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ABSTRACT
Objectives: Th17/IL-17 dysregulation is involved in
human autoimmunity, and recent evidence suggests
the character of long-lived differentiated memory cells
in Th17. By directly measuring the peripheral blood
mononuclear cells (PBMC), elevated circulating
frequencies of Th17 cells have been reported in
systemic lupus erythematosus (SLE) with inconsistent
results regarding the correlation with disease activities.
In this study, the association between circulating Th17
frequencies and disease activities or laboratory
parameters was examined in flow cytometer-sorted
CD45RO-positive memory CD4 T cells from SLE.
Methods: PBMC samples were obtained from 48
female lupus patients and another 48 age- and sex-
matched healthy individuals. We examined frequencies
of Th17 cells by sorting the purified CD4 T cells
bearing the CD45RO marker, followed by intracellular
IL-17A staining after in vitro activation. Frequencies of
Th1 and TFoxp3 cells were also measured by
intracellular IFN-γ and Foxp3 staining, respectively. The
SLE disease activity index (SLEDAI) and other
laboratory parameters were further correlated with
frequencies of different T cell subsets.
Results: In SLE, increased frequencies of Th17 cells
were found with a positive correlation in SLEDAI.
Higher frequencies of Th17 cells were found in lupus
nephritis. There was a positive correlation between
frequencies of Th17 cells and daily proteinuria amount.
Conclusions: By examining the sorted CD45RO-
positive memory CD4 T cells, we confirm the
dysregulation of Th17/IL-17 in SLE, implicating the
potential to treat lupus patients with selective IL-17/IL-
17R blockades.

INTRODUCTION
CD4 T helper (Th) cells can differentiate
from naïve status into antigen-experienced
effectors with distinct characteristics, such as
the interleukin 17 (IL-17)-secreting Th17
subset. These cells are implicated in auto-
immune diseases including rheumatoid arth-
ritis, ankylosing spondylitis, psoriasis/psoriatic
arthritis, Sjőgren syndrome, multiple sclerosis,

inflammatory bowel disease and type 1 dia-
betes.1 2 Patients with systemic lupus erythema-
tosus (SLE) have increased levels of IL-17 in
blood and renal tissues, and higher frequen-
cies of Th17 cells are found by directly
measuring CD4-positive IL-17-producing T
cells upon in vitro activation of peripheral
blood mononuclear cells (PBMC), with incon-
sistent results regarding the correlation
between IL-17 levels or frequencies of Th17
cells and disease activities.3 4 Indeed, there are
difficulties in defining human CD4-positive
IL-17-producing cells by flow cytometry
because of the very low frequencies in PBMC
samples and the problem of background after
in vitro activation. Interestingly, higher fre-
quencies of IL-17-producing CCR6/CD45RO-
positive memory T cells are found in patients
with SLE carrying the type I interferon signa-
ture, but there are few published reports char-
acterising the memory cell markers on
CD4-positive IL-17-producing Tcells.4 5

Using PBMC from 48 patients with SLE and
48 age- and sex-matched healthy individuals,
we examined the frequency of Th17 cells in
purified CD4-positive T cells bearing CD45RO,
a well-known differentiated memory T cell
marker, followed by intracellular IL-17A stain-
ing upon in vitro activation. Th1 and
Foxp3-positive T cell subsets were also mea-
sured by intracellular interferon γ (IFN-γ) and
Foxp3 staining, respectively. In this study we
identified increased frequencies of Th17 cells
and a positive correlation with disease activity
scores and daily amounts of proteinuria in
SLE. Higher frequencies of Th17 cells were
found in lupus nephritis.

METHODS
Patients
Forty-eight women of mean±SD age 38.9
±9.6 years (range 21–58 years) fulfilling the
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American College of Rheumatology revised criteria for
SLE were enrolled in the study. Their medical records
were reviewed and disease activity was assessed by the
SLE Disease Activity Index (SLEDAI). The laboratory
parameters analysed included daily amount of protein-
uria, anti-DNA levels, C3/C4 concentrations and com-
plete blood cell counts. The diagnosis of lupus nephritis
was based on serial examinations of blood and urine
samples for the presence of any of the following: (1) a
30% decrease in creatinine clearance in 1 year; (2) 24 h
urinary protein >1 g; (3) at least three of the following
present in a 1-year period: (a) serum albumin levels
<3 g/dL; (b) proteinuria ≥2+; (c) oval fat bodies and
granular, hyaline or red blood cell casts in the urine;
and (d) persistent haematuria of >5 red blood cells per
high-power field.6 Eight patients underwent histological
evaluation to provide additional information not
obtained in laboratory tests.7 Forty-eight healthy sex- and
age-matched individuals (mean±SD age 39.1+9.6 years)
served as a control group.

Preparation of CD45RO-positive CD4 T cells
PBMC were isolated from heparinised blood samples
by Ficoll-Paque PLUS (GE Healthcare). CD4 T cells
were purified by Dynal CD4 Negative Isolation Kit
(Invitrogen Dynal AS), stained with FITC-conjugated
anti-CD45RO (eBioscience) and isolated by a FACS
Aria cell sorter (BD Biosciences) with a purity of
>95%.

Calculation of Th17, Th1 and TFoxp3 frequencies
Purified CD45RO-positive CD4 T cells were stimulated
with phorbol myristate acetate (5 ng/mL) and ionomy-
cin (500 ng/mL) in the presence of 2 μM monensin
(GolgiStop, BD Biosciences) for 4 h, stained with
FITC-conjugated anti-CD4 (eBioscience), fixed in 2%
paraformaldehyde (Sigma-Aldrich) and permeabilised
with 0.1% saponin (Sigma-Aldrich), followed by
intracellular staining with PE-conjugated anti-IL-17A or
anti-IFN-γ (eBioscience), as described previously.8 For
measurement of Foxp3-positive T cells, isolated
CD45RO-positive CD4 T cells were stained with
FITC-conjugated anti-CD4 (eBioscience), fixed in 2%
paraformaldehyde (Sigma-Aldrich), permeabilised
with 0.1% saponin (Sigma-Aldrich) and stained with
PE-conjugated anti-Foxp3 (eBioscience). Staining by
control isotype monoclonal antibodies was included in
each sample. The double-stained cells were analysed
on a FACSCalibur flow cytometer (BD Biosciences).
CD4/IL-17-positive, CD4/IFN-γ-positive and CD4/
Foxp3-positive cells were defined as Th17, Th1 and
TFoxp3 cells, respectively, and the calculated frequen-
cies were expressed as percentages of the total
CD45RO-positive CD4 T cells.

Statistical analysis
Data are presented as mean±SD. The Mann–Whitney
rank sum test was used to compare the frequencies of
Th17, Th1 or TFoxp3 subsets between patients with SLE

Figure 1 Representative graphs of flow cytometric analyses. (A) CD45RO purity in isolated CD4 T cells from a patient with

systemic lupus erythematosus (SLE) sorted by flow cytometry. (B) Detection of Th17, Treg and Th1 cells from a healthy

individual and two patients with SLE.
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and healthy controls, and Pearson correlation coefficient
with linear regression analysis was performed to deter-
mine the correlation between the frequency of individual
subsets and SLEDAI or laboratory parameters. p Values
<0.05 were considered to be statistically significant.

RESULTS
Figure 1A demonstrates a representative picture of
sorted CD45RO-positive CD4 T cells with a purity of
around 98%. Each subset could be clearly defined by
flow cytometric analysis, and three representative pic-
tures are shown in figure 1B.
Patients with SLE had higher frequencies of Th17

cells than healthy subjects (n=48, 3.51±1.32% vs 2.83
±1.23%, p=0.0371), as did patients with lupus nephritis
(n=24, 3.92±1.53%, p=0.0113) and those with class IV
nephritis (n=6, 4.51±1.57%, p=0.0223; figure 2A). There
was no difference in the frequency of Th1 cells between
patients with SLE and healthy controls (18.47±5.00% vs
19.42±4.67%, p=0.2847), but higher frequencies of
TFoxp3 were found in patients with SLE compared with
healthy subjects (13.52±4.70% vs 6.77±2.48%, p<0.0001;
figure 2B).
The correlation coefficients between the frequencies

of each subset and SLEDAI or laboratory parameters
were calculated. There was no statistically significant

correlation in the Th1 and TFoxp3 subsets, but a positive
correlation with linearity was found between the fre-
quency of Th17 cells and SLEDAI scores (r=0.3228,
p=0.0252; figure 3A), and between Th17 cell frequency
and amount of proteinuria (r=0.4268, p=0.0025; figure
3B). No correlation was found in other laboratory tests.

DISCUSSION
In SLE there is persistent activation of the immune
system with production of cytokines, and elucidation of
this mechanism would contribute to the development of
novel therapeutics targeting pathogenic cytokines, their
receptors or components of the related signalling path-
ways.4 Recently, biologics targeting IL-17A or IL-17RA
have successfully entered clinical trials.2 Using lupus
mouse models, increased levels of IL-17 and an increase
in the number of Th17 cells have been identified in renal
tissue, and abrogating the IL-17R signalling pathway pre-
vents the development of nephritis.3 4 Since there is a
high prevalence of SLE with widespread usage of biolo-
gics in this area, establishing Th17/IL-17 immune dys-
function could provide solid evidence for initiating
clinical trials in patients with selective IL-17/IL-17R
inhibitors.9

Memory T cells are the most abundant lymphocyte
population undergoing progressive differentiation from

Figure 2 Frequencies of Th17, Th1 and TFoxp3 cells in patients with systemic lupus erythematosus (SLE). (A) Increased

frequencies of Th17 cells were seen in patients with SLE, lupus nephritis (LN) and class IV nephritis (IV) compared with healthy

controls (HC). (B) No difference in the frequency of Th1 cells was seen between patients with SLE and HC, but TFoxp3 cells were

increased in patients with SLE in comparison with HC. Horizontal bars in each figure represent mean values.

Figure 3 Correlation between

frequency of Th17 cells and

disease activity or amount of

proteinuria in patients with

systemic lupus erythematosus

(SLE). There was a positive

correlation with linearity between

Th17 frequencies and (A) SLE

disease activity index scores

(SLEDAI) or (B) amount of

proteinuria.
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activated naïve status upon antigen exposure to circulat-
ing subsets with different surface markers, and increasing
evidence suggests that human Th17 cells resemble long-
lived differentiated memory T cells.10 11 Interestingly,
patients with SLE have lower circulating frequencies of
CD45RO-negative naïve CD4 T cells.12 By directly measur-
ing PBMC, increased frequencies of Th17 cells have been
reported in SLE, but there is controversy over the correl-
ation of Th17 status with disease activity and characterisa-
tion of the memory T cell markers is restricted.3 4 In this
study we were able to detect the Th17 population by
using sorted high-purity CD45RO-positive CD4 T cells,
and our findings clearly demonstrate increased Th17 fre-
quencies with a positive correlation with disease activity
and with the amount of proteinuria in patients with SLE.
Nevertheless, only 8 of the 24 patients (33.3%) with
lupus nephritis were confirmed by histopathological
examination, which limits the clinical significance of this
study. Further research to analyse patients with different
histopathological classes may provide a better insight into
the pathogenic mechanisms of the CD45RO-positive
Th17 population in lupus nephritis.
The development pathways of Treg and Th17 cells are

reciprocally regulated with the influence on the
outcome of pathological immune responses.13 Notably,
Treg cells lose their suppressive function and acquire
the effector phenotype under certain inflammatory
milieu, suggesting instability and plasticity of this popula-
tion.14 In contrast to reciprocal changes, with an inverse
association between Th17 and Treg subsets in PBMC
from SLE,4 concomitantly increased frequencies of Th17
and TFoxp3 cells in CD45RO-positive CD4 memory T
cells with a positive correlation (r=0.4348, p=0.0020)
were identified in this study. In fact, many aspects of the
Th17/Treg dysregulation in the disease course of SLE
remain uncertain with no conclusive pathogenesis, and
contradictory data regarding the number and function
of peripheral Treg cells in human autoimmunity is still a
subject for debate.15 Further studies analysing miscellan-
eous markers of Treg cells and examination of their
transformation mechanisms into effector phenotypes
might clarify these issues.
In conclusion, by examining sorted CD45RO-positive

memory CD4 T cells, increased circulating frequencies
of Th17 cells were found in parallel with disease activity
and the amount of proteinuria in patients with SLE. We
confirm the dysregulation of Th17/IL-17 in SLE, impli-
cating a therapeutic potential for the treatment of lupus
patients with selective IL-17/IL-17R blockade.

Acknowledgements The authors are indebted to Ms Fang-Lin Chiu for her
technical assistance with the laboratory work.

Funding This study was supported by grants NSC-100-2314-B-006-033,
NSC-101-2314-B-006-042-MY3 and MOST 103-2314-B-006-058-MY3 from
the Ministry of Science and Technology, Republic of China.

Contributors M-FL designed the study; M-FL and C-RW collected and
interpreted the experimental data; C-RW wrote the manuscript.

Competing interests None.

Patient consent Obtained.

Ethics approval The Institutional Review Board of National Cheng Kung
University Hospital approved this study.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is non-commercial.
See: http://creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Singh RP, Hasan S, Sharma S, et al. Th17 cells in inflammation and

autoimmunity. Autoimmun Rev. Published Online First 23 Aug 2014.
doi: 10.1016/j.autrev.2014.08.019.

2. Kirkham BW, Kavanaugh A, Reich K. Interleukin-17A: a unique
pathway in immune-mediated diseases: psoriasis, psoriatic arthritis
and rheumatoid arthritis. Immunology 2014;141:133–42.

3. Apostolidis SA, Crispín JC, Tsokos GC. IL-17-producing T cells in
lupus nephritis. Lupus 2011;20:120–4.

4. Martin JC, Baeten DL, Josien R. Emerging role of IL-17 and Th17
cells in systemic lupus erythematosus. Clin Immunol 2014;154:1–12.

5. Brkic Z, Corneth OB, van Helden-Meeuwsen CG, et al. T helper 17
cell cytokines and interferon type I: partners in crime in systemic
lupus erythematosus? Arthritis Res Ther 2014;16:R62.

6. Pistiner M, Wallace DJ, Nessim S, et al. Lupus erythematosus in the
1980s: a survey of 570 patients. Semin Arthritis Rheum
1991;21:55–64.

7. Zickert A, Sundelin B, Svenungsson E, et al. Role of early repeated
renal biopsies in lupus nephritis. Lupus Sci Med 2014;1:e000018.

8. Wang CR, Liu MF. Regulation of CCR5 expression and MIP-1alpha
production in CD4+ T cells from patients with rheumatoid arthritis.
Clin Exp Immunol 2003;132:371–8.

9. Weng CT, Liu MF, Weng MY, et al. Pneumocystis jirovecii
pneumonia in systemic lupus erythematosus from southern Taiwan.
J Clin Rheumatol 2013;19:252–8.

10. Kryczek I, Zhao E, Liu Y, et al. Human TH17 cells are long-lived
effector memory cells. Sci Transl Med 2011;3:104ra 100.

11. Muranski P, Restifo NP. Essentials of Th17 cell commitment and
plasticity. Blood 2013;121:2402–14.

12. Spronk PE, vd Gun BT, Limburg PC, et al. B cell activation in
clinically quiescent systemic lupus erythematosus (SLE) is related to
immunoglobulin levels, but not to levels of anti-dsDNA, nor to
concurrent T cell activation. Clin Exp Immunol 1993;93:39–44.

13. Noack M, Miossec P. Th17 and regulatory T cell balance in
autoimmune and inflammatory diseases. Autoimmun Rev
2014;13:668–77.

14. Sawant DV, Vignali DA. Once a Treg, always a Treg? Immunol Rev
2014;259:173–91.

15. Alunno A, Bartoloni E, Bistoni O, et al. Balance between regulatory
T and Th17 cells in systemic lupus erythematosus: the old and the
new. Clin Dev Immunol 2012;2012:823085.

4 Liu M-F, Wang C-R. Lupus Science & Medicine 2014;1:e000062. doi:10.1136/lupus-2014-000062

Lupus Science & Medicine

http://creativecommons.org/licenses/by-nc/4.0/

	Increased Th17 cells in flow cytometer-sorted CD45RO-positive memory CD4 T cells from patients with systemic lupus erythematosus
	Abstract
	Introduction
	Methods
	Patients
	Preparation of CD45RO-positive CD4 T cells
	Calculation of Th17, Th1 and TFoxp3 frequencies
	Statistical analysis

	Results
	Discussion
	References


