INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 35: 1133-1137, 2015

Qing Hua Chang Yin inhibits the LPS-induced activation of the
IL-6/STAT3 signaling pathway in human intestinal Caco-2 cells
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Abstract. Increasing evidence indicates that the pathogenesis of
ulcerative colitis (UC) is highly regulated by the interleukin-6
(IL-6)/signal transducer and activator of transcription 3
(STAT3) pathway and its negative feedback regulator,
suppressor of cytokine signaling 3 (SOCS3). Therefore, modu-
lating the signaling feedback loop of IL-6/STAT3/SOCS3 may
prove to be a novel therapeutic approach for the treatment of
UC. Qing Hua Chang Yin (QHCY) is a traditional Chinese
formulation that has long been used in clinic for the treatment
of UC. We have previously reported that QHCY ameliorates
acute intestinal inflammation in vivo and in vitro through the
suppression of the nuclear factor-kB (NF-xB) pathway. In the
present study, in order to further elucidate the mechanisms
responsible for the anti-inflammatory activities of QHCY, we
stimulated human intestinal Caco-2 cells with lipopolysaccha-
ride (LPS) to create an in vitro model of an inflamed human
intestinal epithelium, and evaluated the effects of QHCY on
the IL-6/STAT3/SOCS3 signaling network in inflamed Caco-2
cells. The levels of IL-6 were measured by ELISA and the
levels of STAT3 and SOCS3 were measured by western blot
analysis. We found that QHCY significantly inhibited the
LPS-induced secretion of pro-inflammatory IL-6 in the Caco-2
cells in a dose-dependent manner. Moreover, QHCY profoundly
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suppressed the LPS-induced phosphorylation of Janus-activated
kinase 1 (JAK1), JAK2 and STAT?3. Furthermore, treatment
with QHCY markedly augmented the expression of SOCS3.
Taken together, the findings of the present study suggest that
the modulation of the IL-6/STAT3/SOCS3 signaling network
may be one of the mechanisms through which QHCY exerts its
anti-inflammatory effects.

Introduction

Inflammatory bowel disease (IBD), including Crohn's
disease (CD) and ulcerative colitis (UC), constitutes one of
the most prevalent gastrointestinal disease burdens worldwide.
Patients with IBD may present with any of the following
predominant symptoms: severe abdominal pain, vomiting, diar-
rhea, rectal bleeding and weight loss. More importantly, IBD
is associated with an increased risk of developing colorectal
cancer (1-5). Present treatment strategies for IBD are directed at
eliminating inflammation in order to relieve symptoms and heal
the intestinal mucosa. However, the majority of the currently
used drugs attenuate the symptoms of the disease rather than
effectively maintaining disease remission. In addition, signifi-
cant adverse effects prohibit their long-term use (6-8). Thus,
there is a need for the development of additional safe and
effective therapies for these patients. Recently, complementary
therapies, such as natural products, dietary components and
traditional Chinese medicine (TCM), have become attractive
approaches for the treatment of IBD (9-12).

Considerable evidence has implicated the involvement of
pro-inflammatory cytokines, particularly interleukin-6 (IL-6),
in the pathogenesis of IBD (13,14). Several studies have
reported that substantially elevated IL-6 serum levels in
patients with IBD (14-16). Moreover, studies have demon-
strated a significant positive correlation between the levels of
IL-6 and disease severity (17-23). IL-6 preferentially activates
signal transducer and activator of transcription 3 (STAT3)
proteins, and their phosphorylation is mediated through the
activation of Janus-activated kinases (JAK). Phosphorylated
STAT3 forms homodimers and then translocates into the
nucleus to regulate the transcription of pro-inflammatory
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genes, such as cytokines and chemokines (24,25). One of the
target genes of the IL-6/STAT3 pathway is the suppressor of
cytokine signaling (SOCS)3. SOCS comprises a family of
proteins that regulates negative feedback to the JAK/STAT
cytokine signaling cascade (26,27). Both human observations
and experimental evidence from mouse studies have indicated
that the IL-6/STAT3/SOCS3 pathway plays a key role in regu-
lating intestinal epithelial cell homoeostasis, and an imbalance
between SOCS3 expression and IL-6/STAT?3 signaling leads to
inflammation and eventually to inflammation-induced carcino-
genesis (28-31). Thus, modulating the signaling feedback loop
of IL-6/STAT3/SOCS3 may prove to be a novel therapeutic
approach for the treatment of IBD.

Natural products, including those used in TCM, manifest
potential anti-inflammatory activity. Qing Hua Chang Yin
(QHCY) is a TCM formulation that consists of a combination of
11 herbs,namely Herba et Gemma Agrimoniae, Coptis chinensis
Franch., Radix Sanguisorba officinalis, Radix Paeoniae Rubra,
Elettaria cardamomum, Magnolia officinalis, Artemisia capil-
laris Thunb., Eupatorium fortunei, Semen Coicis, Semen
Dolichoris Album and Poria cocos. Collectively, these compo-
nents confer QHCY with the properties of the clearing of heat
and dampness, as well as strengthening the spleen to nourish
vitality (tonifying the Spleen Qi in Chinese). QHCY has long
been used in China to clinically treat UC (32-37). We recently
reported that QHCY ameliorates acute intestinal inflammation
in vivo and in vitro through the suppression of the nuclear factor
(NF)-«B pathway (38,39). In this study, to further elucidate the
mechansims responsible for the anti-inflammatory activities of
QHCY, we stimulated Caco-2 cells to create an in vitro model
of an inflamed human intestinal epithelium, and evaluated the
effects of QHCY on the IL-6/STAT3/SOCS3 signaling network
in inflamed Caco-2 cells.

Materials and methods

Materials and reagents. Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin
and trypsin-ethylenediaminetetraacetic acid (EDTA) were
purchased from Life Technologies (Carlsbad, CA, USA).
Lipopolysaccharide (LPS) from Escherichia coli sero-
type 055:B5 was purchased from Sigma-Aldrich (St. Louis,
MO, USA). Antibodies for western blot analysis were obtained
from Cell Signaling Technology, Inc. (Beverly, MA, USA). The
human IL-6 enzyme-linked immunosorbent assay (ELISA) kit
was obtained from BD Pharmingen (San Diego, CA, USA). All
other reagents, unless otherwise stated, were obtained from
Sigma-Aldrich.

Preparation of QHCY. QHCY was prepared as described in
our previous study (39). A total of 220 g dehydrated Herba
et Gemma Agrimoniae, 33 g Coptis chinensis Franch.,
100 g Radix Sanguisorba officinalis, 110 g Radix Paeoniae
Rubra, 56 g Elettaria cardamomum, 110 g Magnolia offici-
nalis, 110 g Artemisia capillaris Thunb., 110 g Eupatorium
fortunei, 220 g Semen Coicis, 110 g Semen Dolichoris Album
and 220 g Poria cocos were extracted with boiling water
3 times. The extracts were then combined and concentrated by
boiling to a final volume of 1,000 ml. The final concentration
of the QHCY crude drug was ~1.4 mg/ml.
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Cell culture. Cell cultrure was carried out as described in a
previous study of ours (39). Human colon cancer Caco-2 cells
were purchased from the American Type Culture Collection
(ATCC; Rockville, MA, USA). Cells (from passages 20-40)
were grown in DMEM containing 10% (v/v) FBS, 1,000 mg/1
of glucose, 50 U/ml penicillin and 50 pg/ml streptomycin
in a 37°C humidified incubator with 5% CO,. Cells were
subcultured at 85-90% confluence. The Caco-2 cells usually
reached confluence 3 days after seeding and differentiated
into enterocyte-like cells 18-20 days post-confluence. Fully
differentiated cells were used for the experiments. On the day
of the experiment, the medium was removed and the cells were
washed twice with DMEM supplemented with 0.5% FBS.

ELISA. As previously described (39), differentiated Caco-2
cells (20 days post-confluence) in 24-well plates were incubated
with various concentrations of QHCY for 1 h prior to stimula-
tion with LPS (1 xg/ml) for 24 h. At the end of the experiment,
the supernatants were collected by centrifugation of the cell
culture medium at 3,000 x g for 10 min. The secretion levels of
IL-6 were measured using a human IL-6 ELISA kit according
to the manufacturer's instructions. All samples were assayed in
triplicate. The absorbance was read at 450 nm.

Western blot analysis. Differentiated Caco-2 cells (20 days
post-confluence) in 6-well plates were incubated with various
concentrations of QHCY for 1 h prior to stimulation with
LPS (1 pg/ml) for 30 min for the detection of phosphoryalted
(p-)STAT3 and p-JAK1/2, or 24 h for the measurement of
SOCS3 protein expression. As previously described (39), at
the end of the experiment, the cells were washed with ice-cold
phosphate-buffered saline (PBS). The cells were then lysed
with cell lysis buffer (50 mM Tris-HCI, pH 7.4, 150 mM NaCl,
0.5% NP-40, 5 mM EDTA, 50 mM NaF and 1 mM PMSF)
containing protease and phosphatase inhibitor (PI) cocktails.
The cell lysate was centrifuged at 10,000 x g at 4°C for 10 min
and the supernatant was collected. The protein concentration
was quantified using BCA. Equivalent amounts of protein
were resolved in 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gels and electroblotted. The
PVDF membranes were blocked with 5% skimmed milk
and probed with primary antibodies against STAT3 (#4904),
p-STAT3 (#9145),JAK1 (#3332),p-JAK1 #4904),JAK?2 (#3230),
p-JAK2 (#3771), SOCS3 (#2932) or B-actin (#4967) (1:1,000; all
from Cell Signaling Technology, Inc.) overnight at 4°C and then
again with appropriate HRP-conjugated secondary antibody
followed by enhanced chemiluminescence detection.

Statistical analysis. Data were analyzed using the SPSS
package for Windows (version 11.5; SPSS, Inc., Chicago, IL,
USA). Statistical analysis of the data was performed with the
Student's t-test and one-way ANOVA. A value of P<0.05 was
considered to indicate a statistically significant difference.

Results

QHCY inhibits the LPS-induced release of IL-6 in intestinal
epithelial cells. Since the pro-inflammatory cytokine, IL-6,
plays an important role in the inflammatory process, we first
examined the effects of QHCY on the production of IL-6
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Figure 1. Effect of Qing Hua Chang Yin (QHCY) on the protein secretion
levels of interleukin (IL)-6 in lipopolysaccharide (LPS)-stimulated Caco-2
cells. Differentiated Caco-2 cells (20 days post-confluence) in 24-well plates
were incubated with the indicated concentrations of QHCY for 1 h prior to
stimulation with LPS for 24 h. The secretion levels of IL-6 were examined
by ELISA. Data are presented as the means + SD (error bars) from at least
3 independent experiments. “P<0.05 vs. control cells; “P<0.05 vs. cells treated
with LPS but without QHCY.
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Figure 2. Effect of Qing Hua Chang Yin (QHCY) on lipopolysaccharide
(LPS)-induced signal transducer and activator of transcription 3 (STAT3)
phosphorylation in Caco-2 cells. Differentiated Caco-2 cells (20 days post-
confluence) in 6-well plates were incubated with the indicated concentrations
of QHCY for 1 h prior to stimulation with LPS for 30 min. STAT3 phosphory-
lation was determined by western blot analysis. 3-actin was used as the internal
control. Images are representative of 3 independent experiments.

in differentiated Caco-2 cells stimulated with LPS (Fig. 1).
Exposure to LPS led to a significant increase in the production
of IL-6, while pre-treatment with QHCY profoundly inhib-
ited the LPS-induced secretion of IL-6 in a dose-dependent
manner (Fig. 1).

QHCY inhibits the LPS-induced activation of the JAK/
STAT3 signaling pathway in intestinal epithelial cells.
STAT3 has been implicated as a key transcription factor in
inflammatory signaling cascades triggered by LPS and other
cytokines (40-42). We therefore assessed whether the inhibi-
tory effect of QHCY on the release of IL-6 in differentiated
Caco-2 cells stimulated with LPS occurred through the
inhibition of STAT signaling. Differentiated Caco-2 cells
were pre-treated with or without QHCY at various doses for
1 h, followed by stimulation with LPS (1 pg/ml) for 30 min;
total proteins were extracted and analyzed by western blot
analysis. The stimulation of the cells with LPS resulted in an
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Figure 3. Effect of Qing Hua Chang Yin (QHCY) on the lipopolysaccharide
(LPS)-induced Janus-activated kinase (JAK) phosphorylation in Caco-2 cells.
Differentiated Caco-2 cells (20 days post-confluence) in 6-well plates were
incubated with the indicated concentrations of QHCY for 1 h prior to stimula-
tion with LPS for 30 min. JAK phosphorylation was determined by western blot
analysis. 3-actin was used as the internal control. Images are representative of
3 independent experiments.
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Figure 4. Effect of Qing Hua Chang Yin (QHCY) on the expression of sup-
pressor of cytokine signaling 3 (SOCS3) in Caco-2 cells. Differentiated
Caco-2 cells (20 days post-confluence) in 6-well plates were incubated with
the indicated concentrations of QHCY for 1 h prior to stimulation with lipo-
polysaccharide (LPS) for 24 h. The protein expression levels of SOCS3 were
determined by western blot analysis. 3-actin was used as the internal control.
Images are representative of 3 independent experiments.

increased STAT3 phosphorylation (Fig. 2). By contrast, the
increased phosphorylation of STAT3 was prevented by QHCY
in a dose-dependent manner. Since STAT3 has been found
to be activated by JAKSs in response to LPS (43,44), we then
examined the effects of QHCY on the LPS-induced activation
of JAK1 and JAK?2. Pre-treatment with QHCY attenuated the
LPS-induced phosphorylation of JAK1 and JAK?2 (Fig. 3).

QHCY increases the expression of SOCS3 in LPS-stimulated
intestinal epithelial cells. As a STAT3 transcriptional target,
SOCS3 is a key negative regulator of the IL-6 signaling
pathway, forming a negative feedback loop to inhibit JAK
activation (26,27,45). To further explore the mechanisms
responsible for the anti-inflammatory activity of QHCY, we
investigated its effects on SOCS3 expression. Minimal SOCS3
induction by LPS was observed compared to the untreated
cells (Fig. 4). However, QHCY markedly increased the protein
expression of SOCS3, which is consistent with the above
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mentioned observation that QHCY inhibited the LPS-induced
activation of the JAK/STATS3 signaling pathway.

Discussion

UC is a phenotype of IBD characterized by chronic recurrent
colonic inflammation. Despite the advancements that have
been made in the treatment of patients with current popular
medications, a large number of patients does not remain in
remission. Thus, the need for new treatment options critical.
Natural products, dietary components and TCM are becoming
an attractive approach for the treatment of various inflamma-
tory disorders, including IBD. QHCY is a TCM formulation
that has been demonstrated to be effective in China for the
clinical treatment of UC (32-37). We have previously demon-
strated that QHCY exerts an anti-inflammatory effect by acting
as a potent inhibitor of NF-«B activation (38,39). However,
the precise mechanisms responsible for its anti-inflammatory
activity remain to be further elucidated.

The aim of the present study was to determine whether
QHCY exerts its anti-inflammatory effects through the abro-
gation of the IL-6/STAT3/SOCS3 signaling pathway. Using
LPS-stimulated Caco-2 cells as an in vitro inflammatory
model of the human intestinal epithelium, we first explored
the effects of QHCY on the LPS-induced secretion of 1L-6.
We observed that pre-treatment with QHCY significantly
suppressed the LPS-induced release of IL-6 into the cell
culture medium, indicating that QHCY exerts an anti-
inflammatory effect on LPS-induced inflammatory responses
in intestinal epithelial cells. We consistently found that QHCY
significantly suppressed the LPS-triggered phosphorylation of
STATS3 in a dose-dependent manner, which is similar to the
inhibitory effect of QHCY on the release of IL-6 from differ-
entiated Caco-2 cells stimulated with LPS. These findings
suggest that QHCY inhibits the LPS-induced production of
pro-inflammatory factors, at least in part, by blocking STAT3
activation and subsequent transcription. We also observed
that QHCY attenuated the LPS-induced phosphorylation of
JAK1 and JAK?2 in differentiated Caco-2 cells, which is in
accordance with the reduced phosphorylation state of STAT3.
This finding indicates that QHCY inhibits the phosphoryla-
tion of STAT3, possibly through the inactivation of JAK1 and
JAK?2 in LPS-induced inflammatory responses. In addition,
we found that QHCY increased the expression of SOCS3 in
differentiated Caco-2 cells stimulated with LPS.

In conclusion, to the best of our knowledge, the present
study provides the first evidence of the QHCY suppression
of LPS-induced inflammatory responses in intestinal epithe-
lial cells through the inhibition of the JAK-STAT signaling
pathway and the increased expression of SOCS3.
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