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Interleukin 27 (IL-27) plays diverse immune regulatory roles in autoimmune disorders
and promotes the generation of IL-10-producing CD4* T cells characterized by
producing the immunosuppressive cytokine IL-10. However, whether IL-27 participates
in pathological progress of Sjogren syndrome (SS) through regulating CD4TIL-10" T cells
remains unknown. Here we aimed to explore the potential role of IL-27 and CD4+IL-10%
T cells in the pathogenesis of SS. The IL-27 gene knockout non-obese diabetic
(I-27—/~NOD) mice were generated and injected with exogenous IL-27. Exogenous
injection of IL-27 and neutralization of IL-27 with anti—IL-27 antibody in NOD mice were
performed. The histopathologic changes in submandibular glands, lacrimal glands and
lung, salivary flow rate, and percentages of CD4TIL-10% T cells were determined. And,
ovalbumin-immunized C57L/B6 mice were injected with IL-27 to detect the percentage
of CD4TIL-10%" T cells. In vitro, splenic naive T cells from C57L/B6 mice were cultured
with IL-27 for 4 days to induce the differentiation of CD4"IL-10% T cells. In addition,
IL-27, IL-10, and CD41IL-107" T cells were determined in health control and SS patients.
The results showed that /-27~/~NOD mice had more severe disease and lower level
of CD4TIL-10T T cells than control mice. And IL-27 promoted the generation and
differentiation of CD4FIL-10" T cells in vivo and in vitro significantly. In agreement with
the findings in the SS-like mice, patients with SS showed lower levels of IL-27, IL-10,
and CD4FIL-10" T cells. Our findings indicated that IL-27 deficiency aggravated SS by
regulating CD4IL-107 T cells. Targeting IL-27 and CD4FIL-10T T cells may be a novel
therapy for patients with SS.
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INTRODUCTION

Sjogren syndrome (SS) is a chronic autoimmune disease that typically presents with dry eyes and
mouth as a result of lymphocytic infiltration in salivary (SGs) and lacrimal glands (LGs). Sjogren
syndrome is characterized by the presence of autoreactive T and B cells in exocrine glands and
circulating antibodies against several autologous antigens, such as the autoantibodies against SS
antigen A (SSA)/Ro and SS antigen B (SSB)/La and the Fc fragment of immunoglobulin G (1, 2).
The current treatments of SS are limited to be symptomatic, as a result of the elusive pathogenesis
and diverse syndrome. According to reports, the dysregulated cytokine network contributes to the
occurrence and development of SS. Thus, targeting to cytokine as the potential therapies in SS
should be explored (3).
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Qietal. IL-27 in Sjogren Syndrome

FIGURE 3 | Interleukin 27 suppressed the inflammation in NOD mice. (A,C) Histological analysis, SG from representative mice stained with hematoxylin and eosin
to assess inflammation (magnification x 100). Arrows indicate lymphocytes infiltrating focus. (B,D) Salivary flow rate of 12-week-old female NOD mice. (E,G)
Representative flow cytometry results and (F,H) the percentage of splenic CD4*IL-10" T cells in NOD mice. Error bars indicate SEM. *p < 0.05, *p < 0.01,

**p < 0.001,n = 5.

peripheral CD4TIL-10" T cells (Figures 5C,D) in SS patients  not anti-SSB antibodies (Figure 5F) and ANAs (Figure 5G).
were lower than those in HCs. CD41IL-10" T cells were  These data support the view that CD4TIL-10" T cells regulated
negatively correlated with anti-SSA antibodies (Figure 5E), but by IL-27 participated in SS pathogenesis.
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FIGURE 4 | CD4*IL-10* T cells generation and differentiation were promoted by IL-27. (A) IL-27 treatment schedule. (B) Representative flow cytometry results and
(C) the percentage of splenic CD4*IL-10* T cells in IL-27—treated or control OVA-immunized 9-week-old female C57BL/6 mice. (D) Representative flow cytometry
results, and (E) the percentage of differentiated CD4*IL-10* T cells. Error bars indicate SEM. *p < 0.05, *p < 0.01,n = 5.

DISCUSSION

Our study here has shown that IL-27-regulated CD4TIL-10"
T cells participated in SS pathogenesis. II-27~/"NOD mice
displayed severe SS disease. Exogenous IL-27 improved the
symptoms of SS by promoting the generation of Trl cells in
1I-277/~NOD and NOD mice. And, antibody neutralization of
IL-27 not only exacerbated inflammation but also reduced splenic
CD41IL-10" T cells significantly in NOD mice. Moreover, SS
patients have lower levels of 1L-27, IL-10, and CD4TIL-10" T
cells. And, CD4TIL-10" T cells were negatively correlated with
anti-SSA antibodies. Together, these results have demonstrated a
critical role of IL-27 in the pathogenesis of SS.

The anti-inflammatory properties of IL-27 have been reported
in several autoimmune diseases, and IL-27 has been proposed as

a therapy to modify inflammatory conditions by regulating T-
cell responses (32). However, the contradictory effects of IL-27
have been reported in type 1 diabetes (T1D). Recent investigation
reported that IL-27 not only showed immunomodulatory
function, but also was a compensatory effort of dendritic cells
against the ongoing inflammation in T1D patients (37). On the
contrary, Ciecko et al. (38) reported that IL-27 contributes to
the pathogenesis of T1D in NOD mice by altering the balance of
Treg and Ty 1 cells and enhancing the effector function of CD8 T
cells, although it was reported that serum IL-27 was strongly
elevated in patients with SS (39), which is inconsistent with
our results. This may be because SS patients were particularly
associated with interstitial lung disease complications in their
study. Another study reported that the levels of IL-27 and IL-
23 increased significantly in the serum and urine of systemic
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FIGURE 5 | Interleukin 27 was related to decreased CD4FIL-10" T cells in SS patients. (A,B) Plasma levels of IL-27 and IL-10 in HCs (n = 14) and SS patients (n =
14) were detected by ELISA. (C) Representative flow cytometry results and (D) the percentage of CD4*IL-10* T cells in HCs (n = 20) and SS patients (n = 17).
Sjogren syndrome patients were divided into antibodies-positive (+) and antibodies-negative () two groups. The correlations of CD4*IL-10* T cells with (E) anti-SSA
antibodies, (F) anti-SSB antibodies, and (G) ANAs were analyzed in SS patients. Error bars indicate SEM. *p < 0.05, **p < 0.01.

lupus erythematosus patients with and without lupus nephritis
compared with healthy control (40), which may account for
the pleiotopic roles of IL-27 in several cases of autoimmunity.
Up to date, many studies have reported that IL-27 showed
a protective role in a variety of diseases, and exogenous IL-
27 could suppress multiple autoimmune diseases by promoting
Trl cells or other mechanisms (6, 16, 35, 36, 41, 42). Lee
et al. (43) reported that exogenous IL-27 could induce a
suppressive effect on SS development by regulating T17 pro-
inflammatory activity. Our previous study showed that IL-27
decreased significantly in SS patients and SS-like NOD mice,

and mesenchymal stem cells (MSCs) alleviated SS by elevating
the level of IL-27 (44). In this study, we found that IL-27
alleviated SS by inducing IL-10-producing CD4" T cells. The
different properties of IL-27 in the pathogenic conditions may
account for the complex effects of IL-27 on different lymphocyte
populations, which play a pleiotropic role in the development and
progression of disease in NOD mice. Thus, the specific effects
of IL-27 in SS need further investigation. In our studies, we
compared the SS-like symptoms in NOD and II-27~/~NOD mice
and found the protective function of IL-27 by regulating Trl
cells in SS.
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Trl cells, a T-cell population with distinct suppressive
function, are characterized by secreting high amounts of IL-10
and variable amounts of IFN-y, IL-2, and TGF-f, depending on
the microenvironment and the disease context (23), while none of
the biomarkers are yet the ideal candidates for Tr1 cells. Studies
suggested that IL-10-producing CD4™" T cells may represent a
heterogeneous cell population reflecting different cell origins,
maturation stage, or different functions of Tr1 cells (45). Tr1 cells
suppressed immune responses mainly by producing IL-10 (23).
A number of investigators have also documented that Tr1 cells
could prevent T cell-mediated diseases via a TGF-B-dependent
mechanism in addition to IL-10 (46, 47). Interleukin 27 was
the dominant factor for IL-10-producing T cells and worked
together with TGF-p to further enhance Trl differentiation (23).
And IL-27 limited autoimmune disorders by promoting Tr1 cells.
In this study, exogenous IL-27 ameliorated SS-like syndromes in
NOD mice by promoting the generation of CD4TIL-10T T cells
in NOD and 1I-27~/~NOD mice, whereas IFN-y and TGE-B as
the important factors involved in the induction and function of
Trl cells should be considered and need to be identified.

Although the deficiency of IL-27 signal resulted in more
serious SS-like symptoms and fewer splenic CD41IL-10" T
cells in NOD mice, the percentage of CD4TIL-10T T cells
was very low and showed no significant difference in SG of
NOD and II-27~/~NOD mice (Figure $3). The improved SS-
like syndromes in IL-27-treated NOD mice might be due to
that splenic CD4TIL-10" T cells could affect already established
inflammation in SG and saliva flow indirectly via IL-10 to
regulate other immune responses in the immune system.

Many different cytokines can induce JAKs and STATs
activation to regulate fundamental biological processes (48).
It has been reported that IL-27 induced IL-10-producing Trl
cells generation by activating STAT1 and STAT3. While other
cytokines that signal, such as IFN-a or IL-6, alone or in
combination, could promote the generation of Trl cells via
STAT3 (49, 50). Brockmann et al. reported that IL-10 signaling
controlled the differentiation and regulatory activity of Trl cells
via P38MAPK and not by STAT3 (51). These studies suggested
that STAT1 and/or STAT3 were activated in the Trl cells
depending on different cytokine signals.

In summary, we have demonstrated that IL-27 could promote
the development and differentiation of CD4TIL-10" T cells in
vitro and in vivo. Interleukin 27 gene deficiency resulted in
decreased CD4TIL-10T T cells and aggravated the severity of
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