






or not for 2 hours, and then stimulated with IL-1b (20 ng/ml) for
15, 30, or 60 minutes, JAK/STAT pathway was determined by
western blot analysis.
Cin decreased the ratio of p-JAK2:JAK2 in a dose-

dependent manner (Fig. 3A1), and 80 nM of Cin significantly
decreased the ratio to 52.3% compared with the IL-1b
stimulated only group (P , 0.01) (Fig. 3A2). The ratio of
p-STAT1:STAT1 and p-STAT3:STAT3 increased by 2.5- and
2.0-fold at 60 minutes after IL-1b stimulation, respectively

(Fig. 3B), and Cin at 80 nM dramatically decreased the
ratio of p-STAT1:STAT1 and p-STAT3:STAT3 to 42.3% and
49.5% compared with the IL-1b stimulated only group (P ,
0.01 for both) (Fig. 3B). Compared the effects of 80 nM of Cin
and 20 mM of Jak 2 inhibitor, at 60 minutes after IL-1b
stimulation, 80 nM of Cin could decrease the expression of
p-JAK2, p-STAT1, and p-STAT3, whereas Jak 2 inhibitor
decreased the expression of p-STAT1 and p-STAT3 but not
p-JAK2 (Fig. 3C).

Fig. 1. Effect of Cin on cell viability of MH7A cells by
CCK-8. (A) The chemical structure of Cin. (B) CCK-8
results showed that Cin did not have toxic effects at
concentrations lower than 100 nM. **P, 0.01 compared
with the control group (Ctrl).

Fig. 2. Anti-inflammation effects of Cin in MH7A. Real-time PCR (A) and ELISA. The result demonstrated that Cin dose-dependently inhibited the
production of IL-6, IL-8, and INF-a in IL-1b–stimulated MH7A cells. (B) Group for pretreated with Cin first, then stimulated by IL-1b. (C) Group for
stimulated by IL-1b first, then treated with Cin. *P , 0.05; ***P , 0.001 compared with the control group (Ctrl, IL-1b treated alone).
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Cin Promotes Phosphorylation of Akt but Slightly
Decreases Phosphorylation of NF-kB in IL-1b–Induced
MH7A Cells. Inhibition of NF-kB transcriptional activity is
an important way for anti-inflammation in osteoarthritis and
RA. Akt and ERK signaling pathways could be the main
upstream of NF-kB signaling cascades (Dan et al., 2008; Sun
et al., 2017). We observed that the NF-kB transcriptional
activity was affected by Cin in MH7A cells. MH7A cells were
pretreated with or without Cin for 2 hours, followed by
stimulation with IL-1b (20 ng/ml) for 15, 30, or 60 minutes.
Cin at 60 and 80 nM significantly increased the ratio of p-AKT:
AKT compared with the IL-1b stimulated only group (P , 0.01
for both) (Fig. 4A). The ratio of p-AKT:AKT was the highest at
15 minutes after IL-1b stimulation, and Cin at 80 nM signifi-
cantly increased the ratio of p-AKT:AKT at each time point
(Fig. 4B). The total protein of ERK1/2 decreased with IL-1b
stimulation, and Cin had no effect on the ratio of p-ERK1:2:
ERK1/2 (Fig. 4). The ratio of p-NF-kB-p65:NF-kB-p65 did not
change obviously with IL-1b stimulation, but 80 nM of Cin could
slightly decrease the ratio of p-NF-kB-p65:NF-kB-p65 (P. 0.05).
Cin Administration Attenuates the Arthritis Severity

in CIA Rats. We next evaluated the in vivo effects of Cin on
the synovial inflammation of CIA rats. Compared with the
negative control group, a slight body weight loss was noted in
the CIA model rats (P . 0.05) (Fig. 5A). As shown in Fig. 5,
from day 14 onwards, there was a continuous increase of paws
and ankle volume. Administration with Cin caused a signifi-
cant reduction in paw volume (30%) (Fig. 5B). In agreement
with the inhibition of paw volume, treatment with Cin had
a marked inhibitory effect on the systemic expression of
proinflamatory cytokine IL-1b (Fig. 5C). However, the expres-
sion of IL-6 and TNFa was too low to be detected in serum
(unpublished data).

The effects of all treatments on bone erosion in the
periarticular bone was analyzed via micro-CT evaluation of
the periarticular bone in ankle joints and the distal end of
left tibiae with a quantitative histomorphometric imaging
method. Micro-CT assessment of the ankle joints of the CIA
control group revealed that bone erosions usually involved all
small tarsal bones. Micro-CT three-dimensional images
showed that the articular surfaces of tarsal bones were very
irregular, and the talocalcaneal joint space was frequently
obliterated (Fig. 5D). Qualitative data showed that in the Cin
group, the surface area of the tarsal bone decreased and BS:
BV decreased significantly (P, 0.05). The results in the MTX
group were similar to that in the Cin group (Fig. 5, E and F).
We also conducted histologic examinations to evaluate the

joint pathology in rats. H&E staining showed that a large
number of inflammatory cells infiltrated and bone destruc-
tion in localized areas of the CIA control group (Fig. 6A;
Supplemental Fig. 2). As expected, Cin-treated rats showed
a significant reduction of pathologic disease severity as
supported by lower synovial proliferation (Fig. 6B), inflam-
mation (Fig. 6C), cartilage damage (Fig. 6D), and bone surface
erosion (Fig. 6E) than those in the CIA group. Similarly, MTX
also alleviated the histopathological arthritic damage in the
CIA joints (Fig. 6, B–E). These data suggested that Cin could
alleviate inflammation and prevent from bone destruction.

Discussion
In the present study, the anti-inflammatory effect of Cin

were explored in a rat model of collagen-induced arthritis and
in IL-1b treated human rheumatoid fibroblast-like synovio-
cytes line MH7A, respectively. Cin exhibited the inhibitory
potential against the proinflammatory cytokines via the

Fig. 3. Representative western blot images and quantitative results (ratio of phosphorylated protein to total protein or GAPDH) to demonstrate the
effect of Cin on JAK2, STAT1, and STAT3 activation in IL-1b–induced MH7A cells. (A) MH7A cells were pretreated with 40, 60, and 80 nM of Cin or not
for 2 hours and then stimulated with IL-1b (20 ng/ml) for 60 minutes. (B) MH7A cells were pretreated with 80 nM of Cin or not for 2 hours and then
stimulated with IL-1b (20 ng/ml) for 15, 30, and 60minutes. (C) MH7A cells were pretreated with 80 nM of Cin, 20 mMof Jak 2 inhibitor or not for 2 hours
and then stimulated with IL-1b (20 ng/ml) for 60 minutes. *P , 0.05; **P , 0.01, the comparison was performed between IL-1b–induced and drug
treatment group and IL-1b–induced only group at the same time point. P, 0.05; ##P, 0.01, the comparison was performed between the IL-1b–induced
group at different time points with the group without IL-1b induction. &&P , 0.01, the comparison was performed between the uninduced groups with
or without Jak2 inhibitor treatment.
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suppression of JAK/STAT signaling pathway in in vitro assay.
Moreover, systemic administration of Cin exerted an antiar-
thritic effect as evidenced by a decrease in paw swelling and
significant reduction in histologic changes in the articular
joints of rats. We also demonstrated that systemic induction of
Cin therapy significantly reduced the serum levels of proin-
flammatory cytokine IL-1b.
Cytokine concentrations correlated with clinical symptoms,

inflammatory indicators, disease activities, and serum bio-
markers (Yuan et al., 2018). Thus, the proinflammatory
productions of TNF-a, IL-6, and IL-8 were measured after
Cin treatment to assess the anti-inflammatory outcome. The
releases of cytokines, especially TNF-a, IL-1b, IL-6, and IL-8,
were critically involved in the inflammation process (Swärd
et al., 2012; Cassuto et al., 2018). IL-1b possesses a broad
spectrum of proinflammatory properties and is usually used
for including inflammation in vitro (Castejónet al., 2017; Feng
et al., 2017). It could induce the synthesis of proinflammatory
cytokines (such as TNF-a and IL-6), chemokines (such as IL-
8), and activated macrophages (Castejónet al., 2017; Feng
et al., 2017). Previous studies showed that Cin (80 mM)
inhibited the secretion of IL-1b and TNF-a within LPS or
lipoteichoic acid stimulated murine J774A.1 macrophages
(Chao et al., 2008). In our study, Cin at the concentrations of

60 and 80 nM significantly suppressed IL-1b–activated in-
flammatory cytokine production levels in human synoviocyte
cell lineMH7A. It also inhibited IL-6 and IL-8 cytokines levels
in primary synovial cells. The TNFawas not detectable in this
primary cell, which may be due to the different cell resources
as well as the cells state and the limited primary sample size
(Guo et al., 2016). Consistent with the cell ELISA results, Cin
led to a decrease in serum cytokine levels of IL-1b in CIA rats,
suggesting that Cinmight provide beneficial effects by specific
down-regulating the synthesis of IL-1b.
The JAK/STAT cascade has been shown to be involved in the

regulation of numerous developmental and homeostatic pro-
cesses, including inflammatory responses (Ahmad et al.,
2015). IL-1b binding to their receptors can induce the
phosphorylation of receptor-associated JAK in chondrocytes,
which in turn transduces the intracellular signal by further
phosphorylating and activating STATs (Lim and Kim, 2011).
The STATs are activated by phosphorylation at the tyrosine
residue, and then dimerized, translocated to the nucleus and
bind DNA, initiating the transcription of target genes (Adach
et al., 2009; Qi and Yang, 2014).
Available literature reported that Cin attenuated advanced

glycation end products-induced the JAK/STAT signaling in
human renal tubular cells (Huang et al., 2015). We observed

Fig. 4. Representative western blot images and quantitative results (ratio of phosphorylated protein to total protein) demonstrated the effect of Cin on
AKT, ERK, andNF-kB activation in IL-1b–inducedMH7A cells. (A) MH7A cells were pretreated with 40, 60, and 80 nM of Cin or not for 2 hours and then
stimulated with IL-1b (20 ng/ml) for 60 minutes. (B) MH7A cells were pretreated with 80 nM of Cin or not for 2 hours and then stimulated with IL-1b
(20 ng/ml) for 15, 30, and 60 minutes.P , 0.05; **P , 0.01, the comparison was performed between IL-1b–induced and Cin treatment group and IL-
1b–induced only group at the same time point.Representative western blot images and quantitative results (ratio of phosphorylated protein to total
protein) demonstrated the effect of Cin on AKT, ERK, and NF-kB activation in IL-1b–induced MH7A cells. (A1) MH7A cells were pretreated with 40, 60,
and 80 nM of Cin or not for 2 hours and then stimulated with IL-1b (20 ng/ml) for 60 minutes. (A2) MH7A cells were pretreated with 80 nM of Cin or not
for 2 hours and then stimulated with IL-1b (20 ng/ml) for 15, 30, and 60 minutes. (B1 & B2) Corresponding densitometric analysis of A1 & A2. *P, .05
compared with the control group.The *P , 0.05; **P , 0.01, the comparison was performed between IL-1b–induced and Cin treatment group and IL-
1b–induced only group at the same time point.
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that, with the IL-1b stimulation, JAK2 was promptly
phosphorylated while p-STAT1 and p-STAT3 phosphory-
lated. The results indicated that in the IL-1b–induced
inflammatory cascade, JAK2, is at the upstream. Both Cin
and Jak 2 inhibitor decreased the expression of p-STAT1
and p-STAT3 phosphorylation in human synoviocyte MH7A
cells, whereas Cin also suppressed JAK2 phosphorylation,
which hinted that Cin was effective on the upstream of
JAK2. However, the direct target of Cin has not been found
yet. In summary, Cin may become a new small-molecule
inhibitor of JAK/STAT signaling to attenuate the inflam-
matory response.
The transcription factor NF-kB plays a crucial role in the

inflammation processes of many tissues (Ray et al., 1995; Ju
Hwang et al., 2019). Inhibition of NF-kB transcriptional
activity is an important way for anti-inflammation in osteo-
arthritis and RA (Park et al., 2016; Jiang et al., 2017). The NF-
kB protein dimer is complexed with the inhibitory proteins,

IkBs (IkBa, IkBb) in the inactivated state and is sequestered
in the cytoplasm (Hong, 2017). After the stimulation of
proinflammation factors, such as LPS, TNF-a, or IL-1b, the
inhibitory proteins IkBa is rapidly phosphorylated by IKKa/b,
and ubiquitinated, rapidly degraded by the proteasome,
allowing NF-kB to release from IkB and translocate to the
nucleus and initiate transcription by binding to numerous
specific gene promoter elements to stimulate inflammation
(Gallo et al., 2017). In our study, although these proinflam-
matory factors were all significantly increased after IL-1b
stimulated, phosphorylation of an important transcription
factor in the inflammation processes, NF-kB, was not changed
obviously after IL-1b stimulation. Compared with our pre-
vious work (Jia et al., 2015), it is found that the cells used in
this study were in an inflammation state originally. However,
the decrease of these cytokines with statistical analysis
suggests that Cin is effective for anti-inflammation in human
synoviocytes-MH7A cells.

Fig. 5. Cin attenuated the symptoms of CIA rats and joint destruction. (A) The body weight. (B) Hind paw volume was recorded every 7 days after drug
treatment. (C) The serum IL-1b levels decreased in the CIA-treated rats with Cin or MTX group. (D) On day 21 after being drug treated, rats were
sacrificed. 3D reconstructions of the micro-CT analysis from CIA rats using the CTAn software. The bone radiologic destruction parameters BS (E) and
BS:BV ratio (F) were attributed from the micro-CT analysis. The ROI included the region between the metatarsal and tarsal bones. N 5 6. *P , 0.05;
**P , 0.01, the comparison was performed between treatment and vehicle control group.
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Recently, numerous studies have shown that the Akt and
ERK signaling pathways play essential roles in the pathogen-
esis of inflammation by phosphorylation of IkB (Yang et al.,
2016; Wang et al., 2017). It is reported that hemolysate
increases the phosphorylation of Akt and ERK1/2 promotes
the degradation of IkBa and subsequently increases the
nuclear translocation of NF-kB (Yang et al., 2016). Thus, Akt
and ERK signaling pathways could be the main upstream of
NF-kB signaling cascades (Dan et al., 2008; Sun et al., 2017).
Our results showed that Cin could increase the phosphoryla-
tion of Akt at Thr308 but decrease the phosphorylation of NF-
kB, which explained the slight effect of Cin on suppression of
NF-kB phosphorylation and hinted that there were other
regulators at the upstream of NF-kB in IL-1b–induced human
synoviocyte MH7A cells.
The most important goal in RA therapy is to maintain

normal joint function via prevention of bone destruction (Li
et al., 2017; Tanaka, 2019). In the present study, we in-
vestigated Cin could attenuate the severity of CIA, in addition
to suppressing inflammatory disease activity and preventing
bone destruction. Blocking of IL-1 is a cartilage- and bone-
protective therapy in destructive arthritis. ActivatedRA-FLSs
are the major source of proinflammatory cytokines and in-
flammatory mediators in the synovial tissue. Therefore, the
inhibition of inflammatory cytokines can significantly reduce
RA-FLSs cartilage invasiveness (Joosten et al., 1999; Ganesan
and Rasool, 2017). Our results showed that Cin markedly
attenuated IL-1b level and arthritis symptom in CIA rats.
Meanwhile, bone erosion in the RA control group was
markedly more extensive than that in the Cin treatment
group. Combined with the results of in vitro study, Cin might
prevent bone destruction via inhibited fibroblast synovial cells
producing IL-1b.
Our findings indicated that Cin significantly inhibited

release of the proinflammatory cytokine both the rats with
CIA and human synoviocyte MH7A cell, partly modulating
through the JAK/STAT pathway. Importantly, Cin markedly
ameliorated arthritis in rats and conferred joint protection

when used therapeutically. Taken together, these findings
suggest that Cin may be a potential therapeutic agent for
chronic inflammatory disorders such as RA.
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