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Abstract. Systemic lupus erythematosus (SLE) is an auto-
immune disease of unknown origin affecting all the organ 
systems. Apart from genetic and environmental factors, 
autoantibody and immune complex deposition as well as 
cytokine imbalances contribute to immune dysfunction. 
Interleukin‑9 (IL-9) is a T cell-derived factor preferentially 
expressed by CD4+ T cells and it has been characterized in 
human and murine systems. IL-9 targets cells of the lymphoid, 
myeloid and mast cell lineages, and is likely to contribute to 
the development of allergic and autoimmune diseases such as 
asthma, arthritis, multiple sclerosis and experimental autoim-
mune encephalomyelitis (EAE). Nevertheless, until recently 
there have been no studies on its role in SLE in humans. In the 
present study, the mRNA and serum IL-9 levels in the periph-
eral blood of SLE patients and healthy controls were assessed 
using real-time PCR and enzyme-linked immunosorbent assay 
(ELISA), respectively. Flow cytometry was used to analyze the 
percentages of CD4+IL-9+ T cells in SLE patients. Moreover, 
differences between the groups and the effect of glucocor-
ticoids were analyzed. The results showed that the plasma 
concentration and mRNA levels of IL-9 were significantly 
elevated in SLE patients compared with the healthy controls. 
The percentages of CD4+IL-9+ T cells were also increased in 
SLE patients. In addition, serum IL-9 levels and the percent-
ages of CD4+IL-9+ T  cells were correlated with the SLE 
disease activity index (SLEDAI). Additionally, the percent-
ages of CD4+IL-9+ T cells and serum IL-9 levels in 8 untreated 
active SLE patients were decreased at 1, 2 and 3 weeks after 
treatment with methylprednisolone. In conclusion, we provide 
evidence that IL-9 is increased in SLE patients. Moreover, 

it is described for the first time that high expression of IL-9 
levels and the percentages of CD4+IL-9+ T cells correlate with 
disease activity and severity. This suggests an important role 
of IL-9 in the pathogenesis of SLE.

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune 
disease in which almost all the organ systems, including the 
skin, kidneys, lungs, brain, heart and joints, are damaged (1). 
However, the precise mechanism of SLE has not been fully 
elucidated. Previous studies show that SLE is primarily 
caused by high levels of autoantibodies which are generated 
by enhanced apoptosis in conjunction with defective clear-
ance of apoptotic cells (2) and immune complex deposition. 
Although the pathogenesis of SLE remains unclear, many 
studies have suggested that cytokines or growth factors are 
considered to play an important role in SLE. Deregulated 
cytokine production is known to contribute to immune 
dysfunction as well as to mediate tissue inflammation and 
organ damage. Cytokines produced by abnormal T helper 
(TH) cells have been shown to be implicated in the patho
genesis of SLE (3).

IL-9 is a T cell-derived cytokine that is initially desig-
nated a Th2 cytokine (4). Recently, Tregs, Th1, Th17 and Th9 
subsets of T cells were also found to produce IL-9 (5-8). It 
has been reported that IL-9 causes pleiotropic effects in these 
subsets (7), and that it plays different roles in different situ-
ations in regulating immune responses. IL-9 targets cells of 
the lymphoid, myeloid and mast cell lineages, and is likely to 
contribute to the development of allergic (9) and autoimmune 
diseases (10) such as asthma, arthritis, multiple sclerosis and 
experimental autoimmune encephalomyelitis (EAE).

However, whether abnormal expression and secretion of 
IL-9 are present in SLE patients still remains unknown, and it 
is also unclear whether IL-9 exerts main proinflammatory or 
anti-inflammatory activities in SLE. Therefore, in the present 
study, the expression of IL-9 levels and the percentages of 
CD4+IL-9+ T cells in SLE patients as well as their association 
with disease manifestations and activity were investigated, in 
order to provide a better understanding of the interrelationship 
and immunopathological roles of IL‑9 in SLE.
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Materials and methods

Subjects. Peripheral blood samples were obtained from 28 SLE 
patients from the Second Affiliated Hospital of Soochow 
University (Suzhou, China), including 13 active (12 females, 
1 male; mean age, 36±12 years) and 15 inactive SLE patients 
(15 females, 0 male; mean age, 34±11 years), excluding those 
with a current infection. Eight patients were not administered any 
immuno-modulating medication at the time of analysis. Control 
samples were collected from 12 healthy volunteers (10 females, 
2 males; mean age, 31±7 years), none of which suffered from any 
rheumatologic diseases. The diagnosis of SLE was established 
by the presence of ≥4 American College of Rheumatology 
(ACR) diagnostic criteria (11). Active SLE was defined as a SLE 
disease activity index (SLEDAI) score ≥10, while patients with 
SLEDAI <10 were evaluated as inactive (12). Patient clinical 
and demographic characteristics are presented in Table I. The 
processes involved in the present study as well as informed 
consent forms were approved by the respective institutions.

Sample preparation and cell cultures. Blood samples were 
collected in vacutainer tubes containing ethylenediaminetet-
raacetic acid (EDTA). Following the collection of peripheral 
blood samples, reserve serum and peripheral blood mononuclear 
cells (PBMCs) were isolated by centrifugation against a density 
gradient, and the enriched cells were removed from the density 
medium:plasma interface. The samples were washed two times 
with phosphate-buffered saline (PBS); part of the collected 
cells was used for RNA extraction. Isolated PBMCs (1x106 in 
1.5 ml of RPMI‑1640) for intracellular staining were stimu-
lated for 6 h with PMA (50 ng/ml) (Sigma‑Aldrich, St. Louis, 
MO, USA) and ionomycin (500 ng/ml; Sigma-Aldrich). Four 
hours prior to collection, brefeldin A (GolgiPlug™, 1 µl/ml; 
BD Pharmingen, Franklin Lakes, NJ, USA) was added to the 
cell culture, along with PMA and ionomycin. The cells were 
fixed and permeabilized (Fix/Perm; eBioscience, San Diego, 
CA, USA) according to the manufacturer's instructions, and 
were incubated at room temperature with formaldehyde.

RNA extraction and real-time PCR analysis. RNA was 
isolated using TRIzol reagent, followed by reverse transcrip-
tion using M-MLV reverse transcriptase and oligo(dT) primer 
(Invitrogen, Carlsbad, CA, USA). Approximately 1.5 µg RNA 
was converted to cDNA. For measuring the mRNA levels of 
IL-9 and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), 1 µl cDNA in triplicate was used for amplification 
by the TaqMan RT-PCR system (ABI Prism 7900HT Sequence 
Detection System; Applied Biosystems, Foster City, CA, USA) 
with specific TaqMan primers. Amplification was performed 
using standard conditions and calculations of fold induction 
were performed. Gene expression was normalized to GAPDH 
and the values were expressed relative to control using the 
ΔΔCT method. The primers used included: IL-9 sense, 
5'-GTGCCACTGCAGTGCTAATGT-3' and anti‑sense, 
5'CTCTCACTAAGCATGGTCTGG-3'; GAPDH sense, 5'-AT 
CCCATCACCATCTTCCAG-3' and anti‑sense, 5'-GAGTC 
CTTCCACGATACCAA-3'.

Measurement of serum IL-9 levels. Venous blood samples 
were collected into into pyogen-free blood collection tubes, 

immediately immersed in melting ice, and allowed to clot 1 h 
prior to centrifugation. All the serum samples were stored at 
-80˚C before use. All the procedures used were standardized. 
Serum IL-9 levels were measured using specific ELISA kits 
(R&D Systems, Minneapolis, MN, USA). Each sample was 
tested in duplicate. The results were expressed as pg/ml and 
the detection limit of this assay was 0.5 pg/ml.

Flow cytometric analysis. The enriched cells were stained 
with the anti‑CD4 Alexa Fluor 488 antibody (eBioscience) 
for purity checking. Intracellular staining was performed 
using anti‑IL‑9-PE (eBioscience). The percentages of cyto-
kine‑secreting CD4+IL-9+ T cells were determined by flow 
cytometry using a FACSCalibur instrument (Becton‑Dickinson, 
Franklin Lakes, NJ, USA).

Table I. Baseline characteristics and medication of SLE patients. 

Categories	 SLE patients	 HC

General conditions
  No. of cases (active/inactive)	 13/15	 12
  Age (mean ± SD)	 36±12/34±11	 31±7
  Male:female	 1:12/0:15	 2:10
  SLEDAI [median (range)]	 9 (2-21)
Clinical features, n
  Arthritis	 4
  Alopecia	 5
  Anemia	 16
  Butterfly erythema	 3
  Oral ulcer	 7
  Photosensitivity	 6
  Renal involvemet	 15
  Serositis	 11
  Nervous system disorder	 6
Laboratory parameters, n
  Leukopenia	 8
  Thrombocytopenia	 10
  Anti-dsDNA(+)	 7
  Anti-Sm(+)	 12
  Decreased C3/C4	 13/18
  Increased IgA/IgM/IgG	 13/11/14
  Increased ANA (>1:100)	 16
  Elevated ESR	 14
  Proteinuria >0.5 g/24 h	 12
Medications, n
  None	 8
  GC:methylprednisolone	 17
  Prednisone	 3
  MMF/LEF/CTX/FK-506	 5/3/8/2

SLE, systemic lupus erythematosus; HC, healthy controls; C3/C4, 
complement  3/ complement  4; ANA, antinuclear antibody; ESR, 
erythrocyte sedimentation rate; GC, glucocorticoids; MMF, myco-
phenolate mofetil; LEF, leflunomide; CTX, cyclophosphamide.
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Clinical and laboratory parameters. Part of clinical mani-
festations of SLE patients were defined as follows: renal 
involvement (proteinuria >0.5 g/24 h, presence of cellular 
casts, hematuria with >10 red blood cells/hpf excluding infec-
tion or stone, >5 leukocytes/hpf excluding infection, or plasma 
creatinine >1.4 mg%), arthritis (non‑erosive arthritis affecting 
≥2 peripheral joints), nervous system disorder (psychosis, 
seizure, depression and peripheral neuropathy). Laboratory 
abnormalities were recorded, including leukopenia (white 
blood cell count <4,000/mm3), thrombocytopenia (platelet 
count <100,000/mm3), elevated erythrocyte sedimentation rate 
(>20 mm/h), the presence of anti-dsDNA, antinuclear, anti-Sm 
(by indirect immunofluorescence), IgG, IgA, IgM and serum 
levels of C3, C4 and 24‑hour urinary protein (by immunotur-
bidimetry).

Statistical analysis. Results were expressed as the 
means ± standard deviation (SD). Statistical analysis of the 
data was performed using the GraphPad Prism (Version 4.0) 
statistical program. The nonparametric Mann‑Whitney U test 
was used to compare data between SLE patients and healthy 
controls. Analysis of covariance was used to compare data 
among three groups. The association of the data with clinical 
and laboratory parameters of SLE patients was analyzed 
using the independent samples t-test. For the correlation 
analysis with SLEDAI, Pearson correlation coefficient was 
used. Repeated measurement ANOVA was used to compare 
the parameters before and after treatment. Two-sided P-values 
<0.05 were considered to indicate a statistically significant 
difference.

Results

IL-9 mRNA expression is increased in SLE patients. In order 
to examine whether the expression of IL-9 is altered in SLE 
patients, real-time PCR was used to detect the mRNA levels 
of IL-9 from single nuclear PBMCs from the peripheral blood 
of SLE patients (n=28) and healthy controls (n=12). The results 
showed that IL-9 mRNA in SLE patients was significantly 
higher compared with that in healthy controls (P<0.01, two 
groups of comparisons) (Fig. 1).

Serum IL-9 levels are increased in SLE patients. Next, to define 
the abnormality of IL-9 protein expression in the peripheral 
blood of SLE patients, we tested the serum IL-9 levels in the 
fresh serum of the peripheral blood samples of SLE patients.
It was found that serum IL-9 levels were significantly higher 
in active and inactive SLE patients compared with the healthy 
controls (72.3±16.7 vs. 26.3±6.4 pg/ml, P<0.01; 56.7±11.5 
vs. 26.3±6.4 pg/ml, P<0.05) (Fig. 2). However, there was no 
significant difference between 8 untreated SLE patients and 
5 active SLE patients, to whom treatment with a small amount 
of immunodepressant was administered prior to relapse 
(P>0.05).

Figure 3. Increased percentages of CD4+IL-9+ T cells in systemic lupus ery-
thematosus (SLE) patients. (A) The percentages of CD4+IL-9+ T cells were 
significantly increased in SLE patients compared with the healthy controls 
(HC). (B) The percentages of CD4+IL-9+ T cells were increased in active 
SLE patients compared with inactive SLE patients and HC. Bars represent 
the mean values ± SD.

Figure 1. Relative expression of IL-9 mRNA. The relative mRNA expression 
of IL-9 was determined using quantitative real-time PCR and normalized to 
GAPDH in systemic lupus erythematosus (SLE) patients (n=28) and healthy 
controls (HC) (n=12). There was a significant difference in the relative 
expression between these two groups. Bars represent the fold change of the 
gene expression. The results show that the relative expression of IL-9 mRNA 
in SLE patients was significantly elevated compared with HC (P<0.01, two 
groups of comparisons).

Figure 2. Serum IL-9 protein levels. Serum IL-9 levels in each group, 
including active systemic lupus erythematosus (SLE) patients (n=13), inactive 
SLE patients (n=15) and healthy controls (HC) (n=12) were detected using a 
specific ELISA. Bars indicate mean values ± SD in each group. Serum IL-9 
levels were significantly increased in the SLE active group compared with 
HC (P<0.01). Serum IL‑9 levels were also higher in inactive SLE patients 
compared with HC (P<0.05).
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Increased percentages of CD4+IL-9+ T cells in SLE patients. 
The percentages of CD4+IL-9+ T  cells in SLE patients 
were analyzed using flow cytometry. Results showed that 
the percentages of CD4+IL-9+ T  cells were increased in 
active and inactive SLE patients compared with healthy 
controls (2.11±0.26 vs. 0.28±0.05%, P<0.001; 0.86±0.16 vs. 
0.28±0.05%, P<0.05), while it was higher in active compared 
with inactive SLE patients (2.11±0.26 vs. 0.86±0.16%, P<0.01) 
(Fig. 3). The percentages of CD4+IL-9+ T cells in 8 untreated 
active SLE patients were moderately higher compared with 

5 active SLE patients who were administered treatment with 
immunodepressant (P>0.05, two groups of comparisons).

Association of serum IL-9 levels and percentages of 
CD4+IL-9+ T cells with the clinical features of SLE patients. 
To determine whether IL-9 expression and the percentages of 
CD4+IL-9+ T cells were associated with disease activity, it was 
observed that the percentages of CD4+IL-9+ T cells and the 
serum IL-9 levels were correlated with SLEDAI. The results 
showed that both the percentages of CD4+IL-9+ T cells and the 

Figure 4. Serum IL-9 levels and the percentages of CD4+IL-9+ T cells were correlated with SLEDAI. Spearman's analysis was used for correlation analysis 
between SLEDAI and serum IL-9 levels (r2=0.34, P<0.01), and also for correlation analysis between SLEDAI and the percentages of CD4+IL-9+ T cells 
(r2=0.33, P<0.01).

Figure 5. Association of serum IL-9 levels and the percentages of CD4+IL-9+ T cells [CD4+IL-9+ T (%)] with clinical features and laboratory parameters. 
(A and C) The association of serum IL-9 levels and the percentages of CD4+IL-9+ T cells with major clinical features of SLE patients was analyzed, where no 
correlation was found among them. (B) Serum IL-9 levels were significantly increased in SLE patients with decreased C3, increased ANA, elevated ESR and 
high proteinuria (P>0.05 for each). (D) The percentages of CD4+IL-9+ T cells were also significantly increased in SLE patients with decreased C3, elevated 
ESR and high proteinuria (P>0.05 for each).
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serum levels of IL-9 were positively associated with SLEDAI 
(Fig. 4). Additionally, potential association of serum IL-9 
levels and the percentages of CD4+IL-9+ T cells with major 
clinical features of SLE patients was analyzed, but no correla-
tion was found (Fig. 5).

Association of serum IL-9 levels and the percentages of 
CD4+IL-9+ T cells with the laboratory parameters of SLE 
patients. In order to analyze the relation between the expres-
sion of IL-9 and the laboratory parameters of SLE patients, we 
correlated serum IL-9 levels and the percentages of CD4+IL-9+ 
T cells with certain laboratory parameters. The results showed 
that serum IL-9 levels were significantly increased in SLE 
patients with decreased C3, increased ANA, elevated ESR 
and high proteinuria (P<0.05 for each). The percentages of 
CD4+IL-9+ T cells were also significantly increased in SLE 
patients with decreased C3, elevated ESR and high proteinuria 
(P<0.05 for each). However, there was no significant difference 
between the expression of IL-9 and other laboratory param-
eters (Fig. 5).

Glucocorticoid influence on serum IL-9 levels and the percent-
ages of CD4+IL-9+ T cells. Finally, in order to explore the 
effect of glucocorticoids on serum IL-9 levels and the percent-
ages of CD4+IL-9+ T cells, 8 active SLE patients who were 
not administered any immuno-modulating medication were 
assessed. Notably, the percentages of CD4+IL-9+ T cells and 
the protein levels of IL-9 in the 8 untreated active SLE patients 
gradually decreased l, 2 and 3 weeks following treatment with 
methylprednisolone (0.8 mg/kg/day) when compared with 
those prior to treatment (Fig. 6).

Discussion

According to Nowak  et  al  (13), IL-9 receptor deficiency 
attenuates EAE disease, indicating that IL-9 is correlated with 
EAE. Poulin et al (14) found that IL-9 mRNA and protein 
were highly expressed in a mouse model of fully mismatched 
heart transplantation. A previous study also demonstrated that 
serum levels of IL-9 and additional pathologic cytokines were 
elevated after the second immunization of rheumatoid arthritis 
(RA) (15), while Khan et al (16) further confirmed that IL-9 
and some another inflammatory cytokines were descended 
following treatment with rituximab, indicating that IL-9 plays 
a pro-inflammatory role in RA. Additional evidence indicates 
that IL-9 cytokine may contribute to the development of auto-
immune diseases.

To elucidate whether IL-9 expression is abnormal in the 
peripheral blood of SLE patients, IL-9 mRNA expression 
level and serum IL-9 levels were analyzed in SLE patients and 
healthy controls. The results of the present study indicate that 
IL-9 production was significantly increased in SLE patients 
compared with healthy controls. IL‑9 production was also 
significanlty increased in active SLE patients, indicating that 
the elevation of IL-9 levels may trigger the inflammatory 
process in SLE.

Previous studies have shown that CD4+ T cell subsets, 
including Tregs, Th1, Th2, Th17 and Th9, produce IL-9 under 
specific conditions. In the present study, the percentages of 
IL-9 expression in CD4+ T cells were analyzed using flow 
cytometry. It was found that the percentages of CD4+IL-9+ 
T cells from the peripheral blood of active and inactive SLE 
patients were significantly increased compared with the 

Figure 6. Glucocorticoid influence on serum IL-9 levels and the percentages of CD4+IL-9+ T cells. (A) The percentages of CD4+IL-9+ T cells [CD4+IL-9+ T 
(%)] were determined using flow cytometry in untreated active SLE patients (n=8) who were administered methylprednisolone (0.8 mg/kg/day). (B) The per-
centages of CD4+IL-9+ T cells at l, 2 and 3 weeks following treatment. (C) Serum IL-9 levels were determined using a specific ELISA. The graph indicates the 
decreased serum IL-9 levels following treatment with methylprednisolone.*P<0.05 vs. untreated SLE patients, **P<0.01 vs. untreated SLE patients, ***P<0.001 
vs. untreated SLE patients.
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healthy controls, suggesting that CD4+IL-9+ T cells may play an 
important role in the pathogenesis of SLE. In the present study, 
it was shown that the percentages of CD4+IL-9+ T cells were 
significantly increased; however, the question of which subset 
of the CD4+ T cells was the major contributor still remains to 
be elucidated. There is controversial evidence concerning the 
subtype of T cells producing this cytokine, which include but 
are not limited to Th1, Th2, Th9, Th17 and Treg cells.

In the present study, a strong positive correlation between 
the percentages of CD4+IL-9+ T cells and SLEDAI in SLE 
patients was found, while the similar correlation was found 
between serum IL-9 levels and SLEDAI. Additionally, serum 
IL-9 levels were significantly increased in SLE patients 
with decreased C3, increased ANA, elevated ESR and high 
proteinuria. Similarly, the percentages of CD4+IL-9+ T cells 
were significantly increased in SLE patients with decreased 
C3, elevated ESR and high proteinuria, indicating that the 
percentages of CD4+IL-9+ T cells and serum IL-9 levels are 
correlated with disease activity and severity. The percentages 
of CD4+IL-9+ T cells and serum IL-9 levels tended to be higher 
in patients with leukopenia, thrombocytopenia, increased 
immunoglobulin, as well as patients positive for anti-dsDNA 
and anti-Sm. Nevertheless, a significant difference was not 
reached. Moreover, the percentages of CD4+IL-9+ T cells and 
serum IL-9 were not significantly increased in SLE patients 
with the typical clinical features of SLE compared with 
patients without the clinical features (Fig. 5). This was prob-
ably due to the low number of the patients included, or due to 
the heterogeneity of SLE patients. Further studies are needed 
to confirm these preliminary results. In the present study, an 
influence of treatment on the percentages of CD4+IL-9+ T cells 
and serum IL-9 levels was not found between untreated active 
SLE and those active SLE who were administered treatment 
with immunodepressant prior to relapse.

Glucocorticoids affect cytokine synthesis in T cells by 
binding to and activating cytoplasmic glucocorticoid receptors 
which translocate to the nucleus and regulate the transcrip-
tion of target genes. Brink et al (17) reported that even low 
doses of steroids inhibit cytokine synthesis in SLE patients. 
Similarly, in the present study, the effects of glucocorticoids 
on serum IL-9 levels and CD4+IL-9+ T cells in SLE patients 
were investigated. Notably, the percentages of CD4+IL-9+ 
T cells and the protein levels of IL-9 in 8 untreated active SLE 
patients were gradually decreased l, 2 and 3 weeks after treat-
ment with methylprednisolone, indicating that glucocorticoids 
downregulate the expression of IL-9 and IL-9-producing 
CD4+ T cells in SLE patients. These results suggest that the 
abnormality of IL-9 and CD4+IL-9+ T cells may play a role in 
the inflammatory process of SLE.

The pro-inflammatory role of IL-9 in SLE patients may 
be related to Th17 cells. It has been recently shown that 
IL-9, as a dominant cytokine, is produced by Th17 cells (18). 
Th17 cells produce large quantities of IL-9 which, in turn, 
further amplify Th17 cells which have been shown to be an 
important subset in human autoimmune diseases, including 
RA (16), multiple sclerosis (19) and SLE (3). Additionally, 
there is evidence suggesting that IL-9 production in Th17 
cells is pathogenic during autoimmunity. According to 
Beriou et al (20), it has been suggested that the Th17 popu-
lation in patients with type 1 diabetes have an increased 

propensity to secrete IL-9. IL-9R deficiency has been shown 
to attenuate EAE disease and to have a decreased accumula-
tion of Th17 cells in a mouse model, indicating that IL-9 is 
pathogenic in autoimmunity (10). However, there has been 
a number of studies showing an anti-inflammatory activity 
of IL-9 in human autoimmune diseases (18,21), potentially 
due to the fact that IL-9 enhances the suppressive function of 
regulatory T cells (18). Thus, the functions and mechanisms 
of IL-9 in SLE as well as additional autoimmune diseases 
remains to be elucidated.

In conclusion, the present study demonstrated increased 
mRNA levels of IL-9, serum IL-9 levels and percentages of 
CD4+IL-9+ T cells in SLE patients, particularly inactive SLE, 
which were correlated with disease activity and severity. Thus, 
IL-9 and CD4+IL-9+ T cells might play an impotrant role in 
SLE. Finally, treatment with a high‑dose of methylpredniso-
lone was demonstrated to reduce serum IL-9 levels and the 
percentages of CD4+IL-9+ T cells, indicating that IL-9 and 
CD4+IL-9+ T cells are involved in the inflammatory process 
of SLE. The use of IL-9-specific antibodies in the treatment 
of several conditions, such as EAE (13), collagen-induced 
arthritis (14), transplantation (22), chronic active EBV infec-
tion (23) and human anaplastic large-cell lymphoma cells (24), 
has been previously implemented. Targeting IL-9 in human 
SLE could be a promising approach in the future. Therefore, 
further studies are needed confirm and extend the current 
results.
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