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Abstract

Purpose T-helper (Th) cells abnormalities are considered to
be associated with the pathogenesis of Systemic lupus
erythematosus (SLE). Recently, The Th22 cells have been
identified and implicated in the pathogenesis of autoimmune
diseases such as Rheumatoid arthritis (RA), although therir
role in Systemic lupus erythematosus (SLE) remains
unclear. The present study intends to investigate their roles
in SLE.

Methods Clinical data were collected in 65 SLE patients and
30 healthy controls. The patients were divided into active and
inactive groups. CD4 TFN-y 1L-17 1L-22"Tcells (Th22 cells),
CD4" IFN=y IL-227IL-17'T cells (Th17 cells),and CD4"
IFN-y" (Thl cells) were assayed by flow cytometry. Serum
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interleukin-22 (IL-22) and IL-17 levels were measured by
enzyme-linked immunosorbent assay.

Results The main observation focused on increased Th22
cells in patients with sole lupus skin disease and decreased
Th22 cells in patients with sole lupus nephritis. Likewise,
concentrations of serum IL-22 were increased in patients
with sole lupus skin disease, and decreased in patients with
sole lupus nephritis. Additionally, there was a positive cor-
relation between the percentage of Th22 cells and IL-22
production. The percentage of Th17 cells or concentration
of serum IL-17 correlated positively with Systemic Lupus
Erythematosus Disease Activity Index (SLEDALI).
Conclusion Th22 seems to be a more significant index to
predict the tissue involvement of SLE than Th17, although
Th17 may play a role in the activity of SLE.

Keywords Systemic lupus erythematosus - T helper 22 -
T helperl7 - T helper 1 - interleukin-22 - interleukin-17

Introduction

T helper cells, also called auto-reactive effector CD4+ T cells,
were first subdivided into 2 groups, Thl and Th2 cells.
Among the 2 groups, Thl cells were believed to a main drive
of autoimmune diseases [1-3]. However, this notion often
faces challenges with some inconsistencies. Consequently,
The identification of newer effector T-cell subsets in recent
years such as Th17 and Th22 cells brings new insights to
these diseases.

As distinct from classical Th1 and Th2 cells [4-9], Th17
cells, which can produce IL-17A, play a pro-inflammatory
role in autoimmune diseases [10] via the up-regulation of
additional proinflammatory and neutrophil-recruiting cyto-
kines and chemokines. Furthermore, increasing evidence
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both in humans [11, 12] and in mouse models [13] may
suggest that Th17 cells play a role in the progression of
Systemic lupus erythematosus (SLE) .

Th22 cells, a new subset of CD4+ T-helper, differentiate
from naive T cells in response to TNF-o and IL-6, and is
characterized by secretion of IL-22 but not IL-17 or IFN-y
[14—16]. Th22 cells also produce cytokines IL-26 and IL-13
in addition to IL-22 [16]. IL-22, being the most important
functional cytokine of Th22 cells [17], acts synergistically
with IL-17, TNF-a, and IFN-y in a proinflammatory context
[18] and plays an important role in autoimmune diseases.
Abnormal expression of Th22 cells was seen in peripheral
blood of some autoimmune diseases including psoriasis
[19], systemic sclerosis (SSc) [20], and rheumatoid arthritis
(RA) [21, 22]. IL-22—positive CD" T cells were present in
high quantities in psoriatic skin [15] and RA synovial tis-
sues [23]. However, the role of Th22 cells in SLE has not
been reported yet.

In present study, we measured the frequency of Th22
cells and their secretion of IL-22 in peripheral blood (PB)
of patients with SLE and discussed the underlying mecha-
nism of their roles in SLE.

Materials and Methods
Patients and Controls

A total of 65 patients meeting with the 1997 American
College of Rheumatology (ACR) classification criteria for
SLE [24] were recruited. This group consisted of 58 women
and 7 men, with mean + SD disease duration of 1.53=+
1.17 years. The mean age of patients was 34=+11 years.
Systemic lupus erythematosus disease activity index
(SLEDALI) was used to determine the global disease activity
[25]. Active SLE was defined by SLEDAI>S5. Complicated
lupus nephritis was defined according to the ACR
criteria i.e., any one of the following: 1) persistent
proteinuria > 0.5 g/day; 2) the presence of active cellu-
lar casts; 3) biopsy evidence of lupus nephritis [26].
Complicated lupus skin disease was defined according
to rash shape and/or skin histopathology. Subjects that
denied any autoimmune disease and active infection
without undergoing treatment with immunomodulatory
drugs for any known condition were recruited as 30
healthy controls (25 females, 5 males; mean age 32+
10 years). Enrollment took place from March 2011 to
July 2012 at the Department of Rheumatology of the
Second Affiliated Hospital, Zhejiang University, Collage
of Medicine. The study protocol was approved by the
ethical committee of the hospital (No. 2011-107).
Informed consent was obtained from each patient before
being included in the study.
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Flow Cytometric Analysis of Th22 Cells and Th17 Cells via
Intracellular Staining

PBMCs were purified from peripheral blood by centrifu-
gation, using a Ficoll-Hypaque gradient (Amersham
Pharmacia Biotech, Little Chalfont, UK), then reincubated
for 4 h at 37 °C, 5 % CO; in the presence of 25 ng/ml of
phorbol myristate acetate (PMA), 1 pug/ml of ionomycin,
and 1.7 pg/ml Golgiplug (monensin; all from Alexis
Biochemicals, San Diego, CA, USA) to stimulate T cells
but block intracellular transportation, thereby leading to an
accumulation of cytokines in the cells. Then cells were
stained with FITC conjugated anti-CD4 monoclonal anti-
bodies at room temperature in the dark for 20 min, followed
by stain with PE-conjugated anti-interferon (IFN)~y monoclo-
nal antibodies, APC-conjugated anti-IL-17 monoclonal anti-
bodies, and PerCP-onjugated anti-IL-22 monoclonal
antibodies after fixation and permeabilization. All the anti-
bodies were from eBioscience (San Diego, CA, USA).
Stained cells were analyzed by flow cytometric analysis using
a FACScan cytometer equipped with Cell Quest software (BD
Bioscience PharMingen).

Cytokines Assay

Serum concentrations of different cytokines were quantified
by enzyme-linked immunosorbent assay (ELISA) kits for
IL-22 (R&D Systems, USA) and IL-17 (eBioscience, USA).
Sensitivity of the ELISA kit was 31.25 pg/ml for IL-22 and
15.6 pg/ml for IL-17.

Statistical Analysis

Data were presented as mean = SD or median (range).
Statistical significance was determined by ANOVA, and dif-
ference between two groups was measured by Newman—
Keuls multiple comparison test (q test). If the data were not
normally distributed, Kruskal-Wallis test (H test) and
Nemenyi test were performed. Pearson or Spearman correla-
tion test was applied for correlation analysis depending on
data distribution. All tests were performed by SPSS 19.0
system. P value less than 0.05 was considered statistically
significant.

Results

Clinical and Demographic Characteristics of Subjects

45 out of 65 patients with active SLE included 30 new-
onset patients and 15 relapsing patients free from im-

munosuppressive or immunomodulatory drugs for at
least 6 months when sampling. The other 20 patients
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with inactive SLE were on prednisolne at low dosage
(5-10 mg/day) or hydroxychloroquine (200 mg/day) or
azathioprine (50-100 mg/day) on a stable dose for at
least 6 months prior to the study. Clinical and demo-
graphic data of SLE patients are presented in Table I.

Elevated Frequency of Th17 Cells and Unchanged
Frequency of Th22 and Thl Cells in Patients with SLE

The frequency of Th22 cells (CD4 TFN-y TL-17 1L-22 T cells),
Th17 cells (CD4 TFN-y IL-22 IL17'T cells) as well as Thl
cells (CD4'TFN-y'T cells) were analyzed by their cytokine
patterns after short-term activation by PMA/ionomycin. The
expression of a typical dot plot of Th22, Th17 and Thl cells
in SLE patients and healthy controls is shown in Fig. 1.

Th17 cells was significantly increased in SLE patients
compared to healthy controls (P=0.003), and significant dif-
ference between active and inactive SLE patients (P=0.000)
could be seen. However, Th22 cells or Thl cells were
unchanged compared to healthy controls (Table II).

The Deviation of the Frequency of Th22 Cells in SLE Patient
with Sole Lupus Skin Disease or Sole Lupus Nephritis

To understand the mechanism of Th22 in different tissue, we
stratified the patients into different groups. The first group
contained the patients with sole skin involvement, the number
of which is 17 out of a total of 25 patients with skin impair-
ments. The other group contained 19 out of 23 patients with
sole kidney involvement. The stratum analysis revealed an

Table I Clinical and demographic characteristics of SLE patients

Active SLE Inactive SLE
(n=45) (n=20)
Age (years) 34+10 35412
Sex (male/femal) 5/41 2/18
Diseases duration (years) 1.35+1.05 1.80+1.45
SLEDALI scores 10.8£2.5 1.6+0.7
Lupus skin 25 (55.5 %) 0
Lupus nephritis 23 (51.1 %) 0
Lupus arthritis 29 (64.4 %) 7 (35.0 %)
Hamatological involvement 23 (51.1 %) 6 (30.0 %)
Neurolupus 1(2.2 %) 0
Lupus pneumonitis 2 (4.4 %) 1(5.0 %)
Pericarditis 6 (13.3 %) 0
Treatment
Prednison® 0 20 (100 %)
Hydroxychloroquine 0 12 (60.0 %)
Azathioprine® 0 1 (5.0 %)

Mean daily dose: a prednisone 8.9 mg, b hydroxychloroquine 200 mg,
¢ azathioprine 50 mg

opposite change of Th22 cells in the above mentioned groups
of patients. Th22 cells were significantly elevated in patients
with sole lupus skin disease, while they decreased in patients
with sole lupus nephritis [(2.03+1.02 %) and (0.60+0.19 %),
respectively versus (1.28+0.40 %); (P=0.000, 0.020respec-
tively)] (Fig. 2a).

Th17 cells was significantly increased in both patients
with sole lupus skin disease and patients with sole lupus
nephritis compared with healthy controls [(2.02+0. 82 %)
and (1.98+0.62 %) respectively, versus (1.13+£0.65 %);
(P=0.000, 0.000 respectively)] (Fig. 2b) . For Thl cells,
there was no obvious difference between two groups of
patients and healthy controls (Fig. 2c).

The Deviation of Serum Level of IL-22 in SLE Patients
with Sole Lupus Skin Disease or Sole Lupus Nephritis

Serum IL-22 was unchanged in SLE [median, 196.26 pg/ml
(range 36.80-531.70)], compared with healthy controls
[median, 187.61 pg/ml (range 56.00-429.00); P=0.725],
and no significant difference in serum IL-22 between active
[median, 202.41 pg/ml (range, 36.80-531.70)] and inactive
SLE patients [median 182.42 pg/ml (range, 78.00—427.00);
P=0.529] could be seen. However, similar to the change of
Th22 cells results, the serum level of IL-22 was significantly
increased in patients with sole lupus skin disease [median,
289.34 pg/ml (range 89.70-531.70); P=0.001], while it
decreased in patients only with sole lupus nephritis [median,
82.44 pg/ml (range, 36.80—178.50); P=0.024] (Fig. 3a).

An increased level of IL-17 was seen in SLE [median,
73.08 pg/ml (range, 17.00.—176.00)], compared to healthy
controls [median, 46.76 pg/ml (range, 16.05-173.20);
P=0.001]. Moreover, the level of IL-17 in active SLE patients
[median, 82.44 pg/ml (range, 53.05-176.00)] was significant-
ly higher than that in inactive SLE patients [median,
41.02 pg/ml (range, 17.00-156.70); P=0.002], and compared
to healthy controls, the level of IL-17 was increased in both
SLE patients with sole lupus skin disease [median,
77.78 pg/ml (range, 35.00-172.00); P=0.004] and SLE pa-
tients with sole lupus nephritis [median, 85.20 pg/ml (range,
23.10-160.40); P=0.000] (Fig. 3b).

Positive Correlation Both Between Th22 Cells and Serum
Level of IL-22 and Between Th17 Cells and Serum Level
of IL-17 in Patients with SLE

In patients with SLE, a positive correlation between Th22
cells and serum level of IL-22 (»=0.855, p=0.000) are
noted (Fig. 4a). In contrast, Thl or Thl7 cells failed to
show a statistical correlation with serum level of IL-22
(P=0.407, or P=0.282). There were correlations between
the frequency of Th17 and serum level of IL-17 (»=0.771,
p=0.000) (Fig. 4b).
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Fig. 1 The percentages of
circulating Thl cells, Th17 cells
and Th22 cells in SLE patients
using cytometry analysis. a
Lymphocytes were gated by
flow cytometry. b, d Thl
(CD4"TFN-y") cells in SLE and
healthy controls. ¢, e Th17 cells
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with the Disease Activity in SLE Patients

There were no correlations between the frequency of Th22
or Thl cells and SLEDAI (p=0.070, p=0.120, respectively)
in SLE patients. But Th17 cells showed a positive correla-
tion with SLEDAI (r=0.279, p=0.012) (Fig. 5a).

The serum level of IL-22 was not correlated with SLEDAI
(P=0.282) in SLE patients, but a positive correlation was
found between serum level of IL-17and SLEDAI (»=0.211,
p=0.046) (Fig. 5b).

Table II Frequency of Th1, Th17 and Th22 cells in PB from SLE and
healthy controls

Group Number  Th22 Th17 Thl

Healthy 30 1.28+£0.40  1.13£0.65 9.01+1.56
controls

SLE 65 1.30+0.80  2.05£1.01* 7.63+2.66

Active SLE 45 1.39+£0.92  2.32+1.00%*  6.87+2.61

Inactive SLE 20 1.10£0.29  1.12+0.37 7.34+1.88

Results are expressed as mean + standard deviation (median). Statisti-
cally significant differences were considered when p<0.05 *»p=0.003
versus healthy controls; **p=0.001 versus inactive SLE
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Recent research have identified that Th22 cells contribute to
some autoimmune diseases. However, there are no studies
on Th22 cells in SLE patients. Therefore, we have measured
the frequency of Th22 cells and the serum level of IL-22 in
peripheral blood of SLE patients within the entire study, and
the subsequent overall results revealed that there was no
difference of the frequency of Th22 cells between SLE
patients and health controls. Nevertheless, further analysis
found that a difference of frequency also occurred with
patients possessing a different subtype of SLE. Our studies
revealed elevated Th22 cells in patients with sole lupus skin
disease and decreased Th22 cells in patients with sole lupus
nephritis. The serum level of IL-22 also indicated similar
changes to those of Th22 cells and a positive correlation
with the frequency of Th22 cells.

As for the mechanism which is underlying the phenom-
enon of the elevation of Th22 cells in patients with sole
lupus skin disease,the following studies might shed some
light on the subject. Studies showed that Th22 cells express
the chemokine receptors CCR6, CCR4 and CCR10 [14, 16].
Besides 1L-22, Th22 cells also produce IL-13 [16] or other
factors which may result in tissue remodeling, such as
several fibroblast growth factor isoforms [15]that are
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tween the immune system and the non-hematopoietic stro-  vated serum IL-22 concentration was observed in patients with

mal cells. The expression of two skin-homing receptors  sole lupus skin diseases. IL-22 is a member of the IL-10 family
CCR4 and CCR10 on the surface of Th22 cells implies that  of cytokines and stands for a crucial effector molecule of
Th22 cells will inevitably migrate to the skin. Therefore, we  activated Th22 cells [14]. In addition, IL-22R1 is only
speculate that increased Th22 cells of peripheral blood in  expressed on stromal cells, which include keratinocytes,
SLE patients with lupus skin disease may indeed reach the = myofibroblasts and epithelial cells, but not on hematological
skin and could be a significant factor in the development of  cells. [27]. IL-22 also provides unidirectional signaling from
lupus skin diseases. the immune system to the stroma by downstream STAT3
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Fig. 4 Correlation between different Th cells and related cytokines. a
Correlation between the percentage of Th22 cells and the serumIL-22
concentrations in SLE patients. A positive correlation was discovered

activation in stromal cells resulting in the secretion of a variety
of factors that include antimicrobial peptides and chemokines
[28, 29]. Consequently, this stromal IL-22/STAT3 pathway can
be exemplified by induction of a psoriasis-like autoimmune
disease [30, 31]. A further implication of our studies show that
Th22 cells might mediate dermal inflammation through the
activation of IL-22/STAT3 pathway in lupus skin disease.
Furthermore, another main cytokine, TNF-«, secreted by
Th22 cells, is also an important pathogenic cytokine in lupus
skin disease. It could enhance the responsiveness of the
keratinocytes to IL-22 via up-regulation of IL-22 receptor
and signal transduction element expression [32], as well as
continuing to amplify and/or prolong these IL-22 effects. In
addition, TNF-« also induce ICAM-1 expression, DCs migra-
tion and lymphocyte infiltration [33, 34], any of which can
contribute to skin lesion. Th22 cells, therefore, may be in-
volved in the pathogenesis of lupus skin disease by secretion
of proinflammatory cytokines such as IL-22 and TNF-c.

On the other hand, the number of Th22 cells and the level
of [L-22 in patients of lupus nephritis had a large reduction.
The differentiation of Th22 cells was induced by DCs in a
dependant IL-6 and TNF-away, and the subsequent removal
of TNF- minimized the development of Th22 cells [14].
Decreased levels of TNF-o in the peripheral blood were
already found in lupus nephritis [35, 36], which, according

Fig. 5 Correlation between the
Th17 cells/serum IL-17 and
SLEDAL a Correlation 4
between the percentage of Th17
cells and SLEDALI A positive
correlation was found between
Th17 cells and SLEDAI b
Correlation between the serum
IL-17 and SLEDAI. A positive
correlation was found between °

the serum level of IL-17 and 0 T T

[
T

Th17(%)

b s.
4- o
= 34
~
-
E 2-
14 )
%o R?=0.594
0 P _=0.000
] ] T 1
0 50 100 150 200

serum IL-17(pg/ml)

between Th22 cells and serum level of IL-22. b Correlation between the
percentage of Th17 cells and the serumIL-17 concentrations. A positive
correlation was discovered between Th17 cells and serum level of IL-17

to the results of our study, might account for the decreased
number of Th22 cells in peripheral blood of patients with
lupus nephritis. In humans, the kidney expresses high level
of IL-22R1 [27]. The decreased serum IL-22 level in SLE
patient with lupus nephritis indicated that IL-22 might be a
protection against lupus nephritis.

The results of a majority of previous research suggests that
Th17 cells have been linked to the development of SLE [11,
12]. It has been detected that IL-17, secreted by Th17 cells,
not only exerts a synergisticinfluence on the inflammatory
reaction to induce an increased production of a panel of
proinflammatory cytokines and the generation of auto-
antibodies in SLE [12, 37], but also make contribution to the
pathogenesis of lupus nephritis through both the induction of
IgG, anti-dsDNA overproduction and IL-6 over-expression of
PBMC in patients with lupus nephritis[38]. This investigation
discovered the positive correlation between both Th17 cells
and serum level of IL-17, and between their level and disease
activity. Overall, our results validate the reliability of previous
scientific findings [39, 40] and profoundly support the view
that Th17 cells obviously traced back to the pathogenesis of
SLE with an unprecedented significance.

Though the development of SLE has already bonded with
Thl cells, the intervention of Thl in peripheral blood is
more controversial for both decreased and unchanged Thl
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profile than has been previously reported in SLE patients
[41, 42]. In our results, we discovered no alteration in the
number of Thl cells in patients with SLE either, lupus skin
disease, or lupus nephritis.

In conclusion, the results of our present investigation sug-
gest that Th22 cells might be a good index to define the
different tissue involvement in SLE patients. The limitation
of this investigation is its small sample size. Therefore, future
prospective cohort studies with large sample size are neces-
sary to examine the role of IL-22 in SLE.
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