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Upregulated expression of STAT3/IL-17 in patients with systemic lupus
erythematosus
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Abstract
Elevated IL-17 levels with higher Th17 numbers are identified in systemic lupus erythematosus (SLE). STAT3 signaling plays a
crucial role in the Th17 generation, and SOCS3 negatively regulates their formation. We investigated IL-17, STAT3, and SOCS3
expression, and analyzed their correlations to elucidate the regulatory mechanisms of IL-17 production in SLE. This study
enrolled 32 patients, and venous mononuclear cells (MNCs) were isolated with further purification of CD4-positive T cells.
IL-17 and SOCS3 levels were measured by real-time quantitative PCR, and pSTAT3/STAT3 expression was analyzed by
immunoblot. Elevated IL-17 and SOCS3 levels were identified in lupus patients. There were higher IL-17 levels in lupus
nephritis (class IV) than in SLE without renal involvement. Positive correlations were found between IL-17 levels and SOCS3
expression, lupus activity (SLEDAI-2K), or daily proteinuria. There were higher intensities of pSTAT3/β-actin and STAT3/β-
actin in SLE, and a positive correlation between IL-17 expression and pSTAT3/β-actin or STAT3/β-actin intensity. Lupus
nephritis (class IV) had higher STAT3/β-actin intensity than SLE without renal involvement. These results suggest upregulated
STAT3/IL-17 expression in lupus patients. Such findings might facilitate the development of novel compounds and the appli-
cation of existing therapeutics targeting the STAT3/IL-17 signal in SLE.
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Introduction

In systemic lupus erythematosus (SLE), there is a persis-
tently activated immune system with the production of hu-
moral mediators, and elevated IL-17 levels with higher
Th17 numbers have been identified in blood samples and
renal tissues, raising a therapeutic potential targeting IL-17
or related signaling components in lupus patients [1].
Notably, the suppressor of cytokine signaling (SOCS) fam-
ily containing SOCS1 to 7 and cytokine-inducible SH2
protein functions as an E3 ubiquitin ligase to mediate the
degradation of associated proteins through their N-terminal
and SH2 regions [2, 3]. These members are regarded as
critical participants of the negative feedback loop

regulating the quality and intensity of the cytokine signal-
ing. SOCS1 and SOCS3 are potent inhibitors of the Janus
kinase (JAK)/signal transducer and activator of transcrip-
tion (STAT) pathway through directly binding with JAK to
inhibit its kinase activity via their KIR domains [3].
Increasing evidence indicates that SOCS1 and SOCS3 are
dysregulated in human autoimmune disorders like SLE [4],
and extensive investigations have shown impaired produc-
tion of SOCS with hyper-activated type I interferon/JAK/
STAT signaling pathway in SLE, suggesting the clinical
intervention to upregulate SOCS expression as a therapeu-
tic strategy [4, 5]. Furthermore, SOCS3 has been shown to
negatively regulate the Th17 formation by using gene-
targeted mice to study their formation [6], and previous
studies have demonstrated a crucial role of STAT3 signal-
ing in the human Th17 generation [7].

In this study, we investigated the expression of IL-17,
STAT3, and SOCS3 in venous mononuclear cells (MNCs)
with further purification of CD4-positive T cells to analyze
their correlations to elucidate the regulatory mechanisms of
IL-17 production in lupus patients including the lupus nephri-
tis (LN) victims.
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Materials and methods

Study patients

Thirty-two patients fulfilling the American College of
Rheumatology revised Criteria for SLE [8], 30 females and
2 males with ages from 19 to 45 years (32.3 ± 1.4), were
enrolled into this study. Another 20 age- and sex-matched
healthy individuals were served as a control group. The
Institutional Review Board approved this study with the in-
formed consent obtained from each participant. Medical re-
cords of these patients were reviewed for demographic, clin-
ical, and laboratory data. Their disease activities were assessed
by the SLEDAI-2K [9], and laboratory parameters were ana-
lyzed, including daily proteinuria amounts, anti-DNA levels,
C3 and C4 concentrations, and peripheral blood cell counts
(red blood cells, platelets, total leukocytes, and lymphocytes).
The diagnosis of LN was based on a histopathological evalu-
ation of renal biopsy, and/or long-term serial follow-up of
blood and urine examinations [10]. Twenty patients in this
study had LN according to the diagnosis criteria used in this
report.

MNCs preparation and CD4-positive T cells
purifications

MNCs were isolated from heparinized venous blood samples
by Ficoll-Paque PLUS (GE Healthcare) in enrolled lupus pa-
tients and healthy volunteers. CD4-positive T cells were puri-
fied from MNCs through a positive selection column of mag-
netic cell sorter (Miltenyi Biotec), as previously described
[11].

Real-time quantitative polymerase chain reaction

After RNA was isolated from MNCs with further synthesis
into cDNA, the real-time quantitative PCR was performed to
quantify IL-17, SOCS3, and GAPDH levels by using SYBR
Premix Ex Taq (TaKaRa) in the SmartCycler (Cepheid), as
previously described [12]. The primer sequences were as fol-
lows. Forward 5′-GCAATGAGGACCCTGAGAGA-3′/re-
verse 5′-CCCACGGACACCAGTATCTT-3′, forward 5′-
GCCACCTACTGAACCCTCCT-3′/reverse 5′-ACGG
TCTTCCGACAGAGATG-3 ′, and forward 5′-CTCA
TGACCACAGTCCATGCCATC-3′/ reverse 5′-CGTT
CAGCTCTGGGATGACCTTG-3′. The comparative Ct
method was used to calculate the relative abundance of IL-
17 and SOCS3 as compared with the expression of GAPDH.

Immunoblot assay

The RIPA lysis buffer-treatedMNCs lysates were subjected to
the immunoblot analysis with antibodies against tyrosine 705

phosphorylated STAT3 (pSTAT3, Santa Cruz Biotechnology),
STAT3 (Santa Cruz Biotechnology), SOCS3 (Cell Signaling),
or β-actin (Sigma-Aldrich) in combination with a horseradish
peroxidase- labeled secondary ant ibody (Jackson
ImmunoResearch), developed with an ECL plus system
(Amersham), and analyzed by a Biospectrum imaging system
(UVP) for the chemiluminescence detection, as previously
described [12]. The signal intensities were quantitated by the
Image J software (NIH).

Statistical analysis

Data were represented as mean ± standard error of the mean
(SEM). Mann-Whitney rank sum test was used to compare
relative mRNA expression levels of IL-17 or SOCS3 and
intensity ratios of pSTAT3/β-actin or STAT3/β-actin in im-
munoblot between different groups. The Pearson correlation
coefficient test with linear regression analysis was performed
to correlate between relative mRNA expression levels, inten-
sity ratios in immunoblot, SLEDAI-2K scores and/or miscel-
laneous laboratory parameters. P value less than 0.05 was
considered statistically significant in this study.

Results

The MNCs samples were examined for IL-17 mRNA expres-
sion. Significantly higher IL-17 levels were found in lupus
patients in comparison with healthy controls (Fig. 1a,
93.66 ± 30.12 versus 1.59 ± 0.27, P = 0.036). Furthermore,
there was a significant positive correlation between IL-17
levels and SLEDAI-2K scores (Fig. 1b, r = 0.388, P = 0.028)
or daily proteinuria amounts (Fig. 1c, r = 0.360, P = 0.043). In
addition, significant positive correlations existed between IL-
17 levels and proteinuria more than 1 g/day (n = 18, r = 0.586,
P < 0.01) or proteinuria in patients with renal involvement
(n = 20, r = 0.588, P < 0.01). Patients with LN had higher
IL-17 levels than those without the renal involvement
(106.50 ± 43.43 versus 72.26 ± 36.33). In 8 patients with class
IV LN, there were significantly higher IL-17 levels than in 12
patients without renal involvement (Fig. 1d, 263.20 ± 83.38
versus 72.26 ± 36.33, P = 0.019). No significant correlations
were found in other laboratory parameters including anti-
DNA levels, C3 and C4 concentrations, and blood cell counts.

Next, we examined the SOCS3 mRNA expression in
MNCs. There were higher levels in lupus patients in compar-
ison with healthy controls (Fig. 2a, 1.61 ± 0.60 versus 0.98 ±
0.11). The correlation coefficients were calculated between
the SOCS3 expression and IL-17 levels, disease activity
scores, or miscellaneous laboratory data. There was a signifi-
cant positive correlation between SOCS3 and IL-17 expres-
sion levels in lupus patients (Fig. 2b, r = 0.406, P = 0.021). No
correlations were found in SLEDAI-2K scores, daily
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proteinuria amounts, and other laboratory parameters. In ad-
dition, we examined the expression of SOCS3 protein in

MNCs from selected lupus patients and healthy subjects.
Similar to the expression levels of mRNA levels, there were

Fig. 2 SOCS3 expression in MNCs from lupus patients and healthy controls. a Higher SOCS3 levels in lupus patients than healthy controls. b A
significant positive correlation between SOCS3 and IL-17 expression levels. n = 32 for lupus patient and n = 20 for healthy control; *P < 0.05

Fig. 1 IL-17 expression inMNCs from lupus patients and healthy controls.
a Significantly higher IL-17 levels in lupus patients than healthy controls. b
A significant positive correlation between IL-17 expression levels and
SLEDAI-2K scores. c A significant positive correlation between IL-17

expression levels and daily proteinuria amounts. d Significantly higher
IL-17 expression levels in LN class IV patients than SLE without renal
involvement. n = 32 for a lupus patient, n = 20 for healthy control, n = 12
for nil renal, and n = 8 for LN class IV. LN, lupus nephritis; *P < 0.05
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higher levels of SOCS3/β-actin density ratios in lupus patients
as compared with healthy controls (data not shown).

We further investigated the expression of pSTAT3 and STAT3
inMNCs. Figure 3a demonstrates the representative immunoblot
graphs with pSTAT3, STAT3, andβ-actin expression. In Fig. 3b,
therewere significantly higher intensity ratios of pSTAT3/β-actin
(0.288 ± 0.078 versus 0.206 ± 0.041, P < 0.01) and STAT3/β-
actin (0.465 ± 0.191 versus 0.325 ± 0.068, P< 0.01) in lupus pa-
tients as compared with healthy controls. For IL-17 expression
levels in SLE, significant positive correlations were identified in
pSTAT3/β-actin (r= 0.387,P = 0.029) and STAT3/β-actin inten-
sity ratios (Fig. 3c, r= 0.417, P = 0.018). LN patients had higher
pSTAT3/β-actin (0.296 ± 0.081 versus 0.274 ± 0.073) and
STAT3/β-actin intensity ratios (0.482 ± 0.213 versus 0.438 ±
0.152) than those without the renal involvement. In 8 patients
with class IV LN, there were higher pSTAT3/β-actin (0.347 ±
0.082 versus 0.274 ± 0.073) and significantly higher STAT3/β-
actin intensity ratios (Fig. 3d, 0.666 ± 0.232 versus 0.438 ±
0.152, P = 0.015) than 12 patients without renal involvement.

Finally, we purified CD4-positive T cells from MNCs. In
Fig. 4a and b, the IL-17 and SOCS3 levels were significantly
higher in lupus patients as compared with age- and sex-matched
healthy individuals (For IL-17, 62.55 ± 25.71 versus 2.71 ± 0.62,
P < 0.01; for SOCS3, 1.855 ± 0.384 versus 1.018 ± 0.174, P =
0.032). There were significantly higher levels of pSTAT3/β-actin
and STAT3/β-actin intensity ratios from lupus patients in com-
parison with healthy controls (Fig. 4c, pSTAT3/β-actin, 0.424 ±
0.033 versus 0.359 ± 0.042, P = 0.047; STAT3/β-actin, 0.617 ±
0.093 versus 0.472 ± 0.037, P < 0.01).

Discussion

IL-17 plays an important role in the SLE pathogenesis, espe-
cially with renal involvement [1, 13]. Increased circulating
Th17 cell frequencies from lupus patients were demonstrated
by our previous experiments [14], and elevated IL-17 levels in
SLE were identified in this study, both with a positive

Fig. 3 pSTAT3 and STAT3 expression in MNCs from lupus patients and
healthy controls. a Representative immunoblot graphs with pSTAT3,
STAT3, and β-actin expression from lupus patients and healthy control.
b Significantly higher intensity ratios of pSTAT3/β-actin and STAT3/β-
actin in lupus patients than healthy controls. c A significant positive

correlation between STAT3/β-actin intensity ratios and IL-17 expression
levels. d Significantly higher IL-17 intensity ratios of STAT3/β-actin in LN
class IV patients than in SLE without renal involvement. n = 32 for lupus
patient, n = 20 for healthy control, n = 12 for nil renal, and n = 8 for LN
class IV. HC, healthy control; LN, lupus nephritis; *P < 0.05, **P < 0.01
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correlation between disease activity scores or daily proteinuria
amounts. Furthermore, dysregulated Tcell signaling transduc-
tion promoting the IL-17 production and Th17 migration has
been reported to be involved in the LN pathogenesis [1].
Despite the accumulation of IL-17-expressing cells in the kid-
ney of MRL/lpr and NZB/W lupus mice, deficiency or

neutralization of IL-17 failed to affect the disease severity in
these models [13]. Notably, an anti-IL17monoclonal antibody
with the FDA-indication for psoriasis/psoriatic arthritis [15]
has been prescribed in a patient with both psoriasis and LN,
resulting in an improvement in renal involvement [16]. Such
contradictory results in targeting IL-17 pathway probably re-
flect the differences of Th17/IL-17 response in LN between
murine models and human patients. Continuous efforts to es-
tablish the aberrant Th17/IL-17 signaling dysfunction in SLE
might initiate clinical trials with the existing medications and/
or preclinical compounds, further contributing to the expan-
sion of novel therapeutics in lupus patients.

Elucidating the JAK/STAT signal transduction has brought
insights into disease mechanisms and provided the basis for
the pharmacological development [17]. Notably, aberrant
STAT signal has been identified in lupus patients with activat-
ed STAT3 in T cells [18, 19]. Intra-peritoneal injection of a
small-molecule STAT3 inhibitor could delay the onset of pro-
teinuria and lower autoantibodies titers in the lupus-prone
MRL/lpr mice [20]. In this study, in addition to increased
IL-17 production, there were higher expression levels of
pSTAT3 and STAT3 in purified CD4 T cells from lupus pa-
tients, consistent with the previous findings of activated
STAT3 status in SLE T cells and monocytes [18, 19, 21]. By
using the gene knockout mice model, STAT3 has been dem-
onstrated to directly bind the IL-17 promoter of Th17 cells [6],
and T cell-specific deletion of STAT3 can significantly affect
the expression of IL-17 [22]. In the studies related to human
Th17 formation, the STAT3 signaling has been shown to play
a critical role [7]. Indeed, our results revealed higher ratios of
pSTAT3/β-actin and STAT3/β-actin with a positive correla-
tion between IL-17 expression and pSTAT3 or STAT3 inten-
sity in a lupus patient. Taken together, these findings implicat-
ed STAT3 as an upstream signal responsible for the IL-17
production in SLE.

The cytokine signaling can regulate immune responses and
coordinate various pathogenic processes in human disorders,
and such signals join in activating the JAK/STAT pathway,
tightly regulated by the miscellaneous SOCS molecules [3,
23]. Nevertheless, despite a more than 3-fold upregulation of
SOCS3 mRNA levels in lymphocytes from a lupus disease
model Sle1ab mice [24], there were inconsistent findings in
the SOCS3 expression by examining MNCs from lupus pa-
tients [5, 18]. Interestingly, higher SOCS3 levels have been
identified in MNCs from other autoimmune disorders like
rheumatoid arthritis as compared with healthy controls [25].
We identified elevated levels of SOCS3 and a positive corre-
lation between the SOCS3 and IL17 expression in lupus pa-
tients, indicating a lack of negative regulation from SOCS3 on
IL-17 expression in SLE. Our results suggest a parallel upreg-
ulated SOCS3 signaling following the overacted STAT3/IL-
17 expression, leading to the flare-up of disease activity in
lupus patients without the inhibitory efficacy.

Fig. 4 IL-17 and pSTAT3/STAT3 expression in CD4-positive T cells
from lupus patients and healthy controls. a Significantly higher IL-17
levels in lupus patients than healthy controls. b Significantly higher
SOCS3 levels in lupus patients than healthy controls. c Significantly
higher intensity ratios of pSTAT3/β-actin and STAT3/β-actin in lupus
patients than in healthy controls. n = 5 for lupus patient and n = 5 for
healthy control; *P < 0.05, **P < 0.01
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In conclusion, we demonstrate the upregulation of STAT3/
IL-17 expression in lupus patients. Such findings might facil-
itate the development of novel compounds and the application
of existing therapeutics targeting the STAT3/IL-17 signal in
SLE.

Acknowledgements The authors are indebted to the doctors and nurses
involved in the diagnosis and management of reported patients at the
National Cheng Kung University Hospital.

Author contributions Author contributions are as follows. MFL created
the concept. CRW designed the study. SYC and PYK performed the
experiments. SYC, MFL, and CRW analyzed the data. CRW wrote the
manuscript.

Funding sources This work was supported by grants MOST 106-2314-
B-006-073-MY3 and 106-2320-B-006-074 from the Ministry of Science
and Technology, Taiwan.

Compliance with ethical standards

Disclosures None.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Katsuyama T, Tsokos GC, Moulton VR (2018) Aberrant T cell
signaling and subsets in systemic lupus erythematosus. Front
Immunol 9:1088

2. Shuai K, Liu B (2003) Regulation of JAK-STAT signaling in the
immune system. Nat Rev Immunol 3(11):900–911

3. Yin Y, Liu W, Dai Y (2015) SOCS3 and its role in associated
diseases. Hum Immunol 76(10):775–780

4. Liang Y, Xu WD, Peng H, Pan HF, Ye DQ (2014) SOCS signaling
in autoimmune diseases: molecular mechanisms and therapeutic
implications. Eur J Immunol 44(5):1265–1275

5. Sukka-Ganesh B, Larkin J III (2016) Therapeutic potential for
targeting the suppressor of cytokine signalling-1 pathway for the
treatment of SLE. Scand J Immunol 84(5):299–309

6. Chen Z, Laurence A, KannoY, Pacher-ZavisinM, Zhu BM, Tato C,
Yoshimura A, Hennighausen L, O'Shea JJ (2006) Selective regula-
tory function of Socs3 in the formation of IL-17-secreting T cells.
Proc Natl Acad Sci U S A 103(21):8137–8142

7. Milner JD, Brenchley JM, Laurence A, Freeman AF, Hill BJ, Elias
KM, Kanno Y, Spalding C, Elloumi HZ, PaulsonML, Davis J, Hsu
A, Asher AI, O'Shea J, Holland SM, Paul WE, Douek DC (2008)
Impaired T(H)17 cell differentiation in subjects with autosomal
dominant hyper-IgE syndrome. Nature 452(7188):773–776

8. Hochberg MC (1997) Updating the American College of
Rheumatology revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 40(9):1725

9. Gladman DD, Ibañez D, Urowitz MB (2002) Systemic lupus ery-
thematosus disease activity index 2000. J Rheumatol 29(2):288–
291

10. Pistiner M, Wallace DJ, Nessim S, Metzger AL, Klinenberg JR
(1991) Lupus erythematosus in the 1980s: a survey of 570 patients.
Semin Arthritis Rheum 21(1):55–64

11. Wang CR, Liu MF (2003) Regulation of CCR5 expression and
MIP-1α production in CD4+ T cells from patients with rheumatoid
arthritis. Clin Exp Immunol 132(2):371–378

12. Peng JS, Chen SY, Wu CL, Chong HE, Ding YC, Shiau AL, Wang
CR (2016) Amelioration of experimental autoimmune arthritis
through targeting synovial fibroblasts by the intra-articular delivery
of microRNA-140-3p and -5p. Arthritis Rheumatol 68(2):370–381

13. Krebs CF, Panzer U (2018) Plasticity and heterogeneity of Th17 in
immune-mediated kidney diseases. J Autoimmun 87:61–68

14. Liu MF, Wang CR (2014) Increased Th17 in flow cytometer-sorted
CD45RO-positivememory CD4Tcells from patients with systemic
lupus erythematosus. Lupus Sci Med 1(1):e000062

15. Raychaudhuri SK, Saxena A, Raychaudhuri SP (2015) Role of IL-
17 in the pathogenesis of psoriatic arthritis and axial
spondyloarthritis. Clin Rheumatol 34(6):1019–1023

16. Satoh Y, Nakano K, Yoshinari H, Nakayamada S, Iwata S, Kubo S,
Miyagawa I, Yoshikawa M, Miyazaki Y, Saito K, Tanaka Y (2018)
A case of refractory lupus nephritis complicated by psoriasis
vulgaris that was controlled with secukinumab. Lupus 27(7):
1202–1206

17. O'She JJ, Holland SM, Staudt LM (2013) Mechanisms of JAK/
STAT signaling in immunity and disease. N Engl J Med 368(2):
161–170

18. Harada T, Kyttaris V, Li Y, Juang YT, Wang Y, Tsokos GC (2007)
Increased expression of STAT3 in SLE T cells contributes to en-
hanced chemokine-mediated cell migration. Autoimmunity 40(1):
1–8

19. Hedrich CM, Rauen T, Apostolidis SA, Grammatikos AP,
Rodriguez Rodriguez N, Ioannidis C, Kyttaris VC, Crispin JC,
Tsokos GC (2014) Stat3 promotes IL-10 expression in lupus Tcells
through trans-activation and chromatin remodeling. Proc Natl Acad
Sci U S A 111(37):13457–13462

20. Edwards LJ, Mizui M, Kyttaris V (2015) Signal transducer and
activator of transcription (STAT) 3 inhibition delays the onset of
lupus nephritis in MRL/lpr mice. Clin Immunol 158(2):221–230

21. Huang X, Guo Y, Bao C, Shen N (2011) Multidimensional single
cell based STAT phosphorylation profiling identifies a novel
biosignature for evaluation of systemic lupus erythematosus activ-
ity. PLoS One 6(7):e21671

22. Goropevšek A, Holcar M, Avčin T (2017) The role of STAT sig-
naling pathways in the pathogenesis of systemic lupus erythemato-
sus. Clin Rev Allergy Immunol 52(2):164–181

23. Chikuma S, Kanamori M, Mise-Omata S, Yoshimura A (2017)
Suppressors of cytokine signaling: potential immune checkpoint
molecules for cancer immunotherapy. Cancer Sci 108(4):574–580

24. Liu K, Liang C, Liang Z, Tus K, Wakeland EK (2005) Sle1ab
mediates the aberrant activation of STAT3 and Ras-ERK signaling
pathways in B lymphocytes. J Immunol 174(3):1630–1637

25. Isomäki P, Alanärä T, Isohanni P, Lagerstedt A, Korpela M,
Moilanen T, Visakorpi T, Silvennoinen O (2007) The expression
of SOCS is altered in rheumatoid arthritis. Rheumatology 46(10):
1538–1546

1366 Clin Rheumatol (2019) 38:1361–1366


	Upregulated expression of STAT3/IL-17 in patients with systemic lupus erythematosus
	Abstract
	Introduction
	Materials and methods
	Study patients
	MNCs preparation and CD4-positive T cells purifications
	Real-time quantitative polymerase chain reaction
	Immunoblot assay
	Statistical analysis

	Results
	Discussion
	References


