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ABSTRACT

Systemic Lupus Erythematosus (SLE) is an avtoimmune disorder which affects
vanous systems. Currently, the etiology of this discase has not been fully elucidated.
One of potential causes which may play an important role is the defects in cytokine
network and the functions of T lymphocytes. Previously, it was reported that SLE
patients showed elevated level of various cytokines such as IL-1[ IL-6 1L-23. The
aim of this study was to investigate the level of cytokine IL-17 which could be
produced by various cell types including T lymphocytes. CD4* T lymphocytes mainly
producing IL-17 form a distinct lineage called Th17. Differennation of Th17 is under
the influence IL-1B/TL-6 and 11.-23. Furthermore, [L-23 also plays an important role
in maintaining the phenotype of Th17. In this study, 29 SLE patients at King
Chulalongkom Memonal Hospital were recruited and were divided based on SLEDAI
score which is an indicator of the severity of disease. There were 13 patients in active
stages and 16 patients in inactive stages and 10 normal subjects were used as control
group. First, the frequency of T lymphocytes expressing IL-23R in PBMC was
analyzed. The frequency of CD4'IL-23R" and CDB'IL-23R* T lymphocytes in PBMC
from SLE patients were found to be significantly higher than those of controls, both in
freshly isolated PBMC (day 0) (p = 0.0025, p = 0.0201 and p =0.0021 for CD4" and p
= 0.0021, p = 0.0032 and p =0.0008 for CD8" for the inactive, the active and the total
SLE groups in comparison with normal subjects, respectively) and PBMC receiving
ex vivo stimulation by anti-CD3 and CD28 antibodies (day 3) (p = 0.0057, p = 0.0011
and p =0.0007 for CD4" and p = 0.0041, p= 0.0101 and p =0.0019 for CD8" for the
inactive, the active and the total SLE groups in companison with normal subjects,
respectively). When the frequency of T cells which could produce IL-17 was
measured, PBMC from SLE patients showed significantly lower percentages of
CD4'IL-17" T lymphocytes than those from the control group in samples from day 0
(p= 00219 and p =0.0197 for the inactive and the total SLE in comparison with
normal subjects, respectively) but the trend reversed on day 3 when SLE patients
exhibited a tendency to have higher percentage of CD41L-17" T cells. In contrast, the
frequency of CD&'IL-17" T cells in SLE patients was significantly higher on day 3

(p = 0.0007, p =0.0120 and p = 0.0007 for the inactive, the active and the total SLE
in comparison with normal subjects, respectively), while there was no difference on
day 0. When the level of IL-17 in serum and plasma were measured by ELISA, only
two samples were found to show detectable 1L-17 at 5.12-6.78 pg/ml, while the level
in the rest of the samples was below detectable. When 1L-23 was measured in sera by
ELISA, all samples showed negative results. Therefore, the expression of JL-17A was
analyzed by Realtime RT-PCR and it was found that PEMC from patients showed
increased, but not statistically significant, level of IL-17A, when compared with the
controls. Analysis of all results obtained in this study, the correlation was found to be
significant between percentages of CD4'1L-23R", CD&'IL-23R" T lymphocytes and
CD4'IL-17*, CDB*IL-17" T lymphocytes in SLE patients. Furthermore, the
percentages of CD4"1L-23R" T cells at day 3 were found to have a correlation with
IL-17A expression in SLE patients. When the active patients were compared against
the inactive patients for all indicators investigated in this study, no statistically
significant difference was detected. Taken together, these results suggest that T
lymphocytes in SLE patients increase 1L-23R and 1L-17 expression, which may play
an important role in pathology of SLE.
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Introduction

Systemic Lupus Erythematosus (SLE) is a multisystem disease that 1s caused
mainly by B cell hyperactivity. The production of various autoantibodies and
complement fixing immune complex deposition results in tissue damage. Since
various autoaniibodies can be produced in SLE patients, the different organ-specific
targets of these autoantibodies can cause a wide spectrum of clinical manifestations,
and are characterized by remission and exacerbations [1]. The most common
manifestations including arthralgia, arthritis, rash, alopecia, oral ulcers, serositis,
leukopenia, central nervous system, and renal involvement [2]. The pathogenic
immune responses probably result from environmental triggers acting in the setting of
certain susceptibility genes. Ultraviolet light and certain drugs are the only known
environmental tinggers identified to date [1].

In 1971, the American Rheumatism Association (ARA, the name was changed
to the American College of Rheumatology in 1988) published preliminary eritena for
the classification of SLE. These cnieria were developed for clinical trials and
population studies rather than for diagnostic purposes [3]. The preliminary critena
were revised and updated to include new immunologic knowledge and improve
disease classification in 1982 [4]. A patient who has four or more of these criteria is
classified as having SLE. The classification cniteria can guide the initial assessment of
the SLE patient in clinic. However, patients also require a systematic assessment,
which can be guided by the components of the SLE disease activity indices. There is
no gold standard for measunng disease activity but the most widely used indices are
the British Isles Lupus Assessment Group (BILAG) index, the European Consensus
Lupus Activity Measurement (ECLAM), the Systemic Lupus Activity Measure
(SLAM), the Lupus Activity Index {LAT} and the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI) Table 1). All these indices have been validated
and have excellent reliability, validity and responsiveness to change [5].

SLE has a worldwide distnbution, with differences in prevalence related to
race, geography and sex [6,7]. The reported prevalence of SLE in the general
population is approximately 20-150 per 100,000 [8-10]. SLE pnmarily affects women
in the child-bearing years, and is estimated to be 9-12 times more common in women
than in men [11]. The disease is more frequent in blacks/African Americans,
Hispanics and Indians/Native Americans than in whites/Caucasians [6,7]. The
prevalence of SLE in Asia is estimated to be 50 to 100 per 100,000 [12]. The outcome
of SLE may also differ among racial/ethnic groups. More senous organ
manifestations have been reported in Chinese SLE patients than Caucasians,
especially renal disease [13]. The frequencies of renal disease were 50% in Chinese
patients and 31-39% in Caucasian patients [14-16]. In Thailand, there was no official
report on the incidence or prevalence of SLE. The renal manifestation in Thai SLE
patients, however, has been reported with higher frequency than Chinese SLE patients
[17]. Moreover, another manifestation such as neuropsychiatry was also found with
higher frequency in Thai patients, compared to Chinese patients [18].



Table 1 Scoring for SLE Disease Activity Index (SLEDAI) 2000 (SLEDAI-2K) [19]

SLED
Al Descriptor [efinition
SCOTE
& Seizure Recenl onsel, exclude metabolic, infectious or drug causes
8 Psychosis Altered ability to function in normal activity due 1o severe disturbance in
the perception of reality. Include hallucinations, incoherence, marked
loose associations, impoverished thought content,  marked illogical
thinking, bizarre, disorganized or catatonic behavior. Exclude uremia and
drug causes
B Cwganic brain - Altered memal function with impaired crientation, memory, or other
syndrome intelleciual function, with rapid onsel and fluctuating clinical features,
inability o sustain attenmion 1o environment, Plus al least two of the
following: percepiual disturbance, incolicrent speech, insomnia or
daytime drowsiness, or increased or decreased psychomotor activity.
Exclude metabolic, infectious or drug causes
B Visual Retinal changes of SLE. Include cytoid bodies, retinal haemorrhages,
disturbance serous exudates or haemorrhages in the choroid, or optic neuritis.
Exclude hypertension, infection, or drug causes
B Cranial nerve  New onset of sensory or molor neuropathy involving cranial nerves
disorder
B Lupus Sewvere, persistent headache: may be migrainous, bul must be non-
headache responsive 1o narcalic analgesia
8 Cerebrovascul  Mew onset cepehrovascular accident(s). Exclude arteriosclerosis
ar accident Z /7 \ \
3 Wasculitis Uleeration, gangrene, tender finger nodules, periungual infarciion,
splinter haemorrhages or hmps:.r or angiogram proof of vasculitis
1 Arthritis = 2 joints with pain amd signs of inflammation (i.e. tenderness, swelling
or effusion)
4 Myositis Proximal muscle aching/weakness, associated with elevated creatinine
) - _phosphokinasefaldolase, or EMG changes or a biopsy showing myositis
4 Urnnary casts Hacm-granular or RBC casts
4 Haematuria > 5 RBCigh power field. Exclude siome. infection or other cause
4 Proteinuria = 0.5 pf24 hour
4 Pyuria > 5 WBC/high power ficld. Exclude infection
2 Rash Inflammatory type rash
2 Alopecia Abnormal, patchy or diffuse loss of hair
2 Mucosal uleers  Oral or nasal uleerations
2 Pleurisy Pleuritic chest pain with pleural rub or effusion, or pleural thickening
2 Pericarditis Pericardial pain with at least | of the following: rub, effusionor ECG or
echocardiogram confirmation
2 Low Decrease in CH50, C3 or C4 below lower limit of normal for testing
complement laboratory
2 Increased Increased DNA binding above normal range for testing laboratory
DNA binding
I Fever = 38 °C. Exclude infeciious cause
1 Thrombocyiop =< 100 = 10 plateletsfl, exclude drug causes
chia
I Leucopenia <3 x 10" WBC/, exclude drug causes

CH50, wotal haemolytic compliment (classical pathway functional activity); DN A, deoxyrnbonucieio
acid; ECG, elecirocardiogram; EMG, electramyogram; RBC, red blood cell; SLE, systemic lupus
erythematosus;, WBC, white blood cell.

The exact etiology and pathogenesis of SLE remains unclear. An extremely
complex and multi-factorial interaction between diverse genetic and environmental
factors are possibly involved | 14].



1) Genetic Factors

Several lines of evidence have shown the importance of genetic factors in SLE.
For example, the concordance of SLE in identical twins, the increase in frequency of
SLE among first degree relatives, and the increased nisk of developing the disease in
siblings of SLE patients reflect a polygenic inheritance of the disease [14,20-22].
Many different genes contnibute to disease susceptibility, The most important genes
are located in the HLA region on chromosome 6 that exhibit strong association with
the risk of SLE and production of specific autoantibodies that are commonly present
in SLE [23]. Other genes which contain nsk vanants for SLE are IRF5 [24-26],
PTPN22 [27), STAT4, BLK (28], COKNIA [29], ITGAM [30], TNFSF4 and BANK{
[31]. Some of the susceptibility genes may be population specific.

2) Environmenial Faclors

The findings above offer strong evidence of genetic factors contnbuting to
disease susceptibility. The certain environmental factors, however, are also required
to activate the disease, There are about 400 medications that can induce a lupus-like
syndrome. The highest risk drug of which are procainamide and hydralazine [32].
Exposure to UV light, especially UVB, is a well known environmental factor that can
induce apoplosis of keratinocytes and the release of pro-inflammatory cytokines. This
provides a mechamsm for the exposure of self antigens to the immune system and
provokes autoimmunity [33]. Several dietary factors are implicated in the
pathogenesis of SLE. Possible beneficial compounds are also reported such as vitamin
E, vitamin A, fish oils (omega-3 polyunsaturated fatty acids) and evening primrose oil,
On the other hand, excess calones, excess protein, high fat, zinc, and iron appear to be
related to the risk of SLE [34,35]. Some Epstein-Barr virus (EBV) proteins share
sequence homologies with SLE autoantigens that may crossreact with autoantigens
and promote the proliferation and antibody production of B cells. It is also known that
parvovirus B19 (B19), retrovirus and cytomegalovirus (CMV) infections induce a
number of autoimmune abnormalities resembling those found in SLE [36]. In addition,
the exposure to environmental estrogens through the consumption of meat and milk
products or by utilization in clinical practice of the contraception and post-
menopausal hormone replacement therapy (HRT) may induce or unmask SLE [14,36}.
Additionally, SLE is a predominant female disease, sex hormones seem to play an
important role in the disease onset/perpetuation. Therefore, excessive estrogenic but
insufficient androgenic hormonal activity in both men and women with SLE might be
responsible for the alteration of the immune responses. These findings suggest a role
for endogenous sex hormones in disease predisposition [14,37].

The principal functions of an immune system are to recognize a wide variety
of pathogens and to destroy those pathogens while tolerating the tissues of the host
organism. The immune system of mammals has two main arms, the innate immune
system and the adaptive immune system. The innate immune system, consisting of
cells such as neutrophils, macrophages, mast cells and natral killer (NK) cells, 15
constantly poised and ready to attack invading pathogens. This rapidity is, however,
counterbalanced by a lack of both specificity and memory. By contrast, the adaptive
immune system needs priming to eradicate pathogens. Although it is slower, the
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adaptive immune system has greater accuracy 1o enable recognition of specific
pathogens by virtue of its vast receptor diversity. Most importantly, it has memory
and upon subsequent infection with the same pathogen, and can rapidly respond and
clear the invaders [38].

As described above, SLE is charactenized by B cell hyperactivity and
production of various autoantibodies that result in formation of immune complex,
which is an important contributor to the development of SLE. Many reports, however,
suggested that T cells are present in target tissues of SLE and produce pro-
inflammatory cytokines or upregulate cell-to-cell adhesion, finally leading to
apoptosis and inflammation of target tissues. Therefore, both SLE B cells and T cells
play a central role in the pathogenesis of SLE [39].

Several reports propose a primary role for B cells in SLE. The importance of
primary B cell abnormalitics is strongly supporied by genetic studies. B cell signaling
defects in Fc receptor (FeyR1Ib) leads to a lupus-like phenotype in mice [40]. In
human SLE. polymorphisms in FeyRI1Ib may facilitate the generation and activation of
autoreactive B cells and these effects may predispose to the development of SLE [41].
Alerations in B cell longevity also can lead to lupus-like phenotypes. In mice with
overexpressing of B-cell activating factor (BAFF), a key cytokine that promotes B cell
survival, development of a lupus-like phenotype mediated by autoantibody
overproduction was reporied [42]. Moreover, elevated BAFF serum levels have been
found in human SLE and this rising correlates with serum IgG and autoantibody
levels [43]. Aliered signals of B cells such as CDEWCDS6, CD19 and CD22 also
might be involved in autoimmunity [44 45]. Additionally, somatic hypermutation of
immunoglobulin vanable regions, abnormality of receptor editing, antigen-drived
autoantibody production and defect of idiotypic networks could be associated with
SLE development [46-49].

The major role of T cells in SLE is confirmed by the findings of a blockade of
disease development after elimination of T cells in lupus mice [50]. In addition,
athymic mice do not develop SLE [51]. As mentioned previously, SLE is
characterized by the production of pathogenic autoantibodies secreting from auto-
reactive B cells, and it is widely believed that T cells provide help to autoantibody-
producing B cells. An escape from immunological tolerance by T cells may have a
central role in the pathogenesis of SLE. The followings are some key defects in T cell
responses which may be involved in SLE.

Antigen Processing and Presentation

In SLE. dunng apoptosis, autoantigens can be modified by protease cleavage
(by caspases or granzyme B) or by oxidative cleavage, these self-antigens
modifications might reveal cryptic or neoepitopes to the immune system, and these
maodifications could have imporiant effects on breaking T cell tolerance [52] . The
histone-derived peptide H2B, H3 and H4 stimulated T cells from SLE patient allow
them to help B cells lead to the production of autoantibodies [53]. In addition,
chromatin-containing CpG motif-rich DNA or ribonucleoprotein antigens containing
double-stranded RNA (dsRNA) could potentially trigger adaptive immune responses
in the pathogenesis of SLE by providing accessory signals through Toll-like receptor
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9 (TLRY) on human dendntic cells, macrophages, or B cells, or through TLR 3 on
human dendntic cells [52].

T Cell Effector Surface Molecules and Co-stimulation

SLE T cells with many different surface phenotypes including classic helper T
cells (CD4"CDS w/p TCR), CD4'CD8 v/ TCR cells, CD4 CD8" w/fi TCR cells, and
CDI-restncted double-negative natural killer T cells can provide help for
autoantibody production [54-56]. Overexpression of lymphocyte function antigen-
1{LFA-1) decreased the threshold for T cell activation, allowing cells to respond to
sel-MHC class Il molecules presenting inappropriate antigens [57]. Overexpression
of CD40L leading to prolong co-stimulation that sustains autoantibody producing B
cells [58]. Furthermore, overexpression of adhesion molecules such as soluble
vascular cell adhesion molecule-1 (s VCAM-1), soluble intercellular adhesion
molecule-1 (sICAM-1) has been reported to occur in SLE [59].

Apoptosis and Apoptotic Clearance

Normally, apoptosis must be appropnately controlled for avoidance of
autoreactivity. Regulation of apoptosis in human SLE T cells is reported to be
impaired. T cells from peripheral blood of some SLE patients show decreased
intracellular synthesis of TNF-a, which could result in undesirable survival of
autoreactive cells [60]. SLE T cells resist anergy and apoptosis by upregulating cox-2
and bel-2 expression, both of which encoding anti-apoptotic proteins [61-63].
Increased apoptosis, however, has been reported in SLE [64]. This accelerated
apoptosis 15 likely to provide more autoantigens o sumulate the immune system. In
addition, impaired clearance of apoptotic materials has been reported in the
pathogenesis of SLE. Macrophages from SLE patients are defective in the

phagocytosis of autologous apoptotic materials [65]. Therefore, the impaired
clearance apoplotic materials might serve as immunogen for the induction of
autoreactive lymphocytes and as antigen for immune complex formation.

Regulatory T cells

Regulatory T cells (Treg) play an important role in peripheral immune
lolerance and in the prevention of pathogenic autoimmunity. Defects in the reduced
number of Treg cells or suppressive functions of Treg cells are linked to various
autoimmune diseases. Studies in SLE found that the number of CD4"CD25" Tregs
decreased in active SLE but have normal phenotype and function [66-68], whereas
some investigators reported that suppressive functions of Treg cells were poor during
active SLE [69]. Therefore, it is sull controversial whether Treg plays a role in SLE.

Subsets of T Helper Cells

The major components of adaptive immune system are CD4" T cellsor T
helper (Th) cells. Initially, two polarized forms of T helper effectors, namely type 1
(Th1) and type 2 (Th2), were identified in both mice and humans [70,71]. The
differentiation of a naive T helper cell into a specific lineage (Figure 1} is directed by
signals from antigen-presenting cells in response to the type of pathogens they have
encountered. Interferon (IFN) —y and IL-12 initiate the differentiation of Thl cells
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that are charactenized by high production of IFN-y which is essential for cleanng
intracellular pathogens. Aberration in Thl responses are thought to be important for
dnving autoimmune diseases and chronic inflammation. In another effector lineage,
1[.-4 tnggers the differentiation of Th2 cells that are important in host defense against
helminth infection and in helping B cells to produce antibodies. In some
circumstances, however, Th2 response is linked to asthma and allergies. Th1-Th2
subsets showed specific gene profiles and specific signaling requirements for their
phenotypes and effector functions. Signal transducer and activator of transcription
(STAT) proteins are the key signaling transcription elements in the T helper subset
differentiation pathway (Figure 1). STAT-1 and STAT-4 play major roles in
maintaining and amplifying the Thl response [72,73]. Similarly, STAT-6 activation is
necessary for Th2 development [74]. The lineage-specifying transcription factors for
Thl and Th2 are T box family protein expressed in T cells (T-bet) [75] and GATA-
binding protein 3 (GATA-3) [76], respectively. The effector cytokines that are
subsequently produced by Thl and Th2 cells {i.¢., IFN-y and IL-4) can potentially
feed back to amplify Thl and Th2 cells and further enhance differentiation of the
respective T cell subset. Moreover, IFN-y and 1L.-4 antagonize each other on different
levels, and thus, Thl and Th2 development is considered mutually exclusive [77-80].

Recently, the Th1/Th2 paradigm has been expanded, following the discovery
of a third subset of effector T helper cells that mainly produce IL-17 and exhibit
effector functions distinct from Thl and Th2 cells. This lineage of Th effector is
called Th17. The primary function of Th17 cells appears to be the clearance of
pathogens that are not adequately handled by Thl or Th2 cells, mainly by recruitment
of neutrophils and tnggering inflammation. Thi7 cells are, however, potent inducers
of tissue inflammation and have been associated with the pathogenesis of many
experimental autoimmune diseases and human inflammatory conditions. In recent
years, we have witnessed an accumulation of information on this new T cell subset.
The cytokines necessary for its differentiation and expansion have been idenufied
[B1-87] and the key transcription factors that are involved in its generation have been
elucidated [88,89], firmly establishing Th17 cells as an independent T helper cell
lineage in human and mice.
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Figure 1 Subsets of Effector T Helper Cells

Antgen and specific cytokine signals induce the differentiation of naive T cells into
various subsets of T helper cells (Thl, Th2 and Th17). While these subsets produce
specific patterns of cytokines that induce immunity, regulatory T cells (Treg),
naturally occurring Foxp3 ' Treg cells and induced Foxp3”™ Treg cells secrete anti-
inflammatory mediators such as [1.-10 and TGF-P that maintain immune tolerance
and immune homeostasis.

T Helper 17 (Th17)

The discovery of the Th17 lineage came from study on mouse models of
autoimmunity. Two prototypical autoimmune models, expenmental autoimmune
encephalitis (EAE) and collagen induced arthntis (CIA), that have previously been
associated with Thl responses, due to the fact that disease development was ablated
by treatment with neutralizing antibodies specific for IL-12p40 or gene-targeted mice
deficient in the pd0 subunit of IL-12 [90-92]. This association, however, came into
question with the discovery a new [L-12 family member, IL-23 [93]. [L-23 shares the
[L-12p40 subunit with IL-12, but it is paired with a distinct subumit IL-23p19, instead
of IL-12p35, Thus, it became unclear whether protective effects using neutralizing
antibodies described above were truly due to inhibition of IL-12 or may involve IL-23.

To resolve this paradox, Cua and colleagues revisited the development of EAE
and CIA using mice deficient in IL-12 (I112p35"), IL-23 (1123p19"), or both
(1112p407") [86]. It was found that mice deficient in IL-23 (123p19”, 111 2p40") were
protected from EAE and CIA, while mice lacking IL-12 (2112p35™") only remained
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susceptible. Thus, it appears that [L-23, not IL-12, is importantly related to
autoimmunity in these models.

On studying the pathogenic role of 1L-23, Murphy and colleagues analyzed the
cytokine production profiles of effector CD4'T cells in CIA [94]. It was shown that
mice deficient in IL-23p19 had normal Thl responses, but did not produce IL.-17,
whereas mice deficient in IL-12p35 showed an increased number of IL-17-producing
CD4+ T cells in inflamed tissues.

IL-17 was known as a T cell-derived cytokine that is highly expressed during
autoimmune disorders and is able to activate epithelial cells during inflammatory
responses. Consistent with these findings, mice deficient in IL-17 were resistant to
EAE or CIA, whereas overexpression of 1L-17 exacerbated the diseases [95,96]. The
relationship between [1L.-23 and TL-17 was established after the study that activation of
effector and memory T cells in the presence of [1.-23 resulted in IL-17 production
[97] and this induction was blocked by IL-12 or IFN-y. It was proposed that 1L-23
promoted a T cell subset distinct from Th cells that expressed IL-17. Passive transfer
of these IL-23-generated [L-17-producing CD4* T cells was sufficient to induce EAE
[B87]. It became clear that the IL-23/IL-17 axis, rather than the IL-12/IFN-y axis, was
important for EAE disease development, Then, the concept of a new T helper cell
subset was established and these cells were then called T helper 17 cells (Th17}.

Th17 is a newly discovered subsel of T helper cells that produces the signature
cytokines interleukin (IL}-17 {(TL-<17A}, IL.-17F and IL-22 [87 98 99]. These cells
contribute to host defense against extracellular pathogen, mainly at mucosal surface
[83,100,101). Their activities, however, are also pivotal in the development of
autoimmune diseases under pathologic conditions [102].
groups sought 1o determine whether human Thl7 cell development follows similar
cylokine requirements as its munne counterpart. Imitial reponts on identifying factors
for human Th17 differentiation suggested that, in contrast to mice, the combination of
TGF-p and IL-6 was not capable to generate human Th17 cells [103-106]. Instead of
TGF-f3, a combination of IL-1J or I1.-23 was sufficient to drive Th17 differentiation
from circulating human naive T cells without the addition of exogenous TGF-
[103,104,107]. This in virro—-derived Th17 cells express Th17 lineage-specific
transcription factors RORyt, the signature cytokines, 1L-17, IL-22, IL-17F, IL-26,
surface marker CCL20, CCR6. The studies that followed, however, reported that
TGF-p is required for the differentiation of human Th17 cells, like for murine Th17
cells [108-110]. Volpe and colleagues [109] reported that the cytokine cocktail
composed of TGF-f, 1L-23, IL-1§, and 1L-6 are required for Th17 differentiation
from umbilical cord blood cells or circulating naive CD4" T cells. On the other hand,
Manel and colleagues [108] proposed that the combination of TGF-J, IL-23, and IL-
15 was finest for Th17 differentiation of naive cord blood CD4" T cells and that IL-6
and IL-21 were not required for Th17 cell development. In contrast, Yang and
colleagues [110] proposed that the combination of TGF-J} and 1L-21 activated the
development of Th17 cells that produced IL-17. Manel and colleagues| 108], however,
did not detect production of IL-17 under the similar conditions. Finally, the recent



work of Cosmi and colleagues [111] suggested that human Th17 cells could denive
from umbilical cord blood CD161'CD4" T cell precursors in the absence of
exogenous TGF-P in the presence of both IL-1 and IL-23. Moreover, another study
from the same group proposed that TGF-f} is not essential for human Thil7
development but instead indirectly provides to Th17 cell expansion through inhibition
of Thl cells [112]. Interestingly, the recent report have shown that TGF-fi was nol
required for Th17 differentiation but enhanced production of IL-17 induced by IL-1p,
IL-23, and IL-6 [113]. Nevertheless, TGF-[} was essential for expression of the key
transcription factor RORC2, the closest human relative of murine RORyt [112].
Molecular mechanisms leading to differentiation and maturation of murine and human
Th17 cells are shown in Figore 2.
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Figure 2 Molecular Mechanisms of Differentiation and Maturation of Murine
and Human Th17 Cells

In the murine sysiem the combination of TGF-f} and IL-6 or IL-21, is a vital mediator
driving the activation of STAT3, the upregulation of RORyt, and the subsequent
differentiation of naive CD4" T cells into Th17 cells. Importantly, IL-6 and 11.-21
induce expression of IL-23R on these cells. 1L-23 is central to the effector function of
pathogenic Th17 cells.

The Signature Cytokine of Th17 Cells

Interleukin (IL)-17 or IL-17A

IL-17A was originally cloned and described by Rouvier and colleagues and
named CTLAS [114]. It was subsequently renamed IL-17 and, more recently, IL-17A.



[L-17A is the founding member of the 1L-17 family of cytokines, which has five
other family members, designated IL-17A-F and the IL-17 receptors family consists
of five receptors (IL-17TRA - IL-17RE) [115]. The most closely related members of
the ligand family are IL-17A and IL-17F, both of which are produced mainly by
activated T cells [116] and bind to the same receptors (IL-17RA and IL-17RC) [117].
[L-17RA is expressed broadly and mediates its effects through a number of immune
and non-immune cells (particularly endothelial and epithelial cells) [97]. While IL-
17RC can not signal in the absence of IL-17TRA, its expression 15 low in
hematopeietic tissues but high in cells of the liver, kidney, thyroid, prostate and joints
[118,119]. The predominant function of 1L-17A 1s thought to be a pro-inflammatory
mediator through a variety of mechanisms as summanzed in Figure 3. It 1s now
known that several cell types are capable of producing IL-17A other than CD4™ T
cells. v T cells [120], CD8" memory T cells [121,122], NK T cells [123,124], NK
cells [125], eosinophils [126], neutrophils [121] and monocytes [127] can also be a
source of IL-17A. Nevertheless, the predominant source of IL-17A remains the CD4*
T cell population [128].

Interleukin (IL)-17F

Among the IL-17 cytokines family, IL-17F shares the greatest amino acid
homology (55%) with IL-17A. Both IL-17A and 1L-17F are produced by Th17 cells,
whereas the other IL-17 family members, IL-17B, IL-17C, and IL-17D, are produced
by non-T cell sources. IL-17A and IL-17F can give nise to three forms of IL-1TA
homodimers , IL-17F homodimers and IL-17A-IL-17F heterodimers [129]. Notably,
IL-17A and IL-17F share similar functions in terms of their ability to induce
chemokines that are important in newtrophil recrmtment and activation [130]. Among
the three forms, IL-17A homodimers show the greatest potency in inducing
chemokine expression in epithelial cells, followed by IL-17A-F heterodimers and IL-
17F homodimers [129]. As described above, IL-17A and IL-17F bind to a receptor
complex composed of at least two IL-17RA and IL-17RC subunits. The binding
affinities of IL-17A and IL-17F are also quite different with respect to the individual
IL-17RA and IL-17RC subunits [119], indicating that each cytokine target different
cells.

terleuki -22

Besides [L-17A and IL-17F, IL-22 is another Th17 effector cytokine. 1L-22
was first identified as an 1L-10-related T cell-derived inducible factor (IL-TIF) [131].
It binds to the IL-22 receptor comprising [L-22Ra and IL-10R2 (ubiguitously
expressed on all cells). 1L-22 is exclusively produced by hematopoietic cells such as T
cells, while in contrast, the expression of IL-22Ra is restricted to epithelial cells and
epithelial-derived cells and some fibroblasts, in certain tissue including the skin,
pancreas, small and large intestine, and lung [132]. Thus, immune cells are not target
cells of IL-22 [133,134]. On the other hand, 1L-22 elicits strong responses from many
epithelial cells [135]. Data from many studies implicate the potential roles of 1L-22 in
host defense, inflammation and tissue repair [ 136-138]. Firstly, 1L-22 induces pro-
inflammatory responses, such as the production of cytokines, chemokines, and acute-
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phase proteins, from many cell types. Secondly, [L.-22 drives the production of many
antimicrobial

peptides, including p-defensins, S100-family proteins, and regenerating-gene (Reg)-
family proteins. Gene expression study in keratinocyles treated with IL-22 shown
uncovered a large group of genes involved in tissue-repair and wound-healing
[137,139]. Funthermore, IL-22 also stimulates proliferation, abnormal differentiation,
and migration of various epithelial cells in virre [136,137,140). Collectively, these
data strongly support a role of 1L.-22 in host defense and epithelial-barmer function.
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Figure 3 The Biological Function of 1L-17A

IL-17A activates production of IL-6, nitric oxide and prostaglandin E; (PGE;), while
synergy with other inflammatory cytokines such as IL-1}, TNF-a, IFN-y and CD40
ligand (by increasing surface levels of CD40) leads to progression and amplification
of local inflammation. IL-17A induces the recruitment of neutrophils and monocytes
to sites of inflammation through the chemoaitractant mediators [L-8, monocyie
chemoattractant protein (MCP)-1 and growth-related protein (Gro)-a while enhancing
production of hematopoietic growth factors, such as granulocyte-colony stimulating
factor (G-CSF) and granulocyte-macrophage (GM)}»-CSF, which promote the growth
and maturation of the recruited myeloid cells. IL-17A also acts as a bndge between
the innate and adaptive immune response by augmenting the induction of co-
stimulatory molecules such as ICAM-1 by other cytokines, thereby supporting T cell
activation.

In addition 1o a unique cytokine expression profile, the T helper cell lineages
are defined by lineage-specific transcnption factors. Th17 cells were identified as an
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independent lineage since neither Thl transcription factors, such as STAT-1, STAT-4
and T-bet, nor Th2, such as STAT-6 and GATA-3, was found to be expressed by
Th17 cells. The orphan nuclear receptor RORyt (RORC2 in human) is the key
transcription factor that regulates the differentiation of Th17 lineage [88,107]. RORyt
induces transcription of the genes encoding IL-17 and IL-17F in naive CD4" T helper
cells and 1s required for their expression in response to [L-6 and TGF-J3, the cyiokines
known to induce 1L-17 [88]. Although RORYyt plays a central role in the development
of Th17 cells, RORyt-deficient CD4" T cells did not completely abolish Th17
cytokine expression, suggesting that other transcription factors may contribulte Lo the
Th17 differentiation. In fact, the combination of [L-6 and TGF-[} induce ancther
closely related transcription factor RORa that can also control IL-17A and IL-17F
production. Furthermore, RORa and RORyt co-expression synergistically led to
greater Th17 differentiation. On the other hand, double deficiencies of both RORa
and RORyt entirely impaired Th17 generation in vitro and in vive [141],

In microarray analysis of in vitre driven Th17 cells revealed a third
transcriplion
factor uniquely expressed in Th17; the aryl hydrocarbon receptor (AhR), a ligand
activated transcription factor also known as the dioxin recepior [142]. AhR deficiency
was shown o impair, bul not prevent, the generation of IL-17 producing T cells
[142,143]. Most remarkably, AhR-deficient Thl7 cells completely failed to express
one of the signature cytokines, [1.-22, whereas it was induced upon ligand activation
of ARR [142].

In addition to cytokines and master transcription factors, T helper cells
differentially utilize STATs protein, which couple cytokine receptors with gene
expression. STAT3, activated by both 1L-6 and 1L-23, plays a cntical role in Th17
development, Although STAT3 mediates multiple cytokine signaling events, the use
of a T cell-specific deletion of STAT3 firmly established it as the transcription factor
responsible for both RORa and RORyt induction in response to IL-6 and 1L-23 [89].

In accordance with the robust effect of IL-23, IL-17-mediated responses
require IL-23 to maintain and expand differentiated Th17 cells, and the IL-23 receptor
is specifically expressed on Th17 cells. The studies in IL-23R-GFP knock-in reporter
mice, however, showed that in addition 1o Th17 cells, a subset of myeloid cells
express [L-23R and respond to I1.-23 by producing 1L-17 and [L-22 [144]. Like most
cylokine receptors, it 18 difficult to purify Th17 cells on the basis of 1L-23R
expression since it is expressed at low levels. Another selection marker, the
chemokine receptor CCR6, is reported to be a predominant marker for Th17 cells.
Within the human T cells memory compariment, IL-17 was found to be produced
only by CD4" T cells expressing CCR6 [145-147].

Th17 cells and Infection

Although the discovery and description of Th17 cells are mainly associated
with autoimmune diseases, not all Th17 cells functions are harmful. Th17 cells play a
crucial role in host defense against certain pathogen. Both IL-17A and IL-17F are
induced in several models of infecuons, telling the involvement of this Th17 subset



[148]. IL-17 promotes neutrophils and other myeloid cells recruitment at the site of
infection by up-regulates specific chemokines and pro-inflammatory cytokines. This
cellular recruitment 1s the important process in many infections. For example, mice
deficient in IL-17 or IL-17TRA are susceptible 1o pulmonary infection with Klebsiella
preumonia [149], and similarly, mice deficient in IL-17RA are seriously susceptible
to Candida albicans [150].

The responsibility of IL-17 is clearly important in supporting innate responses, but
other Th17-associated cytokines, such as IL-17F and IL-22, also appear to be essential
for control of infections. In two studies, using K. preamonia [101] and Citrobacter
rodentivm infection [100], determined that 1L-23—dependent production of 1L-22 is
essential for full protection of the host. Furthermore, 1L-17F also plays a non-
redundant role in protection against C. rodentivmn [151]. Thus, IL-17, IL-17F, and IL-
22 perform synergistically on the epithelium to combat bactenal infections and
emerge as important factors in defense against pathogens.

Th17 Cells and Autoimmunity

While Thl and Th2 cells have long been known to control cellular and
humoral immunity, Th17 cells have been identified only recently as a T helper lineage
that regulates inflammation via production of distinct cytokines such as interleukin
(IL}-17. Some of the Th17-associated cytokines are found at higher levels in serum
and affected tissues in human diseases and i animal models. The crucial function of
this T cell subset in the induction and development of murine autoimmune discases
has been confirmed and its actual role in human autoimmune diseases is now
supported by a large body of evidence as summanzed in Table 2.
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Table 2 Evidence for a Role of Th17 Cells in Immune-Mediated Diseases [152]
» Bheomatc diseases

Psoriasis ++
Rheumatoid arthritis ++
Systemic sclerosis ?
Systemic lupus erythematosus ?
* Non-rheumatic autoimmunity

Multiple sclerosis +
Autoimmune myocarditis s
Type | diabetes ?

9

Autoimmune thyroiditis
* Asthma and allergic discases
Asthma ek

Atopic dermatitis +

Contact hypersensitivity +
¢ Other immune-mediated diseases

Inflammatory bowel disease ++

Penodontal disease ke

++, there is substantial and convincing evidence for a role for Th17 cells in both
humans and animal models; +, there is good evidence for a role for Th17 cells, either
in humans or animal models, but more conclusive studies are needed; ?, there is very
limited evidence suggestive of a possible role for Th17 cells, but no conclusion can be
drawn without substantial additional works.

Psonasis is a chronic autoimmune disease affecting mainly the skin. Both Thl
and Th17 cells are implicated in the pathogenesis, as there are elevated levels of both
Th1 and Th17-associated cytokines in serum and lesional skin [107,139,153-153].
The role of IL-17 in the pathogenesis of psoriasis has been more confirmed by
increased expression of RORC, IL-6, IL-1[, and IL-23 in psonatic skin as compared
with nominvolved skin or skin from healthy individuals [107]. The strong evidence for
the role of Th17 cells in psoniasis comes from a study which found thai antibody-
mediated blockade of the shared 1L-23/1L-12 p40 subunit is an effective treatment
[156]. Interestingly, Ortega and colleagues observed a higher frequency of CD8"IL-
17" T lymphocytes in psoriasis plaque biopsies from psoriasis patients compared to
skin biopsies from healthy subjects [157].

Rheumatoid arthnitis (RA) is a chronic systemic autoimmune disease that may
affect many tissues and organs, but mainly attacks the joints. It has long been
classified as a Thl-mediated disease but is now also thought 1o be a primanly Th17-
driven disease [158]. Pnmary evidence for a pathogemc role of IL-17 in RA came
from studies demonstrating that 1L-17 was increased in the sera and synovial fluids of
RA patients [159-161]. Like psoriasis, there 15 also increased IL-22 and 1L-23 in the
synovium of RA patients [162,163].
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Multiple sclerosis (MS) is a chronic autoimmune disease that predominantly
affects the white matter of the central nervous system. There 1s a strong association
between IL-17 and MS [152], but information on the role of IL-17 in this autoimmune
disease 15 incomplete. Studies in mice have shown that Th17 cells play a vital role in
EAE, the mouse model of M5, It is not clear, however, whether IL-17 mediates its
pathogenic effects directly or via recruitment of other immune cells in humans with
MS. Kebir and colleagues demonstrated that human blood-brain barrier endothelial
cells from MS patients express the receptors for IL-17 and IL-22, and shown that 1L-
17 and IL-22 disrupt blood brain barner tight junctions leading to increased
transmigration of CD4" T cells [164]. Accordingly, a main pathological mechanism
in MS could be IL-17-mediated destruction of the bloed brain barrier allowing easier
access of myelin-specific T cells to this immune privileged site. Moreover, Tzartos
and colleagues observed a higher frequency of CD4*IL-17" and CD8"IL-17" T
lymphocytes in areas of active lesion (73%) compared with inactive lesions (17%) of
the brain. These observations suggest that both CD4” cells and CD8" IL-17-producing
T cells play an essential role in MS pathophysiology [ 165].

Inflammatory bowel disease (IBD) is a collective term that refers to chronic,
autcimmune, inflammatory diseases of the bowel, mainly ulcerative colitis and
Crohn's disease. Possibly the sirongest evidence for the pathological role of Th17
cells came from studies of inflammatory bowel disease [166,167]. A large cohort
study of European populations of different ethnicities found that a single nucleotide
polymorphism in a non-coding region of the IL-23R was significantly associated with
both Crohn’s disease and ulcerauive colitis [168]. Additionally, high IL-17 level 1s
found in sera and colonic biopsies of Crohn's disease patients [169,170]. IL-22 15 also
overexpressed by colonic CD4" T cells in patients with IBD compared 1o healthy
controls [171].

Th17 Cells and SLE

Although SLE has been considered classically an autoantibody- and immune
complex-dnven disease, recent study exhibits that IL-17 is involved in differem
aspects of SLE pathogenesis. Because of IL-17 is a potent pro-inflammatory cylokine,
along with the effects it exerts in a variety of cells, it is possible that its unregulated
production has indeed widespread effects in animals (Table 6) and patients with lupus.
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Table 3 TL-17 in Murine Models of SLE

e

Murine Experimental Evidence and Outcomes References
Models
BXD2 Increased numbers of IL-17-producing T cells provide [172]
help to B cells and stimulate spleen germinal centre
formation.

IL-17 over-expression enhanced disease; IL-17R
blockade reduced its intensity

SNF1 Increased numbers of IL-17" cells [173]
Ets-1 knock-  Enhanced differentiation of naive T cells into Th17 [174]
oul cells

In human SLE, many studies have reported potential roles for T-cell-denved
cytokines in human SLE pathogenesis, but only recently have data involving IL-17 in
SLE become available. Initial studies by Wong and colleagues in 2000, reported that
the levels of IL-17 as measured by ELISA, were significantly higher in the plasma of
a cohort of 36 Chinese SLE patients than normal subjects. The investigators did not,
however, detect a significant correlation between the levels of IL-17 and the score of
SLEDAI [175]. In that same year, Kurasawa and colleagues reporied some evidence
arguing against the role of [L-17 in human SLE. The investigators reported that the
levels of IL-17 as measured by ELISA, did not increase in the sera of a cohort of 9
Japanese SLE patients compared with those in normal subjects. Instead, elevation of
IL-17 in serum was characternistic of systemic sclerosis patients. In addition, the IL-17
mRNA expression as determined by RT-PCR, was also undetectable in peripheral
blood lymphocytes (PBL) from 14 Japanese SLE patients [176]. Eight years after
these initial reports, in 2008, Wong and colleagues reported that the levels of IL-17 as
measured by ELISA, significantly increased in the plasma of a cohon of 80 Chinese
SLE patients (40 SLE patients with renal disease and 40 SLE patients without renal
disease) compared with those in normal subjects. Moreover, the investigators also
found a significant positive correlation between the plasma level of IL-17 and the
discase activity (SLEDAL) in SLE patients without renal disease, Thus, IL-17 could
play a pathological role in the development of auto-inflammatory response in SLE
patients with severe disease. The investigators further examined the number of IL-
17A secreting cells in PBMCs using ELISPOT assay, upon 24 h activation by
phorbol-myristate acetate (PMA) and ionomycin ex vive. The results revealed that
SLE patients showed significantly higher number of IL-17A secreting cells than that
in normal subjects. This group, furthermore, investigated the involvement of 1L-23 in
the IL-23/1L-17 auto-inflammatory axis in SLE, they observed that the ex vive
production of IL-17 upon anti-CD3 and anti-CD28 antibody activation in the presence
of IL-23 from PBMCs was significantly higher in SLE patients than normal subjects.
Thus, these studies presented evidence on the direct involvement of the IL-23/TL-17
inflammatory axis, in the auto-inflammatory responses in SLE [177].

Taken together, there are conflicting evidences in both human and mouse
models on the role of 1L-17 and its producing cells (Th17) in SLE progression.
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Because SLE is known to be heterogeneous, it is likely that different mechamsms of
pathogenesis occur in different cohorts of patients. Thus, the exact role of 1L-17 and
Th17 cells in SLE autoimmune disease need further investigation. This study aimed at
investigating the 11.-17 level, the frequency of 1L-17 producing T cells in Thai SLE
patients from King Chulalongkorn Memorial Hospital and Bhumibol Adulyadej
Hospital. The results obtained from this study was the first to be conducted in SLE
Thai patients and may lead to a better understanding of the the role IL-17 plays in this
disease.
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Materials and Methods

Patients and Normal Subjects

Twenty-nine Thai SLE patients, 28 females and |1 male, age ranging between
15 and 50 years (mean = SD 33.72£11.12 years), were recruited from King
Chulalongkom Memorial hospital and Bhumibol Adulyadej Hospital (Bangkok,
Thailand}). Diagnosis of SLE was established according to the Revised American
College of Rheumatology (ACR) cniteria, and disease activity was evaluated by the
SLE disease activity index (SLEDAI)} 2000 score (Table 1). Active SLE discase was
defined as a SLEDAI-2K score 2 6 and inactive SLE disease was defined as a
SLEDAI-2K score < 6 [178]. The SLE patients were classified into two groups: 13
SLE patients with active SLE disease (active group) and 16 SLE patients with
inactive SLE disease (inactive group). These SLE patients were on treatment with
Prednisolone 14.23£17.16 mg daily, Cyclophosphamide 2.79+7.67 mg daily,
Azathioprine 20.31231.02 mg daily, Mycophenolate mofetil 20.08+£99.98 mg daily, or
in combination as shown in Table 4. Ten normal subjects recruited from King
Chulalongkom Memorial hospital were included as healthy control (mean age 26.6%
1.58 years old, 10 females). This study was approved by the Ethics Committee for
Human Research of the Faculty of Medicine, Chulalongkom University, and informed
consents were obtained from all subjects.

PBMUs Isolation and Serum Collections

Seventeen milliliters (ml) of venous peripheral blood from patients and normal
subjects were collected in ACD blood eollection tubes (BD Pharmingen Corp, NJ,
USA). Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-Hypaque
Isoprep (Robbins Scientific Corporation, CA, USA) at the ratio of 3:4 (v/v, Ficoll-
Hypaque reagent : whole blood). This solution was centrifuged at 2,200 rpm for 30
minutes at 25°C. After density-gradient centrifugation, separated PBMCs in interface
by specific density were collected and washed twice in 10 ml of REMI-1640 Medium
(GIBCO, Germany) by centrifugation at 1,500 rpm for 10 minutes s 25°C. PBMCs
were counted in hemacytometer chamber and adjusted to 1 % 10° cells/ml for the
experiments described below, Four milliliters of venous peripheral blood from each
patients and normal subjects were collected in serum collection tubes (BD
Pharmingen Corp). The blood was allowed to clot for 30 minutes to 1 hour at room
temperature and centrifuged at 3,000 rpm for 10 minutes at 25°C. The serum were
collected in 1.5 ml sterile tubes and kept at -70°C until used for IL-17 and 1L-23
detection by ELISA as described later.

PBMUCs Cultures

PBMCs (1x10%) cells/ml were divided into two portions. First portions were
harvested for an immediate analysis (day 0) another part of PBMCs were incubated
(1 % 10° cells/ml/well) in 24-well plates (NUNC™ NY, USA) which were pre-coated
with anti-CD3 and anti-CD28 monoclonal antibodies (BD Pharmingen, CA, USA)
(both at 1 gg/ml), in RPMI-1640 medium (GIBCO, Germany) supplemented with
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10% heat-inactivated fetal bovine serum (GIBCO), 100 U/mL pemcillin (GIBCO),
100 pg/ml streptomycin (GIBCO) and non-essential amuino acids (GIBCO) for 72
hours at 37°C in a 5% CO; environment (day 3). After incubation, PBMCs were
harvested and subjected to antibody staining and flow cytometric analysis. RNA from
PBMCs were isolated and used in quantitative real time RT-PCR.

Antibodies

Allophycocyanin-conjugated anti-CD4 (anti-CD4-APC), pendinin chlorophyll
protein (PerCP)-conjugated anti-CD8 (anti-CD8-PerCP) from BD Biosciences (CA,
USA), biotinylated anti-1L-23 receptor from R&D Systems (MN, USA) and
streptavidin-FITC conjugaied from BD Biosciences (CA, USA) were used for cell
surface staining. Staining for intracellular cytokines was performed with
Phycoerythrin (PE) anti-1L-17A purchased from eBioscience (CA, USA).

PBMCs Stimulation for intracellular cytokine staining

PBMCs were cultured (1x10° cells/well) in 96-well plates (NUNC™) with 25
pg/ml PMA (Merck, Germany) and 10 pg/ml ionomycin (Merck) in different wells
for PBMCs from each SLE pauents and normal subjects, in the presence of 10 pg/ml
brefeldin A (Merck). The incubator was set at 37°C in a 5% CO; environment. After 4
hours of culture, the contents of the well were transferred to 1.5 ml stenle tubes.
PBMCs were then centrifuged at 1500 rpm for 10 minutes at 4°C. PBMCs were
collected and subjected to surface and intracellular cytokine staining with antibodies
as listed above.

Surface and Intracellular Cytokine Staining

After simulation, the cells were resuspended in 100 ul of staining buffer (PBS
supplemented with 0.02% sodium azide (Sigma-Aldrich, MO, USA) and 19 bovine
serum albumin (GIBCO). The conjugated antibodies CD4-APC, CDE-PerCP,

biotinylated anti-IL-23R and streptavidin-FITC were added and cells were incubated
at 4°C in dark for 30 minutes for cell surface staining. After cell surface staining, the
cells were washed with 1 ml of staining buffer by centnfugation at 1,500 rpm for 10
minutes at 4°C, Cells were fixed in 300 pl of fixation buffer (4% paraformaldehyde
(Sigma-Aldrich) in PBS) for 20 minutes at room temperature in dark. After cell
fixation, the cells were washed with 1 ml of staining buffer by centrifugation at 1,500
rpm for 10 minutes at 4°C. One milliliter of permeabilization buffer (PBS
supplemented with 0.04% sodium azide (Sigma-Aldrich), 0.1% bovine serum albumin
{GIBCO) and 0.1 %saponin)) was added to the cells and they were incubated for 10

minutes at room temperature in dark. Cells were centrifuged at 1,500 rpm for 10
minutes at 4°C and resuspended in 100 ul of permeabilization buffer, incubated for 30
minutes at 4°C in dark with anti-IL-17-PE. Cells were washed with 1 ml of
permeabilization buffer by centrifugation at 1500 rpm for 10 minutes at 4°C, and
resuspended in 300 pl of 1% paraformaldehyde in dark before subjecting to flow
cytometric analysis.
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Flow Cytometric Analysis

Cell samples were analyzed with a four-color FACSCalibur analyzer (BD
Biosciences, CA, USA). Analysis was performed with Summilt sofltware 5.0 (Dako,
Denmark). For each sample, at least 10,000 events were acquired in a stored live
lymphocyte gate. Representative FACS plots and gating strategy 1s shown in Figure 4.

RNA Extraction and Complementary DNA Synthesis

PBMCs from day 0 and day 3 were harvested and washed twice in 10 ml of
PBS. One ml of TRIZOL Reagent (Invitrogen, CA, USA) was added, followed by
repetitive pipetting. We incubated the homogenized samples for 10 minutes at room
temperature o permil the complete dissociation of nucleoprotein complexes. Two
hundred pl of chloroform were added, following by shaking vigorously. After
centrifugation at 12,000 g for 15 minutes at 4°C, RNA which remained exclusively in
the aqueous phase was collected into fresh tubes. RNA was precipitated by mixing
with 500 ul of 1sopropyl alcohol and incubated for 10 minutes at room temperature
and then centnfuged at 12,000 g for 10 minutes at 4°C. Wash the RNA pellet once
with 75% ethanol and centrifuged al 7,500 g for 5 minutes at 4°C. Al the end of the
procedure, RNA pellel was air-dried for 5 minutes, dissolved subsequently with
RNase-free water (QIAGEN, Germany) and stored at -80°C. RNA concentration was
determined using absorbance valoe from a spectrophotometer for complementary
DNA (cDNA) synthesis. The first strand cDNA was then synthesized from 250 ng of
total RNA using Tagman®Reverse Transcriptase Reagent (Applied Biosystems Inc,
CA, USA). Each RNA sample were prepared by mixing 10x RT buffer 3 ul, 25 mM
MgCly 6.6 ul, 10 mM dNTP 2 pl, 50 pM random hexamer primer 0.5 gl, 20 Ufgl
RNase inhibitor 0.6 ul, 50 U/l superscript reverse transcriptase 0.25 gl and RNase-
Free water was added to the reaction to bring the total volume to 30 pl. Subsequently,
mRNA was reverse-transcribed at 25°C for 10 minutes, 48°C for 30 minutes and
95°C for 5 minutes using Perkin Elmer/GeneAmp PCR system (MA, USA), and
cDNA was kept at -20°C.

Semi-Quantitative Real-time RT-PCR

A real time RT-PCR was developed for detection and quantification of IL-17A
and RORC transcnipts using fl-actin housekeeping transcnpls as internal control.
Primers were indicated in Table 5. Each PCR was set up for 20 gl reaction volume.
PCR amplification was performed with 2x QuantiTect SYBR Green PCR Master Mix
with 0.31 uM primers, 24 ng cDNA and nuclease-free water according to the
manufacturer's protocol (QIAGEN, Germany). PCR amplification included an initial
activation at 95°C for 15 minutes, denaturation at 95°C for 15 seconds, annealing at
55°C (f-actin and RORC) or 57°C (IL-17A) for 30 seconds and extension at 72°C for
30 seconds followed by repeating for 40 cycles (f-actin) or 50 cycles (IL-17A and
RORC) . The levels of mRNA were measured by a Light Cycler machine (Roche
Molecular Biochemicals, Indianapolis, IN, USA). Levels of mRNA were expressed as
threshold cycle (Cy) and used comparative Cy method for analysis. For relative
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quantification, the expression of IL-17A and RORC as target genes were normalized
by expression of f-actin (housekeeping gene) as endogenous reference and relative to

CT
a calibrator. Finally, the amount of target was given by 294,
Cr = CT (target) -AC+ (reference)
AACT = ACy (normalized target) -ACt (normalized calibrator)

ELISA

Sera from SLE patients and normal subjects were collected and kept at -70°C
until use. The IL-17A and [L-23 level in sera from SLE patients and normal subjects
were determined using Human IL-17A and Human IL-23 ELISA Ready-SET-Go!
(eBioscience, CA, USA). The procedure was carried out by Best Protocols™
(eBioscience, CA, USA). Briefly, The Corning Costar ELISA plates were coated with
100 plfwell of capture antibody, The plates were sealed and incubated overnight at
4°C. After incubation, the plates were washed 5 times with 300 pl/well of Wash
Buffer (allowing time for soaking 1 minute). For blocking, 200 pl of 1X Assay
Diluent were added into each well and the plates were incubated at room temperature
for 1 hour and the washing step was repeated. To prepare the top standard solution,
twenty pl of standard solution were added to 10 ml of assay diluent. One hundred
pl/well of standard was added 10 the appropniate wells and perform 2-fold senal
dilutions of the top standards to make the standard curve. One hundred pliwell of
samples were added to the appropriate wells then the plate was then sealed and
incubated at 4°C overmght. After incubation, wells were washed extensively. After
the washing step, 100 ulfwell of detection antibody were added into each wells and
the plates were sealed and was incubated at room temperature for 1 hour. One
hundred plfwell of avidin-HRP were added into each wells and the plates were
incubate at room temperature for 30 minutes. After incubation, the plates were
washed 7 imes. One hundred glfwell of substrate solution were added into each well
and the plates were incubated at room temperature for 15 minutes. For stop reaction,
50 pl of Stop Solution were added into each well. The absorbance was immediately
read at 450 nm using Multiskan EX primary EIA v.2.1-0 (Thermo Fisher Scientific,
MA, USA)

Statistical Analysis

Statistical analysis was performed using GraphPad Prnism 4 software
(GraphPad Software, San Diego, CA, USA). Differences among groups were
compared using the Mann-Whitney U-test. Spearman's rank correlation test was used
to assess the correlations of two vanables. Probability values (p) < 0.05 were
considered as statistically significance. All probabilities were two tailed.
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Table 4 Characteristics of SLE Patients Included in This Study

No. Stage i_::f:s]l Sex  Treatments {Ii::::]n SI;iI::. Clinical Features
| inaciive 26 F - - 4 Fl
2 inaclive I8 F PRD,AZT 5,50 1] .
3 inactive 49 F PRD, AZT 35, 12.5 4 RaA, ML
4 inactive S0 F  PRD, ALT T | FE
5 inactive 22 F FRID &0 5 RA, MU, FE
G mactive 19 F PRD 2.5 0 -
T inactive 34 F PRD, CPM 10, 17 4 PLI
1 inactive 24 F PRI 5 4 AR
o inactive A0 F < = 4 PLI
1o inaclive 6 F PRI 5 0 .
1 inaclive 29 F PRD AFT 10,50 d P
12 inactive 25 F FRD,CPM 7.5, 25 1] -
13 inactive 17 F PRD,CPM 10,25 4 PU
14 inactive 25 F PRD 10 2 MU
15 inaclive 47 F PRD, ALT 7.5, 100 5 PU LP
164 inactive a47 F - . 0 .
17 aclive 32 F PRI AZET 5, 100 8 HE, PU
18 aclive 33 F - - 3 HE, PUJ
; : 2.5,
19 aclive iR M PRD, MMF 2000 3 HE, PU
1 57, UC, HE, PU,
20 aclive 48 F FRD 15 30 PL PE, LC. IDB
21 aciive 47 F PRI, AZT 5,25 11 MY, HE,PL,LP
22 active 50 F PRI} 5 B AR, PU
; v Vi, AR, HE, PU,
23 active 23 F PRI ALT 30,50 29 PL RA, MU. LP
. PU, AL, PL. FE,
24 active 15 F PRI 0 I TC.LP
25 active 43 F PRI, ALT 3,50 3 VA
2%  acive  271.1F PRD,MMF | 5500713 b F”'L‘;‘L' M,
27 active 45 F PRI} 20 12 HE, FU, F1
28 aclive 21 F  PRD,AZT 20,25 l6 VA, PU MU, LC
2 petive 28 F PRI 15 & PU, LC

PRD, prednisolone; AZT, azathioprine; MMF, mycophenolate mofetil; CPM, cyclophosphamide;
57, seizure; VA, vasculitis; AR, arthntis; MY, myosits; UC, unnary casis; HE, hematna; PL,
protcinuna; P1. pyuna; RA, rash; AL, alopecia; MU, mucosal ulcers; PL, pleunsy; PE,
penicarditis; LC, low complement; IDB, Increased DMA binding: FE, fever; TC,
thrombocytopenia; LP, leucopenia
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Table 5 List of Primers Used for Analysis of the IL-17A, RORC and f-acrin

Primers Sequence (5'—3") Product Size
IL-17A[179] 95 bp
- Forward AATCTCCACCGCAATGAGGA
- Reverse ACGTTCCCATCAGCGTTGA
RORC (This study)
115 bp
- Forward CCGAGATGCTGTCAAGTTC
- Reverse CTTGACCACTGGTTCCTGTT
f-actin [180] 380 bp
= Forward ACCAACTOOOACGACATGGAGAA

- Reverse GTGOGTGGTGAAGCTGTAGCC




Figure 4 Representative FACS Plots and Gating Strategy Used in This Study
PBMCs were gated on small lymphocytes on the basis of their profiles of forward and
side scatters. The gated populations were analyzed in CD4 vs. IL-23R, CD8 vs. [L-
23R, CD4 vs. IL-17 and CD8 vs. [L-17 scatter plot. Values of negative controls
(Unstained PBMCs) were below 0.1% of total gated population. Negative values were
subtracted from the test values, and values of = 0.1% were considered positive. (A)

Gating strategy used in PBMCs on day 0. (B) Gating strategy used in PBMCs on day
3.
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Results

1. SLE Patients and Normal Subjects

Twenty-nine SLE patients (13 in active stage and 16 in inactive stage) and ten
normal subjects were recruited for this study. Charactenstics of each individual and
the experimental analysis undertaken for all subjects are summarized in Table 6. In
flow cytometric analysis, all subjects were included. For semi-quantitative real-time
RT-PCR analysis, RNA quality obtained is a limitation, and, thus, we included only
the samples that the threshold cycle (C,) values for S-acrin (intermal control) was less
than 30. For this reason, nineteen SLE patients (7 active and 12 inactive patients) and
eight normal were included in the semi-quantitative real-time RT-PCR analysis in
freshly isolated PBMCs (day 0) and in PBMCs cultured in the presence of plate-
bound anti-CD3 and anti-CD28 antibodies (day 3). For serum cytokine detection by
ELISA. only sera from twenty-eight SLE patients (12 active and 16 inactive SLE
patients) and nine normal subjects were included in the analysis because of the
missing samples. In addition, we have included the analysis of plasma cytokine
detection by ELISA later in the experimental design. Therefore, new subjects were
recruited for this analysis, including twenty-two SLE patients (11 active and 11
inactive SLE patients) and ten normal subjects. The charactenstics of the newly
recruited subjects were summanized in Table 7.

32



Table 6 Charactensucs of Individual Subjects Recruited for Flow Cytometnc Analysis, Serum Cytokine Detection by ELISA and

Semi-Quantitative Real-time RT-PCR Analysis

Serum Cyiokine Levels

Cruantitative Real-time

Flovw
Sample No. Stage Age Sex | Treatments Dydeis ALELAL Clinical Features Cmm“ — i i Analy_sus
{r) {mg/day) | 2K Scores rc Serum IL- | Serum IL- Day 0 Day 3
Analysis 17A 23 FeactinCy | B-actin Ct
Mormal 1 normal 28 F - 3 F ¥ v v 2319 20.45
Normal 2 | normal 27 F . v v v 22.21 15,07
Normal? | normal | 24 | F . . ; S v v v 23.56 18.90
Normald normal 25 F . . 5 g . W v T o 23.1 19.05
Normal5 | normal | 25 | F ” S R NN " v v 22.94 19.88
Normalé | normal | 25 | F . . Z RN - v f 22.54 19.72
Mormal? normal 24 F - - . - « + "
Mormald normal 28 F . - 5 " B o = 23.24 18.6
Normal9 | normal | 24 | F - - - NN v i s 22.48 20.12
Mormalld | normal 26 F - - ¢ - ¥ K ®
SLEI inactive | 26 | F > : (4 Pl v v v 21.54 20.15
SLEZ inactive | 38 | F | PRD, AZT 5,50 0 : v - v 21.95 2099
SLE3 inactive | 49 F | PRD,AZT | 35,125 4 RA. MU v v o« 22.06 20,66
SLE4 | inactive | 50 | F | PRD, AZT 5,125 = FE v v v 20.99 2093
SLES inactive | 22 F PRD 80 5 RA. MU, FE v - v 20.45 19,28
SLE6 inactive | 19 F PRD 25 0 : v - v 26.17 2271
SLET7 inactive | 34 F | PRD.CPM 10, 17 4 PU v v v 26.56 22.53
SLES inactive | 24 F PRD 5 4 AR v " o
SLE9 | inactive | 40 | F . - 4 UNTen i v
SLEID | inactive | 36 F PRD 5 0 . v v v
SLEIl | inactive | 29 F | PRD, AZT 10, 50 4 PU v v v
SLEI2Z | inactive | 25 F | PRD,CPM | 7.5.25 i) . v v v
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l'able 6 (Continued)

— .

A Flow Serum C].rtﬁkinl: Levels Quantitative é.ﬁllllm:
l i Detection RT-PCR Analysis
Sungle Snage o Gex | Treatments Dﬂﬂﬁl I-2K Clinical Features L b
Ne. {yr) (mg/day} | o @ ec nc Serum IL- | Serum IL- Day0 Day3
Analysis 174 23 Facin Ct | f-actin Ct
SLEI3 | imactive | 17 F | PRD,CPM 10,25 4 PU v v v 26.76 23.52
SLEl4 | imactive | 25 F PRD 10 23 MU v v v 27.88 23.20
SLELS | imactive | 47 F | PRD,AZT | 75,100 5 PU.LP v v v 27.87 23.44
SLEL6 | inactive | 47 F - - i3 - v v v 25.75 21.21
SLEI7 | active 32 F | PRD, AZT 5, 100 -1 HE. PU v v v 22.13 18.58
SLEIE | active i3 F . . F HE, PU v v v 22.60 19.91
SLEI9 | active | 38 | M | PRD,MMF | 2.5, 2000 8 HE, PU v v v 21.17 19.15
§Z, UC, HE, PU, PI
W 4 n L] ] L] ‘I' "F 'I’
SLE20 active 48 F FRD 15 30 7 PE.LC, IL'!B 21.99 19.67
SLE21 | active 47 F | PRD, AZT 5,25 1 MY,HE.PL,.LP - v v 27.58 22.57
SLE22 | active | 50 | F PRD 5 B 3 - AR,PU v v v
Y : Wa, AR, HE, PU, PL,
3 J v v v
SLE23 | active 23 F | PRD, AZT 30, 50 29 RA MU, LP
SLE24 | active | 15 | F | PRD 30 == | v v v
SLE25 | active 43 F | PRD, AZT 5, 50 p——p— VA v v v
SLE26 | active | 27 | F | PRD,MMF | 5,500 | 13 |HEPUALMULP| v | = x
SLE27 | active | 45 F PRD 20 12 HE, PU, Pl i v v
SLE28 | active | 21 F | PRD, AZT 20.25 16 VA, PU. MU, LC v v v 2473 229]
SLE29 aclive 28 i PRD 15 ] PU.LC W ¥ v 27.19 20.44

Twenty-nine SLE patients (13 active and 16 inactive SLE patients) and ten normal subjects were recruited for this study. F, female; M,
male, PRD, prednisolone; AZT, azathioprine; MMF, mycophenolate mofetil; CPM, cyclophosphamide; SZ, seizure; VA, vasculitis;
AR, arthrins; MY, myositis; UC, urinary casts; HE, hematuna; PU, proteinuna; Pl pyuna; RA, rash; AL, alopecia; MU, mucosal
ulcers; PL, pleurisy, PE, penicarditis; LC, low complement; IDB, Increased DNA binding; FE, fever; TC, thrombocytopenia; LP,
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leucopenia; ¥, subjects were recruited; x, subjects were excluded. Note that we included only the samples that the f-actin (internal
control) threshold cycle (C,) values of less than 30 (both on day 0 and day 3) for semi-quantitative real-time RT-PCR analysis. The
samples where highlighted in grey were excluded from further analysis.
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Table 7 Characteristics of Individual Subjects Recruited for Plasma Cytokine Detection by ELISA

Ag
Sample Age Treat et ¢ | aluY Clinical Sample [ Treat [Choses i Clinical
Stage Sex (mgida | Al-2K Stapge Sex [-2K
Mo. {yr) ments Features po. {ve ments | (mgfday) Features
¥l Scores 59 Seores
Normal A | normal 25 F - 2 : . SLEG inactive | 32 | F | PRD | 25 4 PU
MNormal B normal 28 F - SLEH inactive | ND F FRD 5 5 PL
Marmal C 24 F - - SLEI 33 F PRD, .25, 1000 4 FL
nognal inactive MMF
Normal D | normal 24 F . S SLE inactive | 43 | F | - . 3 PU
MNornal E narmal 24 F - - SLEK imactive a5 F FRD» 3.?_5 4 PL
Wormal F et ] M E > SLEL i 31 F | PRD, |5, 1500 12 HE. PU,
' e MMF Pl
MNormal G 24 F - ~ . SLEM : 34 M PRD, 25, 1000 143 LT, HE,
RamAL / i CPM PU, PI
0 z N N, 7 . I 3
Mormal H . 24 F SLEN active 3 M 12 L-'Cl.I:"U
Marmal | il F - - - SLEQ R ND F PRD 10 12 HE.P:"U.
Normal J 33 M : - SLE P . ND | F | PRD, | 1.25, 1500 8 PU, Pl
normal . MMF
SLE A ) 42 F PRI, 1.25, 4 Pl SLEQ MDD F PR 375 E] HE, PU
inactive MMF m] - ACUVE i
SLEB inactive 25 F |PRD |25 4 PU SLER acuve |ND | F | PRD |10 & HE, PU
SLEC R, g F | PRD |25 ] ; SLES — 45 F | PRD | 125 12 HE],::’U.
SLED ND F | PRD | 1.25 4 Pl SIET 48 | F | PRD. | 1.25, 100 3 UC, HE
Inaciive aLhve AIT
SLEE 17 F | PRD, | 2.5.75. 4 PU SLEU 24 | F | PRD |10 12 UC. PU,
Iacive AZT, 8 active Pl
MMEF
SLEF = a1 F | PRD, | 375, " HE SLEV _ 37 | F | PRD | 15 12 UC, HE.
Inactive MMF 1500 Aclive PLS
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Twenty-two SLE patients (11 active SLE patients and 11 inactive SLE patients) and ten normal subjects were recruited for this study.
F. female; M, male; PRD, prednisolone; AZT, azathioprnine; MMF, mycophenolate mofetil; CPM, cyclophosphamide; SZ, seizure;
VA, vasculitis; AR, arthritis; MY, myositis; UC, urinary casts, HE, hematuria; PU, proteinuna; PI, pyuna; RA, rash; AL, alopecia;
MU, mucosal ulcers; PL, pleunisy; PE, pericarditis; LC, low complement; IDB, Increased DNA binding; FE, fever; TC,
thrombocytopenia; LP, leucopenia; ND, no data.
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2. The Percentages of 1L-23R"CD4" T cells, IL-23R*CDS* T cells, IL-17°CD4° T cells
and 1L-17"CD8"T cells in PBMC from SLE Patients and Normal Subjects

T cells abnormalities have been reported o play a role in the pathogenesis of SLE.
The exact T cells subpopulations that set off inflammation in SLE, however, are not
known. For that reason, twenty-nine SLE patients (13 active and 16 inactive SLE
patients) and ten normal subjects were recruited for this study. Because IL-23 has been
shown to play an important role in the phenotypic maintenance and proliferation of 1L-17
producing T cells, and possibly in their differentiation (at least in human), we therefore
examined the expression of IL-23R on CD4"and CDE" T cells. Using flow cytometry, we
observed a higher percentages of IL-23R"CD4" T cells (Figure 5A) and IL23R'CDS'T
cells (Figure 6A) in PBMCs from SLE patients (the inactive group, the active group, total
SLE patients combining inactive and active groups), in comparison with those from
normal subjects both on freshly isolated PBMCs (day 0), and in PBMCs culiured in the
presence of plate-bound anti-CD3 and anti-CD28 antibodies (day 3). The increase in
perceniages was statistically significant {p<0.05 by Mann—Whitney U-test for all
comparisons). There was, however, no difference between the active and the inactive
groups. Representative flow cytomeiric profiles of SLE patients and normal subjecis were
shown in Figure 5B and 6B, respectively. This result suggested that increased IL-23R" T
cells (CD4* and CD8") may be one of the features of SLE patients.

Since IL-17 has been shown to play an important rele in many autoimmune and
inflammatory diseases, we next analyzed the production of IL-17 from T cells by
intracellular cytokine staining. When we studied freshly isolated cells (day 0), the
percentages of IL-17°CD4" T cells in normal subjects (Figure TA: left panel) were
significantly higher than those of the inactive and the total SLE patients (p = 0.0219 and
p = 0.0197, respectively), whereas there was no difference between the normal and the
aclive group (p = 0.0772). The percentages of IL-17"CD8" T cells (Figure TA: left panel)
showed no differences in all groups (p =0.2800, p = 0.7802 and p =0.4122 for the
inactive, the active and the total SLE groups in companson with normal subjects,
respectively). In cells cultured in the presence of plate-bound anti-CD3 and anti-CD28
antibodies (day 3), we observed a significantly higher percentages of IL-17"CDE" T cells
in SLE than in normal subjects (p<0.05 for all compansons) (Figure-9A; right panel). We
also found a higher percentages of IL-17"CD4" T cells in SLE patients compared with
normal subjects, but this difference did not reach statistical significance (p>0.05) (Figure
TA; nght panel). Furthermore, there was no difference between the active and the
inactive group. Representative flow cylometric profiles for SLE patients and normal
subjects were shown in Figure 7B and 8B, for the IL-17°CD4" T cells and 1L-17"CD8" T
cells, respectively.

Interestingly, we observed a correlation between the percentages of IL-23R'CD4"
T cells and those of IL-17°CD4™ T cells on day 3 in the active and the total SLE group (r
=0.7692, p = 0.0021 and r =0.5601 , p = 0.0016, respectively) (Figure 9A and 9C,
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respectively). Moreover, a significant correlation between the percentages of IL-

23R"CDS" T cells and the percentages of IL-17"CD8" T cells on day 3 was also found in

the active and the total SLE groups (r =0.5714, p = 0.0413 and r = 0.4833, p = 0.0079,
respectively) (Figure 10B and 10D, respectively).
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Figure 5 The Percentages of IL-23R"CD4" T Cells in PBMCs from SLE Patients
and Normal Subjects

Percentages of IL-23R*CD4" T cells (A) in PBMCs from the inactlive, the active SLE
patients and normal subjects on day 0 (A: left panel) and day 3 (A: right panel). The
horizontal bars show the means values. The percentages of IL-23R*'CD4" T cells were
calculated from total CD4* T cell after lymphocyte gating. Representative flow
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cytometric profiles of IL-23R"CD4" T cells (B) in PBMCs from the inactive (day 0:
upper middle row, day 3: lower middle row), the active (day 0: upper right, day 3: lower
right) and normal subjects (day 0: upper left, day 3: lower left) are shown.
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Figure 6 The Percentages of IL-23R'CDE" T Cells in PBMCs from SLE Patients
and Normal Subjects

Percentages of 1L-23R"CD8" T cells (A) in PBMCs from the inactive, the active SLE
patients and normal subjects on day 0 (A: left panel) and day 3 (A: nght panel). The
horizontal bars show the means values, The percentages of IL-23R'CDS’ T cells were
calculated from total CD8" T cell after lymphocyte gating. Representative flow
cytometric profiles of 1L-23R*'CD&" T cells (B) in PEMCs from the inactive (day 0:
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upper middle row, day3: lower middle row), the active (day 0: upper right, day 3: lower
nght) and normal subjects (day 0: upper left, day 3: lower left) are shown.
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Figure 7 The Percentages of 1L-17"CD4" T Cells in PBMCs from SLE Patients and
Normal Subjects

Percentages of IL- 17'CD4" T cells (A) in PBMCs from the inactive, the active SLE
patients and normal subjecis on day 0 (A: left panel) and day 3 (A: right panel). The
horizontal bars show the means values. The percentages of IL-17°CD4" T cells were
calculated from total CD4" T cell after lymphocyte gating. Representative flow
cytometric profiles of IL-17°'CD4" T cells (B) in PBMCs from the inactive (day 0: upper
middle row, day 3: lower middle row), the active (day 0: upper right, day 3: lower nght)
and normal subjects (day O upper left, day 3: lower left) are shown,
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Figure 8 The Percentages of IL-17"CD8" T Cells in PBMCs from SLE Patients and

Normal Subjects

Percentages of IL-17°CD8" T cells (A) in PBMCs from the inactive, the active SLE
patients and normal subjects on day 0 (A: left panel) and day 3 (A: nght panel). The
horizontal bars show the means values. The percentages of IL-17"CD8" T cells were
calculated from total CD8" T cell after lymphocyte gating. Representative flow

cytometric profiles of IL-17°CD8" T cells (B) in PBMCs from the inactive (day 0: upper
middle row, day 3: lower middle row), the active (day 0: upper nght, day 3: lower nght)

and normal subjects (day 0: upper left, day 3: lower left) are shown.
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Figure 9 Correlations Between the Percentages of 1L-23R" T Cells and the
Percentages of IL-17" T Cells

(A, C) A relationships between the percentages of IL-23R°CD4" T cells and the
percentages of IL-17°CD4" T cells on day 3 in the active (A) and the total SLE (C) group
(r=0.7692, p = 0.0021 and r=0.5601, p = 0.0016, respectively), (B, D) A relationships
between the percentages of IL-23R"CD8" T cells and the percentages of IL-17°CD8" T
cells on day 3 was also found in the active (B) and the total SLE (D) group (r=0.5714, p
=0.0413 and r = 0.4833, p = 0.0079, respectively). Spearman’s correlation test was used
to analyze these data.

3. Detection of 1L-17A and IL-23 Levels in Serum and Plasma from SLE Patients
and the Normal Subjects

Since increased percentages of CD4" and CD8" T cells with [L-23R and IL-17A
were detected in SLE patients, we wonder whether IL-17A and IL-23 were higher in sera
from SLE patients than those from healthy controls. For detection of IL-17A and IL-23
levels in serum, sera from twenty-eight SLE patients (12 active and 16 inactive SLE
patients) and nine normal subjects were assayed by ELISA. In this expenment, serum 1L-
17A level was only detectable in two active SLE patients {5.12 and 6.78 pg/ml,



respectively) and was undetectable in the sera of all the normal subjects and the rest of
SLE patients (Figure 10). The sensitivity of the ELISA test kit for TL-1TA and IL-23 used
in this study are 4 and 15 pg/ml, respectively. The serum IL-23 level was undetectable in
all subjects (Figure 11). Since previous studies [175,177] reported increased [L-17A in
the plasma of SLE patients, we further investigaied whether we could detect [L-17A
using plasma samples. We newly recruited subjects of twenty-two SLE patients (11

active and 11 inactive SLE patients) and ten normal subjects (Table 8). Plasma [L-17A
and TL-23 levels were similarly examined by ELISA. For TL-17A detection in plasma, the
level was detectable in only one active and one inactive SLE patients (5.75 and 8.50
pg/ml, respectively) but it was undetectable in all normal subjects and the rest of SLE
patients (Figure 12). For IL-23 detection in plasma, all samples yielded undetectable
results (Figure 13).
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Figure 10 Detection of Serum IL-17A Levels in SLE Patients and Normal Subjects
by ELISA

(A) Standard curve of human IL-17A test kit used in this study; the standard curve range:
4-500 pg/ml. The minimum significant detection level of the assay was 4pg/ml. (B)
Summanzed ELISA results of serum IL-17A are shown. The serum IL-17A level was
only detectable in two samples from active SLE patients (5.12 and 6.78 pg/ml,
respectively).
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Figure 11 Detection of Serum 1L-23 levels in SLE Patients and Normal Subjects by
ELISA

{A) Standard curve of human IL-23 ELISA test Kit used in this study; the standard curve
range: 15-2000 pg/ml. The minimum significam detection level of the assay was 15
pg/ml. (B) Summarized ELISA resulis of serum [L-23 are shown. The serum IL-23 level
was undetectable in all subjects.
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Table 8 Individual Charactenstics and Summary of the Results of Samples Recruited for Plasma Cytokine Detection by ELISA

o Plasma Plasma
Dases Cyaskine Doses | SLEDA Cyickine
Sampile Treat SLEDAI- Clindeal ipgfmi) Mo, Trem Clinical ipg/mi}
M Stage menis (MBS | oy cooves | Feaares | Samples Stage MHENLS (mg'éa EIK Feanures [ . |
i ii7a | & | . |
23 17A
Mormal A noemal - - LD un fSLEG inactive | PRD 15 a4 L un 1]
NomalB__| _nomal : : Ub | UD [ SiEH inactive_| PRD 35 5 FU UD__| UD
Marmal C - Ui U § SLET . ) PRD, MMF 1.25, 4 P uD (0] 5]
norrmal inactive 1000
Normal D mormal uD uD [ SLE! inactve | - — I- 4 PU unD | UD
Morma| E mormmal - L up SLEK imachve PR L L] 4 Fu uD Uity
Mormasl F (1) (1]+] SLEL PRO, MMF 5 12 HE, PLI, P up (4]
EOrTmal active 1500
Mormal G up LD SLE M ) PRI, CPM 15, 16 UC, HE, FUI, | UD D
rormmal actve
I ‘ 1000 Pl
Mormal H o [ B ] ] ¥ SLEN actave B - 12 UuC, FUIL M (W] §] uD
Normal | pormal T Ub_ |00 [SiEG acive | PRD i0 12| HEPU, Pl | 575 | UD
Mol | (Hix] up | SLEP 2 PRI, MMF I.28, & PLLPE (1] ] U
nicirmea | achve 1500
SLE A e PRD, 1.25, 4 Pl oo [ {siEg — PRD RT3 i HE.PU | UD |UD
MME 500 = ,
S5LEB p Inactive FRD 25 4 P D U SLER aclive PRD 10 B HE, PLI LiE» LI
SLEC naceve PFRD . 2.5 0 - 830 = up---SLE S aclive FRID 125 12 HE, FLLPI | UD up
SLED x PRD 125 4 P uD UD | SLET . PRD, AZT 1.25, B UC, HE up U
inactive active 100
SLEE PRI, 1.5, 75, d FU uD UD | SLEU FRD [T F] UC, PLLFl | UD [}
mactve ALT. B active
MME : —
SLEF PRD, 375, 4 HE D un SLEV PRD 5 12 U, HE, FU uD D
mactive | s 1500 active

Twenty-two SLE patients (11 active patients and 11 inactive SLE patients) and ten normal subjects were recruited for this study. F,
female; M, male; PRD, prednisolone; AZT, azathiopnine; MMF, mycophenolate mofetil; CPM, cyclophosphamide; urinary casts; HE,
hematuria; PU, proteinuria; PI, pyuria; UD, undetectable.
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Figure 12 Detection of Plasma IL-17A Levels in SLE Patients and Normal Subjecis
by ELISA

(A) Standard curve of human IL-17A ELISA test kat used in this study; the standard
curve range: 4-500 pg/ml. The minimum significant detection level of the assay was 4
pe/ml. (B) Summanzed ELISA results of plasma IL-17A are shown. The plasma IL-17A
level was detectable in one sample from active and one sample from inactive SLE patient
(3.75 and 8.50, respectively),
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Figurel3 Detection of Plasma [L-23 Levels in SLE Patients and Normal Subjecis by
ELISA

(A) Standard curve of human IL-23 ELISA test kit used in this study; the standard curve
range : 15-2000 pg/fml. The minimum significant detection level of the assay was 15
pe/ml. (B) Summanzed ELISA results for plasma IL-23 are shown. The plasma 1L-23
level was undetectable in all subjects,
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4. Semi-Quantitative Real-time PCR Analysis for IL-I7A in PBMCs from SLE
Patients and Normal Subjects

IL-17A has been shown to play an important role in many autoimmune and
inflammatory diseases. Semi-CQuantitative real-time RT-PCR for [L-17A analysis was
carmied out to detect JL-I7A transcripts. Nineteen SLE patients (7 active and 12 inactive
SLE patients) and eight normal subjects were included. The level of IL-/7A mRNA
expression in freshly isolated PBMCs (day 0) was undetectable in all subjects (the
threshold cycle (C,) values for IL-17A was more than 45 {data not shown))

Mext, we investigated the level of IL-17A mRNA expression in PBMCs cultured
in the presence of plate-bound anti-CD3 and anti-CD28 antibodies {day 3) by using the
same technique, The level of JL-17A mRNA expression in PBMCs at day 3 from the SLE
patients were higher than those of the normal subjects, but did not reach statistical
sigmficance (p = 0.0826, p=0.7789 and p = 0.2883 for the inactive, the active and the
total SLE patients, respectively, in comparison with normal subjects) (Figure 14).
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Figure 14 Semi-Quantitative Real-time RT-PCR Analysis for IL-17A in Stimulated
PBMCs at Day 3 from SLE Patients and Normal Subjects

Each dot represented the level of IL-17A mRMNA from each subject and the horizontal
bars show the means values of the relative IL-17A expression level in SLE patients and
normal subjects normalized to B-actin. Mann-Whitney U-test was used to analyze these
data.

relative IL-17A mANA expression Day3

5. Semi-Quantitative Real-time RT-PCR Analysis for RORC in PBMCs from SLE
Patients and Normal Subjecis

An essential role of the orphan nuclear receptor RORy/RORC (mice/humans) in
controlling Th17 differentiation and IL-17 expression has been reponied. Therefore,
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expression of RORC mRNA, in both freshly isolated PBMCs (day 0) and PBMCs
cultured in the presence of plate-bound anti-CD3 and anti-CD28 antibodies (day 3), was
investigated by semi-quantitative real-time RT-PCR, Nineteen SLE patients (7 active and
12 inactive SLE patients) and eight normal subjects were tested. The comparisons of
RORC mRNA expression in PBMC among the inactive group, the active group, total
SLE patients combiming inactive and active groups, and normal subject are shown in
Figure 15. The level of RORC mRNA expression in freshly isolated PBMCs (day 0) from
total SLE patients groups was significantly lower when compared with those of the
normal subjects (p= 0.0003, p=0.0003 and p<0.0001 for the inactive, the active and the
total SLE patients, respectively, in comparison with normal subjects) (Figure 14A). In
PBMCs which were cultured in the presence of plate-bound anti-CD3 and anu-CD28
antibodies (day 3), the level of RORC mRNA expression was significantly lower in the
active (p=0.0093) and the total SLE (p=0.0316}, when compared with those of the normal
subjects (Figure 15B). The level of RORC mRNA expression at day 3 in PBMCs from
the inactive SLE group was lower when compared with those of the normhal subjects, but
did not reach statistical significance (p>0.05) (Figure 15B).
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Figure 15 Semi-Quantitative Real-time RT-PCR Analysis for RORC Expression in
PBMUCs at Day 0 and Day 3 from SLE Patients and Normal Subjects

{A) The level of RORC mRNA expression at day 0 was summarized and cach dot
represented the RORC mRNA level of each subject. The horizontal bars show the mean
values. (B) The level of RORC mRNA expression at day 3 was summanzed and each dot
represented the RORC mRNA level of each subject. The horizontal bars show the mean
values. Mann-Whitney U-test was used to analyze the data.
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6. Correlations of the Percentages of IL-23R"CD4" T Cells, IL-23R"CDS8" T Cells,
IL-17°CD4"T Cells and 1L-17"CDS8"T Cells with the Relative mRNA Expression of
1L-17A and RORC in PBMCs from SLE Patients and Normal Subjects.

The resulis from flow cytometric analysis, serum cytokine detection by ELISA
and quantitative real-time RT-PCR analysis were summarized in Table 9.

We analyzed the correlations of the percentages of IL-23R"CD4" T cells, IL-
23R'CDS" T cells, IL-17°CD4" T cells and [L-17°CDR* T cells (from flow cytometric
analysis) with the relative IL-17A mRNA expression and the relative RORC mRNA
expression. As descnbed above, we selected each sample that the threshold cycle (C)
values of f-actin (internal control) were less than 30. For this reason, data from nineteen
SLE patients (7 active and 12 inactive SLE patients) and eight normal subjects were
analyzed in this study. The results from flow cytometric analysis in PBMCs on day 0
were paired with those from the semi-quanutative real-time RT-PCR analysis in PEMCs
on day 0, and the similar pairing was done for the results of PEMCs at day 3. Spearman’s
correlation test was used to analyze these data.

We determined the correlation of the results from flow cytometric analysis with
the results from semi-quantitative real-time R'T-PCR analysis for IL-77A using
Spearman’s correlation analysis (Figure 16). As mentioned earlier, the level of IL-J7A
mRNA expression in freshly isolated PBMCs (day () was undetectable in all subjects
(IL-17A threshold cycle {C,) values was more than 45). Therefore, we determined this
correlation from the results in only PBMCs on day 3. From the data sets from PBMCs on
day 3, we found a significant correlations between the percentages of IL-23R'CD4'T
cells and the relative IL-17A mRNA expression in PBMCs on day3 in the active and the
total SLE patients (r = 0.8571, p = 0.0238 and r = 0.6123, p = 0.0053, respectively)
(Figurel6 A; & = the active SLE patients and # = the total SLE patients, respectively)
Moreover, we found a significant correlations between the percentages of [L-17°CD4"T
cells and the relative IL-17A mRNA expression in PBMCs on day 3 in the normal
subjects, the inactive and the total SLE patients (r =0.8095, p=0.0218; r=0.6434, p =
0.0240 and r = 0.6298, p = 0.0039, respectively) (Figure 16C; ®= the normal subjects,
= the inactive SLE patients and 4 = the total SLE patients, respectively).

The correlation between the results from flow cytometrnic analysis and the results
from the semi-quantitative real-time RT-PCR analysis for RORC were shown in Figure
16. We did not find any correlation between any two pairs of the data set from all
subjects in PBMCs on day 0 (Figure 16; A-D). A significant correlation, however, was
observed between the pereentages of [L-23R"CD4" T cells and the relative RORC mRNA
expression on day 3 in the active and the total SLE patients (r = 0.7857, p = 0.0480 and r
=0.5 544, p = 0.0138, respectively) (Figure 17E; & = the active SLE patients and # = the
total SLE patients, respectively). A significant correlations was also found between the
percentages of IL-17°CD4" T cells and the relative RORC mRNA expression on day 3 in



the inactive, the active and the total SLE group (r = 0.6853, p = 0.0139; r= 0.7857, p =
0.0480 and r = 0.6772, p = 0.0014, respectively) (Figure 16G; = = the inactive SLE
patients, & = the active SLE patients and ¢ = the total SLE patients, respectively).
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Table 9 Summary of the Results of the Subjects Recruited for Flow Cytometrnc Analysis, Serum Cytokine Detection by ELISA and Semi-

Quantitative Real-time RT-PCR. Analysis

Serum Quantitative Real-time
Flow Cytometric Analysis (% T cells) Cytokine RT-PCR Analysis
Levels
Sa”m;ﬁ Stage Day0 Day3 Detection :;1 RORC
(pg/mi)
IL- IL- IL- IL- IL- 1L- IL- iL- IL-
2IR'CD4" | 23R°CDS’ | 17°CD4° | 17°CDS’ | 23R°CD4° | 230°CDS* | 17°Cp4 | 17°cpse | 174 | 13 | Dayd | Dayd | Day3
Normal | | normal 9.03 9,77 5.32 1.65 1443 | - 587 588 .11 UD UD 396 | 208 1.42
‘Normal 2 | normal 8.90 7.76 2.39 1.05 26,00 7.89 2.33 047 | UD UD 0.13 L.09 | 026
Normal 3 | normal 2.82 257 2386 076 | 568 4.67 4.00 050 | UD | UD 166 | 107| 224
Normald4 | normal 5.76 6,46 100 077 7.99 5.08 2.03 026| UD | UD 0.56 | 221 .24
‘Normal § | normal | 1632 12.02 205 0.87 | 527 3.97 5.18 081 UD | UD 085 131 084
Normal 6 | normal 13.46 13.48 1.97 0,80 391 . 301 2.78 047 UD | UD 0.82 136 | 1015
Normal 7 | normal 14.90 15.63 0.45 0.48 ' 25.20 1876 | 369 088 UD | UD ND
Normal 8 | normal 547 609 251 1.20 14.70 1257 10.25 319 UD | UD 292 237 o081
Normal 9 | normal 6.48 6.7 2.0 0.54 8,46 | 4,83 6.94 091 | UD uD 0.99 3.96 1.44
Normall0 | normal 13.43 19.58 0.26 0.39 2937 31.02 1.63 037 UD UuD ND
SLE1 | inactive 6.67 6.40 1.20 0.47 20,64 12.52 6.23 272| UD UD 08| o032] o035
SLEZ2 | inactive 2701 344 0.45 020 1381 780 4.40 6] UD | UD 205 | 056 141
SLE3 | inactive 27.73 4127 020 0.9 40.81 3242|638 555| UD | UD 025| O0.10| 043
SLE4 | inactive 29.39 31.61 0.17 03s| 4ls4 48.15 9.54 10,79 | UD uD 4.24 0.15 1.26
SLES | inactive 17.41 24.56 115 0.42 533 5.13 4.00 474| UD | UD 223 0.4 0.31
SLE6 | inactive 22.54 29.06 0.4] 0.10 1516 38.01 341 1.04 | UD uD 3.77 0.05 0.41
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Table 9 (Continued)

Serum Quantitative Real-time
Flow Cytometric .tnélysls{‘ﬁr T cells) Cytokine RT-PCR Analysis
o, Stage Day 0 Day 3 D:t:::n I RORC
Samples : o | (pg/m) 17A
IL- IL- IL- IL IL- IL- IL- IL- IL-

23R'CD4* | 23R°CDS | 17°CD4* | 17°CDs* | 23R°CD4* | 23R°CDS’ | 17°cDa” [ 17°cps* | 174 | 133 Dayd | Day0 | Day3
SLE7 | inactive 17.76 26.50 138 3.80 46.07 3311 7.14 496| UD | UD 247 | 037 066
SLES | inactive 39.46 39.00 0.58 0.55 2238 | - B2 1.71 049 | UD up ND
SLEQ | inactive 17.16 18.62 092 0.26 3000 19.14 2.54 142| UD | UD ND
SLE 10 | inactive 14.73 13.27 0.18 0.24 4520 29.9] 859 253| UD UuD ND
SLE Il | inactive 10.18 19.86 117 1.05 249} 1 22.10 12.06 469 UD uD ND
SLE 12 | insctive 23.47 18.83 1.64 052 4476 25.77 7.71 150 | UD ) 1628 019 050
SLE 13 | inactive 13.35 24.00 1.25 177 / are0f 1299 1118 237| UD UD 1052 042 1.08
SLE 14 | inactive 28,97 1.2 0.85 1.68 44.76 2995 8.57 578) UD uD 19.23 0.12 0.88
SLE 15 | inactive 2058 15.28 2.11 0,79 4485| 2898 5.04 246| UD | UD 46l | 0.38 1.04
SLE 16 | inactuve 7.763 7.61 1.25 1.50 12541 17.36 3.06 467| UD | UD 043| 002| 017
SLE 17 | active 10.28 7.83 302 0.1 2652 28,48 3.00 019 UD | UD 023| 023| 053
SLE I8 | active 3097 18.45 1.05 072 14.17 575 1.5 033| UD | UD 0590| 037 043
SLE 19 | active 3197 23.75 2.13 0.54 45.32 28.02 8.77 771| UD | UD 739 032 0712
SLE20 | active 4208 46.08 0.71 0.83 39.45 3443 |  2670| 28.15| UD uD 090 | 0.2 063
SLE2l | active 15.28 17.24 1.79 261 46.90 33.00 6.19 400| UD UD 292 0.12| 036
SLE 22 active 46.59 25,89 078 0.23 33.6] | 2656 336 517 unD LD ND
SLE23 | active 6.77 3.25 1.78 152 32.40 51.64 13.88 1429| UD | UD ND
SLE24 | active 8.14 14.63 0.55 136 27.92 7.75 5.35 09| 678 | UD ND
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Table 9 (Continued)

Twenty-nine SLE patients (13 active and 16 inactive SLE patients) and ten normal subjects were recruited for flow cytometnc analysis. For
detection of IL-17A and IL-23 levels in serum, twenty-eight SLE patients {12 active and 16 inactive SLE patients) and nine normal subjects

Serum Quantitative Real-time
Fi bysts (% T cel
ow Cytometric m.m ysis (% T cells) Cytokine RT-PCR Analysis
Levels ]
No | Srage Day 0 Day 3 Du:mn o RORC
Samples 17A
o (pg/ml)
IL- IL- IL- IL- IL- IL- IL- IL- IL-
J3R*CD4" | 23R°CDS’ | 17°CD4* | 17°CD8* | 23R°CDe" | 23r°cos* | 17°CDa” | 177°cps | 174 | W33 | D3 | Dayd | Dayd
SLE25 | active 9.89 T19.49 0.43 0.19 41.05 22.37 858 150 | UD UD ND
SLE26 | active 26.32 3375 0.60 1.15 1838 25.38 4.26 198| UD UD ND
SLE27 | active 17.50 22.94 1.29 0.66 3530 35.82 7.49 34l | s.12 | UD ND
SLE 28 | acuive 19.45 21.06 0.74 0.42 2976 17.02 5.42 674| UD | UD 0.76 | 006] 036
SLE29 | active 6.58 13.74 0.58 1.29 1009 | 450 1.51 44| UD | UD 0.10| o0o03| o008

were assayed. Note that only the samples that the f-acrin (internal control) threshold cycle (C,) values of less than 30 was included for semi-

quantitative real-time RT-PCR analysis. UD, undetectable; WD, no data.
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Figure 16 Correlation Between Relative [L-17A Expression and the Results from Flow Cytometric Analysis

The relative IL-17A mRNA expression in PBMC at day 3 was plotted against the followings: (A) %IL-23R"CD4"T cells at day 3, (B) %IL-
23R*CDS'T cells at day 3, (C) %IL-17"CD4"T cells at day 3 and (D) %IL-17"CD&"T cells at day 3. Spearman’s correlation test was used to
analyze these data. (®= the normal subjects, = the inactive SLE patients, & = the active SLE patients and 4 = the total SLE patients)
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Figure 17 Correlation Between Relative RORC Expression and the Results from Flow Cytometric Analysis

The relative RORC mRNA expression in PBMC at day 0 was plotted against the followings: (A) %IL-23R"CD4" T cells at day 0, (B) %IL-
23R°CDE" T cells at day 0, (C) %IL-17"CD4" T cells at day 0 and (D) %IL-17°CD8" T cells at day 0. The relative RORC mRENA expression in
PBMC at day 3 was plotted against the followings: (E) %IL-23R"CD4" T cells at day 3, (F) %IL-23R"CDS8" T cells at day 3, (G) %IL-17°CD4"
T cells at day 3 and (H) %IL-17°CD8" T cells at day 3. Spearman’s correlation test was used Lo analyze these data sets.  (®=the normal
subjects, = the inactive SLE patients, & = the active SLE patients and # = the total SLE patients)




7. Correlation with the SLEDAI-2K Scores

The SLEDAI-2K score was accepted by physicians as an assessment of the
climical status of SLE patients and represented disease activity. The correlations of the
percentages of [L-23R"CD4" T cells, [L-23R"CDS8" T cells, [L-17°CD4" T cells and IL-
17°CD8" T cells in PBMCs from SLE patients (both on day 0 and day 3) with the scores
of SLEDAI-2K using Spearman’s correlation analysis were determined. The percentages
of IL-17°CD4* T cells and [L-17"CD8" T cells in PBMC on day 3 from the active SLE
patients, however, significantly correlated with the scores of SLEDAI-2K (r = 0.6056, p
=0.0283 and r = 0.6083, p = 0.0273, respectively) (Figure 18G, middle row and 18H,
middle row, respectively). We, however, did not find any comrelation of the percentages
of IL-23R*CD4" T cells, IL-23R*CDS8" T cells, [L-17°CD4" T cells and IL-17°CD8* T
cells in PBMC from the inactive and the total SLE patients (both on day 0 and day 3)
with the scores of SLEDAI-ZK (Figure 18; A-H; = the inactive SLE patients and % =
the total SLE patients). We observed a correlation between the percentages of IL-
23R"CD&"cells in PBMCs on day 3 and the scores of SLEDAI-2K in the active SLE
patients, but did not reach statistical sigmificance (r=10.5462, p = 0.0535 ) (Figure 18F,
middle). We further explored the comrelation between [L-17A4 mRNA level {on day 3
only) and RORC mRNA level (both on day 0 and day 3) with the scores of SLEDAI-ZK,
but did not find any comelation of JL-17A and RORC mRNA expression with the scores
of SLEDAI-2K (Figure 19).
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Figure 18 Correlation Analyses Between the Scores of SLEDAI-2ZK and the
Percentages of IL-23R*CD4" T Cells, IL-23R"CDS" T Cells, 1L-17°CD4" T Cells and

IL-17°CD8* T Cells in PBMCs from 29 SLE Patients

The scores of SLEDAI-2K was plotied against the following: the percentages of IL-
23R'CDM4* T cells (A; day 0, E; day 3), IL-23R*CD8" T cells (B; day 0, F; day 3), IL-
17°CD4" T cells (C; day 0, G; day 3) and IL-17°CD8" T cells (D; day 0, H; day 3)

Spearman’s correlation test was used to analyze these data. (

= the inactive SLE

patients, & = the active SLE patients and # = the 1otal SLE patients).
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Figure 19 Correlation Analyses Between the Scores of SLEDAI-2K and Relative
mRNA Expression in PBMCs from 19 SLE Patients

The scores of SLEDAI-2K was plotied against the following: (A) the relative IL-17A
mRNA expression day 3, (B) the relative RORC mRNA expression day 0, the relative
RORC mRNA expression day 3 and (C) (= the inactive SLE patients, & = the active
SLE patients and 4 = the total SLE patients). Spearman’s correlation test was used to
analyze these data.

8. Effects of 1L-23 on IL-17 Producing T Cells

From the results obtained above, we speculated that T cells (both CD4+ and
CD8+) T cells with higher IL-23R in SLE would respond to cytokine IL-23 better than
those of the normal subjects. We tested this hypothesis by stimulating PBMCs from SLE
patients and normal subjects as previously described in the presence or absence of
exogenous recombinant 1L-23 for 1 and 3 days. Cells were then analyzed for [1.-17 and
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IL-23R expression by flow cytometric analysis. Consistently, PBMCs from both groups
showed a decreased IL-23R+ T cells (data not shown). This is probably due to the
binding of the recombinant IL-23 to the receptor interfered with antibody binding to the
receptors or IL-23R was removed from the cell surface when it is engaged by the ligand.
When IL-17+ T cells were examined, there was no detectable increase in this population
with or without addition of IL-23 (data not shown). Therefore, we could not conclude that
higher numbers of 1L-23R+ T cells found in PBMC of SLE paticnts play any role in
producing IL-17 when IL-23 1s present.
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Discussions

In this study, we undertook an association analysis of 1L-17/1L-23 axis with SLE
in Thai patients for the first time. The patients were onginally recruited from the King
Chulalongkorn Memorial Hospital, but because of the limitation in numbers of cases,
additional patients were recruited from Bhumibol Adulyadej Hospital. We found a
significant increased in IL-23R" T cells, both in CD4" and CD8" subpopulation in SLE
patients, and this trend was seen in both freshly isolated PBMC and ex vive activated
PBEMC. Although it has been reporied in several studies that serum IL-23 in SLE patients
15 higher than the healthy control [177], this is the first report on increased frequency of
IL-23R" T cells in SLE patients. Since 1L.-23 is one of the key cytokines which regulate
differentiation and proliferation of Th17, the results obtained in this study suggest that
SLE patients may harbor subpopulation of pro-inflammatory T cells which are posed to
be activated. In fact, the larger differences between healthy controls and SLE patients
were often observed with ex vivo activated T lymphocytes. These observations imply
that T cells from SLE patients with IL-17" and IL-23R" are selectively outgrown other
subsets of T cell after stimulation through TCR/CD28. Interestingly, the difference
between active and inactive groups was not detected for IL-23R" T cells, indicating that
this increasing T cells subpopulation and the disease activity are not related. An increased
in IL-17 producing T cells was also observed in our study. This trend was observed in
only freshly isolated PBMC for CD4" T cells, whereas the trend appeared after
stimulation in CD8" T cell population, This may indicate that CD4" T cells in PBMC of
SLE patients do not have advantages for expansion in culture condition we used.
Furthermore, CD8" T cells producing [L-17 are selectively expanded in SLE patients.
Currently, most studies focus on the role of IL-17 producing CD4+ T cells but
characterization of CD8+ T cells which can produce IL-17 is lacking. Recently, it was
reported that CD4CDS double negative i TCR T cells which produce 11.-17 increased
in SLE patients and this population derived from CD8" T cells [181,182]. Therefore, this
reported observation together with our results may point to the importance of CD8"™ T
cells which can produce 1L-17 in SLE. The charactenistics, differentiation, phenotypes of
this subpopulation have not yet been elucidated.

Based on our observation at the cellular level, we expected to see an increased
serum IL-17 and TL-23 in SLE patients. Using commercial ELISA test kit which
sufficient sensitivity, we could only detect serum IL-17 in 2 out of 29 patients while none
was detected in control subjects. For 1L-23 detection, no samples yielded any positive
results, suggesting that the sera we used contained extremely low amount of both
cytokines. Since it has been reported that plasma from SLE patients in Chinese patients
contained higher IL-17 and IL-23 [177], we also tried plasma sample and could not detect
both cytokines. This is probably due to several confounding factors such as different
groups of patients used in our studies and others, the treatment our patients received. In
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addition, [L-17 and IL-23 have found in the kidney biopsy from lupus nephntis patients,
suggesting the local production of these cytokines where T cells infiltrate the tissues
which results in tissue pathology [181,183].

In an effort 1o try to pinpoint whether a conventional CD4+ Th17 increased in
SLE, we detected expression of RORC mRNA in PBMC by semi-quantitative RT-PCR.
RORC 15 a human homolog of munne RORyt which has been shown to be a master
regulator of Th17 differentiation [88]. Unexpectedly, the expression of this gene was
higher in freshly isolated PBMC from the control groups and this trend persisted even
after ex vivo stimulation. This result may indicate that RORC is expressed constitutively
in PBMC and its expression may not be a good indicator whether Th17 is expanded or
not. Another possibility is that mRNA of RORC has been shown to exist in different
splicing isoforms. Although our primer sets used in this study could detect at least 2
splicing 1soforms, we cannot rule out the possibility of other 1soforms which may
correlate with Th17.

One of the confounding factors which may interfere with our result interpretation
15 that whole PBMCs were used in our study. There are vanous cell types which can
produce IL-17 in PBMC. Therefore, analysis at single cell level such as ICS was helpful
in determing the exact population which is relevant. The experiments which used whole
PBMC such as ELISA and RT-PCR, thus, may be complicated by other cell types in the
PBMC. Using punfied population, thus, may help clanify the results obtained in this study.

67



Conclusions and Suggestions

We reported here that Thai SLE patients, irmespective of the disease status,
showed increased IL-23R"CD4" and [L-23R*CD8" T cells. In addition, increased
frequency of CD8" T cells producing IL-17 were observed in our patients. The results
obtained here need funther investigation into the significance of this trend. In particular,
the biological functions of IL-23R" T cells and the identity of CD8" T cells which can
produce IL-17.

Using punfied subset of cells will be needed for clanfication some of the
differences observed in our siudy and others. In addition, more SLE subjects receiving
lower doses of drugs may be needed to investigate the serum cytokine production.
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