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Paeoniflorin (PF), an active compound extracted from Paeony root, has been used in therapy of autoimmune dis-
eases with effective clinical efficiency and higher safety. Sjogren's syndrome (SS) is a chronic, systemic, immune-
mediated inflammatory disease. In this study, we demonstrated that novel pro-inflammatory factor Cyr61/CCN1
was up-regulated in epithelial cells of salivary glands of primary SS patients and submandibular gland
autoantigen-induced experimental SS mice. Blocking Cyr61 expression with special monoclonal antibody im-
proved saliva secretion by ameliorating inflammatory infiltration and cytokines production in vivo. Furthermore,
we showed that PF could alleviate inflammation by down-regulating Cyr61 expression in experimental SS mice.
In conclusion, our new findings revealed for the first time that Cyr61 involves the pathogenesis of primary SS and
PF alleviates SS-like symptoms associated with inhibiting Cyr61 expression, providing new insights into the po-
tential molecular mechanism of PF in primary SS treatment.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Sjogren's syndrome(SS) is a slowly progressing disease character-
ized with oral and ocular dryness and numerous extraglandular mani-
festations, such as vasculitis, nephrogenic diabetes insipidus,
interstitial lung disease and other organs damage [1–3]. The autoim-
mune features of SS are inflammatory cells infiltration in exocrine
glands (mainly the lacrimal and salivary glands) and reduction of secre-
tory of the affected glands [4,5]. Although reported prevalence of SS
varies from 0.4% to 0.7% [6,7], morbidity of SS might be more than 3%-
5% and increase with aging [8]. The syndrome is classified as primary
SS (pSS) or as secondary SS (sSS). In sSS patients, about 50% cases asso-
ciate with systemic autoimmune rheumatic disorder, including rheu-
matoid arthritis (RA), systemic lupus erythematosus (SLE), and
systemic sclerosis [9]. Thus, SS exert an adverse impact on humanhealth
and quality of life.

Although the pathogenesis of pSS is still unclear, the development of
the disease is closely associatedwith genetic factors, environmental and
stochastic events that involve innate and adaptive immunity [10]. It is
reported that B lymphocytes, T lymphocytes, macrophages and dendrit-
ic cells are involved in the pathogenesis of pSS by direct cytotoxicity, re-
leasing inflammatory cytokines, and producing auto-antibodies
[11–13]. B cells were found to play a prominent role in driving the auto-
immune disease through the secretion of various autoantibodies, in par-
ticular anti-SSA (anti-Ro) and anti-SSB (anti-La) [11]. Selective
depletion of B cells led to improvement of subjective and objective pa-
rameters of disease activity of pSS [14]. Disruption of the Th1/Th2 bal-
ance has been proposed as a key event in the pathogenesis of pSS [15].
A recent report showed that Th1-cytokine IFN-γ enhances the produc-
tion and release of plasminogen activation system components, causing
subsequent tissue injury [16]. Macrophages, accumulating in cornea
and limbus, can produce many mediators and cytokines (TNF-α, IL-1β
and IL-6), which are thought to take part in the development of squa-
mous metaplasia in pSS-associated dry eye [17].

It is now well known that tissue cells play very important roles in
immunity and inflammation by releasing anti-inflammatory factors, in-
flammatory cytokines, chemokines, etc. [18,19]. Moreover, extracellular
matrix (ECM) secreted by tissue cells, is emerging as an essential part-
ner modulating the course of inflammation [20,21]. In pSS, as tissue
cells, salivary gland epithelial cells play a role in the initiation and per-
petuation of local autoimmune responses [22]. Increasing evidence
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suggests that epithelial cells can present autoantigens, differentiate T
lymphocytes, secrete cytokines (BAFF; IL-21; type I IFN; adiponectin)
and other factors [23,24]. BAFF (B-cell activating factor of the TNF fam-
ily) is expressed not only by macrophages, but also epithelial cells [25].
As B cells activator, down-regulation of BAFF ameliorates inflammation
and acts as a therapeutic target of pSS [26]. However, whether there are
new pro-inflammatory factors involves in pSS pathogenesis remains
unknown.

Given that pSS is recognized in recent decade, it is important to pur-
suit the efficacy of pSS treatment for reducing the complications and
mortality of pSS patients. By now, the treatment for pSS ismainly symp-
tomatic and palliative. Biological therapies such as the anti-CD20 mAb
Rituximab and anti-CD22 humanized immunoglobulin G1
Epratuzumab have proven to be effective in pSS treatment [27]. Howev-
er, high rates of adverse drug reactions and serious toxic effects have
been observed.

Paeoniflorin (PF) is one of the principal bioactive components ex-
tracted from the dried roots of Paeonia lactiflora Pallwhich has been rec-
ognized as a valuable traditional Chinese medicine for over 1500 years
[28]. Series of recent studies has demonstrated that PF has strong immu-
nosuppressive and immunomodulatory activities by suppressing T and
B cells proliferation, reducing levels of inflammatory cytokines includ-
ing TNF-α, IFN-γ, IL-1 and IL-17 and the expression of intercellular ad-
hesion molecule-1, and 3-nitrotyrosine protein [29,30]. In pSS
treatment, PF is found to increase the expression of AQP-5, ameliorate
inflammation and normalize autoantibody profiles and thus rescue sal-
ivary gland function and delay the onset of pSS in NODmicemodel [31].
However, whether PF could ameliorate symptoms of pSS by down-
regulating other molecules remains unknown.

Cyr61,also named CCN1, is a component of ECM, and mainly secret-
ed by tissue cells such as endothelial cells, fibroblasts and smooth mus-
cle cells [21]. Its function has been well established as a new pro-
inflammatory factor recently [21]. Cyr61/CCN1 is found involved in
the pathogenesis of autoimmune and inflammatory diseases [21,32].
In RA, Cyr61 up-regulated the cytokines production (IL-6/IL-8/IL-1β)
of synovium cells, which in turn promoted Th17 differentiation, activat-
ed macrophages and recruited neutrophils respectively [19,33,34].
Moreover, Cyr61 aggravated epidermal hyperplasia and inflammation
via promoting keratinocytes (KCs) activation and proliferation in psori-
asis [35]. However, whether Cyr61 plays any role in the pathogenesis of
pSS as well as PF could alleviate inflammation of SS-like mouse model
by down-regulating pro-inflammatory factor Cyr61 has not been ex-
plored yet.

In the current study, we first found that expression Cyr61 was up-
regulated in the minor labial salivary glands (MSG) tissue of pSS pa-
tients and submandibular gland (SMG) autoantigen induced experi-
mental SS (ESS) mice. To further explore the pathogenic role of Cyr61
in ESS mice, we blocked Cyr61 expression with a neutralizingmonoclo-
nal antibody of Cyr61 in vivo and found that impaired Cyr61 expression
ameliorated inflammatory cytokines production and improved saliva
secretion in ESSmice, thereby supplying evidence that ECM Cyr61 is in-
volved in the development of SS. Furthermore, we treated the ESS mice
with equivalent dose PF and found that PF treatment significantly
down-regulated the expression of Cyr61 in SMG and ameliorated the
SS-like symptoms of ESS mice. Therefore, our new findings revealed
for the first time that Cyr61 involves the pathogenesis of SS and PF alle-
viates SS-like symptoms associated with inhibiting Cyr61 expression,
providing new insights into the potential immunomodulatory effect of
PF in SS treatment.

2. Materials and methods

2.1. Human MSG specimens

Nine pSS patients (7 females and 2 males; age range, 35–62 years;
mean age, 55 years) were enrolled in this study after signing an

informed consent. All the patients fulfilled the 2002 revised
American–European criteria for SS. The clinical laboratory data such as
erythrocyte sedimentation rate, C-reactive protein, immunoglobulin, la-
bial salivary gland biopsy and clinical characteristics (shown in Supple-
mentary Table 1) are determined. As non-pSS controls (4 females and 2
males; age range, 42–65 years; mean age, 52 years), six patients with
xerostomia and/or eye drying complaints who did not fulfill the 2002
revised criteria for pSS were recruited. None of the patients enrolled
were treated with glucocorticoid and/or immunosuppressive drugs.
The experiments were performed in accordance with the Declaration
of Helsinki Principles. All study protocols and consent forms were ap-
proved by the Ethics committee of the First Affiliated Hospital of Nan-
jing Medical University.

2.2. Animals

6–8 weeks, female, C57BL/6J mice were purchased from the Shang-
hai Laboratory Animal Center, Chinese Academy of Science. Mice were
maintained under pathogen-free conditions. All experiments were per-
formed according to the Animal Care and Use Committee guidelines.

2.3. Drugs

PF (molecular weight 480.05) was obtained from Liwah Plant Ex-
traction Technology Co., Ltd. (Ningbo, China). PF was dissolved in
double-distilled water and filtered before use. In this study,
150 mg/kg/day of PF was delivered by intraperitoneal injection into
mice for 42 days.

2.4. Establishment and treatment of ESS mice

The SS-like mouse model was induced by immunization with SMG
autoantigen as previously described with some modifications [36].
Collection of the SMG autoantigen was conducted on ice from normal
6–8 weeks, female, C57BL/6J mice. The bilateral SMG was homogenized
in phosphate buffered saline and centrifuged at 12,000 ×g for 5 min at
4 °C. Supernatant was collected with protein concentration was deter-
mined by the bicinchoninic acid (BCA) assay (Biotime). The supernatant
was dissolved in PBS, adjusted to 4 mg/ml, and emulsified in an equal
volume of complete Freund's adjuvant (Sigma) to a concentration of 2
mg/ml. On days 0 and 7, mice were injected subcutaneously with 0.1
ml/mouse of the emulsion. The booster injection was administered on
day 14 with half dose of autoantigen emulsified in incomplete Freund's
adjuvant (Sigma). Treatment with mAb or PF was carried on the second
day of boost immunization. For the antibody treatment, mice were
given 200 μg/mouse control IgG (Millipore, Billerica, MA) or anti-
Cyr61mAb 093G9 generated in our laboratory (i.p.) twice a week as de-
scribed previously [19]; For the PF treatment, mice were handled with
150mg/kg/day of PF or the vehicle control (H2O) (i.p.) every day, accord-
ing to previous studies [28,30]. On day 56, all mice were sacrificed and
SMG specimens were collected and studied.

2.5. Salivary flow rate measurement

Stimulated total salivary flow rate (SFR) was measured before exe-
cution. The mice were anesthetized with pentobarbital sodium
(0.06 g/kg body weight) by intraperitoneal injection. Then mice were
injected intraperitoneally with 20 μg of sterile isoproterenol (Sigma
Chemical Co.) in PBS per 100 g bodyweight. After 5min intervals, saliva
was collected for 10 min by a dry cotton swab. Theweight of the cotton
swabwasmeasured before and after saliva collection. The amount of sa-
liva collected was normalized to μg saliva per g bodyweight per 10min.
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