric SLE 
group, there was no significant difference 
between the two groups (P = 0.0725 for TLR-2 
or P = 0.1523 for TLR-4; Figure 2A and 2B). The 
level of TLR-7 (P = 0.0003), TLR-8 (P = 0.0007) 
and TLR-9 (P<0.0236) were recognized to be 
significantly upregulated in pediatric SLE 
patients than in normal subjects (Figure 2C-E).

PBMCs from pediatric SLE patients were sensi-
tive to stimulation ssRNA or TLR-7/8 agonist 
R848

TLR-7, -8 and -9 are multiple pathogen recogni-
tion sensors that detect viral or other original 

Table 2. TLR-7 or TLR-8 positivity of PBMCs in 
PSLE patients

TLR types
% positive cells (Mean ± SD)

P value
PSLE (n = 22) Control (n = 17)

TLR-2 8.46 ± 3.35 6.46 ± 2.35 0.066
TLR-4 4.50 ± 1.47 5.37 ± 1.86 0.194
TLR-7 28.28 ± 7.56 5.71 ± 2.13 <0.0001
TLR-8 22.83 ± 5.35 6.38 ± 2.72 <0.001
TLR-9 14.46 ± 2.68 8.52 ± 1.66 <0.01
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RNAs [27]. The endosome-localized TLR-7/8/9 
and their ligands determine the production of 
inflammatory cytokines. Multimeric RNA/DNA 
aggregates elicits the production of IFN-I and 
other cytokines [28, 29]. To associate the high 
production of serum cytokines in pediatric SLE 
patients with the activation of TLRs in PBMCs, 
we then inoculated PBMCs from pediatric SLE 
patients or from normal subjects. Figure 3 
demonstrated that the single-stranded RNA 
(ssRNA) sensitized the lupus PBMCs more sig-
nificantly than the normal PBMCs, the transfec-
tion with 100, 200 or 500 nM ssRNA promoted 

higher levels of IL-1β (P<0.05 for 100 or 500 
nM, P<0.01 for 200 nM; Figure 3A), IL-6 
(P<0.05 for 100 nM or P<0.01 for 200 nM; 
Figure 3B), or IFN-α (P<0.05 for 100 or 200 
nM; Figure 3C). However, the level of IL-8 pro-
duction was not significantly promoted by the 
transfection with ssRNA in either lupus or nor-
mal subjects. Therefore, the PBMCs from the 
pediatric SLE patients were more sensitive to 
the TLR-7/8 agonist.

Then the TLR-7/8 agonist R848 was utilized to 
stimulate PBMCs from pediatric SLE patients or 

Figure 2. Levels of TLR-2, -4, -7, -8 and -9 in PBMCs 
from pediatric SLE patients or normal subjects. Ex-
pression TLR-2 (A), -4 (B), -7 (C), -8 (D) and -9 (E) at 
mRNA levels in the PBMCs from pediatric SLE pa-
tients and normal subjects was quantified by real-
time quantitative PCR, with glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) as internal control. 
The significance was calculated by the Mann-Whit-
ney test, and the p-value was indicated accordingly.
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from normal subjects. Figure 4A indicated that 
there was higher level of IL-1β produced from 
the PBMCs from pediatric SLE patients, upon 
the stimulation with R848 (P<0.05 for 0.5 μg/
mL or P<0.01 for 1 μg/mL). And such signifi-
cant difference was also recognized in the pro-
duction of IFN-α and IL-6 between the pediatric 
SLE and normal groups of cells (P<0.05 for 
IFN-α induction by either 0.5 or 1 μg/mL R848, 
Figure 4B; P<0.01 for for IL-6 induction by 
either 0.5 or 1 μg/mL R848, Figure 4C). 
Therefore, there was a significant difference in 
the sensitivity to ssRNA or to TLR-7/8 agonist 
R848 of PBMCs from pediatric SLE patients 
and from normal subjects.

Discussion

The pathophysiology of SLE is influenced by 
hormonal as well as environmental factors, 
including ultraviolet light (UVB), drugs, pollut-
ants, vaccinations, smoking, and microbial 

infection [30]. Generally, these factors can 
adversely affect immune reactivity or can mod-
ulate gene expression and function of immune 
cells [31]. Infection with microbial agents such 
as bacteria or viruses might deregulate the 
human immune system to cause autoimmunity 
[32]. In particular, infection with viruses has 
been confirmed to potentiate autoimmune con-
ditions [33, 34], via interacting with or modify-
ing innate and acquired immune responses 
that could facilitate autoimmunity [35]. Such 
viruses as Epstein-Barr Virus (EBV) [36] and 
Cytomegalovirus (CMV) [37]. And the Influenza 
vaccination can induce new-onset of autoim-
mune responses in SLE [38]. Thus, virus was 
considered as potential pathogenic agent in 
SLE [35].

In the present study, we firstly recognized the 
upregulation of serum cytokines, such as IL-1β, 
IL-6, IFN-α and IL-8 in patients with pediatric 
SLE, the serum levels of such pro-inflammatory 

Figure 3. Levels of IL-1β, IL-6, IFN-α and IL-8 produced from pediatric SLE PBMCs, upon the stimulation with ssRNA. 
IL-1β (A), IFN-α (B), IL-6 (C), or IL-8 (D) in the supernatant of PBMCs post the transfection with 50, 100, 200, or 500 
nM ssRNA was assayed with the ELISA kit for each cytokine. The significance was calculated by the t test, and the 
statistical significantce was indicated as *P<0.05, **P<0.01, ns: no significance. 
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cytokines were significantly higher in pediatric 
SLE patients than in normal subjects. And the 
pro-inflammatory cytokine promotion was 
accompanied with the upregulation of TLRs, 
such as TLR-7, TLR-8 and TLR-9 in PBMCs from 
patients with pediatric SLE, the percentage of 
PBMCs with the positivity of TLR-7, TLR-8 or 
TLR-9 was significantly higher in the pediatric 
SLE patients than in normal subjects. And the 
expression levels of the above-mentioned TLRs 
were quantitatively higher in the PBMCs from 
pediatric SLE patients than from normal sub-
jects, though the levels of TLR-2 and TLR-4 
were not significantly higher in the pediatric 
SLE group. Moreover, the stimulation with 
ssRNA, the TLR-7/8 stimulator, promoted high-
er levels of proinflammatory cytokines, in the 
PBMCs from pediatric SLE patients than in the 
PBMCs from normal subjects. Thus, we recog-
nized the association of the promoted proin-
flammatory cytokines with the TLR-7/8/9 pro-
motion in PBMCs from pediatric SLE patients. 
TLR-7, -8 and -9 are multiple pathogen recogni-
tion sensors, particularly detect viral RNAs [27, 
39]. The endosome-localized TLR-7/8/9 and 
their ligands determine the production of 
inflammatory cytokines in such host cells as 

PBMCs. Thus, the present study implies a 
potential association of the promotion of 
inflammatory cytokines with the virus infection 
via the TLR-7/8 activation. 
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