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ABSTRACT

LL202, a newly-synthesized flavonoid derivative, has been reported to inhibit
inflammatory-induced angiogenesis. However, the exact role of LL202 in inflammation
along with its mechanism has not been explored. In this study, we investigated
the anti-inflammatory effect of LL202 on intestinal inflammation by establishing
dextran sulfate sodium (DSS)-induced experimental colitis. LL202 attenuated DSS-
induced body weight loss, colon length shortening and colonic pathological damage.
The inflammatory cells infiltration, myeloperoxidase (MPO) and inducible nitric
oxide synthase (iNOS) activities were decreased by LL202 in a dose-dependent
manner. LL202 reduced the production of pro-inflammatory cytokines in serum
and colon of DSS-induced mice as well. Mechanically, LL202 could decrease the
expression and nuclear translation of AP-1 to protect against DSS-induced colitis.
In lipopolysaccharide (LPS)-induced THP-1 cells, LL202 markedly decreased the
secretion, mRNA level and protein expression of IL-18, IL-6 and TNF-a via inhibiting
ERK/JINK/p38 MAPK pathways and the nuclear translocation of AP-1. Furthermore,
these findings were confirmed in LPS-induced bone marrow derived macrophages
(BMDM). In conclusion, our study demonstrated that LL202 could exert its anti-
inflammatory effect via inhibiting MAPK/AP-1 signaling, which suggested that LL202
might be a potential effective drug for the treatment of inflammatory bowel diseases.

INTRODUCTION warranted to discover effective anti-inflammatory agents
which can inhibit pro-inflammatory cytokine production
and ameliorate UC.

The activator protein-1 (AP-1) transcription

Ulcerative colitis (UC) is a kind of intractable
complex inflammatory bowel disease (IBD), which

is characterized by idiopathic, chronic, relapsing and
inflammatory conditions in the gastrointestinal tract
[1, 2]. In recent years, the morbidity of UC increases
constantly in population and 396 per hundred thousand
American individuals suffer from IBD [3]. Although
the precise etiology of the disease is enigmatic and
unknown, increasing experimental and clinical evidences
suggest that a sustained and inappropriate activation
of the mucosal immune system with consecutive pro-
inflammatory cytokine production plays a crucial role in
the development of IBD. Therefore, extensive research is

factor has represented a paradigm for gene regulation
implicated in chronic inflammatory diseases [4, 5].
AP-1 consists of a variety of hetero- or homo-dimeric
complex and the dimers of Jun and Fos are translocated
to the nucleus and initiate the transcription of downstream
target genes [6, 7]. Mitogen-activated protein kinases
(MAPK) are composed of three well-characterized
subfamilies, including extracellular signal-regulated
kinases (ERK1/2), Jun N-terminal kinases (JNK) and p38,
which are responsible for the expression and activation
of AP-1 [8, 9]. Lipopolysaccharide (LPS) is thought to
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be the major pathogenic factor involved in inflammation
[10]. The previous studies have reported that LPS
enhanced the expression and nuclear transcription of
AP-1 [11, 12]. In addition, pro-inflammatory cytokines
are also act as important target genes of c-Jun and c-Fos
[13, 14], among which IL-1p, IL-6 and TNF-a play an
indispensable role in the development of ulcerative colitis
[1]. The pro-inflammatory pathogenic role of AP-1 implies
that inhibition of MAPK/AP-1 signaling is a promising
strategy for IBD therapy.

Various kinds of flavonoids have been reported to
exert anti-inflammatory properties, including wogonin,
baicalein, quercetin and so on[15-17]. LL202 is a newly-
synthesized flavonoid, which bears the three-ring structure
of the flavone backbone and possesses a strong ability to
inhibit LPS-induced angiogenesis [18]. However, whether
LL202 could affect LPS-induced pro-inflammatory
cytokines production and inflammatory diseases such as
colitis, along with the molecular mechanisms, remain
unknown and warrant further investigations.

In our study, we investigated the anti-inflammatory
effect of LL202 on intestinal inflammation and the
potential mechanisms. We established the DSS-induced
experimental colitis to evaluate the protective effect
of LL202 on inflammation in vivo. Further mechanism
researches revealed that L1202 protected against DSS-
induced colitis by inhibiting the expression and nuclear
translocation of AP-1 in colons. In addition, these findings
were confirmed in LPS-induced THP-1 cells and bone
marrow derived macrophages (BMDM) in vitro. Taken
together, these results suggested that LL202 prevented
DSS-induced colitis through a potential mechanism
attributed to inhibiting MAPK/AP-1 signaling and LL202
may serve as a candidate in the treatment of colitis.

RESULTS

LL202 ameliorated colon injury and
inflammatory symptoms in DSS-induced colitis
in mice

To investigate the effects of LL202 on colitis
development, we established the DSS-induces model
in C57BL/6 mice (Figure 1A), which is a well-
established preclinical model that exhibits many
phenotypic features related to human ulcerative colitis
[19]. An obvious character of DSS-induced colitis is
the significant loss of body weight, so body weights of
mice were monitored throughout the study. The results
showed that animals lost weight after DSS treatment,
but LL202 increased the body weight of DSS-treated
colitis mice significantly (Figure 1B). It has been
reported that DSS-induced colon shortening is a crucial
marker of colitis. As shown in Figure 1C and 1D, the
colon was obviously longer in LL202-treated mice than
in DSS-treated mice.

We next performed histopathological analysis using
Haematoxylin & Eosin (H&E) staining (Figure 2A) to
verify the protective effect of LL202 on colitis. The
mucosal damage was observed apparently in DSS-treated
mice, which is characterized by ulceration accompany
massive granulocytes and mononuclear cells infiltration
into the mucosa as well as congestion and edema of
the submucosa. However, LL202 (30 mg/kg) maintain
intact colonic architecture with no obvious ulcer and
inhibited inflammatory cell infiltration. Moreover, LL202
suppressed DSS-induced myeloperoxidase (MPO) and
inducible nitric oxide synthase (iNOS) activities notably
(Figure 2B and 2C). CD11b is expressed on the surface
of various kinds of leukocytes [20], which can be used as
an indicator to monitor the occurrence of inflammation.
As shown in Figure 2D, a great number of CDI11b*
inflammatory cells accumulated at the mucosa of the
lesion site in colonic tissues from DSS-treated mice were
presented obviously. LL202 (30 mg/kg) could reduce the
number of infiltrating CD11b* inflammatory cells in colon
tissues. Taken together, these results indicated that LL.202
could ameliorate DSS-induced colitis.

LL202 inhibited the infiltration of
pro-inflammatory cytokines in DSS-induced
colitis mice

Increased secretion and its infiltration of pro-
inflammatory cytokines play a key role in the development
of DSS-induced colitis [21, 22]. Therefore, we assessed
the level of several main inflammatory cytokines to gain
an insight into the effect of LL202 on the inflammatory
status of DSS-induced colitis. As shown in Figure 3A-3C,
the secretory level of IL-1B, IL-6 and TNF-a in colonic
homogenates was significantly increased after DSS
challenge, while LL202 inhibited the elevated secretion
of these cytokines in a dose-dependent manner. We then
measured the level of IL-1f, IL-6 and TNF-a in the serum.
The DSS-induced high content of these pro-inflammatory
cytokines in serum was remarkably suppressed by LL202
(Figure 3D-3F). In addition, LL202 at 30 mg/kg markedly
reduced the infiltration of IL-1p, IL-6 and TNF-a-positive
inflammatory cells in colonic mucosa of DSS-induced
mice (Figure 3G).

LL202 suppressed DSS-induced AP-1 signaling
in vivo

As AP-1 and NF-xB are two important
transcriptional regulators of these pro-inflammatory
cytokines [23, 24], we sought to determine whether
LL202 could inhibit AP-1 or NF-«B signaling. As shown
in Figure 4A, LL202 remarkably down-regulated the
expression of c-Jun and c-Fos in the colon tissues of DSS-
induced colitis mice. In addition, compared to the control
group, LL202 decreased the expression level of c-Jun
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Figure 1: LL202 reduced the susceptibility of mice to DSS-induced experimental colitis. C57BL/6 mice were subjected to
a DSS-induced colitis induction protocol using three cycles of 3% DSS in drinking water. (A). Diagram shows the experimental course
of DSS-induced colitis mouse model. (B). Body weights of each group (n = 8 per group) were measured after DSS induction of colitis.
(C-D). Macroscopic appearance and quantification of the length of colons from each group of mice were carried out. Each experiment was
performed at least three times. Data are presented as mean = SD. *p < 0.05, **p < 0.01 compared with normal mice; “p < 0.05,*p < 0.01
compared with DSS-treated colitis mice.
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Figure 2: L1202 protected against DSS-induced colon damage in mice. (A). Serial sections of colon tissues were stained with
hematoxylin and eosin (H&E). (B—C). MPO and iNOS activities in the colonic tissues were detected. (D). Sections of colon tissues were
immunostained with DAPI (blue) and anti CD11b-FITC (green) and observed by confocal laser-scanning microscope. Each experiment
was performed at least three times. Data are presented as means + SD. *p < 0.05, **p < 0.01 compared with normal mice; *p < 0.05,
#p < 0.01 compared with DSS-treated colitis mice.
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and c-Fos in both cytosolic and cell nucleus (Figure 4C).
However, LL202 showed little effect on the increased
expression of p-IKK, p-IxkB and p-p65. These results
suggested that L1202 could inhibit the expression and
nuclear translocation of ¢-Jun and c-Fos without affecting

NF-«B signaling in DSS-induced colitis mice.

L1202 inhibited pro-inflammatory cytokines

production in vitro

It was reported that IL-1p, IL-6 and TNF-a play key
roles in inflammation-related diseases [25, 26]. To confirm

our conclusion that LL202 inhibited the secretion of IL-1j,
IL-6 and TNF-a in vivo, we investigated the effect of
LL202 on LPS-induced THP-1 cells. As expected, the
result showed that the secretion of IL-1p, IL-6 and TNF-a
induced by LPS was reduced by LL202 in a concentration-

dependent manner (Figure SA—5C). Furthermore, we found
that the mRNA (Figure 5D-5F) and protein (Figure SG—5I)
level of IL-1p, IL-6 and TNF-a were also increased in LPS-
stimulated THP-1 cells, while the increased expression was
reversed by LL202 treatment. Taken together, all of these
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findings demonstrated that LL202 inhibited the expression
and secretion of IL-1f, IL-6 and TNF-a.
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Figure 3: LL202 inhibited pro-inflammatory cytokines production in colon tissues and serum of DSS-colitis mice.
(A—C) The secretion of inflammation-related cytokines IL-1f, IL-6 and TNF-a in colonic homogenate was tested by ELISA. (D-F) The
production of IL-1P, IL-6 and TNF-o in serum was determined by ELISA. (G) Expression of IL-1f, IL-6 and TNF-o was detected by
immunohistochemistry in colonic tissues (x40). Each experiment was performed at least three times. Data were presented as means + SD.

*p <0.05, **p < 0.01 compared with normal mice; “p < 0.05, *p < 0.01 compared with DSS-treated colitis mice.
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LL202 inhibited the MAPK/AP-1 signaling
in vitro

To elucidate the anti-inflammatory mechanism
of LL202 in vitro, we examined the effect of LL202 on
the expression of AP-1 in LPS-induced THP-1 cells. As
expected, LL202 down-regulated the protein level of
c-Jun and c-Fos noticeably in THP-1 cells stimulated by
LPS (Figure 6A). Meanwhile, we observed that c-Jun or
c-Fos in cytosolic and cell nucleus were both decreased by
western blot analysis. Immunofluorescence showed that

the nuclear translocation and the interaction of ¢-Jun and
c-Fos were decreased by LL202 (0.8 uM). The previous
study has shown that MAPK are responsible for the
expression, activation and nuclear translocation of Jun
and Fos proteins [27]. We then determined whether LL.202
exerted the inhibition effect to the activation of ERK/JNK/
p38 MAPK pathways. Our results showed that L1202
markedly suppressed LPS-induced phosphorylation of
INK, ERK1/2 and p38 (Figure 6B). In addition, EMSA
analysis further demonstrated that L1202 decreased the
DNA binding activity of AP-1 in THP-1 cells (Figure 6E).
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Figure 4: Effects of LL.202 on AP-1 and NF-kB signaling in colon tissues of DSS-colitis mice. (A) Total protein expression
of c-Jun and c-Fos in colonic tissues were detected by Western Blot. (B) Phosphorylation of IKK, IkB and p65 in colonic homogenate
from each group of mice were subjected to Western Blot using specific antibodies. f-actin was used as an internal control. (C) Nuclear
translocation of c-Jun and c-Fos in colonic tissues were determined by Western Blot. Densitometric analysis was performed to determine
the relative ratios of each protein. Lamin A and B-Tublin were used as nuclear and cytoplasmic markers, respectively. The results were
representative of three independent experiments. Data were presented as means + SD. #P < 0.01 compared with normal mice; *P < 0.05,

**P < 0.01 compared with DSS-treated colitis mice.
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On the basis of these findings, we proposed that L1202
might exert an anti-inflammatory effect by inhibiting
MAPK/AP-1 signaling.

LL202 reduced pro-inflammatory cytokines
production in IL-6 or TNF-o stimulated THP-1
cells

To further demonstrate the anti-inflammation effect
of LL202, we tested the secretion and expression of IL-1j,
IL-6 and TNF-a in THP-1 cells stimulated by adding
IL-6 or TNF-q, respectively. THP-1 cells were rinsed
with PBS to remove the exogenous pro-inflammatory
cytokines after stimulation with IL-6 (100 ng/ml) or
TNF-a (100 ng/ml) alone for 12 h, and then treated with
indicated concentrations of LL202 for another 6 h. ELISA
showed that the concentration of IL-1f, IL-6 and TNF-a
was decreased dramatically in the supernatant of THP-1
cells stimulated by IL-6 or TNF-a (Figure 7A-7C).
Consistently, L1202 could also reduce the expression
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of IL-1pB, IL-6 and TNF-a in THP-1 cells stimulated by
exogenous IL-6 or TNF-a in a concentration-dependent
manner (Figure 7D and 7F). In further detection of
inactivation of the related-signaling, we found that
LL202 could inhibit the activation of AP-1 and NF-xB
signaling induced by IL-6 or TNF-a, while had no effect
on the activator of transcription 3 (STAT3)signaling in
IL-6 stimulated THP-1cells (Figure 7E and 7G). Taken
together, LL202 could inhibit AP-1 and NF-«B without
affecting IL-6/STAT3 signaling in vitro.

LL202 inhibited pro-inflammatory cytokines
production via inhibiting AP-1 signaling in
BMDMs

To further investigate the anti-inflammatory effect of
LL202, we treated the bone marrow derived macrophages
(BMDM) isolated from C57BL/6 mice with indicated
concentration of LL202. As shown in Figure 8A—8F,
LL202 decreased LPS-induced secretion and expression
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Figure 5: LL202 inhibited the secretion, nRNA and protein level of pro-inflammatory cytokines in LPS-induced THP-1
cells. THP-1 cells were treated with LPS (1 pg/ml) and the indicated concentrations of LL202 for 6 h. (A) Secretion of IL-1p, IL-6 and
TNF-o in the cell supernatant were analyzed by ELISA. (B) The mRNA level of IL-1p, IL-6 and TNF-a were measured by real-time RT-
PCR. (C) Protein expression of IL-1f, IL-6 and TNF-a were detected by Western Blot with densitometric analysis to determine the relative
ratio normalized to B-actin. The results are representative of three independent experiments and expressed as means + SD. *P < 0.05,

**P < 0.01 compared with LPS-treated group.
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of IL-1B, IL-6 and TNF-a in BMDMs. In addition, the
expression level and nuclear translocation of c-Jun and
c-Fos were both reduced by LL202 in a concentration-
dependent manner (Figure 8G and 8H). These findings
above indicated that LL202 might exert an anti-
inflammatory effect via inhibiting AP-1 in BMDMs.

DISCUSSION

Ulcerative colitis, a prevalent inflammatory bowel
disease in the developed countries, is becoming more and
more common in developing countries these days [28, 29].
Recently, there are various emerging therapeutic drugs for
UC, such as sulfasalazine, azathioprine, corticosteroids,
classical immunosuppressants and TNF-o antibody
[30, 31]. However, most of these drugs have limitations
in efficacy and wide clinical applications for their serious
side effects [32, 33]. Hence, novel effective therapeutic
agents with fewer side effects and wider application are
urgent to be developed.

The model of DSS-induced colitis in mice, which
shows the similar pathological features with human

ulcerative colitis, has been widely used in lots of studies
related to human inflammatory bowel disease [34]. Here,
we performed this model to evaluate the protective effect
of LL202 against colitis. LL202 attenuated the serious
intestinal injury and inflammatory symptoms in DSS-
induced colitis mice, including body weight loss, colon
length shortening and colonic tissue damage. The activity
of MPO is a marker of neutrophil infiltration [35] and iNOS
can destroy the mucosa and submucosa of the intestine by
regulating NO release [36], both of which can be considered
as index of inflammation damage. In DSS-induced colitis
mice, LL202 decreased MPO and iNOS activities, which
suggested that L1202 could reverse the infiltration of
inflammatory cells into colon tissues (Figure 2B-2D).

The high level of pro-inflammatory cytokine
secretion and expression is a hallmark of DSS-induced
colitis [21, 37]. It has been reported that the overabundance
of IL-1B, IL-6 and TNF-a plays incomparable role in
promoting inflammation development [38—40]. LL202
inhibited the high-production of IL-18, IL-6 and TNF-a
dramatically both in the colon and serum of DSS-induced
colitis mice. In addition, the similar inhibitory effects of
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LL202 on the production of pro-inflammatory cytokines LPS is commonly used as a potent inflammatory

were also observed in THP-1 cells and BMDMs in vitro. stimulus, recognized by its sensor, toll-like receptors 4

Thus, LL202 could protect against DSS-induced colitis by (TLR4), and then initiate the downstream singling to

inhibiting the production of pro-inflammatory cytokines. trigger the expression of pro-inflammatory cytokines [41].
A 600 B 100 c 800

500 i ]
T nduced by T 80 T nduced by T o 5 600 —Jmaetde 8
@ @ '
& 400 a2 x L .
== z - E 60 =
3 E 300 £ 3 £ 400
23 2a 9
s 2 g =40 oo
S = 200 @ 8
» 2 @ 200
100 0
0 0 0
LL-202 (pM) 0 0 0.2 0.4 0.8 LL-202 (pM) 0 0 0.2 04 0.8 LL-202 (pM) 0 0 0.2 0.4 0.8
IL-6 (100 ng/ml) - + + + +
IL-6 (100 ng/ml) - + + +
LL-202 (uM) O 0 02 04 08

LL202 (uM) O 0 02 04 08

cjun [ S ————— |

IL-1BI — — — — _.|
I c-fosl—_——v—-vl

IL»GI--——.

PStatd | B et e o S |
Stat-3 [ W S — —r g |

TN [ w——— |

B-actin I—————l

B-actin I—————l

Relative expression
(%control)
(%control)
2 3 R 22
8 8 88 8

Relative expression
S
8

Relative expression of
p-Stas3/Stat3 (%control)
@

8

»N
o o

0

0
IL-6 (100 ng/ml) - + + + * IL-6 (100 ng/ml) - + + + +  IL-6 (100 ng/ml) - + + + +
LL-202 (uM) O 0 02 04 08 LL-202 (uM) O 0 02 04 08 LL-202 (uM) O 0 02 04 08

F G TNF-a (100 ng/ml) - + + + +
LL-202 (uM) O 0 02 04 08

c.ju"l-'.--—l

TNF-a (100 ng/ml) - + + +
LL-202 (uM) 0O 0 02 04

| c-'osl—--_-——vl

IL-1B|—-——

=]
' ‘ ® *

| L e ——— |

.L.sl—---

TNF-ql—--———-l p-lel——.-’-—l

B-actinl-—---l p-p65|—-———--—|

ﬁ-actinl-----l

160
. 140
2 120 5 s
o= ] @ =
£g100 2= 4]
xE 58 3]
95 80 $E 35
] °8 @9
FT 60 £ 2E
g a0 s 3

&b o
20
0 0
TNF-a (100 ng/ml) - + + + * TNF-a (100 ng/ml) - + + + +  TNF-a (100 ng/ml) - +
LL-202 (uM) O 0 02 04 08 LL-202 (uM) O 0 02 04 08 LL-202 (uM) © 0 02 04 08

Figure 7: Effects of LL202 on the production of pro-inflammatory cytokines and AP-1 signaling in IL-6 or TNF-a
stimulated THP-1 cells . THP-1 cells were stimulated with IL-6 (100 pg/ml) or TNF-o (100 pg/ml) alone for 12 h and then treated with
the indicated concentrations of LL202 for another 6 h. (A—C) Secretion of IL-1f, IL-6 and TNF-a in the cell supernatant were analyzed
by ELISA. (D) Protein expression of IL-1f, IL-6 and TNF-a in IL-6 stimulated THP-1 cells were detected by Western Blot. (E). Effect
of LL202 on the expression of c-Jun, c-Fos, p-Stat-3 and Stat-3 in IL-6-induced THP-1 cells was detected by Western blot analysis. (F).
Protein expression of IL-1f, IL-6 and TNF-a in TNF-a stimulated THP-1 cells were detected by Western Blot. (G). Effect of LL202 on the
expression of c-Jun, c-Fos, p-IKK, p-IkB and p-p65 in TNF-o-induced THP-1 cells was detected by Western blot analysis using specific
antibodies. f-actin was used as an internal control. The results were representative of three independent experiments. Data were presented
as means + SD. #P < 0.01 compared with normal mice; *P < 0.05, **P < 0.01 compared with DSS-treated colitis mice.
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MAPK, is one of the downstream pathways, which leads
to the induction of two main transcription factors AP-1
and NF-kB. They both control the expression of pro-
inflammatory cytokines including IL-1f, IL-6 and TNF-a
[42]. The previous study showed that L1202 can modulate
LPS-induced angiogenesis by decreasing the expression
of TLR4 and inhibiting the activation of MAPK and
NF-kB pathways [18]. Therefore, we hypothesized that
the inhibition of AP-1 and NF-kB nuclear translocation
may account for the underlying molecular mechanism of
LL202 that inhibited the production of pro-inflammatory

cytokines. As a result, we found that LL.202 could inhibit
the expression and nuclear translocation of AP-1 without
affecting NF-«B signaling in DSS-induced colitis mice.
These results were further confirmed in LPS-induced
THP-1 cells and BMDMs in vitro, and the nuclear
translocation and binding with DNA of AP-1 were also
inhibited by LL202 in LPS-induced THP-1cells (Figure
6D and 6E).

To further demonstrate the inhibitory effect of LL202
on AP-1, THP-1 cells we treated with IL-6 and TNF-a,
another two pro-inflammatory cytokines, respectively. IL-6
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Figure 8: Effects of LL202 on pro-inflammatory cytokines production and AP-1 expression in LPS-induced BMDMs.
BMDMs were treated with LPS (1 pg/ml) and the indicated concentrations of LL202 for 6 h. (A) Secretion of IL-1p, IL-6 and TNF-a in
the cell supernatant were analyzed by ELISA. (B) Expression of IL-1p, IL-6 and TNF-a were detected by Western Blot with densitometric
analysis to determine the relative ratio normalized to B-actin. (C) Expression of c-Jun and c-Fos were detected by Western Blot. (D) The
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binds to the IL-6 receptor complex, activates JAK/STAT3
signaling and then phosphorylated-STAT3 (p-STAT3)
translocates into the nucleus to promote the transcription
of its target genes [43]. However, LL202 could inhibit
the increased expression of c-Jun, c-Fos induced by IL-6
without affecting the activation of STAT3. It indicated
that LL202 could not be a broad-spectrum inhibitor of
phosphorylation. As NF-kB could be simultaneously
activated by TNF-a [44], we detected the effect of LL202
on NF-xB signaling in TNF-a stimulated THP-1 cells.
Phosphorylation of IKK, IkB and p65 were inhibited by
LL202 in a concentration-dependent manner. These results
of mechanism research were supported by the previous
study that L1202 inhibited the activation of MAPK and
NF-xB pathways in LPS-induced HUVECs and that
TLR4 signaling might serve as the upstream target [18].
However, it was strange that LL202 could not inhibit NF-
kB signaling in DSS-induced colitis mice, but blocked NF-
kB pathway activated by TNF-a in vitro. Yet the activation
of AP-1 both in vivo and in vitro was suppressed by LL202
apparently. It might be on account of the difference of
LL202 between in vivo and in vitro. These specific effects
of LL202 will be studied in the future research.

In conclusion, we demonstrated that LL202 could
protect against DSS-induced colitis in mice by inhibiting
MAPK/AP-1 signaling for the first time. These findings
provided the evidence that LL202 could be developed as
a therapeutic agent for colitis and have advantages for
potential clinical applications in the future.

MATERIALS AND METHODS

Reagents and antibodies

LL-202 (C,;H,,BrN,O,, MW:517.41), prepared from
Dr. Zhiyu Li (China Pharmaceutical University, China),
was dissolved in 100% dimethyl sulfoxide (DMSO) and
stored at —20°C. In vivo study, LL-202 was prepared as
intragastric administration (0.5% sodium carboxyl methyl
cellulose) by Dr. Xue Ke from College of Pharmacy,
China Pharmaceutical University.

Dimethylsulfoxide (DMSO) and LPS (E.coli:
Serotype 055:B5) were purchased from Sigma Chemical
Co. (St. Louis, MO). Dextran sulfate sodium (DSS)
was obtained from MP Biomedicals Inc. (Irvine, CA,
USA). CMC was obtained from Sinopharm Group Co.
Ltd. (Shanghai, China). Paraformaldehyde (PFA) was
purchased from Yonghua Chemical Technology Co.
Ltd. (Changshu, China). Dye DAPI was purchased from
Invitrogen (Carlsbad, CA, USA). Triton X-100 was
purchased from Chao Rui Biotech. Co. Ltd. (Shanghai,
China). BSA was purchased from Roche Diagnosis Ltd.
(Basel, Switzerland).

Myeloperoxidase (MPO) activity assay kit was
purchased from Jiancheng Bioengineering Institute
(Nanjing, China). Nitric Oxide Synthase (NOS) Assay Kit

was purchased from Beyotime Institute of Biotechnology
(Nanjing, China). ELISA kits for mouse IL-1B, IL-6,
TNF-a and human IL-1pB, IL-6, TNF-o were purchased
from Boster Biotech Co. Ltd. (Wuhan, China).

Primary antibodies against IL-1p, IL-6, TNF-q,
c-Fos, and B-actin were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibodies against
c-Jun, p-STAT3, STAT3 and Lamin A were purchased
from Bioworld (Bioworld, Minnesota). Anti-CD11b was
purchased from eBioscience (San Diego, CA, USA).
IRDyeTMS800 conjugated secondary antibodies were
obtained from Rockland Inc. (Philadelphia, PA, USA).

Cell culture

Human acute monocytic leukemia THP-1 cells
were obtained from Cell Bank of the Chinese Academic
of Sciences (Shanghai, China). THP-1 cells were cultured
in RPMI-1640 medium (Gibco, Carlsbad, CA, USA),
supplemented with 10% fetal bovine serum (Gibco,
CA, USA), 100 U/ml benzyl penicillin and 100 mg/ml
streptomycin. Cells were cultured in a humidified
environment with 5% CO, at 37°C. Bone marrow derived
macrophages (BMDM) were isolated from C57BL/6 mice
and cultured with DMEM supplemented with 10% fetal
bovine serum and 20 ng/ml GM-CSF (PeproTech, USA).

DSS-induced colitis and design of drug treatment

Six to eight weeks old female C57BL/6 mice,
weighing 18-22 g, were supplied by Shanghai Laboratory
Animal Center, China Academy of Sciences. Experimental
protocols were in accordance with National Institutes of
Health regulations and approved by the Institutional
Animal Care and Use Committee. Throughout the
acclimatization and study periods, all animals had access
to food and water ad libitum and were maintained on a
12 h light/dark cycle (21 £ 2°C with a relative humidity
of 45 £ 10%).

Chronic colitis was induced by administration of
DSS in drinking water. The mice were received either
drinking regular water (control) or 3% (w/v) DSS drinking
water (model) for 5 days. After this, mice were maintained
on regular water for 14 days and subjected to two more
DSS treatment cycles. The mice were randomly assigned
to control, DSS-treated and LL202 (7.5, 15 or 30 mg/kg)-
treated groups. LL202 were given by oral gavage every
day from the first day to the termination of the experiment,
respectively.

Macroscopic assessment and histological analysis
of colonic lesions

Animals were weighed and inspected daily. After
colitis induction animals were sacrificed, colons were
removed, opened longitudinally, and washed with
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phosphate-buffered saline (PBS) and pieces of colonic
tissue were used for ex vivo analysis. The histological
analysis was performed as previously described [46].

Assessment of myeloperoxidase (MPO) activity

Neutrophil infiltration into inflamed colonic mucosa
was quantified by MPO activity assessment using the
O-dianisidine method. Proteins extracted from colonic
tissues were used to assess MPO levels according to
manufacturer’s instructions.

Measurement of INOS activity

The supernatant of colonic tissue was measured
by Nitric Oxide Synthase Assay Kit according to the
manufacturer’s recommendations.

Immunofluorescence of CD11b in colon tissues

CDI11b positive inflammatory cell infiltration
analysis was performed on paraffin-embedded colon
tissue sections. Briefly, the sections were deparaffinized,
rehydrated and washed in 1% PBS Tween. Then they
were treated with 3% hydrogen peroxide, blocked with
3% bovine serum albumin (BSA) and incubated for 1 h
at room temperature with anti-CD11b FITC (1:100). The
slides were then counter-stained with DAPI for 30 min.
The reaction was stopped by thorough washing in water
for 5 min. Images were acquired by confocal laser-
scanning microscope (Olympus, Tokyo, JP).

Cytokine quantification by enzyme-linked
immunoassay (ELISA)

Colons from mice in each group were homogenated
with lysis buffer to extract total protein. The homogenate
was centrifuged at 12,000 rpm at 4°C for 15 min. The
amount of total extracted protein was determined by BCA
TM protein assay kit (Thermo, MA, USA). The amounts
of IL-1B, IL-6 and TNF-o in the colon homogenate
were measured by ELISA kit. IL-1B, IL-6 and TNF-a
production in supernatant of THP-1 cells, BMDMs and
serum of mice were measured by ELISA kits according to
the manufacturers’ recommendations.

Quantitative real-time PCR analysis

Total RNA was isolated with Tripure Isolation
Reagent (Roche, Mannheim, Germany). The real-
time PCR (RT-PCR) kit was purchased from TaKaRa
Biotechnology Co. Ltd. (Dalian, China). Reactions were
conducted according to the instructions. Samples were run
on the ABI 7500 Real-Time PCR system. Each reaction
was done in triplicate, and the threshold values (Cs) for
each mRNA were subtracted from that of B-actin mRNA

and averaged and converted from log-linear to linear
terms. The primers in the reaction were used as follows:

Human IL-1B (forward, 5-AGGCTGCTCTGG
GATTC-3', reverse, 5'-GCCACAACAACTGACGC-3'),

Human IL-6 (forward, 5'-TGTAGTGAGGAACA
AGCCAGAG-3/', reverse, 5'-TACATTTGCCGAAAGAG
CC-37),

Human TNF-a (forward, 5-CTTCTCCTTCCT
GATCGTGG-3', reverse, 5-GCTGGTTATCTCTCAG
CTCCA-3"),

Human B-actin (forward, 5'-CTGTCCCTGTATG
CCTCT-3/, reverse, 5'-ATGTCACGCACGATTTCC-3').

Preparation of cytosolic and nuclear extracts and
whole cell lysates

Nuclear and cytosolic protein extracts were prepared
according to the instructions of the kit (KeyGEN, Nanjing,
China). One part of the cytosolic and nuclear fractions was
subjected to immunoblot analysis. The rest of the nuclear
extract was used for electrophoretic mobility-shift assay
(EMSA).

The whole cell lysates was isolated by Pierce
RIPA buffer added with protease inhibitors (I mM
Phenylmethanesulfonyl fluoride, 0.1 mM dithiothreitol,
0.1 Mm NaF, 0.1 mM Leupeptin), incubated on ice for
50 min to allow cells to swell and then centrifuged at
12,000 rpm for 30 min at 4°C. The supernatants were saved
as the whole cell lysates and measured using the BCA
protein assay method with Varioskan spectrofluorometer
and spectrophotometer (Thermo) at 562 nm.

Western blot analysis

Protein samples were separated by 10% SDS-PAGE
and transferred onto nitrocellulose membranes. The
membranes were blocked with 1% BSA at 37°C for 1 h
and incubated with indicated antibodies overnight at 4°C,
followed by IRDye800 conjugated secondary antibody for
1 h at 37°C. Immunoreactive protein was detected with
an Odyssey Scanning System (LI-COR Inc., Lincoln,
Nebraska).

Immunofluorescence microscopy

THP-1 cells were pretreated with LPS (1 pg/ml)
and LL202 (0.8 uM) for 6 h and then harvested.
Cells were fixed with 4% paraformaldehyde in PBS,
permeabilized with 0.5% Triton X-100, and blocked
with 3% BSA for 1 h. Samples were incubated with
primary antibodies against c-Jun (diluted 1:100)and
c-Fos (diluted 1:50) overnight at 4°C. After washed, cells
were exposed to FITC-conjugated secondary antibodies
(1:1000, Invitrogen, CA, USA). Samples were observed
and captured with a confocal laser scanning microscope
(Olympus Corp., Tokyo, Japan).
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Electrophoretic mobility shift assays (EMSA)

Nuclear extracts were isolated as described above.
EMSA was then performed with a non-radioactive (biotin
label) gel shift assay according to the manufacturer’s
protocol. The AP-1 consensus oligonucleotide probes
(5'-CGCTTGATGACTCAGCCGGAA-3" and 3'-GCG
AACTACTGAGTCGGCCTT-5") were end labeled with
biotin using terminal deoxynucleotidyl transferase. The
oligonucleotides were annealed to their complementary
oligonucleotides and incubated with nucleoproteins for 30
min at 25°C. Samples were run on a 6% polyacrylamide
gel, which was transferred into Nylon member and
then blocked and washed. Bands were detected by
chemiluminescent method as previously described [46].

Statistical analysis

The data shown in the study were obtained in at least
three independent experiments and all results represent the
mean + SD. Differences between the groups were assessed
by one-way ANOVA and Dunnett’s post hoc test. Details
of each statistical analysis used are provided in the figure
legends. Differences with P values < 0.05 were considered
statistically significant.

Abbreviations

DSS, dextran sulfate sodium; MPO,
myeloperoxidase; iNOS, inducible nitric oxide synthase;
AP-1, activator protein-1; MAPK, mitogen-activated
protein kinases; BSA, bovine serum albumin; BMDM,
bone marrow derived macrophages; IBD, inflammatory
bowel disease; UC, Ulcerative colitis; DAPI, diamidino-
phenyl-indole; DMSO, dimethylsulfoxide; GSH,
glutathione; IL-1p, interleukin-1 beta; IL-6, interleukin-6;
LPS, lipopolysaccharides; PBS, phosphatebuffered saline;
TNF-0, tumor necrosis factor alpha.

ACKNOWLEDGMENTS

This work was supported by the National Science
& Technology Major Project (No. 2012Z2X09304-001,
2013ZX09103-001-007, 2016ZX09101055), Program for
Changjiang Scholars and Innovative Research Team in
University (IRT1193), the Project Program of State Key
Laboratory of Natural Medicines, China Pharmaceutical
University (No.SKLNMBZ201403), the National Natural
Science Foundation of China (No81373448, 81173086).

CONFLICTS OF INTEREST

None declared.

REFERENCES

L.

10.

11.

12.

14.

Sartor RB. Mechanisms of disease: pathogenesis of Crohn’s
disease and ulcerative colitis. Nat Clin Pract Gastroenterol
Hepatol. 2006; 3:390—407.

Fiocchi C. Inflammatory bowel disease: Etiology and
pathogenesis. Gastroenterology. 1998; 115:182-205.

Lakatos PL. Recent trends in the epidemiology of
inflammatory bowel diseases: Up or down? World J
Gastroentero. 2006; 12:6102—-6108.

Wagner EF. Bone development and inflammatory disease
is regulated by AP-1 (Fos/Jun). Ann Rheum Dis. 2010;
69:186-88.

Thomsen MK, Bakiri L, Hasenfuss SC, Hamacher R,
Martinez L, Wagner EF. JUNB/AP-1 controls IFN-gamma
during inflammatory liver disease. J Clin Invest. 2013;
123:5258-5268.

Angel P, Karin M. The role of Jun, Fos and the AP-1
complex in cell-proliferation and transformation. Biochim
Biophys Acta. 1991; 1072:129-157.

Chen Y, Currie RW. Small interfering RNA knocks
down heat shock factor-1 (HSF-1) and exacerbates
pro-inflammatory activation of NF-kappa B and AP-1
in vascular smooth muscle cells. Cardiovasc Res. 2006;
69:66-75.

Chang L, Karin M. Mammalian MAP kinase signalling
cascades. Nature. 2001; 410:37-40.

Johnson GL, Lapadat R. Mitogen-activated protein kinase
pathways mediated by ERK, JNK, and p38 protein kinases.
Science. 2002; 298:1911-1912.

Cohen J. The immunopathogenesis of sepsis. Nature. 2002;
420:885-891.

Granet C, Miossec P. Combination of the pro-inflammatory
cytokines IL-1, TNF-alpha and IL-17 leads to enhanced
expression and additional recruitment of AP-1 family
members, Egr-1 and NF-kappa B in osteoblast-like cells.
Cytokine. 2004; 26:169-177.

Dokter WHA, Koopmans SB, Vellenga E. Effects of IL-10
and IL-4 on LPS-induced transcription factors (AP-1, NF-IL6
and NF-kappa B) which are involved in IL-6 regulation.
Leukemia. 1996; 10:1308-1316.

Riesenberg S, Groetchen A, Siddaway R, Bald T, Reinhardt J,
Smorra D, Kohlmeyer J, Renn M, Phung B, Aymans P,
Schmidt T, Hornung V, Davidson I, et al. MITF and c-Jun
antagonism interconnects melanoma dedifferentiation with
pro-inflammatory cytokine responsiveness and myeloid cell
recruitment. Nat Commun. 2015; 6.

Tremblay L, Valenza F, Ribeiro SP, Li JF, Slutsky AS.
Injurious ventilatory strategies increase cytokines and c-fos

m-RNA expression in an isolated rat lung model. Journal of
Clinical Investigation. 1997; 99:944-952.

www.impactjournals.com/oncotarget

63992

Oncotarget



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Sun Y, Zhao Y, Yao J, Zhao L, Wu ZQ, Wang Y, Pan D,
Miao HC, Guo QL, Lu N. Wogonoside protects against
dextran sulfate sodium-induced experimental colitis in
mice by inhibiting NF-kappa B and NLRP3 inflammasome
activation. Biochemical pharmacology. 2015; 94:142—-154.
Chen YC, Shen SC, Chen LG, Lee TJF, Yang LL. Wogonin,
baicalin, and baicalein inhibition of inducible nitric oxide
synthase and cyclooxygenase-2 gene expressions induced
by nitric oxide synthase inhibitors and lipopolysaccharide.
Biochemical pharmacology. 2001; 61:1417-1427.

Hadrich G, Vaz GR, Maidana M, Kratz JM, Loch-
Neckel G, Favarin DC, Rogerio Ade P, da Silva FM, Jr.,
Muccillo-Baisch AL, Dora CL. Anti-inflammatory Effect
and Toxicology Analysis of Oral Delivery Quercetin
Nanosized Emulsion in Rats. Pharmaceutical research.
2016; 33:983-993.

Gao Y, Zhao K, Huang YJ, Zhou YX, Li ZY, Guo RC,
Guo QL, Wu YL, Lu N. LL202 inhibits lipopolysaccharide-
induced angiogenesis in vivo and in vitro. Rsc Adv. 2014;
4:64565-64576.

Okayasu I, Hatakeyama S, Yamada M, Ohkusa T, Inagaki Y,
Nakaya R. A novel method in the induction of reliable
experimental acute and chronic ulcerative colitis in mice.
Gastroenterology. 1990; 98:694-702.

Serra AM, Waddell J, Manivannan A, Xu H, Cotter M,
Forrester JV. CD11b+ bone marrow-derived monocytes are
the major leukocyte subset responsible for retinal capillary
leukostasis in experimental diabetes in mouse and express
high levels of CCRS in the circulation. Am J Pathol. 2012;
181:719-727.

Garside P. Cytokines in experimental colitis. Clin Exp
Immunol. 1999; 118:337-339.

Burstein E, Fearon ER. Colitis and cancer: a tale of
inflammatory cells and their cytokines. J Clin Invest. 2008;
118:464-467.

Harder J, Meyer-Hoffert U, Teran LM, Schwichtenberg L,
Bartels J, Maune S, Schroder JM. Mucoid Pseudomonas
aeruginosa, TNF-alpha, and IL-1beta, but not IL-6, induce
human beta-defensin-2 in respiratory epithelia. Am J Respir
Cell Mol Biol. 2000; 22:714-721.

Granet C, Maslinski W, Miossec P. Increased AP-1 and NF-
kappaB activation and recruitment with the combination
of the proinflammatory cytokines IL-1beta, tumor necrosis
factor alpha and IL-17 in rheumatoid synoviocytes. Arthritis
Res Ther. 2004; 6:R190-198.

Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG,
Osterreicher CH, Takahashi H, Karin M. Dietary
and genetic obesity promote liver inflammation and
tumorigenesis by enhancing IL-6 and TNF expression. Cell.
2010; 140:197-208.

Yazdi AS, Guarda G, Riteau N, Drexler SK, Tardivel A,
Couillin I, Tschopp J. Nanoparticles activate the NLR pyrin
domain containing 3 (Nlrp3) inflammasome and cause

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

pulmonary inflammation through release of IL-1alpha and
IL-1beta. Proc Natl Acad Sci USA. 2010; 107:19449-19454.

Zhong CY, Zhou YM, Douglas GC, Witschi H,
Pinkerton KE. MAPK/AP-1 signal pathway in tobacco
smoke-induced cell proliferation and squamous metaplasia
in the lungs of rats. Carcinogenesis. 2005; 26:2187-2195.

Loftus EV, Jr. Clinical epidemiology of inflammatory
bowel disease: Incidence, prevalence, and environmental
influences. Gastroenterology. 2004; 126:1504—1517.

Mohamadzadeh M, Pfeiler EA, Brown JB, Zadeh M,
Gramarossa M, Managlia E, Bere P, Sarraj B, Khan MW,
Pakanati KC, Ansari MJ, O’Flaherty S, Barrett T,
Klaenhammer TR. Regulation of induced colonic
inflammation by Lactobacillus acidophilus deficient
in lipoteichoic acid. Proc Natl Acad Sci USA. 2011;
108:4623-4630.

Noti M, Corazza N, Mueller C, Berger B, Brunner T. TNF
suppresses acute intestinal inflammation by inducing local
glucocorticoid synthesis. J Exp Med. 2010; 207:1057-1066.

Nielsen OH, Bjerrum JT, Herfarth H, Rogler G. Recent
advances using immunomodulators for inflammatory bowel
disease. J Clin Pharmacol. 2013; 53:575-588.

Meier J, Sturm A. Current treatment of ulcerative colitis.
World J Gastroentero. 2011; 17:3204-3212.

Danese S. New therapies for inflammatory bowel disease:
from the bench to the bedside. Gut. 2012; 61:918-932.

Perse M, Cerar A. Dextran Sodium Sulphate Colitis Mouse
Model: Traps and Tricks. J Biomed Biotechnol. 2012.

Jiang XL, Cui HF. A new chronic ulcerative colitis
model produced by combined methods in rats. World J
Gastroentero. 2000; 6:742—-746.

Kannan N, Guruvayoorappan C. Protective effect of
Bauhinia tomentosa on acetic acid induced ulcerative colitis
by regulating antioxidant and inflammatory mediators. Int
Immunopharmacol. 2013; 16:57-66.

Egger B, Bajaj-Elliott M, MacDonald TT, Inglin R,
Eysselein VE, Buchler MW. Characterisation of acute
murine dextran sodium sulphate colitis: Cytokine profile
and dose dependency. Digestion. 2000; 62:240-248.

Yamamoto M, Yoshizaki K, Kishimoto T, Ito H. IL-6 is
required for the development of Thl cell-mediated murine
colitis. J Immunol. 2000; 164:4878-4882.

Ten Hove T, Corbaz A, Amitai H, Aloni S, Belzer I, Graber P,
Drillenburg P, van Deventer SJ, Chvatchko Y, Te Velde AA.
Blockade of endogenous IL-18 ameliorates TNBS-induced
colitis by decreasing local TNF-alpha production in mice.
Gastroenterology. 2001; 121:1372—-1379.

Kwon KH, Murakami A, Tanaka T, Ohigashi H. Dietary
rutin, but not its aglycone quercetin, ameliorates dextran
sulfate sodium-induced experimental colitis in mice:
attenuation of pro-inflammatory gene expression. Biochem
Pharmacol. 2005; 69:395-406.

WWW

.impactjournals.com/oncotarget

63993

Oncotarget



41.

42.

43.

44,

Takeuchi O, Hoshino K, Kawai T, Sanjo H, Takada H,
Ogawa T, Takeda K, Akira S. Differential roles of TLR2 and
TLR4 in recognition of gram-negative and gram-positive
bacterial cell wall components. Immunity. 1999; 11:443-451.
Tak PP, Firestein GS. NF-kappaB: a key role in
inflammatory diseases. J Clin Invest. 2001; 107:7-11.
Zhong Z, Wen Z, Darnell JE, Jr. Stat3: a STAT family
member activated by tyrosine phosphorylation in response
to epidermal growth factor and interleukin-6. Science.
1994; 264:95-98.

Tak PP, Firestein GS. NF-kappa B: a key role in
inflammatory diseases. Journal of Clinical Investigation.
2001; 107:7-11.

45.

46.

Yao J, Zhao L, Zhao Q, Zhao Y, Sun Y, Zhang Y, Miao H,
You QD, Hu R, Guo QL. NF-kappaB and Nrf2 signaling
pathways contribute to wogonin-mediated inhibition of
inflammation-associated colorectal carcinogenesis. Cell
death & disease. 2014; 5:e1283.

Rong JJ, Hu R, Song XM, Ha J, Lu N, Qi Q, Tao L, You QD,
Guo QL. Gambogic acid triggers DNA damage signaling
that induces p53/p21(Wafl/CIP1) activation through the
ATR-Chk1 pathway. Cancer Lett. 2010; 296:55-64.

www.impactjournals.com/oncotarget

63994

Oncotarget



