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Upregulation of SOCS1 and SOCS3 in pediatric patients with HenochSchoenlein purpura.
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Abstract
Suppressors of Cytokine Signaling (SOCS) family members are inhibitors of cytokine signaling
pathways. Emerging evidence suggests the involvement of SOCS1 and SOCS3 in a variety of diseases,
including allergy, autoimmune diseases, and inflammation. This study aimed to investigate the
expression of SOCS1 and SOCS3 in the development of Henoch-Schoenlein Purpura (HSP) in children.
Peripheral Blood Mononuclear Cells (PBMC) were isolated from children with HSP (HSP group, n=20)
and healthy children (control group, n=15). The mRNA and protein levels of SOCS1 and SOCS3 in
PMBC were detected by real time Reverse Transcription-Polymerase Chain Reaction (RT-PCR) and
Western bot analysis. The results showed that the mRNA and protein levels of SOCS1/3 were
upregulated in HSP group compared to control group (P<0.01). These data demonstrate that SOCS1
and SOCS3 are upregulated in children with HSP, and suggest that SOCS1 and SOCS3 are involved in
the pathogenesis of HSP.
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Introduction
Henoch-Schoenlein Purpura (HSP) is a major disease in the
capillaries of allergic diseases, and is a common disease in
children. In recent years, the incidence of HSP keeps
increasing. The pathogenesis of HSP has not yet been
completely understood [1]. Numerous studies have shown
significant immune dysfunction during acute phase of HSP,
including the disturbance of humoral immunity and Tlymphocyte subsets function, as well as cytokine secretion.
Suppressors of Cytokine Signaling (SOCS) families include at
least 8 members of cytokine-induced proteins, namely SOCS1
to SOCS7 and CIS (Cytokine-inducible SH2 protein). These
molecules negatively regulate Janus Kinase/Signal Transducers
and Activators of Transcription (JAK-STAT) signaling
pathway to modulate the activation, development,
differentiation and function of monocyte-macrophages,
dendritic cells and T-lymphocytes, and play important roles in
autoimmune and inflammatory diseases [2-5]. Among all
members of SOCS family, SOCS1 and SOCS3 have attracted
more attention because they are crucially involved in immune
diseases [4,5]. However, the roles of SOCS1 and SOCS3 in
HSP remain unclear. In this study, we performed Reverse
Transcriptase-Polymerase Chain Reaction (RT-PCR) and
Western blot analysis to investigate SOCS1/SOCS3 mRNA
and protein levels in Peripheral Blood Mononuclear Cells
(PBMC) in children with HSP.
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Subjects and Methods
Subjects
HSP patients and healthy control children were selected as the
objects. Children with HSP were included if they met the
following inclusion criteria: age 3-12 years old; exhibited
diagnostic criteria for HSP; for children with initial onset, the
course was 3 days; 4 weeks without using any corticosteroid or
cytotoxic drugs; had no other associated medical problems.
Healthy children were included if they met the following
inclusion criteria: matched for age and gender of the children
with HSP; had no history of allergic disease; 4 weeks without
using any corticosteroid or cytotoxic drugs. This study was
approved by Hospital Ethics Committee, and all the parents
gave informed consent.

Blood collection
2 ml peripheral blood were collected from the children with
HSP and healthy controls and put into anticoagulant sodium
heparin tube, PBMC was isolated by density gradient
centrifugation. The number of PMBC was counted by using a
hemacytometer.

RT-PCR
Total RNA was extracted from 1.5 × 106 PBMC using Trizol
reagent (Invitrogen, USA) following the manufacturer’s
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protocol. The integrity of total RNA was examined by 1%
agarose gel electrophoresis. In addition, the absorbance of
RNA samples at 230, 260 and 280 nm and ratios of
D260:D280 and D260:D230 were calculated to estimate the
purity of total RNA. cDNA was produced by reverse
transcription at 42°C for 60 min using RT kit (Promega,
Madsion, WI, USA) following the manufacturer’s protocol,
followed by incubation at 70°C for 10 min to inactive reverse
transcriptase. Quantitative PCR was performed using SYBR
Green I Kit on ABI Prism7500. The total reaction volume of
25 μL included 12.5 μL SYBR Green qPCR Master Mix (2X),
0.25 μL Forward Primer, 0.25 μL Reverse primer, 0.25 μL
cDNA, and 11.75 μL Diethylpyrocarbonate (DEPC) treated
water. The primers used were as follows: SOCS1
CTTCCCCTTCCAGATTTG
(forward)
and
TCCAGGCAAGTAATAACAA
(reverse);
SOCS3
TCTCCTTCAATTCCTCAG
(forward)
and
GTTGGAAAGTTTGAAGATTC
(reverse);
β-actin
ACCCTGAAGTACCCCATCGAG
(forward)
and
ACATGATCTGGGTCATCTTCTCG (reverse). PCR reaction
conditions were as follows: 1 min at 95°C for degeneration
(one cycle) and then 10 s at 95°C, 20 s at 58°C, 20 s at 72°C
for 40 cycles. The relative mRNA levels of SOCS1 and
SOCS3 were compared to that of β-actin and calculated by the
2-ΔΔCt method. Each Ct value used for these calculations was
the mean of the triplicate for each reaction.

High SOCS1 and SOCS3 mRNA levels in HSP
patients
The mRNA expression levels of SOCS1 and SOCS3 were
detected by RT-PCR. Representative melting curves of PCR for
SOCS1 was shown in Figure 1. SOCS1 and SOCS3 mRNA
levels were significantly higher in HSP group than in control
group (Table 1). These data suggest that abnormal high
expression of SOCS1 and SOCS3 is involved in HSP.

High SOCS1 and SOCS3 protein levels in HSP
patients
The protein expression levels of SOCS1 and SOCS3 were
detected by Western blot analysis. SOCS1 and SOCS3 protein
levels were significantly higher in HSP group than in control
group (Figure 2). These data confirm that abnormal high
expression of SOCS1 and SOCS3 is involved in HSP.

Western blot analysis
Total protein was extracted from PBMC using protein
extraction kit (Beyotime, Wuhan, China) according to the
manufacturer’s protocols. Equal amounts of proteins (30 μg)
were separated by SDS-PAGE and transferred onto
nitrocellulose membranes. The membranes were blocked and
then incubated with primary antibodies for SOCS-1, SOCS-3
and β-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at 4°C overnight. The membranes were washed and then
incubated with horseradish peroxidase conjugated secondary
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at
37°C for 1 h. Protein bands were detected by using ECL kit
(Amersham, Uppsala, Sweden).

Statistical analysis
SPSS17.0 statistical software was used for statistical analysis.
Measurement data were expressed as mean ± standard
deviation. Comparison between groups was analysed by t-test.
P<0.05 was considered significant difference.

Results
General information of the subjects
We selected 20 HSP patients, including 11 males and 9 females
(mean age 7.36 ± 2.22 years old, range 3-12 years old); and 15
healthy control children, including 8 males and 7 females
(mean age 7.24 ± 1.64 years old, range 4-11 years old). The
age and gender of the children in two groups showed no
significant difference (t=0.175, χ2=0.115, P >0.05).

4500

Figure 1. Quantitative PCR analysis of SOCS1 mRNA level. Shown
were representative melting curves.

Figure 2. Western blot analysis of SOCS1 and SOCS3 protein levels.
Shown were representative blots from three independent experiments
with similar results. β-actin was loading control.
Table 1. Relative SOSC1 and SOCS3 mRNA levels in HSP patients
and controls.
Group

HSP (n=20)

Control (n=15)

t

p

SOSC1 mRNA level

1.37 ± 0.38

0.85 ± 0.12

5.03

<0.001

SOCS3 mRNA level

1.87 ± 0.53

0.77 ± 0.12

7.89

<0.001

Discussion
The etiology of HSP is complex, involving immune
abnormalities, environmental factors and genetic factors. Th
cells play an important role in the regulation of immune
response. Immune disorders caused by the imbalance of Th
cells, in collaboration with other factors, lead to autoimmune
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diseases. The newly discovered CD4+CD25+ regulatory T
cells (Treg) and Th17 cells are important causes of immune
imbalance in HSP [6,7]. In addition, a variety of cytokines
such as TNF-α, IL-2, IL-4, IL-6, IL-10, IL-26, and IL-28 are
implicated in the pathogenesis of HSP.
SOCS is not only a target gene of JAK/STAT signaling
pathway, but also an important negative feedback regulator of
this pathway. SOCS mRNA level is normally low in
unstimulated cells but SOCS is induced rapidly at high levels
after cytokine stimulation. In addition, microenvironmental
factors affect the expression of SOCS mRNA [8]. Recent
studies suggest that SOCS1 and SOCS3 regulate Treg cell
differentiation and function, especially the balance of Th1/Th2
[9-11]. SOCS1 expression level in Thl cells is 5 times of Th2
cells, while SOCS3 expression in Th2 cells is 23 times of Thl
cells [12,13]. SOCS1 can inhibit IL-4/STAT6 signaling, thus
inhibiting Th2 cell differentiation and promoting Th1 cell
differentiation, leading to enhanced Thl response. In contrast,
SOCS3 can inhibit IL-4/STAT6 signaling, thus inhibiting Th1
cell differentiation and promoting Th2 cell differentiation,
leading to enhanced Th2 response [14,15]. Therefore, SOCS1
and SOCS3 are involved in many inflammatory diseases,
especially in autoimmune diseases associated with Th1/Th2
imbalance. SOCS1 and SOCS3 participate in ocular uveitis,
Crohn's disease, systemic lupus erythematosus, rheumatoid
arthritis, multiple sclerosis, allergic reactions, asthma,
psoriasis, and type I diabetes [16].
In this study, we compared SOCS1 and SOCS3 mRNA levels
in 20 children at acute stage of HSP to 15 healthy control
children matched at the age and gender. The results showed
that both SOCS1 and SOCS3 mRNA levels were significantly
higher in HSP patients than in controls. Moreover, the increase
of SOCS3 mRNA level was bigger than the increase of SOCS1
mRNA level in HSP patients. Therefore, after the antagonistic
effects of SOCS1 and SOCS3, surplus SOCS3 seems to favor
enhanced Th2 response and contribute to the development of
HSP. In addition, Western blot analysis confirmed that SOCS1
and SOCS3 protein levels were significantly higher in HSP
group than in control group. Previous studies have suggested
that SOCS signaling could be therapeutically targeted for the
treatment of various immune diseases [15-17]. Considering our
results, we speculate that the dysregulation of SOCS1 and
SOCS3 is implicated in the pathogenesis of HSP. The
modulation of SOCS1 and SOCS3 expression levels may
provide novel therapeutic approach for the prevention and
treatment of HSP.
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