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Abstract: This study was performed to investigate the effect of moxibustion on the RAGE/TLR4-NF-κBp65 pathways 
and mucosal damage in rat model of 5-fluorouracil (5-Fu)-induced intestinal mucositis (IM) and the underlying 
mechanisms. 5-Fu treatment significantly increased the expression of the receptor for advanced glycation end prod-
ucts (RAGE) and its ligand, thehigh-mobility group box 1 protein (HMGB1), in the rat intestinal tissue. The inhibition 
of RAGE could induce the repair of intestinal mucosal damage and downregulate the expression of Toll-like receptor 
(TLR)-4 and nuclear factor kappa-B (NF-κB) p65 in intestinal tissues of 5-Fu-treated rats. Moxibustion treatment 
significantly improved the physical symptoms and repaired the intestinal mucosal damage of IM rats and increased 
the expression of tight junction proteins in these rats. The expression of RAGE, HMGB1, TLR4, NF-κBp65, and 
related downstream inflammatory factors, namely, tumor necrosis factor (TNF)-α, interleukin (IL)-6 and IL-1β, were 
significantly decreased after moxibustion treatment. A moxibustion dose of 15 min/day exerted a better therapeutic 
effect than a dose of 30 min/day. The phosphorylation of NF-κBp65 and IκBa is involved in reducing inflammation 
by regulating the RAGE signaling pathway. Moxibustion can reduce intestinal mucosal damage and inflammation in 
5-Fu-induced IM rats via modulation of the RAGE/TLR4-NF-κBp65 signaling pathways.
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Introduction

Chemotherapy, as one of the approaches used 
for cancer treatment, is accompanied by nor-
mal cell damage and thus results in severe 
adverse effects [1, 2]. Intestinal mucositis (IM) 
is one of the most common adverse effects of 
chemotherapy and induces changes in the 
structure, function and immunological response 
of the intestine. IM can lead to an increased 
risk of infection and may cause severe damage 
to the host’s immune system, which is life th- 
reatening [3]. This adverse effect is commonly 
observed in chemotherapy patients [4, 5] and 
occurs in about 80% of patients administered 
5-fluorouracil (5-Fu), a commonly used chemo- 
therapeutic drug [6]. Therefore, exploring st- 

rategies for decreasing IM reactions caused by 
5-Fu without affecting its anticancer effect is  
of great significance.

IM is a complex disease involving various muco-
sal tissues and cells changes [7, 8] and is asso-
ciated with the environment of the intestinal 
lumen and systemic inflammation [9]. Previous 
studies have shown that the activation of nu- 
clear factor kappa-B (NF-κB) by 5-Fu might be 
an important predisposing factor to IM and that 
NF-κB is highly activated in the small intestine 
after the administration of 5-Fu [10]. Activated 
NF-κB is involved in the regulation of the 
transcription and expression of inflammatory-
related genes, which results in injury to sub- 
mucosa and epithelial basal layer cells and 
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thereby leads to apoptosis and tissue damage 
[11]. Furthermore, the released inflammatory 
factors, such as tumor necrosis factor (TNF)-α 
and interleukin (IL)-1β, can form a negative 
feedback loop to activate the NF-κB pathway 
and aggravate mucosal injury. Toll-like receptor 
(TLR) is a key regulator of innate and adaptive 
immune responses that can activate NF-κB 
pathways. The TLR4/NF-κB pathway regulate 
the gene transcription and protein synthesis of 
a series of inflammatory cytokines, such as 
IL-1, IL-6 and IL-8, which worsens the intestinal 
mucosal damage [12].

Receptor for advanced glycation end products 
(RAGE) is a pattern recognition receptor that is 
widely found in many types of cells, including 
mononuclear macrophages [15, 16], endothe- 
lial cells [17], and smooth muscle cells [18]. 
This receptor induces signaling cascades that 
activate the NF-κB pathway by binding to a 
variety of ligands and thus causes inflammation 
and dysfunction in cells or tissues [19, 20]. A 
number of studies have recently shown that the 
RAGE/TLR4-NF-κB signaling pathways play a 
proinflammatory role in inflammation processes 
[13, 14]. Accordingly, controlling the activation 
of the RAGE/TLR4-NF-κB pathway might be a 
potent strategy for preventing the development 
of 5-Fu-induced IM.

Moxibustion can effectively regulate the im- 
mune function of the human body, improve 
mucosal lesions and reduce intestinal inflam-
mation. Numerous clinical studies have con-
firmed that moxibustion can reduce gastroin-
testinal adverse effects in patients receiving 
chemotherapy, such as diarrhea and vomiting, 
and improve their physique [21]. Studies have 
shown that moxibustion can reduce IM injury in 
rats by downregulating the expression of genes 
related to the TLR4- and NF-κBp65-related sig-
naling pathways [22, 23], and moxibustion can 
regulate RAGE expression in models of central 
nervous system inflammation [24, 25]. How- 
ever, whether the RAGE/TLR4-NF-κBp65 path-
ways play an important role in the action of 
moxibustion in the treatment of 5-Fu-induced 
IM remains unknown. 

In our current study, a rat model of IM was 
established for experiments in vivo and the 
lipopolysaccharide (LPS) induced Caco2 cell 
model were used in vitro. The aim of this study 
was to investigate the effects of moxibustion 

intervention on the RAGE/TLR4-NF-κBp65 
pathways and its protective effect on mucosal 
damage in 5-Fu-induced IM.

Materials and methods

Animals

Forty-eight clean-grade male Sprague-Dawley 
(SD) rats weighing 140-180 g were used at 4-6 
weeks of age. The rats were purchased from 
Zhejiang Viton Lihua Experimental Animal Te- 
chnology Co., Ltd., and maintained at the 
Animal Experimental Center of Shanghai Uni- 
versity of Traditional Chinese Medicine. We per-
formed the animal experiments in accordance 
with the procedures approved by the Animal 
Experimental Center (Animal Ethics No.: 
PZSHUTCM191220002) and implemented the 
relevant provisions from the Guidance Sugge- 
stions for the Care and Use of Laboratory 
Animals formulated by the Ministry of Scien- 
ce and Technology of the People’s Republic of 
China.

Rat model of IM

We used the rat model of chemotherapy-
induced IM established as previously described 
[26], which involves the intraperitoneal injec-
tion of a single dose of 5-Fu (150 mg/kg) on  
the 7th day. The rats in the Control, FPS-ZM1, 
Moxibustion-15 min/day and Moxibustion-30 
min/day groups received an intraperitoneal 
injection of the same dose of 0.9% sodium 
chloride solution.

Study procedure

The animal experiment lasted for 17 days. 
Starting on the 1st day, the rats in each moxi-
bustion intervention group were treated with 
mild moxibustion at the corresponding dosing 
schedule. A “pure moxa stick” (Suzhou Moxa 
Co., Ltd. China) was placed above the acu-
points, 1.5-3 cm from the skin of rats. The 
methods used for locating these points were 
strictly in accordance with “Experimental 
Acupuncture and Moxibustion”. The Guanyuan 
(CV 4), Qihai (CV 6) and Bilateral Tianshu (ST 
25) acupoints were selected as the mild moxi-
bustion acupoints. The moxibustion treatments 
were implemented once a day for 16 consecu-
tive days, and on each of these days, the rats  
in the other groups received the same fixation 
without moxibustion. In addition, the rats in the 
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5-Fu+FPS-ZM1 and FPS-ZM1 (a specific inhibi-
tor of RAGE) groups were administered intra-
peritoneal injections of FPS-ZM1 (1 mg/kg) 
once a day for 16 consecutive days, and those 
in the other groups received intraperitoneal 
injections of 0.9% sodium chloride solution on 
each of these treatment days to control for the 
difference caused by nontreatment factors.

On the 7th day after treatment, an intraperito-
neal injection of 5-Fu was administered to the 
rats in the groups that should be received che-
motherapy. The physical signs and symptoms 
(body weight, food consumption and stool con-
dition) of the rats in each of the groups were 
recorded on the day of modeling (before model-
ing). One piece of fresh feces from each rat was 
collected each day for the fecal occult blood 
test (FOBT). The health status was scored 
according to the “Disease Activity Index” (DAI) 
[27] and recorded. Briefly, the DAI scores the 
health status of rats based on their weight loss, 
stool consistency and fecal occult blood. Each 
of these items was given a score in the range of 
0 to 4 based on the severity, and the mean 
value from the three items was considered the 
DAI score (Table S1). Please see Supplementary 
Material for details on methods of moxibustion 
and sacrifice of animals, and preparation of 
intestinal tissue sections.

Fecal occult blood test

A small amount of feces was dipped on a clean 
vessel with cotton swabs, and occult blood in 
feces was assessed using Fecal Occult Blood 
Test Kit (#JLC14582, Gelatins, China). The fae-
ces samples were mixed with PBS at a ratio of 
1:9. After homogenized and centrifuged, the 
supernatant was taken for detection. Fifty 
microliters of standard samples at different 
concentrations (40, 20, 10, 5, 2.5 and 1.25 
mg/ml) were added to each standard well. 50 
μl of each sample were added to each sample 
well. Incubated at 37°C for 1 h and developed 
chromogenic reaction in the dark for 15 min. 
After termination, the absorbance at 450 nm 
was measured.

Hematoxylin eosin and immunofluorescence

The whole intestine was removed immediately 
after sacrifice and opened longitudinally after 
washed with ice-cold PBS as previously de- 
scribed [28]. For the murine samples, Immu- 
nofluorescence was performed to detect total 

RAGE (anti-mouse RAGE, Abcam) overnight at 
4°C. After three washes with PBS, the sec- 
tions were incubated with secondary antibody, 
dabbed dry, and incubated with DAPI for 5 min. 
The cells were then overlaid with coverslips and 
sealed through the application of nail polish.

Western blotting

After preparation of a separation gel (10%) and 
a stacking gel, 6 μl of marker and 10 μl of ea- 
ch sample were added with a pipette gun. 
Polyacrylamide gel electrophoresis was per-
formed at a constant voltage of 100 V until the 
dye approached the top of the separation gel, 
and electrophoresis was then performed at a 
constant voltage of 130 V for approximately 1 
h. The gel was placed in Western transfer buf-
fer and assembled in the transfer clamp in the 
appropriate sequence. The clamp was then 
inserted into the wet transfer slot, the current 
was set to 220 mA for 2 h at room temperature, 
and the samples were transferred to nitroce- 
llulose membranes. After blocking in 5% BSA 
for 2 h, the nitrocellulose membranes were cut 
according to the target protein and marker.  
We used rabbit monoclonal antibodies direct- 
ed against the tight junction protein occludin 
(#91131), ZO-1 (#13663), RAGE (#6996), TLR4 
(#14358), NF-κBp65 (#8242) and p-NF-κBp65 
(#3033) (CST, USA), and the membranes were 
incubated with these antibodies on a shaker 
(60 rpm) overnight at 4°C. The cells were then 
incubated with peroxidase-conjugated goat 
anti-rabbit IgG (#7074) (CST, USA). A visualizer 
was then used to observe the stripe, and the 
grayscale value was calculated using ImageJ.

Quantitative real-time PCR

Tumor tissues were homogenized with 1 mL TRI 
reagent to extract total RNA. cDNA was synthe-
sized by reverse transcription of total RNA (Epi- 
centre). Quantitative real-time PCR (qRT-PCR) 
was carried out as previously described [29]. 
The Oligonucleotide primers for target genes 
(RAGE, HMGB1, NF-κBp65, IkBα, TLR4, and 
GAPDH) were shown in Table S2.

Enzyme-linked immunosorbent assay (ELISA)

The expression of serum TNF-α, IL-6 and IL-1β 
in the samples was determined using ELISA 
kits (Shinny BIO, Shanghai, China) according to 
manufacturer’s instructions. Fifty microliters of 
standard proteins at different concentrations 
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(1000, 500, 250, 100 and 50 pg/ml) were 
added to each standard well. Ten microliters of 
each sample were added to each sample well 
with 40 μl of the diluent. The sealing plate was 
repeatedly incubated at 37°C for 30 min and 
washed with distilled water. Fifty microliters of 
chromogenic agents A and B were added to 
each well, and the plate was incubated in the 
dark at 37°C for 15 min. Subsequently, 50 μl of 
termination fluid was added to each well, and 
the absorbance at 450 nm was measured.

Cell origin and culture

The human colon cancer cell line Caco2 was 
purchased from the Cell Bank of Chinese 
Academy of Sciences (Shanghai, China). Caco2 
cells were cultured in DMEM supplemented 
with 10% FBS, 100 units/mL penicillin and 100 
units/mL streptomycin in a 5% CO2 humidified 
atmosphere at 37°C. For each experiment, 
DMEM medium was used to further dilute 5 
mg/ml LPS stock solutions to acquire various 
required concentrations of LPS, as shown in 
Table S3.

Cell proliferation and cytotoxicity assay (CCK-8 
kit)

Cell proliferation and cytotoxicity were detected 
using CCK-8 kit. Cells were seeded into 96-well 
plates at a density of 8×104 cell/well (5 dupli-
cate wells for each group) and cultured in incu-
bator for 24 h. After the cells adhered to the 
wall, change the liquid for starvation treatment 
for 12 h. Remove the waste solution, DMEM 
with different concentrations of LPS was added, 
100 μL per well and cultured in incubator for 24 
h or 48 h. Then DMEM containing 10% CCK-8 
was added for continued culture for 1 h, OD 
value of cells was measured by a microplate 
reader at the wavelength of 450 nm.

Statistical analysis

The data were analyzed using SPSS 25.0 (IBM 
Co., Armonk, NY, USA). The measurement data 
are expressed as the means ± SEMs. For data 
showing a normal distribution and variance, 
multiple sample means were compared by one-
way ANOVA with the least significant difference 
method (LSD-t). Dunnett’s T3 test was used  
to compare the data showing variance hete- 
rogeneity.

Results

Effects of moxibustion on physical signs and 
mucosal injury in 5-Fu-induced IM rats

Previously, we showed that moxibustion was 
sufficient to ameliorate intestinal mucositis in 
chemotherapy-induced IM rats. In the present 
study, to investigate the mechanism of moxi-
bustion on chemotherapy-induced intestinal 
mucositis, 5-Fu was intraperitoneal injected to 
the rats at first. No significant difference in 
body weight and variation in food consumption 
was found among the Control, 5-Fu, 5-Fu+ 
Moxibustion-15 min/day, 5-Fu+Moxibustion-30 
min/day, Moxibustion-15 min/day and Moxibu- 
stion-30 min/day groups (Figures 1A, 1B and 
S1A, S1B). After the 5-Fu combined Moxibus- 
tion application, the DAI scores (Figure 1B)  
was lessened following the addition of Moxi- 
bustion in a dose-dependent manner in com-
bined group, comparing with 5-Fu alone model 
group (Figures 1C and S1C).

Images of HE staining indicated that the 
Control, Moxibustion-15 min/day and Moxibu- 
stion-30 min/day groups presented intact and 
neatly arranged ileal epithelium structures, 
with no obvious lesions (Figures 1D and S1D). 
The 5-Fu group exhibited severe mucosa dam-
age with incomplete and disorganized epithelial 
villi, destroyed structures, smaller crypt depths, 
thinner mucous membranes and separation of 
the upper cortex and lamina propria, whereas 
the 5-Fu+Moxibustion-15 min/day group sh- 
owed separation between the upper cortex and 
lamina propria, and 5-Fu+Moxibustion-30 min/
day groups presented separation between the 
upper cortex and lamina propria, edema in st- 
roma and mild injury to the ileac epithelium 
structure (Figures 1D and S1D). In addition, we 
measured the ileal villous height, crypt depth, 
mucosal thickness, and colonic mucosal thick-
ness (Figures 1E-H and S1E-H). All the results 
suggested that moxibustion treatment signifi-
cantly improved the physical signs and symp-
toms of 5-Fu-treated rats, and 15 min/day  
of moxibustion exerted a better therapeutic 
effect.

Effects of moxibustion on the tight junction 
proteins and proinflammatory cytokines in 
5-Fu-induced IM rats

Since the expression and distribution of Oc- 
cludin and ZO-1 were closely related to endo-
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Figure 1. Moxibustion improved the physical signs, reduced the intestinal tissue damage and increased tight junc-
tion protein expression in 5-Fu-induced IM rats. (A) Body weights, (B) food consumption and (C) DAI scores of rats 
in the six groups after 0-9 days of chemotherapy. The points represent the mean ± SEMs (n = 6 per group). (D) 
Representative HE staining images showing the pathological changes in ileum and colon tissues. Scale bar: 200 
μm. A quantitative analysis of (E-G) the ileal villus height, crypt depth, mucosal thickness and (H) colonic mucosal 
thickness indicated that moxibustion alleviated the intestinal mucosal villus shortening, crypt shallowing and mu-
cosal thinning caused by 5-Fu. The bars represent the means ± SEMs (n = 6 per group). aP < 0.05 and bP < 0.01 vs 
the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; eP < 0.05 and fP < 0.01 vs the 5-Fu+Moxibustion-15 
min/day group.

thelial cell permeability, we examined the local-
ization and expression levels of occludin and 
ZO-1 by WB assay in the intestinal tissue from 
the 5-Fu-induced IM rats with or without mo- 
xibustion treatment (Figures 2A and S2A).  
The expression of these two proteins in the 
5-Fu+Moxibustion-15 min/day and 5-Fu+Moxi- 

bustion-30 min/day groups was mostly signifi-
cantly higher than that in the 5-Fu group and 
mostly tended to show significant differences 
compared with the Control group (Figure 2A). 
However, the expression of ZO-1 in the Moxi- 
bustion-15 min/day and Moxibustion-30 min/
day groups was lower than that in the Control 
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Figure 2. This is a figure. Schemes follow the same formatting. Moxibustion improved the expression of occludin, 
ZO-1 and proinflammatory cytokines in 5-Fu-induced IM rats. (A) Representative Western blot images showing the 
protein expression of occludin, ZO-1 and GAPDH (loading control). A quantitative analysis indicated that moxibustion 
induced recovery of the 5-Fu-mediated reduction in occludin and ZO-1 expression in the ileum, and a moxibustion 
dose of 15 min/day was more effective in restoring mucosal injury caused by 5-Fu. The bars represent the means 
± SEMs (n = 4 per group). aP < 0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; 
eP < 0.05 and fP < 0.01 vs the Moxibustion-15 min/day group; hP < 0.01 vs the Moxibustion-30 min/day group. (B) 
Moxibustion intervention reduced the 5-Fu-induced expression of TNF-α, IL-6 and IL-1β in serum. The serum expres-
sion of TNF-α, IL-6 and IL-1β was evaluated by ELISA. The bars represent the means ± SEMs (n = 6 per group). aP < 
0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; eP < 0.05 and fP < 0.05 vs the 
5-Fu+Moxibustion-15 min/day group.

group, whereas the expression of occludin in 
the Moxibustion-15 min/day group was higher 
than that in the Control group (Figure S2A). 
These results indicated that moxibustion inter-
vention significantly restored the decreases in 
tight junction protein expression caused by 
5-Fu.

To investigate the mechanism of Moxibustion 
on intestinal mucositis, we analyzed the serum 
levels of inflammatory cytokines/chemokines, 
including TNF-α, IL-6 and IL-1β by ELISA an- 
alysis. As shown Figure 2B, the expression of 
all three factors was lower in the 5-Fu+Moxi- 
bustion-15 min/day and 5-Fu+Moxibustion-30 
min/day groups than in the 5-Fu group, but was 
still significantly higher than that in the Control 
group. Moreover, moxibustion intervention at 

15 min/day exerted a better effect on reducing 
the 5-Fu-induced expression of TNF-α and IL-1β 
than the dose of 30 min/day (Figures 2B and 
S2B).

Effects of moxibustion on RAGE and HMGB1 
expression in 5-Fu-induced IM rats

Emerging studies have found that the promo-
tion effect of RAGE on intestinal mucositis is 
mainly related to TLR4-NF-κB signaling pathway 
[13-15]. To explore underlying mechanisms of 
RAGE on 5-Fu-induced IM rats, an immunofluo-
rescence analysis was performed to detect the 
expression of RAGE. As shown Figure 3A, the 
average fluorescence intensity of RAGE in the 
ileum and colon of the rats in the 5-Fu group 
was significantly higher than that in the Control 
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Figure 3. Moxibustion reduced the expression of RAGE and HMGB1 in rat intestinal tissues. A. upper: Representa-
tive immunofluorescence images showing the expression of RAGE (green) in the ileum and colon. Scale bar: 50 
μm. lower: A quantitative analysis indicated that moxibustion reduced the 5-Fu-induced expression of RAGE in the 
ileum and colon, and moxibustion intervention at 15 min/day exerted a better inhibitory effect. The intensity of the 
immunofluorescence intensity of RAGE in four fields of each tissue per rat was quantified using Image J. The bars 
represent the means ± SEMs (n = 4 per group). bP < 0.01 vs the Control group; dP < 0.01 vs the 5-Fu group; eP < 
0.05 and fP < 0.01 vs the 5-Fu+Moxibustion-15 min/day group. B. Representative Western blot images showing the 
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protein expression of RAGE and GAPDH (loading control). A quantitative analysis indicated that moxibustion reduced 
the 5-Fu-induced expression of RAGE expression in the ileum and colon. Moxibustion intervention at 15 min/day 
exerted a better inhibitory effect. The bars represent the means ± SEMs (n = 4 per group). aP < 0.05 and bP < 0.01 vs 
the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; fP < 0.01 vs the 5-Fu+Moxibustion-15 min/day group. 
C. The mRNA expression of HMGB1 in the ileum and colon was evaluated by qPCR. The bars represent the means 
± SEMs (n = 6 per group). aP < 0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; 
eP < 0.05 and fP < 0.01 vs the 5-Fu+Moxibustion-15 min/day group.

group. Moreover, moxibustion treatment re- 
duced 5-Fu-induced RAGE expression, and a 
moxibustion dose of 15 min/day was more ef- 
fective in reducing RAGE expression than that 
in a moxibustion dose of 30 min/day (Figures 
3A and S3A).

Similarly, the protein expression of RAGE was 
down-regulated in Moxibustion incubated 5- 
Fu-induced intestinal tissue compared with 
that not exposed to the Moxibustion treatment 
(Figures 3B and S3B). Consistent with western 
blot results, the effect of Moxibustion treat-
ment on 5-Fu-induced intestinal tissue was 
verified by the increased HMGB1 aggregation 
in our qPCR analysis (Figures 3C and S3C).

Effects of moxibustion on TLR4 and NF-κBp65 
expression in intestinal tissues of 5-Fu-induced 
IM rats

We further performed WB and qPCR analyses 
to detect the protein and mRNA expression of 
TLR4 and NF-κBp65 in intestinal tissues, and 
trend of the changes in these proteins was con-
sistent with that found for RAGE. Specifically, 
the relative expression of TLR4 and NF-κBp65 
in ileal and colon tissues was significantly high-
er in the 5-Fu group than in the Control group 
(Figure S4A, S4B), and moxibustion interven-
tion reduced the 5-Fu-induced increase in TLR4 
and NF-κBp65 expression (Figure 4A, 4B). Con- 
sistent with western blot results, qPCR results 
respectively suggested that the expression of 
TLR4 in the colon and ileum was lower in the 
5-Fu+Moxibustion-15 min/day group than in 
the 5-Fu+Moxibustion-30 min/day group (Fi- 
gures 4C and S4C).

RAGE inhibition improved mucosal injury and 
downregulated TLR4 and NF-κBp65 expres-
sion in 5-Fu-induced IM rats

To further investigate whether RAGE contribut-
ed to active TLR4/NF-κB pathway, we added 
FPS-ZM1 which is RAGE inhibiter, to test if the 
activation of RAGE on TLR4/NF-κB pathway in 

intestinal mucositis of 5-Fu-induced IM rats.  
As expected, the ileal damage induced by 5-Fu 
was alleviated by FPS-ZM1 (Figure 5A). We fur-
ther measured the ileal villous height, crypt 
depth, mucosal thickness, and colonic muco- 
sal thickness. However, no significant differ-
ence in these variables with the exception of 
the ileal villous height was detected between 
the 5-Fu+FPS-ZM1 and Control groups, where-
as the ileal villous height of the 5-Fu+FPS-ZM1 
group was significantly improved compared 
with that of the 5-Fu group (Figure 5B-D). These 
results suggested that the inhibition of RAGE  
at least partially improved the IM injury caused 
by 5-Fu.

In addition, it indicated that a significant in- 
creases in the TLR4 and NF-κBp65 protein 
expression level in ileum and colon tissues of 
5-Fu group compared with those in the Control 
group (Figure 5E, 5F). No significant difference 
in the expression of these proteins with the 
exception of the expression of NF-κBp65 pro-
tein in the colon was found between the FPS-
ZM1 and Control groups. The expression of 
TLR4 and NF-κBp65 proteins in the 5-Fu+FPS-
ZM1 group was significantly lower than that in 
the 5-Fu group but still significantly differ from 
that in the Control group (Figure 5E, 5F). The 
above-presented results suggested that the 
inhibition of RAGE at least partially reduced the 
5-Fu-related overexpression of TLR4 and NF- 
κBp65 in intestinal tissues and that IM in- 
jury might be alleviated by downregulating the 
RAGE/TLR4-NF-κBp65 signaling pathways.

RAGE inhibition reduced LPS-induced prolifer-
ation inhibition of Caco2 cells and downregu-
lated RAGE signaling pathway

To explore underlying mechanisms of RAGE on 
inflammation in vitro, we placed Caco2 cells 
which pretreatment with various concentra-
tions of LPS for 24 h as described in Method. 
The results showed that intervention with vari-
ous concentrations of LPS for 24 h did not 
affect cell proliferation (Figure 6A). When the 
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Figure 4. Moxibustion reduced the expression of TLR4 and NF-κBp65 in rat intestinal tissues. A, B. Representative 
Western blot images showing the protein expression of TLR4, NF-κBp65 and GAPDH (loading control). A quantitative 
analysis indicated that moxibustion reduced the 5-Fu-induced expression of TLR4 and NF-κBp65 in the ileum and 
colon. Moxibustion intervention at 15 min/day exerted a better inhibitory effect. The bars represent the means ± 
SEMs (n = 4 per group). aP < 0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; eP 
< 0.05 and fP < 0.01 vs the Moxibustion-15 min/day group. C. The mRNA expression of TLR4 and NF-κBp65 in the 
ileum and colon was evaluated by qPCR. The bars represent the means ± SEMs (n = 6 per group). aP < 0.05 and 
bP< 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 5-Fu group; eP < 0.05 vs the Moxibustion-15 min/day 
group.
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Figure 5. RAGE inhibition improved intestinal tissue injury and downregulated TLR4 and NF-κBp65 expression. (A) 
Representative HE staining images showing pathological changes in ileum and colon tissues. Scale bar: 200 μm. A 
quantitative analysis of (B-D) the ileal villous height, crypt depth, and colonic mucosal thickness indicated that the 
inhibition of RAGE alleviated the intestinal mucosal villus shortening, crypt shallowing and mucosal thinning caused 
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by 5-Fu. The bars represent the means ± SEMs (n = 6 per group). bP < 0.01 vs the Control group; cP < 0.05 and dP < 
0.01 vs the 5-Fu group; eP < 0.05 vs the 5-Fu+FPS-ZM1 group. (E, F) Representative Western blot images showing 
the protein expression of TLR4, NF-κBp65 and GAPDH (loading control). A quantitative analysis indicated that the 
inhibition of RAGE reduced 5-Fu-related TLR4 and NF-κBp65 expression in the ileum and colon. The bars represent 
the means ± SEMs (n = 4 per group). aP < 0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the 
5-Fu group; eP < 0.05 and fP < 0.01 vs the 5-Fu+FPS-ZM1 group.

concentration of LPS was ≥ 1 μg/mL and the 
time was 48 h, it significantly inhibited the pro-
liferation of Caco2, and the inhibitory effect 
was enhanced with the increase of LPS concen-
tration (data not shown). However, the prolifera-
tion of Caco2 cells were decreased after treat-
ed with LPS within a certain concentration 
range (1, 10, 20, 30 μg/mL) and the IC50 (50% 
growth inhibitory values) was 13.6 μg/mL for 
48 h (Figure 6A).

Then, LPS coculture with Caco2 cells which 
were pre-treated with FPS-ZM1 (100, 500 and 
1000 nM) for 1 h. We found that the secretion 
levels of the inflammatory cytokines including 
TNF-α, IL-1β and IL-6 were significantly decre- 
ased after FPS-ZM1 added compared with 
those in LPS group only (Figure 6B). These 
results suggested that RAGE is involved in the 
inflammatory induced by LPS in Caco2. To fur-
ther investigate whether RAGE/NF-κBp65 axis 
contributed to the LPS-induced inflammatory 
damage, we detected the expression levels  
of occluding and ZO-1, as well as p-p65 and 
p-IKBα by WB assay and qPCR. Results show- 
ed that with LPS stimulation for 48 h, the 
expression of occluding and ZO-1 significantly 
decreased, with RAGE, p-p65 and p-IKBα sig-
nificantly increased in LPS groups; which were 
restored by FPS-ZM1. The degree of recovery 
depends on the concentration of FPS-ZM1 
(Figure 6C-F). The above-presented results 
suggested that RAGE/NF-κBp65 axis plays a 
critical role in LPS-induced pro-inflammatory 
effect in Caco2 cells.

Discussion

Our results suggested the following: the in- 
duction of IM pathogenesis by 5-Fu is mediated 
by RAGE; the RAGE/TLR4-NF-κBp65 pathways 
might be involved in the resulting changes in 
the animal’s physical signs, intestinal mech- 
anical barriers and associated inflammatory 
responses during the development of IM; Mo- 
xibustion intervention at the Guanyuan, Tianshu 
and Qihai points can reduce the pathological 
changes observed in 5-Fu-induced IM by in- 

hibiting the RAGE/TLR4-NF-κBp65 signaling 
pathways to improve the symptoms and signs 
of rats (Figure 7).

The 5-Fu-induced IM rat model is widely used 
because it mimics the clinical manifestations  
of IM, such as weight loss, gastrointestinal 
dysmotility and intestinal inflammation [26, 30, 
31]. In this study, compared with the control 
group, 5-Fu caused weight loss, decreased 
food consumption, increased DAI score and 
degree of intestinal mucosal damage, and de- 
creased the expression of tight junction pro- 
tein in IM rats. To assess the role of RAGE in the 
pathogenesis of IM, we used FPS-ZM1 as a 
specific inhibitor of RAGE [32, 33]. The results 
showed that the inhibition of RAGE decreased 
the expression of TLR4 and NF-κBp65 and 
improved the degree of intestinal histopatho- 
logical injury. This finding suggested that RAGE 
might be an important link in mediating IM 
pathogenesis, which is consistent with the re- 
ported results. Consistent with our study, Costa 
et al. [34] found that the administration of 5-Fu 
causes significantly increased expression of 
RAGE in the intestinal mucosal and villi sh- 
ortening, crypt loss, inflammatory cell infiltra- 
tion. In addition, 5-Fu-induced apoptosis has 
been reported to trigger the release of HMGB1, 
which stimulates TLR4 and causes the immune 
response so as to achieve successful treat- 
ment [35]. Accumulating data also indicate that 
RAGE expression was upregulated in the small 
intestine and colon of patients with inflamma- 
tory bowel disease (IBD) [36]. Inhibiting RAGE 
expression could significantly improve the re- 
lated symptoms of IM [37, 38].

As a transcription factor known to regulate 
various inflammatory and immune responses, 
NF-κBp65 controls many proinflammatory cyto-cyto-
kines. The abnormal activation of p65 is closely 
related to the occurrence of inflammatory bowel 
injury, and the inhibition of p65 activation has 
become an important research direction for 
inflammatory intestinal diseases. During in- 
flammation, a pattern recognition receptor of 
RAGE can bind to many ligands [19, 20], such 
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Figure 6. Effect of RAGE inhibitors on RAGE/NF-κBp65 signaling pathway in LPS-induced cell. A. The LPS concentra-
tions and growth inhibition rate curve (n = 3). B. TNF-α, IL-6, and IL-1β levels in supernatant were evaluated using 
ELISA. The bars represent the means ± SEMs (n = 4 per group). C. Different concentrations of FPS-ZM1 on LPS-
induced tight junctions and expression of RAGE protein. D. mRNA expression levels of RAGE in different groups. E. 
Western blot analysis of p-IKBα and p-p65 in different groups. Quantifications of migrated cells from three indepen-
dent experiments. F. mRNA expression levels of p-IKBα and p-p65 in different groups. The bars represent the means 
± SEMs (n = 3 per group). aP < 0.05 and bP < 0.01 vs the Control group; cP < 0.05 and dP < 0.01 vs the LPS group; 
eP < 0.05 and fP < 0.01 vs the 500 nM+LPS group; gP < 0.05, hP < 0.01 vs the 1000 nM + LPS group.
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as advanced glycation end products (AGEs), 
S100 proteins, HMGB1, amyloid β-protein (Aβ), 
modified DNA, and RNA [39], which activate 
NF-κB signaling via a cascade reaction to cause 
inflammation or dysfunction in cells or tissues.

The HMGB/TLR axis, which is the upstream 
regulatory signal of NF-κB, plays a key role in 
most of inflammatory responses in the body 
[40, 41]. Previous studies have shown the 
effect of TLR4 in mediating chemotherapy-
induced mucositis [42]. The role of the RAGE/
TLR4NFκB pathways in mediating the proin- 
flammatory effect have also been confirmed. 
Some evidence suggests that AGEs and lipo- 
polysaccharide LPS increase IL-6 secretion via 
the RAGE/TLR4NFκBROS pathways in the J774 
murine macrophage cell line [43]. However, 
whether the RAGE/TLR4NFκB pathways are 
related to chemotherapy-induced IM has not 
yet been reported. In this study, we further 
studied the role of RAGE/TLR4NFκB signaling 
pathway in 5-Fu-induced IM, and found that 
5-Fu increased the expression of RAGE, TLR4 
and NF-κBp65 in the ileum and colon, and the 
severity of intestinal damage and expression  
of TLR4 and NF-κBp65 was reduced by the 
inhibiton of RAGE. These findings suggest that 
the RAGE/TLR4-NF-κBp65 pathways might be 
important in improving intestinal injury and the 
inflammatory in 5-Fu-induced IM.

Previous reports showed that the roles of 
HMGB1 and RAGE were shown to be mediated 
by transient phosphorylation and activation of 
various signaling molecules, such as p38, 
ERK1/2, IκBα and p65 proteins [44, 45]. To 
detect the effect of RAGE in intestinal injury 
and the inflammatory, an LPS-induced cell da- 
mage model was established. We found that 
inhibition of RAGE significantly inhibited tight 
junction protein decrease and inflammatory 
response, which is related to the phosphoryla-
tion and nuclear translocation of NF-κB, and 
thus cause the synthesis and release of cy- 
tokines.

Several recent studies have confirmed that 
moxibustion pretreatment at the Tianshu point 
reduced IM-related damage in UC rats by down-
regulating the expression of TLR family and the 
signaling pathway-related molecules [22, 46]. 
Further research confirms that drug-separated 
moxibustion can decrease the expression of 
NF-κBp65 and the downstream proinflamma-
tory factors TNF-α and IL-1β in the colon, which 
promotes the healing of colonic ulcer tissue, 
reduces mucosal connective tissue edema, 
and thereby improves intestinal inflammation 
[23, 47]. In addition, a previous study has also 
confirmed that herb-partitioned moxibustion 
exerts a significant regulatory effect on the 
TLR4/NF-κB pathway [48] and can causeeffi-

Figure 7. Graphical abstract of factors participated in moxibustion regulation of IM.
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cient therapeutic effects on improving colonic 
injury and inhibiting colonic inflammation in 
rats with CD [49]. Our current findings demon-
strated that moxibustion inhibited the expres-
sion of the RAGE/TLR4-NF-κBp65 signaling 
pathways in intestinal tissues and reduced 
5-Fu-induced IM injury, and the dose of 15 min/
day exerted a better therapeutic effect. These 
findings for the first time demonstrated that 
moxibustion plays a therapeutic role in 5-Fu- 
induced IM pathogenesis by regulating the 
RAGE/TLR4-NF-κBp65 pathways and consti-
tutes the first assessment of the effect of two 
different moxibustion treatment dosages. 

We have confirmed that the RAGE/TLR4-NF-
κBp65 pathways might play an important role 
in the development of 5-Fu-induced IM. Moxi- 
bustion improves intestinal tissue damage and 
the inflammatory response of IM by inhibiting 
the RAGE/TLR4-NF-κBp65 pathways. Different 
durations of mild moxibustion treatment exert 
different therapeutic effects, and moxibustion 
for 15 min/day offers a better therapeutic 
effect than 30 min/day.

Conclusion

Our study suggests that the RAGE/TLR4-NF-
κBp65 pathways might play a key role in the 
mechanism of action of moxibustion in 5-Fu- 
induced IM. The RAGE/TLR4-NF-κBp65 signal-
ing pathways appear to be a valuable research 
direction for assessing the effects of moxibus-
tion about the adverse effects in the gastroin-
testinal system induced by chemotherapy.
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Supplementary material

Animals treatment with moxibustion

After adaptive feeding for 1 week, the rats were randomly divided into eight groups: Control (healthy rats 
that received only saline solution), Moxibustion-15 min/day (healthy rats that received moxibustion for 
15 min once per day), and Moxibustion-30 min/day (healthy rats that received moxibustion for 30 min 
once per day). Each group consisted of six rats.

Sacrifice of rats

On the 16th day after treatment, each group was fasted for 24 h, and on the 17th day, the rats were sac-
rificed for sample collecting. Briefly, the rats were anesthetized by intraabdominal injection with 3% 
pentobarbital sodium (2 ml/kg), and blood samples were collected from the rat hearts through the 
space at the left between the third and fourth ribs using a 5-ml syringe with a 0.21-mm internal diame-
ter-needle. The samples were stored overnight at 4°C, centrifuged at 3000 rpm and 4°C for 15 min to 
separate the serum, and then stored at -80°C. After blood sample collecting, the abdominal cavity was 
opened to separate the intestinal tissues. Ileum and colon samples were separated 1 cm from the 
upper and lower ileocecal section, and samples consisting of 6-8 cm of each section were collected. 
After removal, the intestine was cut longitudinally along the mesenteric line, rinsed in normal saline and 
divided into two parts: 3 cm of each sample was fixed in 4% paraformaldehyde and stored at 4°C, and 
the rest of the sample was stored in liquid nitrogen.

Preparation of intestinal tissue sections

The intestinal tissues fixed in 4% paraformaldehyde were dehydrated in a dehydration box and then 
sequentially immersed in 30% alcohol, 50% alcohol, 70% alcohol, 80% alcohol and 90% alcohol (40 min 
in each solution). Subsequently, 95% alcohol and anhydrous ethanol were used to remove the water in 
the tissues (incubated in each solution for 20 min). The tissues were then treated with xylene I and II (20 
min with each solution), embedded in paraffin and sectioned into 4-μm slices.
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Table S1. Disease activity index
                            Score
Items 0 1 2 3 4

Weight loss (%) (-) 1-5 5-10 11-15 > 15
Stool consistency Normal Loose Diarrhea
Occult/gross bleeding Normal Guaiac (+) Gross bleeding
DAI (Combined score from the weight loss, stool consistency and bleeding)/3

Table S2. PCR primers
gene Forward primer Reverse primer
RAGE CTGCCTCTGAACTCACAGCCAAT TCCTGGTCTCCTCCTTCACAACTG
HMGB1 CCTCCTTCGGCCTTCTTCTTGTTC TCATCCGCAGCAGTGTTGTTCC
NF-κBp65 [1] GACCTGGCATCTGTGGACAAC TCCGCAATGGAGGAGAAGTCT
IkBα ATGGCCAAGTGCAGGAAC GTCAAGGAGCTGCAGGAGAT
TLR4 TTGCTGCCAACATCATCCAGGAAG CAGAGCGGCTACTCAGAAACTGC
GAPDH GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT

Table S3. Grouping of cells for differential treatment
Groups Treatment
Control -
LPS pre-experimental Treated with 0.1 μg/mL, 1 μg/mL, 10 μg/mL, 20 μg/mL and 30 μg/mL LPS for 24 h and 48 h, respectively
LPS Treated with 13.6 μg/ml LPS for 48 h
100 nM+LPS Treated with 100 nM FPS-ZM1 for 1 h then 13.6 μg/ml LPS for 48 h
500 nM+LPS Treated with 500 nM FPS-ZM1 for 1 h then 13.6 μg/ml LPS for 48 h
1000 nM+LPS Treated with 1000 nM FPS-ZM1 for 1 h then 13.6 μg/ml LPS for 48 h
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Figure S1. Effect of Moxibustion on intestinal tissue damage. (A) Body weights, (B) food consumption and (C) DAI 
scores of rats in the six groups after 0-9 days of chemotherapy. (D) Representative HE staining images showing the 
pathological changes in ileum and colon tissues. Scale bar: 200 μm. A quantitative analysis of (E-H) the ileal villus 
height, crypt depth, and colonic mucosal thickness. The bars represent the means ± SEMs (n = 6 per group). A 
quantitative analysis indicated that there is no significant difference between moxibustion group and Control group.
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Figure S2. Effect of Moxibustion on tight junction proteins and proinflammatory cytokines in vivo. (A) Western blot-
ting analysis of occluding and ZO-1 levels in intestinal tissue after mice treatment with or without Moxibustion. 
GAPDH is the loading control. The bars represent the means ± SEMs (n = 6 per group). (B) The serum expression of 
TNF-α, IL-6 and IL-1β was evaluated by ELISA. The bars represent the means ± SEMs (n = 6 per group). A quantitative 
analysis indicated that there is no significant difference between moxibustion group and Control group.
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Figure S3. Effect of Moxibustion on the expression of RAGE and HMGB1 in vivo. A. Immunofluorescence images 
showing the expression of RAGE (green) in the ileum and colon. Scale bar: 50 μm. A quantitative analysis indicated 
that level of expression of RAGE in the ileum and colon. B. Representative Western blot images showing the protein 
expression of RAGE and GAPDH (loading control). A quantitative analysis indicated that there is no significant dif-
ference between moxibustion group and Control group. C. The mRNA expression of HMGB1 in colon was evaluated 
by qPCR. The bars represent the means ± SEMs (n = 6 per group). A quantitative analysis indicated that there is no 
significant difference between moxibustion groups and Control group.
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Figure S4. Effect of Moxibustion on the expression of TLR4 and NF-κBp65 in vivo. A, B. Western blotting analysis 
of TLR4 and NF-κBp65 levels in intestinal tissue after mice treatment with or without Moxibustion. GAPDH is the 
loading control. aP < 0.05 and bP < 0.01 vs the Control group; dP < 0.01 vs the Mox-15 min group. C. The mRNA 
expression of TLR4 and NF-κBp65 in the ileum and colon was evaluated by qPCR. The bars represent the means ± 
SEMs (n = 6 per group). A quantitative analysis indicated that there is no significant difference between moxibustion 
group and Control group.


