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Abstract: The liver metastasis is the primary factor attributing to the poor prognosis of colorectal cancer (CRC). 
Moxibustion has been used clinically against multiple malignancies. In this study, we explored the safety, efficacy, 
and the potential functional mechanisms of moxibustion in modulating the liver metastasis of CRC by using GFP-
HCT116 cells-derived CRC liver metastasis model in Balb/c nude mice. The tumor bearing mice were randomly 
divided into model control and treatment groups. Moxibustion was applied to the BL18 and ST36 acupoints. CRC 
liver metastasis was measured by fluorescence imaging. Furthermore, feces from all mice were collected, and 16S 
rRNA analysis was used to assess their microbial diversity, which was analyzed for its correlation with liver metas-
tasis. Our results indicated that the liver metastasis rate was decreased significantly by moxibustion treatment. 
Moxibustion treatment also caused statistically significant changes in the gut microbe population, suggesting that 
moxibustion reshaped the imbalanced gut microbiota in the CRC liver metastasis mice. Therefore, our findings pro-
vide new insights into the host-microbe crosstalk during CRC liver metastasis and suggest moxibustion could inhibit 
CRC liver metastasis by remolding the structure of destructed gut microbiota community. Moxibustion may serve as 
a complementary and alternative therapy for the treatment of patients with CRC liver metastasis. 
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors and the second highest 
cause of cancer-related deaths worldwide [1, 
2]. In China, the incidence and mortality of CRC 
rank fifth among all malignant tumors, and 
most of the patients were diagnosed at the 
middle-advanced stage. Although approximate-
ly 15-20% of patients with CRC have distant 
metastases at diagnosis [3], and 40 to 50% of 
patients with CRC eventually die of the liver 
metastasis [4], the treatment of CRC liver 
metastasis is still limited. 

The gut microbiota has a complex relationship 
with immune response, tissue homeostasis, 
and diseases. The resident microbiota imbal-
ance promotes chronic inflammation, immune 
subversion, and the production of carcinogenic 

metabolites. For example, Bacteroides fragilis 
toxin, colibactin, and cytotoxic necrotizing fac-
tors can induce several neoplastic changes 
known as the hallmarks of cancer. Recent stud-
ies have highlighted the key role of the gut 
microbiota in mediating the initiation and pro-
gression of CRC, via increasing the population 
of pathogenic bacteria at the expense of pro-
tective bacteria [5, 6].

Moxibustion, a form of heat therapy which is an 
important part of integrative medicine, has 
been recognized as a powerful tool in enhanc-
ing or coordinating the anti-tumor immune 
response in the last decade [7]. Moxibustion 
can help repair the abnormal intestinal micro-
ecology with a balanced bacterial species, com-
position, quantity, and biological activity, result-
ing in the restoration of healthy immune func-
tion in the body [8, 9]. Moxibustion exerts its 
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therapeutic effects through regulating the com-
position of microbiome in intestinal mucus, 
which increases the abundance of Firmicutes 
while reducing the abundance of Bacteroidetes 
as well as Proteobacteria [10]. However, little is 
known about how moxibustion regulates the 
composition of the intestinal microbes, thereby 
affecting CRC liver metastasis. Therefore, in 
this study, we hypothesized that moxibustion 
might be beneficial in suppressing the microbi-
al populations of procarcinogenic microbiota. 
To test this, we used a splenic transplanta-tion 
of colon cancer cells model to examine the 
impact of moxibustion on liver metastasis. We 
also explored the potential mechanism involved 
in moxibustion’s effect on liver metastasis from 
the aspect of the gut microbiota. Our findings 
provide a scientific basis for the therapeutic 
application of moxibustion in the treatment of 
CRC liver metastasis.

Materials and methods

Animals and establishment of liver metastasis 
model

Pathogen free male BALB/C nude mice (20-24 
g, aged 4-6 weeks) were purchased from the 
Comparative Medicine Centre of Yangzhou Uni- 
versity (Yangzhou, Jiangsu, China). The experi-
mental protocol was approved by the Animal 
Ethics Committee of the Affiliated Hospital of 
Nanjing University of Chinese Medicine, and all 
experiments were performed strictly in accor-
dance with the guidelines of the experimental 
protocol (Number: 2018 DW-03-03). CRC Liver 
metastasis mouse model was established us- 
ing previously published protocols [11, 12]. 
Briefly, green fluorescent protein- expressing 
human colon cancer cells GFP-HCT-116 were 
cultured in Roswell Park Memorial Institute 
(RPMI)-1640 medium (containing 10% FBS) 
and maintained in a 37°C humidified incubator 
with 5% CO2. To generate GFP-HCT-116 cells-
derived CRC Liver metastasis mouse model, 
mice were first anesthetized with 25% chlora-
mine ketone (1 µL/g, i.p.), and a 1-cm laparoto-
my was performed on the left subcostal region 
of the abdomen. The spleen was then gently 
exposed, and the GFP-HCT-116 cells (2 × 106 
cells/mouse in 20 μL PBS) were implanted via 
intrasplenic injection into sixty nude mice. 
Afterward, the spleen was put back into the 
abdominal cavity, and the abdominal wall was 
sutured with 5.0 stitches. The mice were recov-
ered on a heating pad after surgery and then 

returned to their housing cages. The overall 
condition, food intake, and weight change of 
these mice were monitored daily. At the end of 
the experiment, the liver and spleen were 
resected to investigate the primary tumor for-
mation and liver metastasis. Tumor images 
were acquired under a fluorescence stereo 
microscope.

Group division and moxibustion implementa-
tion

Balb/c nude mice (n = 60) were randomly divid-
ed into four groups (n = 15/group): G1: control 
group (MC), G2: Pre-Mox group, G3: Post-Mox 
group, and G4: Pre-Post-Mox group. The treat-
ment strategy for each group was as follows: 
G1: MC group: the model control group, no  
moxibustion treatment was administered. G2: 
Pre-Mox group: the moxibustion pretreatment 
group, mice received moxibustion treatment for 
2 weeks before GFP-HCT-116 cell implantation. 
G3: Post-Mox group: the moxibustion posttreat-
ment group, mice received moxibustion treat-
ment for 3 weeks after GFP-HCT-116 cell 
implantation. G4: Pre-Post-Mox  group: the 
moxibustion pretreatment + posttreatment 
group, mice received moxibustion treatment for 
2 weeks before GFP-HCT-116 cell implantation 
plus 3 weeks after GFP-HCT-116 cell implanta-
tion for a total of 5-week moxibustion 
treatment.

Mice were fixed on the fixation device via tail 
fixation when moxibustion treatment was 
administered. The G1 MC group mice also 
received the same fixation but without any  
moxibustion treatment. For mild moxibustion 
treatment, bilateral Ganshu (BL18) and bilater-
al Zusanli (ST36) acupuncture points were 
selected based on the locations described in 
Experimental Acupuncture [13]. A moxa stick of 
4 mm in diameter was ignited and placed 1.5 
cm above the selected points for 10 min per 
day. The skin temperature of mice was about 
42-44°C as measured by infrared thermome-
ter. The experimental workflow is shown in 
Figure 1.

Tumor imaging

At the end of the study, all mice were sacrificed, 
and open fluorescent imaging was performed 
to carefully examine the formation of primary 
tumors and all liver metastases. A fluorescence 
stereo microscope (model MZ650, Nanjing 
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Optic Instrument Inc., Nanjing, China) equipped 
with a D510 long-pass emission filter (Chroma 
Technology, Brattleboro, VT, USA) and a cooled 
color charge-coupled device camera (Qimaging, 
BC, Canada) was used to acquire the images. 
Selective excitation of GFP was achieved us- 
ing an illuminator equipped with a HQ470/40 
band-pass filter. Images were processed and 
analyzed using Image Pro plus 6.0 software 
(Media Cybernetics, Silver Spring, MD, USA).

16S rRNA gene sequencing

The stool samples of mice were initially stored 
at 80°C freezer. DNA extraction, bacterial 16S 
rRNA gene amplification, and 454 pyrose-
quencing of 16S rRNA gene libraries were per-
formed. The V4 hypervariable region of the 16S 
rRNA gene was amplified using primers  
515F and 806R [14]. TruSeq® DNA PCR-Free 
Sample Preparation Kit (Illumina, San Diego, 
CA, USA) was used to construct the sequen- 
cing library. The constructed library was quan- 
tified by Qubit fluorometry (Thermo Fisher 
Scientific, Waltham, MA, USA) and PCR, and 
then sequenced using an Illumina NovaSeq- 
6000 instrument (Illumina, USA). Operational 
taxonomic units (OTUs) were clustered at 97%  
similarity, and chimeric sequences were re- 
moved using Uchime (https://drive5.com/
https://drive5.com/).

and Observed species, and Shannon diversity 
index. Beta diversity between different treat-
ments was examined by performing a Principal 
Coordinate Analysis (PCoA) on Bray-Curtis dis-
similarity distances. Visualization of the multidi-
mensional distance matrix was achieved 
through either Multi-Dimensional Scaling (MDS) 
or its Non-Metric Multi-Dimensional Scaling 
(NMDS). Changes in the fecal microbiota com-
position were evaluated using a two-tailed 
t-test at different taxon levels. P < 0.05 was 
considered statistically significant. 

Results

Moxibustion attenuated CRC liver metastasis 
in the nude mice 

After splenic inoculation of GFP-HCT-116 cells 
in nude mice, the CRC liver metastasis was 
examined by a fluorescence optical imaging 
system. As shown in Figure 2, the green fluo-
rescence clusters indicated tumor growth. If 
the metastasis did not occur, no green fluores-
cence signal would be detected in liver tissues. 
We detected a strong GFP signal in the livers of 
G1 MC group mice, indicating the strong liver 
metastasis. However, the metastasis rate 
decreased significantly from 100% (10/10 in 
MC group) to 50% (6/12) in G2 Pre-Mox group 
(P = 0.009), to 46% (6/13) in G3 Post-Mox 

Figure 1. The flowchart of the experiment: Intervention timeline for four 
groups: G1: the model control group (MC, No moxibustion treatment), 
G2: the moxibustion pretreatment group (Pre-Mox, 2-week moxibustion 
treatment before the intrasplenic injection of GFP-HCT116 cells), G3: the 
moxibustion posttreatment group (Post-Mox, 3-week moxibustion treat-
ment after GFP-HCT116 cell intrasplenic injection), G4: the moxibustion 
pretreatment + posttreatment group (Pre-Post-Mox, 2-week treatment 
before plus 3-week treatment after GFP-HCT116 cell intrasplenic injec-
tion). All mice were injected with 20 μL of 2 × 106 GFP-HCT116 cell sus-
pension in the spleen. W: Week. 

Statistical analyses

Statistical analysis was per-
formed using SPSS 24.0 soft-
ware (IBM Corp., Armonk, NY, 
USA). Data were presented as 
means ± standard error of the 
mean (SEM). Fisher’s precision 
probability test was used when 
comparing liver metastasis ra- 
tes. One-way analysis of variance 
(ANOVA) and Student-Newman-
Keuls (SNK) test were used for 
normally distributed data, while 
the least significant difference 
(LSD) test was performed to  
evaluate the parametric data. 
Wilcoxon test and Kruskal-Wallis 
H test with pairwise comparisons 
between groups were performed 
by rank-based ANOVA analysis 
for non-parametric data. Alpha 
diversity was determined by the 
Good’s coverage, Chao1 index 
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group (P = 0.005), and further to 25% (3/12) in 
G4 Pre-Post-Mox group (P = 0.000) (Figure 3A). 
Compared with the MC group, the number of 
liver metastatic tumor, primary spleen tumor 
volume, and spleen tumor weight in the Pre-
Mox, Post-Mox, and Pre-Post-Mox groups were 
significantly decreased (P < 0.01), although the 
differences among the Pre-Mox, Post-Mox, and 
Pre-Post-Mox groups were not statistically sig-
nificant (P > 0.05) (Figure 3B-D). As for the 
weight of the liver metastatic tumors, a similar 
trend was observed between the MC group and 
the Pre-Post-Mox group (P < 0.001, Figure 3E). 
These results suggest that moxibustion can 
inhibit the liver metastasis of CRC and that the 
mice in Pre-Post-Mox group have the lowest 
liver metastasis rate. 

Moxibustion altered the richness and diversity 
of gut bacterial communities

Based on the sequencing analysis of fecal sam-
ples, a total of 3.9 million MiSeq paired reads 
were obtained from 46 samples, of which 3.78 
million were classified into 1,956 OTUs. The 
analysis of α-diversity was performed to esti-
mate fecal microbiome composition and diver-
sity. The Good’s coverage score revealed that 
the low abundant OTU coverage in the Pre-Mox, 
Post-Mox and Pre-Post-Mox groups did not 
increase significantly by moxibustion treatment 
compared with the MC group (P > 0.05, Figure 
4A). Next, we used Chao1 and Observe species 
index to investigate the microbe species com-
position in the samples. As shown in Figure 4B, 

the Observed species index decreased signifi-
cantly in the Pre-Post-Mox group mice com-
pared with that of the MC mice (P = 0.0039). 
Furthermore, the observed species index in the 
Post-Mox and Pre-Post-Mox group mice was 
significantly decreased compared with that in 
the Pre-Mox group mice (P = 0.0078, P = 
0.0014, respectively). Similarly, the Chao1 
index was significantly lower in the Pre-Post-
Mox mice than in the MC mice (P = 0.0203). 
Compared with the Pre-Mox group, the Post-
Mox group had significantly decreased Chao1 
index (P = 0.004), and a similar trend was 
observed in the Pre-Post-Mox group (P = 6e-04, 
Figure 4C). Together, these results suggest that 
moxibustion reduces the species richness. 
Nevertheless, Shannon’s diversity index in the 
moxibustion-treated mice was not significantly 
affected compared with that in the MC mice (P 
> 0.05, Figure 4D).

Altered microbiome composition by moxibus-
tion treatment 

Beta diversity analysis was performed to esti-
mate the microbial community composition 
among the mice in the 4 groups. Principal coor-
dinates analysis (PCoA) and Bray-Curtis similar-
ity cluster analysis, together with heatmap clus-
tering based on OTU abundance were per-
formed to provide an overview of the gut micro-
biota composition. As shown in Figure 5A, the 
beta diversity increased significantly in the Pre-
Mox, Post-Mox, and Pre-Post-Mox group mice 
compared with that in the MC mice. A decreas- 

Figure 2. Representative images of CRC liver metastasis in the G1, G2, G3 and G4 groups. A-D. Images of mice 
anatomy showing the inner organs. The white arrows pointing down indicate the transplanted tumor in the spleen. 
E-H. The arrows pointing right indicate the metastatic tumors. A, E. G1: Model control (MC) group; B, F. G2: Pre-Mox 
group; C, G. G3: Post-Mox group; D, H. G4: Pre-Post-Mox group. 
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ed trend was observed among the Pre-Mox, 
Post-Mox, and Pre-Post-Mox groups, with the 
beta diversity being obviously lower in the Post-
Mox and Pre-Post-Mox groups than in the Pre-
Mox group. PCoA showed that the first and  
second principal coordinates accounted for 
42.78% and 11.91% of the total variations, 
respectively (Figure 5B). Non-Metric Multi-
Dimensional Scaling (NMDS) demonstrated sig-
nificant differences between the MC group and 
the Pre-Mox, Post-Mox, or Pre-Post-Mox groups 
with the stress as 0.11G (Figure 5C). The heat 
map in Figure 5D shows the difference between 
the clustering and prevalence of the 10 most 
abundant species at the phylum level. Taken 
together, these results confirm that the moxi-
bustion altered microbial composition in the 
CRC liver metastasis nude mice.

Moxibustion treatment caused the alteration 
of microbiota at the levels of phylum, class, 
order, family, genus, and species

To further investigate what microbes contribute 
to the apparent differences in the diversity of 
gut microbiota and whether changes in gut 

microbiota are essential to the moxibustion-
suppressed CRC liver metastasis, we thorough-
ly analyzed the alteration in microorganis-ms 
among the MC, Pre-Mox, Post-Mox, and Pre-
Post-Mox groups at the levels of phylum, class, 
order, family, genus and species.

At the phylum level, the average abundance of 
Firmicutes was 64.4% in the MC group and 
48.7% in the Pre-Post-Mox group (P = 0.0253). 
At the class level, Erysipelotrichia and Corio- 
bacteriia in the Post-Mox group, while Verru- 
comicrobiae, Erysipelotrichia, Deltaproteobac- 
teria, and unidentified Bacteria in the Pre-Post-
Mox group were significantly more abundant 
compared to those in the MC mice (P < 0.05). 
Deltaproteobacteria were significantly less ab- 
undant in Pre-Mox and Post-Mox mice than in 
Pre-Post-Mox mice (P < 0.05, Figure 6A). At the 
order level, compared with the MC group, the 
abundances of Erysipelotrichales, Coriobacte- 
riales, and unidentified Gammaproteobacteria 
were significantly higher, while Campylobacte- 
rales and Bifidobacteriales were significantly 
lower in the Post-Mox mice. In the Pre-Post-Mox 

Figure 3. Examination of liver metastasis, spleen tumor volume, the number of metastatic tumors, the spleen tumor 
weight, and the liver metastatic tumor weight in different groups. A. Liver metastasis rates in different groups. M: 
metastasis. non-M: non-metastasis; G1: Model control (MC) group; G2: Pre-Mox group; G3: Post-Mox group; G4: Pre-
Post-Mox group. B. Spleen tumor volume in all groups. C. The number of metastatic tumors in all groups. D. Spleen 
tumor weights in all groups. E. Liver metastatic tumors weights in all groups. The results were expressed as the 
mean ± SEM. *P < 0.05; **P < 0.01, ***P < 0.001 compared with the MC group.
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group, Verrucomicrobiales, Erysipelotrichales, 
Desulfovibrionales, unidentified Gammaprote- 
obacteria were significantly more abundant, 
while Campylobacterales was less abundant 
compared with those in the MC group (P <  
0.05, Figure 6B). Similarly, at the family level, 
Enterococcaceae was significantly enriched in 
the Pre-Mox mice; Muribaculaceae, Erysipelo- 
trichaceae, Eggerthellaceae, Enterococcace- 
ae, Burkholderiaceae, and Helicobacteraceae 
was enriched while Bifidobacteriaceae was 
less abundant in the Post-Mox mice. For the 
Pre-Post-Mox mice, compared to MC mice, 
Akkermansiaceae, Erysipelotrichaceae, Strep- 

tococcaceae, Burkholderiaceae and Desulfovi- 
brionaceae were enriched, while Lactobacilla- 
ceae and Helicobacteraceae were less abun-
dant. In addition, Desulfovibrionaceae and 
Streptococcaceae were significantly more ab- 
undant in the Pre-Post-Mox mice than in the 
Pre-Mox and Post-Mox mice. Helicobacterace- 
ae and Rikenellaceae were significantly less 
abundant in the Pre-Post-Mox mice than in the 
Pre-Mox or Post-Mox mice (P < 0.05, Figure 
7A). At the genus level, the population of 
Enterococcus was significantly increased in the 
Pre-Mox group compared with their levels in the 
MC mice. Post-Mox mice had relatively higher 

Figure 4. Comparison of α-diversity among G1, G2, G3 and G4 groups by using Good’s coverage, Chao1 index, Ob-
served species, and Shannon diversity index. A. Good’s coverage; B. Chao1 index; C. Observed species; D. Shannon 
diversity index. *P < 0.05; **P < 0.01. Overall effects were identified by a Kruskal-Wallis test, and the different effects 
among treatments were determined by pairwise Wilcoxon rank sum tests. G1: MC group; G2: Pre-Mox group; G3: 
Post-Mox group; G4: Pre-Post-Mox group.
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levels of Erysipelatoclostridium, Enterorhab- 
dus, Lactococcus, Enterococcus, and Para- 
sutterella, as well as lower levels of Bifidoba- 
eterium, Helicobacter, Anaerotruncus, Gordoni- 
bacter, and Acetatifactor. Akkermansia, Lacto- 
coccus, unidentified Erysipelotrichaceae, Para- 
sutterella, and Flavonifractor were more abun-
dant, whereas Lactobacillus, Helicobacter, 
Rikenella, and Faecalitalea was reduced in Pre-
Post-Mox group (P < 0.05). Compared with 
those in the Pre-Mox group, the relative abun-
dance of Lactococcus in the Post-Mox mice and 
Robinsoniella and Lactococcus in the Pre-Post-
Mox mice were increased (P < 0.05). In con-
trast, the abundance of Faecalitalea and Fla- 
vonifractor was significantly increased in the 
Pre-Post-Mox mice compared to that in Post-
Mox group (P < 0.05, Figure 7B).

When we analyzed the differences in species, 
only the abundance of Enterococcus durans in 
the Pre-Mox and Post-Mox groups, as well as 

the abundance of Akkermansia muciniphila, 
Cocleatum innocuum, and Ruminococcus gau- 
vreauii in the Pre-Post-Mox group were signifi-
cantly increased compared with their levels in 
the control group. Furthermore, we found that 
Lactobacillus gasseri, Lactobacillus reuteri, 
Helicobacter hepaticus, Lachnospiraceae bac-
terium, Alistipes finegoldii, Papyrosolvens, and 
Ruminococcus gauvreauii were enriched in the 
MC mice (P < 0.05). When comparing the mice 
among different moxibustion treatment groups, 
the relative abundance of Lachnospiraceae 
bacterium and Clostridium were significantly 
lower in the Post-Mox and Pre-Post-Mox groups 
than in the Pre-Mox group, whereas the levels 
of Robinsoniella peoriensis and Ruminococcus 
gauvreauii were relatively higher in the Pre-
Post-Mox group. The levels of Alistipes finegol-
dii, Clostridium leptum, Clostridium papyrosol-
vens and Dorea were significantly reduced 
while the level of Ruminococcus_gauvreauii 
was increased in the Pre-Post-Mox group com-

Figure 5. β-diversity analysis and the relative abundance of the top 10 gut microbes in G1, G2, G3 and G4 groups. 
A. Microbial count, *P < 0.05; **P < 0.01. Overall effects were identified by a Kruskal-Wallis test, and the different 
effects among treatments were determined by pairwise Wilcoxon rank-sum tests. B. Weighted unifrac PCoA. C. Non-
metric Multidimensional scaling (NMDS) plot based on weighted uniFrac distances calculated using OTU composi-
tions. Stress values < 0.2 were considered good after dimensionality reduction. D. The relative abundance of the 
top 10 microbial taxa was determined at the phylum level. PCoA: principal coordinate analysis; NMDS, non-metric 
multidimensional scaling. G1: MC group; G2: Pre-Mox group; G3: Post-Mox group; G4: Pre-Post-Mox group.
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Figure 6. Proportion difference of gut microbiota composition by Student’s t test bar plot among the G1, G2, G3 and G4 groups at the phylum, class, and order 
levels. Bars on the left represent the proportion of each category. Categories difference with a p value of <.05 were considered to be significant, and only significant 
pairwise differences were visualized. A. T-test bar plot on phylum and class level. Significantly enriched species in G1 vs. G2 on phylum level, and G1 vs. G3, G1 vs. 
G4, G2 vs. G4, G3 vs. G4. on class level. B. T-test bar plot on order level. Significantly enriched species in G1 vs. G3, G1 vs. G4, G2 vs. G4, G3 vs. G4. G1: MC group; 
G2: Pre-Mox group; G3: Post-Mox group; G4: Pre-Post-Mox group.
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pared with those in the Post-Mox group (P < 
0.05, Figure 8). 

Discussion

In this study, we showed that moxibustion stim-
ulation could inhibit the liver metastasis of 
colon cancer cells, and the approach of Pre-
Post-Mox treatment had the best effect. In 
addition, moxibustion at the BL18 and ST36 
acupoints altered the microbiota diversity and 
composition, i.e., Akkermansia muciniphila and 
Lactobacillus reuteri were significantly enri- 
ched.

In China, traditional Chinese medicine plays an 
important role in cancer prevention and treat-
ment [15]. Recent studies have highlighted the 
importance of moxibustion as a supplementary 
therapy during the entire course of treatment, 
not just for the terminal stage of cancer [16, 
17]. Previously, we reported that acupuncture 
or moxibustion were applied to colon cancer 
patients mostly via Zusanli, Shenque, Guan- 
yuan, and Qihai points, while Zusanli is most 
frequently used to relieve the pain from various 
types of cancer [18]. Zusanli has been reported 
to enhance the immune response and help 
maintain the homeostasis of human body [19, 
20]. In addition, Ganshu is a well-known acu-
puncture point for the treatment of liver cancer, 
viral hepatitis, and depression [18]. Moxibustion 
at acupuncture point BL18 can inhibit precan-
cerous lesion growth, promote hepatocyte gen-
eration, and reduce the expression of apopto-
sis inhibitors, thereby enhancing the apoptosis 
of liver cancer cells and inhibiting the growth of 
liver cancer [21-23].

In this study, we evaluated the efficacy of moxi-
bustion in inhibiting CRC liver metastasis. We 
found that moxibustion decreased the CRC 
liver metastasis when administered at 2 weeks 
before CRC cell injection, or after CRC cell injec-
tion for 3 weeks, or when administered at 2 
weeks before plus 3 weeks after CRC cell injec-
tion (for a total of 5-week treatment). Notably, 
our results indicated mice in the Pre-Post-Mox 

group receiving 5-week moxibustion treatment 
had the highest survival rate. In this study, we 
used the liver metastasis model via splenic 
injection of colon cancer cells which can mimic 
the clinical process in the development and 
occurrence of CRC liver metastasis, as well as 
avoid death from late intestinal obstruction 
from direct inoculation on colon, thereby reduc-
ing the death possibility. In addition, this model 
is easy to perform with a high success rate 
[24]. 

The U.S. Food and Drug Administration (FDA) 
has approved hyperthermia as a clinical treat-
ment for tumors in 1985. Hyperthermia is often 
used as an adjunct to surgery, chemotherapy, 
and radiotherapy. As a means of hyperthermia, 
moxibustion has the function of warming and 
tonifying. Since normal tissues and the tumor 
microenvironment have different thermal sen-
sitivity, hyperthermia can be used to kill cancer 
cells, while producing minimal damage to nor-
mal tissues.

Several studies have reported that microbiota 
alteration affects the development of CRC  
[25]. A recent research has demonstrated that 
Bacteroides fragilis and Erysipelotrichaceae in 
the ileum are involved in the protective immune 
responses against colon cancer [26]. Further- 
more, it has been well known that an unbal-
anced microbial environment may trigger or 
promote colorectal tumorigenesis [27], and 
daily consumption of probiotics has been sh- 
own to restore the balance of the microbial 
community and inhibit the colonization of carci-
nogenic pathogens in the intestinal tract [28]. 

Consistently, we observed the direct role of gut 
microbiota in mediating the suppressive effect 
of moxibustion. Our results showed that the gut 
microbiota diversity was significantly altered 
after moxibustion intervention. It is plausible 
that the enrichment of probiotic species (i.e., 
Akkermansia muciniphila, Lactobacillus reuteri) 
by moxibustion contributes to decreased CRC 
liver metastasis. In line with this notion, 
Akkermansia muciniphila, an intestinal symbi-

Figure 7. Proportion difference of gut microbiota composition by Student’s t test bar plot among the G1, G2, G3 and 
G4 groups at the family and genus levels. Bars on the left represent the proportion of each category in the data. 
Categories difference with a p value of < 0.05 were considered to be significant, and only significant pairwise differ-
ences were visualized. A. T-test bar plot on family level. Significantly enriched species from top to bottom in G1 vs. 
G2, G1 vs. G3, G1 vs. G4, G2 vs. G4, and G3 vs. G4. B. T-test bar plot on genus level. Significantly enriched species 
in G1 vs. G2, G1 vs. G3, G1 vs. G4, G2 vs. G3, G2 vs. G4, and G3 vs. G4. G1: MC group; G2: Pre-Mox group; G3: 
Post-Mox group; G4: Pre-Post-Mox group.
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ont colonizing in the mucosal layer, is consid-
ered as a promising probiotic candidate which 
can improve the efficacy of cancer immuno-
therapy [29] as it can simply remove antibiotics 
from patients with cancer and increase the 
effectiveness of PD-1 immunotherapy from 25 
to 40%. This obviously allows more cancer 
patients to benefit from immunotherapy [25]. 
Probiotic bacteria are defined as “live microor-
ganisms when consumed in sufficient am- 
ounts exert health benefits to the host”, and 
Lactobacillus belongs to the lactic acid bacteria 
(LAB). Many studies have suggested a preven-
tive role of LAB probiotics in the onset of CRC 
both in vitro and in vivo [25, 30]. In addition, 
emerging evidence has indicated that the pro-
biotics exert their beneficial effects on CRC pre-
vention though improving the host’s immune 
response, inducing apoptosis, and inhibiting 
oncogenic tyrosine kinase signaling pathways. 
For example, several studies have shown that 
Lactobacillus is able to modulate the expres-
sion of genes involved in cell proliferation, 
apoptosis, and metastasis [31].

Nevertheless, several questions remain to be 
investigated. First, we identified several mi- 
crobes as potential biomarkers for CRC liver 
metastasis; however, the mechanisms underly-
ing the effects of these microbes, especially 
Akkermansia muciniphila, one of the most 
abundant bacteria, remain to be elucidated. 
Our current study was only a preliminary explo-
ration of the relationship between moxibustion 
and microbiota; hence, we also did not inter-
vene with the gut microbial diversity, either  
by replenishing or destructing Akkermansia 
muciniphila. Further studies are needed to 
investigate how moxibustion alters gut micro-
biota diversity and to investigate the functions 
of Akkermansia muciniphila in CRC liver metas-
tasis. Second, although the 5-week Pre-Post-
Mox treatment showed the best inhibitory 
effect on CRC liver metastasis, the association 
between the gut microbiota and Pre-Post-Mox 
intervention remains to be determined which 
warrants further investigation. Lastly, our con-
clusion needs to be verified in randomized con-
trolled human clinical studies. 

Conclusion

In conclusion, this study was the first to demon-
strate that moxibustion could exert an inhibito-
ry effect on CRC liver metastasis. The potential 
mechanism might rely on the alteration of 
microbiota diversity and composition, such as 
the enrichment of Akkermansia muciniphila 
and Lactobacillus to clear colon cancer cells. 
This finding indicates that moxibustion might 
target the microbiome structure among its mul-
tiple targets when used in the treatment of 
patients with CRC liver metastasis.
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