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Abstract
BACKGROUND
Given the complex pathogenesis of ulcerative colitis (UC), the conventional
therapeutic methods are not fully curative. As a sort of systematic
complementary and alternative medicine, traditional Chinese medicine (TCM)
provides new options for the standard therapy. Nevertheless, there are still
numerous problems with the promotion of TCM attributed to its complexity, and
consequently, new research approaches are urgently needed. Thus, we explored
the protective effects of Jian-Pi Qing-Chang (JPQC) decoction on UC based on
systems pharmacology approach, which might fill the current innovation gap in
drug discovery and clinical practice pertaining to TCM.

AIM
To investigate the protective mechanisms of JPQC decoction on UC based on
systems pharmacology approach.

METHODS
We performed systems pharmacology to predict the active ingredients, the
matched targets, and the potential pharmacological mechanism of JPQC on UC.
In vivo, we explored the effects of JPQC in a colitis model induced by dextran
sulfate sodium. In vitro, we adopted the bone marrow-derived macrophages
(BMDMs) as well as BMDMs co-cultured with Caco2 cells to verify the
underlying mechanisms and effects of JPQC on UC under TNF-α stimulation.

RESULTS
Systems pharmacology revealed 170 targets for the 107 active ingredients of JPQC
and 112 candidate targets of UC. Protein-protein interaction networks were
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established to identify the underlying therapeutic targets of JPQC on UC. Based
on enrichment analyses, we proposed our hypothesis that JPQC might have a
protective effect on UC via the NF-κB/HIF-1α signalling pathway. Subsequent
experimental validation revealed that treatment with TNFα activated the NF-
κB/HIF-1α signalling pathway in BMDMs, thereby damaging the epithelial
barrier permeability in co-cultured Caco2 cells, while JPQC rescued this situation.
The findings were also confirmed in a dextran sulfate sodium-induced colitis
model.

CONCLUSION
JPQC could improve the mucosal inflammatory response and intestinal epithelial
barrier function via the NF-κB/HIF-1α signalling pathway, which provides new
perspectives on the pharmaceutical development and clinical practice of TCM.

Key words: Systems pharmacology; Ulcerative colitis; Jian-Pi Qing-Chang decoction;
Inflammation; Intestinal epithelial barrier function
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Core tip: Given the complex pathogenesis of ulcerative colitis (UC), the conventional
therapeutic methods are not fully curative. As a sort of systematic complementary and
alternative medicine, traditional Chinese medicine (TCM) provides new options for the
standard therapy. Nevertheless, there are still numerous problems with the promotion of
TCM attributed to its complexity, and consequently, new research approaches are
urgently needed. Thus, we explored the protective effects of Jian-Pi Qing-Chang
decoction on UC based on systems pharmacology approach, which might fill the current
innovation gap in drug discovery and clinical practice pertaining to TCM.
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INTRODUCTION
Ulcerative colitis (UC) is a common chronic disease of the gastrointestinal tract that
often presents  with diarrhoea,  bloody purulent  stools,  fatigue,  and unexplained
weight loss[1]. As the vital pathogenic factor of UC, intestinal mucosal inflammation
mediates impairment of epithelial barrier function, which is associated with a range of
disease states, both intestinal and extra-intestinal disorders[2,3]. Given its persistent and
recurrent  nature,  UC  may  also  present  patients  with  enormous  psychological
disturbance and financial burden, which poses a tremendous challenge for public
health worldwide[4].

Mounting  evidence  highlights  inflammation  as  the  initiating  factor  in  the
development of UC, which can lead to a series of inflammatory cascades, thus causing
profound changes in the intestinal microenvironment[5,6]. Such imbalanced intestinal
epithelial  homeostasis  during  mucosal  inflammation  can  damage  intercellular
adhesions  in  a  direct  or  indirect  manner,  which  may result  in  increased barrier
permeability,  ultimately  contributing  to  disordered  systemic  metabolism[6-8].  In
addition, various studies in different fields, such as irritable bowel syndrome, obesity,
and metabolic diseases[9-11], have set their sights on intestinal homeostasis; however,
the underlying mechanism appears to be more complex than formerly thought.

Considering the routine therapeutic tactics for UC including aminosalicylic acid,
steroids, and biological agents are not fully curative, treatment guidelines propose the
recommendation of multimodality therapy, which is an emerging concept for most
chronic  inflammatory  diseases[12,13].  As  a  sort  of  systematic  complementary  and
alternative  medicine,  traditional  Chinese  medicine  (TCM),  which  provides  new
options  for  the  standard  therapy,  has  attracted  widespread  attention  and  has
gradually been accepted by an increasing number of people throughout the world[14].
Nevertheless,  there  are  still  numerous  problems  with  the  promotion  of  TCM
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attributed to its complexity, and consequently, new research approaches are urgently
needed.

Systems  pharmacology,  an  emerging  systems-oriented  methodology,  which
provides a promising avenue for holistically understanding mechanisms of drug
actions  by  means  of  active  compound screening,  target  matching,  and  network
construction and analysis, may fill the current innovation gap in drug discovery and
clinical  practice  of  TCM[15,16].  In  recent  years,  series  of  investigations  of  systems
pharmacology  on  TCM  have  been  delivered;  however,  studies  on  compound
prescription are  still  rare[17].  Here,  a  preliminary  exploration  was  conducted via
systems pharmacology analysis of Jian-Pi Qing-Chang (JPQC) decoction, which has
been demonstrated to be effective in previous clinical and experimental studies[18-20],
and experimental validations were conducted subsequently.

MATERIALS AND METHODS

Systems pharmacology
Chemical  compounds  information  was  retrieved  from  the  Traditional  Chinese
Medicine System Pharmacology (TCMSP) database for all the nine medicinal herbs.
Compounds with oral bioavailability (OB) ≥ 20 % and drug-likeness (DL) ≥ 0.18 were
obtained, and others with lower OB or DL values were manually selected owing to
their extensive biological and pharmacological activities[21,22]. The Genetic Association
Database  (GAD),  Therapeutic  Target  Database  (TTD),  and  Online  Mendelian
Inheritance in Man database (OMIM) were screened to collect the known UC-related
targets.  We constituted protein-protein interaction (PPI)  networks for  candidate
targets of JPQC and UC, respectively, and an intersection was performed to identify
the putative targets of JPQC against UC. We applied the Cytoscape plugin, CytoNCA,
and ClueGO, to calculate the degree centrality (DC) values as well as to perform the
enrichment analyses, respectively[23,24].

Animal models
For this study, we used age-matched (8 wk) male C57BL/6 mice purchased from
SLAC Animal Laboratories. The mice were randomly divided into three groups (n =
10 in each group). Colitis was constructed by administration of 3.5 % dextran sulfate
sodium (DSS), while the control group received water only. Subsequently, normal
saline or JPQC (15 g/kg/d) was given intra-gastrically daily for the control/DSS
groups and JPQC group, respectively. The disease activity index (DAI) scores used in
t h i s  s t u d y  t o  c a l c u l a t e  t h e  s e v e r i t y  o f  c o l i t i s  a r e  d e s c r i b e d  i n
Supplementary Table S5[25]. By the end of the trial, serum and colon samples were
collected for further detection.

The animal experiment was conducted in accordance with the Laboratory Animal
Regulations  of  the  Institutional  Animal  Care  and  Use  Committee  of  Shanghai
University of Traditional Chinese Medicine, and was approved by the Institutional
Animal  Care and Use Committee of  Shanghai  University of  Traditional  Chinese
Medicine.

Cell isolation, culture, and stimulation
For preparation of bone marrow-derived macrophages (BMDMs), the femur and tibia
bones were isolated from 6-8 wk mice and bone marrow was flushed out into cold
PBS + 2 % FBS with a 1 mL syringe. Next, the cells were filtrated through a 70 μm cell
strainer,  and  three  volumes  of  Red  Blood  Cell  Lysis  Buffer  was  added.  After
incubation on ice for 10 min, the cell pellet was resuspended and centrifuged at 500 g
for 5 min twice. Finally, the isolated bone marrow cells were resuspended in IMDM
containing 10 ng/mL M-CSF (2 × 105 cells/mL)[26]. Seeded cells in 6-well plates and
changed fresh BMDM growth medium on day 3. To stimulate mature BMDMs, cells
were incubated with IMDM containing TNF-α (20 ng/mL) alone or together with
JPQC  (100  μg/mL)  or  rapamycin  (RAP)  (2  μM)  for  24  h,  or  pre-treated  with
pyrrolidinedithiocarbamate (PDTC; 50 μM) for 30 min.

For the co-culture assay, Caco2 cells were obtained from Shanghai Academy of Life
Sciences. BMDMs were co-cultured in the upper chamber of a trans-well plate, with
Caco2 cells placed in the lower chamber on day 5. Mature BMDMs were incubated
with IMDM (the BMDM growth medium) containing TNF-α (20 ng/mL) alone or
together with JPQC (100 μg/mL) or RAP (2 μM) for 24 h, or pre-treated with PDTC
(50 μM) for 30 min on day 7.

RNA isolation and quantitative RT-PCR
We extracted total RNA according to protocols with TRIzol (Invitrogen, United States)
and RT-PCR was conducted based on the Eppendorf PCR system. Actin was used to
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normalize the samples. Primer sequences are presented in Supplementary Table S6.

Western blot analysis
Primary antibodies against NF-κB, HIF-1α, p-mTOR (phospho S2448), TRAF2, p-IκB
(Ser32), IκB, p-Akt (phospho S473), Akt, ZO-1, and Actin were obtained from CST,
and antibodies against mTOR, p-PI3K (phospho Y607), and Claudin-1 were obtained
from  Abcam.  The  groupings  were  cut  off  from  different  blots  under  the  same
conditions and each protein band was extracted from a continuous part.

Immunofluorescence staining
BMDMs and Caco2 cells were incubated with anti-HIF-1α (1:500), anti-NF-κB (1:500),
anti-Tublin (1:1000), and anti-Claudin-1 (1:500). Secondary antibodies conjugated with
488/594 (1:1000) were used in this study. Hoechst (1:1000) was used to detect nuclei.
Colon sections were incubated with anti-HIF-1α (1:100) and anti-Claudin-1 (1:100).
Secondary antibodies conjugated with 488 (1:500) were used in this study. DAPI
(1:500) was used to detect nuclei.

Histological staining
Colon samples were processed and stained with haematoxylin and eosin as well as
immunohistochemical staining using anti-TNF-α as described previously[27].

ELISA
Serum was detected through mouse-specific ELISA using anti-TNF-α and anti-IL-1β
following the manufacturer’s protocols.

Statistical analysis
All data are expressed as the mean ± SD. Statistical differences between different
groups  were  measured  through  one-way  ANOVA,  with  P  <  0.05  considered
statistically significant. Data analyses were conducted using GraphPad Prism 7.0.

RESULTS

Candidate compound screening and corresponding target matching for JPQC
To holistically analyse the mechanisms of drug actions of JPQC, we retrieved the
compounds information on the TCMSP database for all nine medicinal herbs, namely,
Astragali mongholicus (AM), Codonopsis pilosula (CP), Portulaca oleracea L (POL), Radix
sanguisorbae (RS), Panax notoginseng (PN), Bletillae rhizoma (BR), Radix aucklandiae (RA),
Coptis chinensis (CC), and Radix glycyrrhizae (RG). As key indicators for selecting the
drug-like compounds of bioactive molecules in traditional Chinese herbal drugs, OB
and DL were used here to predict the active substances in JPQC[21,22]. A total of 101
potential compounds with OB ≥ 20 % and DL ≥ 0.18 were obtained from the herbal
constituents of JPQC; moreover, six typical compounds with lower OB or DL values
were manually selected owing to their  extensive biological  and pharmacological
activities. Finally, 107 compounds were considered putative for further analyses, and
the numbers of candidate compounds in AM, CP, POL, RS, PN, BR, RA, CC, and RG
were  17,  27,  12,  15,  17,  14,  8,  17,  and  17,  respectively  (Figure  1A  and
Supplementary  Table  S1).  Among  these,  37  compounds  overlapped,  indicating
synergistic effects as a result of similar ingredients shared by the herbs.

Given  that  the  integrated  effects  of  TCM  formulas  rely  on  their  complex
compound-target interactions, we next predicted the therapeutic targets for all these
107 compounds[28]. In total, 170 potential targets were collected, and the numbers in
AM, CP, POL, RS, PN, BR, RA, CC, and RG were 130, 101, 135, 114, 121, 47, 49, 62, and
61, respectively (Figure 1A and Supplementary Table S2 and Table S3), which also
suggested synergistic effects by virtue of similar targets regulated by these different
compounds. To further elucidate the complex interactions, we constructed a network
consisting  of  277  nodes  and  2703  edges  for  all  the  107  compounds  and  their
corresponding targets (Figure 1B). The compound-target network revealed that most
compounds  exerted  multi-targets  effects,  representing  multifarious  therapeutic
effects.

PPI network constitution and putative target identification for JPQC against UC
To explore the interpretation of the mechanisms of JPQC on UC, we screened the
GAD, TTD, and OMIM to collect the known UC-related targets. One hundred and
twelve candidate targets were harvested (Supplementary Table S4), and subsequently
a  PPI  network for  known UC-related targets  (3415  nodes  and 77543  edges)  was
constituted (Figure 2A). The PPI network was also constructed for the putative targets
of JPQC (3267 nodes and 78750 edges);  furthermore, an intersection of these two
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Figure 1

WJG https://www.wjgnet.com June 7, 2019 Volume 25 Issue 21

Chen YL et al. Jian-Pi Qing-Chang decoction protects against UC

2607



WJG https://www.wjgnet.com June 7, 2019 Volume 25 Issue 21

Chen YL et al. Jian-Pi Qing-Chang decoction protects against UC

2608



Figure 1  Candidate compound screening and corresponding target matching for Jian-Pi Qing-Chang. A: Compound-targets networks were constructed for the
candidate compounds of each Chinese herb of Jian-Pi Qing-Chang (JPQC) and their corresponding targets; B: An integrated compound-targets network was
constructed for all the putative compounds of JPQC and their corresponding targets. JPQC: Jian-Pi Qing-Chang; AM: Astragali mongholicus; CP: Codonopsis pilosula;
POL: Portulaca oleracea L; RS: Radix sanguisorbae; PN: Panax notoginseng; BR: Bletillae rhizoma; RA: Radix aucklandiae; CC: Coptis chinensis; RG: Radix
glycyrrhizae.

networks (1542 nodes and 42358 edges) was constructed to find the putative targets of
JPQC on UC (Figure 2A). The DC value, an indicator representative of the correlation
coefficient among targets,  was calculated by CytoNCA in this article to filter the
potential targets[23]. Finally, 652 putative targets with DC > 37 (the median value) were
selected for the following analyses (Figure 2A).

In order to further comprehend the potential mechanisms of biological processes
and signalling pathways of JPQC against UC, we performed ClueGO analyses for the
targets  using the Cytoscape plugin[24].  Specifically,  the biological  processes were
largely related to regulation of protein modification by small protein conjugation or
removal,  glycogen  biosynthetic  process,  telomere  maintenance,  regulation  of
oxidative stress-induced cell death, and activation of innate immune response (Figure
2B); whereas the signalling pathways mainly consisted of RANKL/RANK [Receptor
activator of NF-κB (ligand)] signalling pathway, Leptin signalling pathway, and PI3K-
AKT-mTOR signalling pathway (Figure 2C). Evidence shows that the NF-κB and
PI3K-AKT-mTOR signalling pathways share the same downstream event of HIF-1α,
while NF-κB and HIF-1α are both critically involved in the activation of inflammation
as  well  as  the  deficiency  of  intestinal  epithelial  barrier  function  during  the  de-
velopment of UC[29,30]. Herein, we proposed a hypothesis that JPQC inhibited the NF-
κB/HIF-1α signalling pathway to protect against UC.

JPQC inhibits the HIF-1α signalling pathway in DSS-induced colitis mice
A murine model of colitis induced by DSS was used here to validate our previous
presumption; the specific experiment flow is shown in Figure 3A. In general, DSS
gave rise to considerable reductions in body weight and colon length as well as a
dramatic  increase in  DAI scores,  whereas JPQC provided protective therapeutic
effects (Figure 3B-D). To evaluate the extent of the intestinal inflammatory response,
HE staining was performed here and the result revealed leukocyte infiltration, crypt
loss,  and muscularis thickening in the colons under DSS stimulation (Figure 3E).
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Figure 2

Figure 2  Protein-protein interaction network constitution and putative target identification for Jian-Pi Qing-Chang against ulcerative colitis. A: Protein-
protein interaction networks were constituted for the candidate targets of Jian-Pi Qing-Chang (JPQC) and ulcerative colitis (UC), respectively, and an intersection was
performed to identify the putative targets of JPQC on UC based on the degree centrality value; B and C: Enrichment analyses of biological processes and signalling
pathways of JPQC were performed by ClueGO. JPQC: Jian-Pi Qing-Chang; UC: Ulcerative colitis. DC: Degree centrality.

Meanwhile, the expression levels of inflammatory factors, including TNF-α, IL-1β,
and  IL-10,  were  examined  by  ELISA  and  PCR  analyses,  and  the  outcomes  also
presented pro-inflammatory changes induced by DSS (Figure 3F-H). Fortunately,
JPQC could distinctly improve all the DSS-induced inflammation, which was also
confirmed by the immunohistochemical staining for TNF-α (Figure 3E).

Based on systems pharmacology analyses, we then examined the expression levels
of  HIF-1α,  NF-κB,  and  mTOR.  Western  blot  analyses  revealed  that  the  relative
expression of HIF-1α/actin, NF-κB/actin, and p-mTOR/mTOR was all increased in
the DSS group, while JPQC alleviated the DSS-induced elevations as expected (Figure
3I-K). PCR analyses of NF-κB and HIF-1α mRNA levels yielded similar results (Figure
3H), indicated that NF-κB, HIF-1α, and mTOR were all involved in the mecha-nisms
by which JPQC ameliorated UC. As a common downstream factor, immunofluore-
scence staining for HIF-1α was performed, and the result presented that JPQC could
depress HIF-1α expression in DSS-induced colitis mice (Figure 3L).

JPQC restrains the NF-κB/HIF-1α signalling pathway in BMDMs
Next, BMDMs were extracted from wild-type C57BL/6 mice according to previously
reported protocols[26]; the experimental method is illustrated in Figure 4A. Mature
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Figure 3  Jian-Pi Qing-Chang inhibits the HIF-1α signalling pathway in dextran sulfate sodium-induced colitis mice. A: The animal experimental flow. An
experimental colitis model was induced by administration of 3.5% dextran sulfate sodium (DSS) in drinking water for 7 d in male C57BL/6 mice. Normal saline or Jian-
Pi Qing-Chang (JPQC) (15 g/kg/d) was given intragastrically daily for the control/DSS groups and JPQC group, respectively. n = 7-10; B and C: The body weight and
disease activity index scores were gauged every day; D: The length of colons and statistical graph; E: Haematoxylin and eosin staining and immunohistochemical
staining for TNF-α; F and G: Serum concentrations of TNF-α and IL-1β were measured by ELISA; H: The relative mRNA expression in colon tissues was measured by
PCR; I-K: The relative protein expression in colon tissues was measured by Western blot; L: Immunofluorescence staining for HIF-1α in colon tissues. Data are
presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. JPQC: Jian-Pi Qing-Chang; DSS: Dextran sulfate sodium.

BMDMs were incubated with TNF-α (20 ng/mL) alone or together with JPQC (100
μg/mL), and the relative expression levels of NF-κB, HIF-1α, TNF-α, IL-1β, and IL-10
were measured by PCR analyses. The results showed that TNF-α stimulation raised
the levels of all these indicators and JPQC mitigated the elevations as previously
observed (Figure 4B). In addition, the ratios of HIF-1α/actin, NF-κB/actin, and p-
mTOR/mTOR expression were also measured by Western blot analyses,  and the
results were corresponding to those in vivo (Figure 4C-E). These data indicated that
JPQC  restrained  the  HIF-1α  signalling  pathway  in  BMDMs,  and  the  immu-
nofluorescence staining for HIF-1α confirmed that finding (Figure 4F).

Here, PDTC and RAP, the inhibitors of NF-κB and mTOR, respectively, served as
positive control agents, and both provided NF-κB and HIF-1α results similar to those
of  JPQC (Figure  4B-D and F);  in  contrast,  PDTC had  no  influence  on  the  phos-
phorylation of mTOR (Figure 4E). As researches have demonstrated that the phos-
phorylation of Akt can modulate the degradation of IκB, it appears that mTOR may
play an important role in the process[31].  Thus,  we further detected the upstream
events  of  the  NF-κB  and  mTOR  signalling  pathways  mentioned  previously.
Interestingly, Western blot analyses presented similar results, showing that PDTC had
no influence  on Akt  phosphorylation,  whereas  RAP significantly  decreased IκB
phosphorylation (Figure 5B and D). No changes in TRAF2 or p-PI3K expression were
observed (Figure 5A and C). Immunofluorescence staining also revealed that JPQC
and  positive  control  agents  offered  therapeutic  effects  on  NF-κB  (Figure  5E),
suggesting that JPQC could inhibit the NF-κB/HIF-1α signalling pathway in BMDMs.

JPQC regulates tight junctions via the NF-κB/HIF-1α signalling pathway in Caco2
cells
Considering that epithelial barrier plays an important role in the pathogenesis of UC,
Caco2 cells were co-cultured with BMDMs to evaluate the relevance between mucosal
inflammation and intestinal  barrier  permeability  in this  study;  the experimental
procedure  is  shown in  Figure  6A.  We first  examined the  relevant  inflammatory
factors, and all the results of the relative mRNA expression levels of NF-κB, HIF-1α,
TNF-α,  IL-1β,  and  IL-10  as  well  as  the  ratios  of  NF-κB/actin  and  HIF-1α/actin
expression displayed that JPQC could inhibit inflammation through the NF-κB/HIF-
1α signalling pathway in Caco2 cells (Figure 6B-D). Next, we performed Western blot
analyses for the tight junction protein. The results showed that the expression of
Claudin-1 and ZO-1 was down-regulated in the TNF group and that JPQC improved
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Figure 4  Jian-Pi Qing-Chang restrains the HIF-1α signalling pathway in bone marrow-derived macrophages. A: The isolating method and culturing conditions
of bone marrow-derived macrophages (BMDMs) from wild-type C57BL/6 mice. Mature BMDMs were treated with TNF-α (20 ng/mL) in the presence or absence of
either Jian-Pi Qing-Chang (100 μg/mL) or rapamycin (2 μM) for 24 h, or pre-treated with pyrrolidinedithiocarbamate (50 μM) for 30 min; B: The relative mRNA
expression in BMDMs was measured by PCR; C-E: The relative protein expression in BMDMs was measured by Western blot; F: Immunofluorescence staining for
HIF-1α in BMDMs. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang;
PDTC: Pyrrolidinedithiocarbamate; RAP: Rapamycin.

this situation (Figure 6E and F), indicating that JPQC could regulate tight junctions in
Caco2  cells.  Double  immunofluorescence  staining  for  HIF-1α/Tublin  and  NF-
κB/Claudin-1 confirmed the previous findings (Figure 6G and H). Taken together,
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Figure 5

Figure 5  Jian-Pi Qing-Chang depresses the mTOR and NF-κB signalling pathways in bone marrow-derived
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macrophages. A-D: The relative protein expression in bone marrow-derived macrophages (BMDMs) was measured
by Western blot; E: Immunofluorescence staining for NF-κB in BMDMs. Data are presented as the mean ± SD. aP <
0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang; PDTC:
Pyrrolidinedithiocarbamate; RAP: Rapamycin.

JPQC could modulate tight junctions via the NF-κB/HIF-1α signalling pathway in
Caco2 cells.

JPQC improves intestinal epithelial barrier function via the NF-κB/HIF-1α signalling
pathway in DSS-induced colitis mice
To verify the abovementioned findings, we examined the upstream events of the NF-
κB/HIF-1α signalling pathway in a murine model. Western blot analyses showed that
the ratios of TRAF2/actin and p-IκB/IκB expression were obviously reduced in the
JPQC group compared with  those  in  the  DSS group,  whereas  the  changes  of  p-
PI3K/actin and p-Akt/Akt between the two groups were mild (Figure 7A-D). In the
meantime, JPQC ameliorated the declined expression of Claudin-1 and ZO-1 induced
by DSS (Figure 7E and F), suggesting that JPQC could improve intestinal epithelial
barrier function in DSS-induced colitis mice, and the subsequent immunofluorescence
staining for Claudin-1 further strengthened this finding (Figure 7G). Taken together,
all these data suggested that JPQC could improve the mucosal inflammatory response
and intestinal epithelial barrier function via the NF-κB/HIF-1α signalling pathway
during the development of UC, and the specific pathway diagram is described in
Figure H.

DISCUSSION
In the field of medical research, pharmaceutical development has consistently been an
urgent challenge, especially for TCM attributed to the multi-target interactions of the
complex ingredients  of  its  herbal  drugs[32].  One major  dilemma is  that  the  exact
therapeutic tactics are hardly defined in conventional studies due to the mild curative
effects for most individual targets.  Fortunately, the synergistic effects exerted by
multi-targets  of  many  Chinese  herbal  compounds  are  prominent,  which  are
responsible for the integral pharmacodynamics of TCM[33]. Thus, we tried to explore a
promising approach to obtain a comprehensive and systematic cognization of drug
action in the present study. By dint of systems pharmacology, we screened candidate
compounds, matched putative targets, and constructed PPI networks to harvest the
potential therapeutic targets of JPQC against UC, subsequently predicted the specific
signalling pathway, and finally validated our hypothesis through experiments in vivo
and in vitro.

First,  we performed compound screening and target matching based on open-
source initiatives and free web-based tools. Ultimately, 107 candidate compounds and
170 corresponding targets were obtained from JPQC, and then, PPI networks were
constructed to identify the underlying therapeutic targets of JPQC on UC. ClueGO
analyses revealed the RANKL/RANK signalling pathway and PI3K-AKT-mTOR
signalling pathway for the potential therapeutic targets, both of which have been
reported to be crucially involved in the inflammatory response.  In our previous
studies, JPQC has been proved protective for UC by inhibiting inflammation as well
as  by repairing intestinal  epithelial  barrier  function,  while  HIF-1α,  the  common
downstream  event  of  the  NF-κB  and  mTOR  signalling  pathways,  was  also
demonstrated to be associated with those processes[19,20,29]. Hence, we proposed our
hypothesis that JPQC might have a protective effect on UC via the NF-κB/HIF-1α
signalling pathway.

HIF-1α, as a central link to regulate the expression of many transcription factors
that impact inflammation, angiogenesis, and cancer, has been considered to mediate
many  diseases[34].  Evidence  shows  that  the  activation  of  the  NF-κB  and  mTOR
signalling  pathways  in  inflammation  can  trigger  the  nuclear  translocation  and
transcription of HIF-1α, leading to a series of inflammatory cascades[35,36]. Specifically,
during the development of UC, the expression of HIF-1α can result  in perpetual
inflammation, causing deficiency of the intestinal epithelial barrier function[29,37].

First, we evaluated the curative effects of JPQC on DSS-induced colitis mice and
confirmed that HIF-1α was involved in the process. Subsequently, considering the
pivotal role of macrophages in intestinal inflammation, BMDMs were isolated from
wild-type C57BL/6 mice to monitor the changes in the indicators of the NF-κB/HIF-
1α signalling pathway in the inflammatory reactions induced by TNF-α and the
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Figure 6  Jian-Pi Qing-Chang regulates tight junctions via the NF-κB/HIF-1α signalling pathway in Caco2 cells. A: The cell co-culture assay. Bone marrow-
derived macrophages (BMDMs) were co-cultured in the upper chamber of a trans-well plate, with Caco2 cells placed in the lower chamber on day 5. Mature BMDMs
were treated with TNF-α (20 ng/ml) in the presence or absence of either Jian-Pi Qing-Chang (100 μg/mL) or RAP (2 μM) for 24 h, or pre-treated with
pyrrolidinedithiocarbamate (50 μM) for 30 min; B: The relative mRNA expression in Caco2 cells was measured by PCR; C-F: The relative protein expression in Caco2
cells was measured by Western blot; G and H: Double immunofluorescence staining for HIF-1α/Tublin and NF-κB/Claudin-1 in Caco2 cells. Data are presented as the
mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang; PDTC: Pyrrolidinedithiocarbamate; RAP:
Rapamycin.

pharmacological actions of JPQC. In addition, to better simulate the physiological
environment  in  vivo,  Caco2  cells  were  co-cultured  with  BMDMs  to  explore  the
protective effects of JPQC on intestinal epithelial mucosal barrier function. The results
showed that treatment with TNFα activated the mTOR and NF-κB/HIF-1α signalling
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Figure 7

Figure 7  Jian-Pi Qing-Chang improves intestinal epithelial barrier function via the NF-κB/HIF-1α signalling pathway in dextran sulfate sodium-induced
colitis mice. A-F: The relative protein expression in colon tissues was measured by Western blot; G: Immunofluorescence staining for Claudin-1 in colon tissues; H:
The schematic diagram of therapeutic mechanism by which Jian-Pi Qing-Chang improves the mucosal inflammatory response and intestinal epithelial barrier function
during the development of ulcerative colitis. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. JPQC: Jian-Pi Qing-Chang; DSS: Dextran sulfate
sodium.
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pathway in BMDMs, thereby damaging the epithelial  barrier permeability in co-
cultured Caco2 cells, while JPQC rescued this situation. Interestingly, we found that
the indicators in the NF-κB signalling pathway were obviously restrained by RAP,
whereas  PDTC  presented  no  similar  influence  on  the  indicators  in  the  mTOR
signalling pathway, suggesting that the phosphorylation of mTOR might regulate the
NF-κB signalling  pathway in  some way,  which  has  also  been  reported  in  latest
investigations[38].  Furthermore, a murine model induced by DSS was used in this
research to confirm our previous findings, and the results revealed that the mTOR
and NF-κB/HIF-1α signalling pathways were highly involved in the therapeutic
mechanism of JPQC against UC. Taken together, all the data in our present study
demonstrated  that  JPQC  could  improve  UC  via  the  NF-κB/HIF-1α  signalling
pathway.

Limitations  should  be  acknowledged  that  bioinformatics-based  systems
pharmacology is  an analytical  methodology based on the existing data  network
platform,  where  the  bioinformatics  is  derived  from  massive  existing  studies.
However,  as an emerging research field,  there are still  many gaps in the current
bioinformatics, which might bring about biases in our systematic pharmacological
analyses.  Beyond  that,  our  research  has  proven  the  feasibility  of  systematic
pharmacology  in  the  pharmaceutical  development  of  TCM.  Hence,  further
interdisciplinary  research  and integrated  analyses  are  necessary,  and they  may
provide new perspectives on the development and clinical practice of TCM.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is a kind of common chronic disease with complex etiology, and it is
difficult to achieve a satisfactory curative effect by conventional drug treatments. Meanwhile,
pharmaceutical  development  has  always  been  an  urgent  dilemma in  the  field  of  medical
research. Thus, promising and novel research methods are urgently needed to be explored for
UC.

Research motivation
Mucosal inflammation and impairment of epithelial barrier function were thought to mediate the
pathogenesis of UC. HIF-1α was also demonstrated to be associated with those processes. Thus,
we explored the potential pharmacological mechanism of Jian-Pi Qing-Chang (JPQC) on UC,
which might provide a novel complementary tactic to the standard treatment.

Research objectives
To  explore  the  potential  pharmacological  mechanism  of  JPQC  on  UC  based  on  systems
pharmacology approach.

Research methods
Systems pharmacology was used in this  research to explore the potential  pharmacological
mechanism  of  JPQC  on  UC,  and  cell  co-culture  assay  was  applied  to  better  simulate  the
physiological environment in vivo.

Research results
The study showed the protective effect of JPQC on UC through cell and animal experiments.

Research conclusions
JPQC could  improve  the  mucosal  inflammatory  response  and intestinal  epithelial  barrier
function via the NF-κB/HIF-1α signalling pathway.

Research perspectives
The  feasibility  of  systematic  pharmacology  was  proved  in  this  research,  and  further
interdisciplinary  research  and  integrated  analyses  are  necessary  in  the  pharmaceutical
development of traditional Chinese medicine (TCM), which might provide new perspectives on
the development and clinical practice of TCM.
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