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Recently, intestinal flora plays a vital role in the occurrence and development of tumors and there is link between cancer
immunotherapy and Akkermansia muciniphila (Akk). However, the therapeutic efficacy of Akk in lung cancer remained
unclear. Hence, our study is aimed at investigating the antitumor effects of cisplatin (CDDP) combined with Akk on lung
cancer. Using the murine lung cancer model by subcutaneously inoculating Lewis lung cancer model, 50 mice were divided into
five groups: normal, model, CDDP, CDDP+Akk, and CDDP+antibiotics. After treatment within 5 weeks, compared with the
model group, the administered group improved the changes of tumor pathomorphology. Compared with the CDDP group,
CDDP combining with Akk slowed down the growth of tumor volume, downregulated the levels of ki-67, p53, and factor-
associated suicide (Fas) ligand proteins and upregulated Fas proteins, increased the levels of interferon-γ, interleukin-6, and
tumor necrosis factor-α, and suppressed the expression of CD4+CD25+Foxp3+ Treg in mouse peripheral blood and spleen. In
addition, transcriptome analysis indicated that Akk combining with CDDP increased obviously the levels of IFI27l2 and
IGFBP7 and was related to those pathways including the cytokine-cytokine receptor interaction, Th17 cell differentiation,
FOXO, JAK-STAT, and PI3K-Akt signaling pathways. These results suggested that the therapeutic efficacy of the combined
treatment of Akk and CDDP was superior to the only CDDP treatment, which could enhance immune regulation and would be
a promising strategy for the treatment of lung cancer.

1. Introduction

Lung cancer is the most frequent cancer and the main reason
of cancer-related death worldwide; the majority of which are
diagnosed at late stages, and the long-term survival rates of
patients remain poor [1]. Clinical applications of cancer
immunotherapies, radio therapies, gene therapies, or target-
oriented therapies have been suggested as potential
approaches to lung cancer treatment. However, due to the
considerable toxicity and in efficiency of these treatments, it
remains unsatisfactory to the therapeutic outcome of stan-
dard radiotherapy and chemotherapy in some patients with
an advanced stage of or locally recurring lung cancer [2].

The involvement of microorganisms in cancer has been
increasingly accepted. It has been estimated that microorgan-

isms account jointly for approximately 20% of all cancers in
the worldwide scale. Recently, the microbial ecology in differ-
ent types of tumors, as well as the roles of microorganisms in
tumor formation, development, and response to treatments,
has constantly emerging a new understanding with advances
of metagenomics and bioinformatics [3]. Meanwhile, it was
also underlined the importance of host-microbial and inter-
microbial interactions in the cancer microbiota. Current
hot research not only revolutionized our understanding of
cancer biology but also explored fresh possibilities for cancer
prevention, diagnosis, prognostication, and treatment [4].
The human gut is perhaps one of the most complex networks
in the body and is colonized by trillions of microorganisms
including bacteria, archaea, fungi, protists, and viruses,
among which bacteria are the major inhabitants [5]. Tanoue
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et al. isolated a consortium of 11 bacterial strains from
healthy human donor feces that is capable of robustly induc-
ing interferon-gamma- (IFN-γ-) producing CD8 T cells in
the intestine. Colonization of mice with the 11-strain mixture
enhances both host resistance against Listeria monocyto-
genes infection and the therapeutic efficacy of immune
checkpoint inhibitors (ICIs) in syngeneic tumor models [6].

The lung is a mucosal tissue colonized by a diverse bacte-
rial community, and the study on microecology is in its
infancy particularly in the field of lung cancer. Lung cancer
is closely associated with chronic inflammation. It was
reported that commensal microbiota promote lung cancer
development. In practical terms, commensal bacteria fuelled
interleukin-1β (IL-1β) and IL-23 production from myeloid
cells, inducing proliferation and activation of lung-resident
Vgamma6(+)Vdelta1(+) gamma delta T cells, and then those
cells produced IL-17 and other operating molecules to pro-
mote inflammation and tumor cell proliferation [7]. Existing
researches potentially point to a link local microbiota-
immune crosstalk to lung tumor development and thereby
define pivotal cellular and molecular mediators that may
serve as valid targets in lung cancer intervention.

Akkermansia muciniphila (Akk), one of the most domi-
nant bacteria, exists in the mucus layer of the intestinal tract,
constituting 1–4% of the total bacterial cells in the healthy
adult feces [8]. Accumulating research evidences uncovered
the beneficial effects of Akk in host [9–11]. It was reported
that differential expression of tumor-associated genes and
altered gut microbiome with decreased Akk afford a tumor-
preventive microenvironment in intestinal epithelial Pten-
deficient mice [12]. Fecal Akk is associated with body
composition and microbiota diversity in overweight and
obese women with breast cancer participating in a presurgi-
cal weight loss trial (Fruge et al. 2018). ICIs have achieved
significant efficacy in the treatment of advanced lung cancer.
ICIs would attract sustained clinical responses in a sizable
minority of tumor sufferer through regulating the PD-
1/PD-L1 axis, which was correlated with the relative
abundance of Akk. Interestingly, Routy et al. revealed that
oral supplementation with Akk after fecal microbiota
transplantation from cancerous person who nonresponded
to ICIs repaired the blockage effectiveness of PD-1 in an IL-
12-dependent manner by adding the recruitment of
CCR9(+)CXCR3(+)CD4(+) T lymphocytes into mouse
tumor beds [13]. The precise relationship between Akk and
antitumor effect in vivo is still poorly understood. Therefore,
the mechanism of Akk in tumor immune microenvironment
deserves further exploration.

The goal of this study was to investigate whether Akk
enhances the antitumor effect of cisplatin (cis-diamminedi-
chloroplatinum, CDDP), as the first line of the treatment in
lung cancer or not. CDDP and Akk were combined to inter-
vene in Lewis lung cancer mice. In vivo imaging was used to
evaluate tumor size, and distribution and pathomorphologic
changes were determined. Transcriptome sequencing was
used to screen differentially expressed genes in the CDDP
treatment group and the CDDP+Akk group, as well as the
signaling pathways related to these differentially expressed
genes. The levels of tumor marker proteins ki-67, p53,

Fas/FasL, and immune cytokines and the proportion of
CD4+CD25+Foxp3+ Treg cells were further detected.

2. Materials and Methods

2.1. Bacterial Strains and Growth Conditions. Akk (ATCC
BAA-835) was cultured in sterilized brain heart infusion
broth that was prepared with II mucins (Sigma), brain extract
powder (OXOID), and deionized water, by the high pressure
steam sterilization, and then at 37°C in an airtight pot called
MiniMACS anaerobic incubator (DonWhitley Scientific) for
approximately 48 h to reach a late exponential growth phase
under strict anaerobic conditions. Cultures were centrifuged
at 11,500 g for 10min and washed three times with sterile
phosphate-buffered saline (PBS). Then, the bacterial cells
were resuspended with sterile PBS to 108 colony-forming
units (cfus)/0.2mL and were deposited on ice immediately
before administering to each mouse by gavage.

2.2. Cell Culture. Mouse Lewis lung cancer cell line was pur-
chased from Shanghai Institute of Life Science, Chinese
Academy of Sciences (Shanghai, China), subsequently cul-
tured in Dulbecco’s modified Eagle’s medium (Thermo
Fisher Scientific, USA) supplemented with 10% fetal bovine
serum (Gibco, USA) in CO2 culture chamber (37°C, 5%
CO2). After the growth density reached 70~80%, the cells
were digested with 0.25% trypsin and subculturing.

.

2.3. Establishment of the Mouse Model and Treatment. 50
female C57BL/6 mice were purchased from Shanghai
Sipubikai Experimental Animal Co., Ltd. (Shanghai, China)
and maintained in specific pathogen-free grade conditions
until reaching an age of 4 weeks and a weight of 18–22 g (ani-
mal license number: SCXK; 2013-0016). A total of 50 mice
were randomly divided into five groups: normal group,
model group, CDDP treatment group, CDDP+antibiotics
(ABx) group, and CDDP+Akk group. Lewis lung cancer cells
( ~ 4 × 107/mL) were subcutaneously injected into the caudal
vein of each mouse except for the normal group to establish
the tumor models with hematogenous metastasis. CDDP
(Sigma-Aldrich) was dissolved in physiological solution to
make a stock solution of 1mg/mL. Antibiotics were adminis-
tered in drinking water in the following concentrations:
ampicillin (1 g/L), vancomycin (0.5 g/L), neomycin trisulfate
(1 g/L), and metronidazole (1 g/L). The CDDP+Akk group
mice were administrated 108 cfu Akk suspended in 0.2mL
sterile anaerobic PBS by oral gavage per day and intraperito-
neal injection of CDDP (5mg/kg) (once every two days); the
CDDP group mice were intraperitoneal injection of CDDP
(5mg/kg). Intraperitoneal injection of CDDP (5mg/kg) was
combined with a cocktail of antibiotics in the CDDP+ABx
group, while mice in the model and normal groups were
given an equivalent volume of sterile anaerobic PBS instead.
Treatment was continued for five weeks; the body weights
of the mice were measured weekly.

All mice were maintained in a temperature (22± 2°C)-
and humidity (50-60%)-controlled environment under a
12 h light–dark cycle. Mice in each group ate and drank
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freely. All experiments were approved by the Local Commit-
tee of Animal Use and Protection and were performed in
accordance with criteria of Guide for the Care and Use of
Laboratory Animals.

2.4. Determination of Tumor Growth. The tumor volume of
mice was observed five weeks post inoculation with vernier
caliper (8015, SANTO). After the mean tumor volume of
all mice inoculated with tumor reached 100mm3, the volume
was measured at a twice-weekly frequency and determined to
establish a tumor growth curve. Tumor volumes were deter-
mined using the following formula: tumor volume ðcm3Þ = 1
/2 ∗ ðlength ½mm� ∗width2 ½mm�Þ. Before the end of the
experiment, the tumor status of the mice was observed by
small animal in vivo imaging (IVIS Lumina LT, Caliper).
The rats were intraperitoneally injected with 150mg/kg
fluorescein potassium and metabolized for 10min. After
being anesthetized with isoflurane gas, the rats were put into
the imaging chamber and the automatic exposure time was
set to dynamically observe tumor growth.

2.5. Observation of Tumor Histopathology by H&E Staining.
After the mice were sacrificed, tumor samples from each
group were harvested, fixed in 10% formaldehyde overnight,
then embedded in paraffin, sectioned (3μm thick), and
stained with hematoxylin and eosin (H&E) for general histol-
ogy. The samples were observed and photographed under the
microscope (Eclipse TI-SR, Nikon, Japan).

2.6. RNA Isolation, Purification, and Quality Control. After
the mice were sacrificed, peripheral lymphatic tissue was
taken from the CDDP and CDDP+Akk mice, and the surface
adipose tissue was removed from the DEPC water. The total
RNA was isolated and purified by TRIzol (Invitrogen,

Carlsbad, CA, USA) method. Then, NanoDrop 1000
(NanoDrop, Wilmington, DE, USA) was used to control
the quantity and purity of total RNA. The integrity of RNA
was detected by Agilent 2100, and RINnumber > 7:0 used
as the qualified standard.

2.7. Preparation and Sequencing of cDNA Library. 5 g of total
RNA was taken out, and mRNA containing PolyA was
specifically captured using oligo (dT) magnetic beads
through two rounds of purification. The captured mRNA
was segmented by divalent cation at high temperature. The
fragmented RNA was synthesized into cDNA by reverse
transcriptase. E. coli DNA polymerase I was used for two-
strand synthesis with RNase H. These double strands of
DNA and RNA are converted into DNA double strands.
Meanwhile, DUTP was added into the two-strand to comple-
ment the ends of double-strand DNA into flat ends. In addi-
tion, A base is added at each end, so that it can be connected
with the connector with T base at the end, and then the frag-
ment size is screened and purified by magnetic beads. The
second chain was digested with UDG enzyme, and then
PCR was used to form a library with fragment size of
300 bp (±50 bp). Finally, Illumina Hiseq 4000 (LC Bio,
China) was sequenced according to standard operation with
a reading length of 150 bp.

2.8. Bioinformatics Analysis. Using Illumina 4000 sequence
analysis platform, cDNA library was constructed and
sequenced from mixed RNA from mouse paracancer lym-
phoid tissue samples. HISAT software package was used to
compare the readings of the CDDP treatment group samples
and the CDDP+Akk group samples with UCSC(http://
genome.ucsc.edu/), and then the readings were mapped to
the reference genome. The graph readings for each sample

Table 1: Body weight of mice (mean ± SD, n = 10).

Group
Body weight (g)

0W 1W 2W 3W 4W 5W

Normal 24:3 ± 1:7 24:6 ± 1:7 25:0 ± 1:9 25:2 ± 1:9 26:0 ± 1:8 26:1 ± 1:7
Model 25:1 ± 1:9 25:4 ± 1:7 26:8 ± 2:5 25:9 ± 1:5 25:4 ± 1:5 24:6 ± 1:3
CDDP 24:0 ± 1:2 23:6 ± 1:2▲ 24:1 ± 1:3▲ 24:0 ± 0:7▲ 23:5 ± 1:0▲ 23:2 ± 0:4▲

CDDP+Akk 23:9 ± 1:6 23:7 ± 1:9▲ 24:1 ± 2:6▲ 24:8 ± 2:5 23:7 ± 1:6 23:5 ± 1:6
CDDP+ABx 24:2 ± 1:4 23:9 ± 1:5▲ 24:9 ± 2:4 23:9 ± 1:3▲ 23:2 ± 1:1▲ 22:8 ± 0:8▲
▲P < 0:05 versus the model group.

Table 2: Volume of tumor in mice (mean ± SD, n = 10).

Group
Volume (mm3)

0W 1W 2W 3W 4W 5W

Model 127:3 ± 37:2 284:4 ± 56:7 1066 ± 253:2 1375 ± 134:4 2106 ± 262:8 2416 ± 396:8
CDDP 124:6 ± 33:0 254:6 ± 49:4 941:5 ± 215:5 1300 ± 369:5 1707:±315:3▲ 1838 ± 322:4▲

CDDP+Akk 140:4 ± 56:3 246:9 ± 64:4 993:1 ± 357:7 1340 ± 336:4 1692 ± 311:5▲ 1816 ± 233:7▲▲

CDDP+ABx 139:5 ± 37:9 270:8 ± 57:3 996:8 ± 349:1 1283 ± 240:8 1831 ± 360:2 2038:0 ± 380:6
▲P < 0:05, ▲▲P < 0:01 versus the model group; #P < 0:05, ##P < 0:01 versus the CDDP group.
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were assembled using StringTie. A Perl script is then used to
combine all transcripts in the sample to reconstruct a com-
prehensive transcriptome. StringTie and Edger were used to
estimate the expression levels of all transcripts. Finally,
“log 2ðfold changeÞ > 1 or log 2ðfold changeÞ < −1 and P <
0:05” was used as the screening condition for genes with
statistical differences. Immune-related genes were screened
again in the differential genes, and the acquired immune-
related differential genes were analyzed by cluster analysis,
GO (Gene Ontology) enrichment, and KEGG pathway
annotation.

2.9. Determination of ki-67, p53, Fas, and FasL Protein by
Western Blotting. After the mice were sacrificed, tumor tissue
(about 100mg) from each mouse was homogenized in cold
lysis buffer and subsequently total proteins were extracted.
Protein concentrations were detected via BCA kit (Beyotime
Institute of Biotechnology, Shanghai, China). Protein sam-
ples (50μg) were separated via 10% SDS-PAGE and subse-
quently transferred to the PVDF membranes (Millipore,
Billerica, MA, USA). Following this, the membranes were
blocked for 1 h and subsequently incubated with the antibod-
ies (dilution ratio 1 : 1000) at 4°C over the night: ki-67
(AF0198, affinity), p53 (AF0879, affinity), Fas (AF5342,affi-
nity), and FasL (AF0157,affinity). GAPDH (10494-1-AP.
Proteintech, dilution ratio 1 : 5000) was used as an endoge-
nous reference. The membranes were washed and then

incubated with horseradish peroxidase- (HRP-) labeled anti
rabbit (7074, CST) or mouse (7076, CST) secondary antibod-
ies (dilution ratio 1 : 3000) at room temperature for 2 h. The
membranes were washed and developed by supersensitive
chemiluminescence using Mini-PROTEAN gel imaging sys-
tem (Bio-Rad, USA). ImageJ software (National Institutes
of Health, Bethesda, Maryland, USA) was used to quantify
each band area and integrated density in the blots.

2.10. Determination of IFN-γ, IL-6, IL-10, and TNF-α Levels
in Tumor by ELISA Assay. Before mice in each group were
sacrificed, serum samples from retroorbital were collected
to determine the concentrations of IFN-γ, IL-6, IL-10, and
TNF-α using the corresponding standard quantitative
enzyme-linked immunosorbent assay (ELISA) kits. The
absorption value of each group of samples was measured by
a microplate reader (CMax Plus, Thermo Scientific, USA).

2.11. Detection of Ratio of CD4+CD25+Foxp3+ Treg
(Regulatory T Cell) Cells in Mouse Peripheral Blood and
Spleen Mononuclear Cells by Flow Cytometry. Mononuclear
cells were isolated after the use of erythrocyte lysate to lyse
anticoagulant blood and spleen tissue fluid in experimental
mice. Surface molecules were stained using a standard proce-
dure, with a fluorescein isothiocyanate (FITC)-CD4 antibody
(lot100406, BioLegend, USA) and an phycoerythrin conju-
gated (PE)-CD25 antibody (lot102008, BioLegend, USA),

Radiant efficiency
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Figure 1: Observation in vivo imaging of the effect of CDDP combined with Akk on the growth of lung cancer in mice. (a) Normal. (b)
Model. (c) CDDP. (d) CDDP+Akk. (e) CDDP+ABx.
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and incubated at 4°C for 15min. After being washed 2 times
with flow cytometry staining buffer, the cells were immobi-
lized by rupture of the membrane with permeabilization
working solution. Then, intracells were stained with an
Alexa Fluor 647 FOXP3 antibody (lot320013, BioLegend,
USA) and incubated at 4°C for 30min. Finally, the cells were
washed, resuspended, and analyzed with flow cytometry
(Accuri C6, BD, USA). The proportion of positive cells was
determined using WinMDI version 2.8 software (The
Scripps Institute, USA).

2.12. Statistical Analysis. All data were presented as the
means ± standard deviation (SD) and analysed using SPSS
software version 17.0 (Stanford University, San Francisco,
California, USA). Differences between the control and the
treatment groups were determined using one-way analysis
of variance and followed by the least significant difference
(LSD) multiple range tests. The values of P < 0:05 and P <
0:01 were used as the criterion for statistical significance.

3. Results

3.1. Effect of Akk on Tumor Volume Combined with CDDP.
Firstly, the weight and tumor volume of mice were recorded
during treatment. As shown in Table 1, the weight of mice in
the given drug groups was lower than the normal and model
group during the experiment, especially the CDDP group
and CDDP+ABx group (P < 0:05).As shown in Table 2,
compared with the model group, the tumor volume of the
administration group decreased to a certain extent. Starting
from the 4 weeks, the tumor volume in the CDDP group or
the CDDP+Akk group was less than that of the model group
(P < 0:05, P < 0:01). Compared with the CDDP group, tumor
volume in the CDDP+Akk group showed a decreasing trend,
hinting that the efficacy of Akk combined with CDDP was
better than that with CDDP alone. Tumor volume in the
CDDP+ABx group was decreased, but was not as good
as that of the CDDP group and showed no significant
difference (P > 0:05).

In addition, the growth of lung cancer in mice was
observed by in vivo imaging.

In the normal group, the area of the red part in mice was
mostly absent (Figure 1). And the area of the red part in mice
from the model group was large and the color was bright.
Compared with the model group, the area of the red part
was slightly smaller in the CDDP group. The red color in
the CDDP+Akk group and the CDDP+ABx group became
darker, and the area of the CDDP+Akk group decreased
significantly.

(a) (b)

(c) (d)

Figure 2: Effect of CDDP combined with Akk on tumor pathology in lung cancer mice. The pathological picture of the model control group
(a), the CDDP group (b), the CDDP+Akk group (c), and the CDDP ABx group (d). Lung tissues were fixed, stained with H&E solution, and
observed under a microscope of 400 magnifications.

Table 3: Sequence alignment statistical results between the sample
sequencing data and the selected reference genome.

Group
Valid date

Mapped reads
Reads Base

CDDP 51330228 7.70Gb 49873570 (97.16%)

CDDP+Akk 39063052 5.86Gb 37504889 (96.01%)
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3.2. Effect of Akk on Tumor Pathomorphology Combined with
CDDP. Pathomorphology of tumor tissues in lung cancer
mice was observed by H&E staining. As shown in Figure 2,
in the model control group, the tumor tissue cells were clear
in contour and presented flaky or nest-like distribution. The

cells grew vigorously without necrosis and the nuclei were
deeply stained. The tumor tissue cells in the administration
group all showed degeneration and necrosis of different
degrees. Meanwhile, the vascular components in the intersti-
tium of the administration group were significantly reduced.

CDDP+Akk CDDP
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Figure 3: Comparison of immune-related differential genes between the CDDP group and the CDDP+Akk group. The horizontal coordinate
is the sample, and the vertical coordinate is the gene. Different colors represent different gene expression levels. The color ranges from blue to
white to red, indicating low to high expression levels. High-expression genes are shown in red and low-expression genes are shown in dark
blue.
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The matrix and stroma were reduced in the CDDP and
CDDP+ABx groups, and the tumor tissues showed nuclear
condensation and patchy necrosis. The tumor tissues in the
CDDP+Akk group contained nuclear condensation, large
fragments of cell disintegration, and necrosis.

3.3. Effect of Akk on Immune-Related Differential Genes and
Pathways Combined with CDDP in Tumor Tissues. As shown
in Table 3, 13.56Gb valid date was obtained after sequencing
quality control. The number of reads and the proportion of
valid date in the CDDP group were 49873570 (97.16%).The
number of reads and the proportion of valid date between
the CDDP+Akk group and the reference genome were
37504889 (96.01%).The comparison efficiency of the refer-
ence genome selected in this experiment is high, which can
meet the needs of subsequent analysis. We conducted cluster
analysis of immune-related differential genes according to
the similarity degree of the gene expression profile of the
sample, so as to visually display the expression of the differ-
ential genes. As shown in Figure 3, Ifi27l2a, Igfbp7, Ifi27,
and Ngf were highly expressed genes in the CDDP+Akk

group. GO analysis was performed on the differentially
expressed genes between the CDDP group and the CDDP
+Akk group at three stages. As shown in Figure 4, the biolog-
ical processes involved in differential genes involve cytokine-
mediated signaling pathway, immune system process, and
regulation of apoptotic process. Cell components related to
different genes include the membrane, integral component
of the membrane, and the cytoplasm. The molecular func-
tions involved in differential genes include protein binding,
growth factor activity, and cytokine receptor activity. The
main enrichment pathways of cell immune genetic
differences associated with the cytokine-cytokine receptor
interaction, JAK-STAT signaling pathway, Th17 cell differ-
entiation, FOXO signaling pathway, and PI3K-Akt signaling
pathway are shown (Figure 5).

3.4. Effect of Akk on ki-67, p53, Fas, and FasL Proteins
Combined with CDDP in Tumor Tissues. As shown in
Figure 6, tumor-related proteins were detected by western
blotting. Compared with the model group, CDDP treatment
inhibited the levels of ki-67, p53, and FasL proteins and
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Figure 4: The number and distribution of different genes in GO term.
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increased Fas proteins (P < 0:01). Compared with the only
CDDP group, Akk combining with CDDP aggravated the
decrease in ki-67, p53, and FasL proteins and the increase
in Fas proteins (P < 0:01, P < 0:05). The expression levels
of ki-67, p53, and FasL proteins in the CDDP+ABx group
were slightly increased, while the levels of Fas protein were
slightly decreased with no significant difference from the
CDDP group.

3.5. Effect of Akk on Expression Levels of IFN-γ, IL-6, IL-10,
and TNF-α Combined with CDDP in Mouse Serum. As
shown in Table 4, compared with the normal group, the
levels of IFN-γ, IL-6, and TNF-α in the mouse serum of the
model group were decreased significantly (P < 0:01). Com-
pared with the model group, the levels of IFN-γ, IL-6, TNF-
α, and IL-10 level in the CDDP group were not significantly
different. Compared with the model or CDDP group, the

serum levels of IFN-γ, IL-6, and TNF-α in the CDDP+Akk
group were significantly increased (P < 0:01, P < 0:05), while
IL-10 level in the CDDP+ABx group was upregulated
(P < 0:05). There were no obvious difference in the levels of
IFN-γ, IL-6, and TNF-α between the CDDP and CDDP
+Akk groups. Compared with the CDDP+ABx group, the
serum levels of IFN-γ, IL-6, and TNF-α in the CDDP+Akk
group were increased significantly (P < 0:01). IL-10 level
was downregulated (P < 0:01).

3.6. Effect of Akk on Ratio of CD4+CD25+Foxp3+ Treg Cells in
Mouse Peripheral Blood and Spleen Mononuclear Cells. As
shown in Figure 7, the percentages of CD4+CD25+Foxp3+

Treg cells in the peripheral blood of mice in the model group,
CDDP group, and CDDP+ABx group were significantly
higher than those in the normal group (P < 0:01); there were
no obvious difference between the model and CDDP groups.
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The percentages of CD4+CD25+Foxp3+ Treg in the CDDP
group were significantly higher than those in the CDDP
+Akk group (P < 0:05) and lower than those in the CDDP

+ABx group (P < 0:01). In total T cells of the spleen, the
percentage change trend of CD4+CD25+Foxp3+ Treg cells in
each group was the same as that in the peripheral blood group.
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Figure 6: Effect of CDDP combined with Akk on ki-67, p53, Fas, and FasL protein expression in lung cancer mice. The levels of ki-67, p53,
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4. Discussion

Recently, accumulating research evidences uncovered spe-
cific intestinal symbiotic bacteria and metabolites can inhibit
the occurrence of tumors [14, 15], offering valuable insight
into the molecular mechanism of the beneficially immuno-
regulatory effect of probiotics beyond gut level, which could
be applied in prevention or treatment of cancer in extraintes-
tinal sites. Akk, as a next-generation beneficial microbe [16],
can modulate gut microbiota composition and intestinal
tumor development in mice [17] and influences efficacy of
PD-1–based immunotherapy against epithelial tumors [13].
The clinical effectiveness of such chemotherapy is limited
by intrinsic or acquired resistance. In this study, the model
of mice subcutaneously injected with Lewis lung cancer cells
was constructed; then, according to the difference of intra-
peritoneal injection drugs and feedstuffs, they were divided
into the model group, CDDP group, CDDP+Akk group,
and CDDP+ABx group. It was found that the antitumor
effect was the most obvious in the CDDP+Akk group. With
the prolongation of administration time, the inhibition
advantage was more obvious, indicating that Akk enhanced
antitumor effect in the CDDP treatment of lung cancer.
The inhibition effect of CDDP group was followed by that
of the CDDP+ABx group. The combination of antibiotics
may disrupt the balance of the microflora in mice, so the
tumor inhibition rate of mice in the CDDP+ABx group was
poor. It was revealed that good symbiotic environment was
a necessary condition for the maximum effectiveness of anti-
tumor drugs.

Ki67 is a large nucleolar phosphoprotein and closely cor-
relates with the cell cycle [18]. P53 is a tumor suppressor pro-
tein and can regulate the localization, expression, and activity
of critical apoptotic effectors. It was reported that median
survival time and 1- to 5-year survival rates of non-small-
cell lung cancer patients were increased significantly in
patients with low expression of Ki67 and p53 (Zhang et al.
[19]). In addition, p53 can also induce the expression of Fas
and FasL; the induction of which can augment the apoptotic
signaling [20, 21]. The binding of FasL to Fas leads to the ini-
tiation of death-inducing signal complex, eventually leading
to the cleavage of caspase-8 and subsequent release of cas-
pase-3, thus promoting apoptosis [22]. The lower expression
of Fas and the overexpression of FasL in non-small-cell lung
cancer tissues would lead to immune escape of lung cancer
cells (Na et al. [23]). We found that Akk combining with
CDDP aggravated the decrease in ki-67, p53, and FasL pro-

teins and the increase in Fas compared with the only CDDP
group. The combination of ABx attenuated the downregula-
tion of CDDP on ki-67, p53, and FasL, hinting that the Akk
probably participates in the antitumor effect at the gene level
through some mechanism, but the direct or indirect effect of
the intestinal flora is still to be further explored.

The lung is a mucosal tissue colonized by different bacte-
rial communities. Local microbiota provokes inflammation
associated with lung adenocarcinoma by activating lung-
resident gamma delta T cells. Germ-free or antibiotic-
treated mice were significantly protected from lung cancer
development induced by Kras mutation and p53 loss [7]. In
vivo, Akk plays a crucial role in maintaining the integrity of
the mucus layer, thereby reducing translocation of proin-
flammatory lipopolysaccharides [24]. Here, our results
showed that compared with the CDDP or CDDP+ABx
group, Akk combining with CDDP treatment upregulated
the levels of IFN-γ, IL-6, and TNF-α and downregulated
IL-10 level. IL-10 in the tumor microenvironment can inhibit
the host’s antitumor immune response [25]. There was also
evidence that Akk exerted anti-inflammatory effects on
chronic colitis as they improved clinical parameters and
downregulated the expression of the proinflammatory cyto-
kines including TNF-α and IFN-γ [26]. The interaction
between Akk and cytokines may be one of the mechanisms
by which Akk plays an antitumor role. Meanwhile, the bal-
ance of CD4+CD25+Foxp3+ Treg and CD4+IL-17+ T17 that
are derived from the initial T lymphocyte cells in the tumor
microenvironment is disrupted with influence of overexpres-
sion of the above inflammatory cytokines. As we all known,
the CD4+CD25+Foxp3+ Treg cells can mediate immune tol-
erance and the CD4+IL-17+ T17 cells can mediate the inflam-
matory response, so it is opposite in their functions and
differentiation processes, and under normal circumstances,
keeping these two cell populations in balance helps maintain
immune stability [27, 28]. An increased number of total
CD4+CD25+Foxp3+ Treg cells have been observed in the
peripheral blood of NSCLC patients [25]. In our study, com-
pared with the CDDP group, combining with Akk treatment
suppressed the expression of CD4+CD25+Foxp3+ Treg in the
peripheral blood and spleen, but combining with ABx treat-
ment accelerated the expression of CD4+CD25+Foxp3+ Treg,
suggesting that Akk could regulate the immune inflamma-
tory microenvironment in the reversion of tumor growth
and tumor immune escape.

In addition, a series of bioinformatics methods were used
to study the molecular mechanism of the antitumor effect of

Table 4: The levels of IFN-γ, IL-6, IL-10, and TNF-α in the mouse serum (mean ± SD, n = 10).

Group IFN-γ (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL) TNF-α (pg/mL)

Normal 426:75 ± 69:17 81:31 ± 12:93 78:85 ± 13:09 526:35 ± 108:11
Model 265:02 ± 59:35 53:22 ± 13:05∗∗ 81:46 ± 11:71 274:45 ± 67:60∗∗

CDDP 244:36 ± 41:92 47:56 ± 7:74 81:04 ± 14:4 260:33 ± 76:93
CDDP+Akk 378:98 ± 76:85▲## 78:25 ± 9:17▲▲## 62:68 ± 19:07 480:63 ± 96:68▲▲##

CDDP+ABx 197:91 ± 44:18 40:12 ± 7:1 108:99 ± 20:4▲# 198:05 ± 51:62
∗P < 0:05, ∗∗P < 0:01 versus the normal group; ▲P < 0:05, ▲▲P < 0:01 versus the model group; #P < 0:05, ##P < 0:01 versus the CDDP group.
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CDDP combined with Akk on lung cancer. The differentially
expressed genes between the CDDP and CDDP+Akk groups
from the paracarcinoma lymphoid specimens were screened,
and a total of 64 immune-related differentially expressed
genes were obtained. Among these differentially expressed

genes, IFI27l2 and IGFBP7 were the two most noticeable
genes. IFI27l2 (interferon alpha-inducible protein 27-like 2
a) is a member of ISG12 (interferon-stimulated gene protein
12 b) protein family. ISG12 is low level expression within the
nuclear envelope under normal circumstances. Type I
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Figure 7: Effect of CDDP combined with Akk on ratio of CD4+CD25+Foxp3+ Treg cells in lung cancer mice. The ratio of CD4+CD25+Foxp3+

Treg cells in mouse peripheral blood (a) and spleen (b) mononuclear cells was measured by flow cytometry, quantified, and plotted in (c).
Data were presented as the mean ± SD, n = 6 in each group, ∗P < 0:05, ∗∗P < 0:01 versus the normal group; #P < 0:05, ##P < 0:01 versus the
CDDP group.
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interferon (IFN) can induce IFI27l2 expression, prompting
that ISG12 is positively correlated with the secretion of IFN
[29]. In this study, the expression of IFI27l2a was signifi-
cantly upregulated in the CDDP+Akk group, suggesting that
CDDP combined with Akk may induce the production of
IFN in the body, which is consistent with the ELISA results.
IGFBP7 (insulin-like growth factor binding protein 7) is a
member of the insulin-like growth factor binding protein
superfamily (IGFBPs), which is mainly synthesized in the
liver and exists in multiple organs of the human body [30].
It is currently believed that it may be involved in the develop-
ment of malignant tumors by regulating cell proliferation,
differentiation, and apoptosis. The expression of IGFBP7 in
lung cancer tissues is lower than that in normal tissues, so
IGFBP7 may be a tumor suppressor gene, inhibiting tumor
growth by promoting cell apoptosis and senescence and inhi-
biting the invasion and migration of cancer cells [31]. We
found that the expression of IGFBP7 in the CDDP+Akk
group was significantly upregulated, suggesting that CDDP
combined with Akk may enhance the antitumor effect of
CDDP. We further found that the pathways including the
cytokine-cytokine receptor interaction, JAK-STAT signaling
pathway, Th17 cell differentiation, FOXO signaling pathway,
and PI3K-Akt signaling pathway were associated with antitu-
mor activity of the combination of Akk and CDDP.

5. Conclusion

Our findings indicated Akk combining with CDDP slowed
down the growth of tumor volume and improved the changes
of tumor pathomorphology, downregulated the levels of ki-
67, p53, and FasL proteins and upregulated Fas proteins,
induced the proinflammatory factor levels such as IFN-γ,
IL-6, and TNF-α, and suppressed the expression of CD4+-

CD25+Foxp3+ Treg. In addition, Akk combining with CDDP
increased the levels of IFI27l2 and IGFBP7 which were the
most differentially expressed genes. The antitumor effect of
Akk combining with CDDP was related to those pathways
including the cytokine-cytokine receptor interaction, Th17
cell differentiation, FOXO, JAK-STAT, and PI3K-Akt signal-
ing pathways. These results suggested that the therapeutic
efficacy of the combined treatment of Akk and CDDP was
superior to the only CDDP treatment, which could enhance
immune regulation and would be a promising strategy for
the treatment of lung cancer.

Data Availability

The raw data supporting the conclusions of this manuscript
will be made available by the authors, without undue reserva-
tion, to any qualified researcher.

Disclosure

The funding body did not have any additional role in the
study design, data collection and analysis, and manuscript
preparation.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Zhou Chen, Xiang Qian, and Shasha Chen contributed
equally to this work.

Acknowledgments

The work was supported by the project of the National
Natural Science Fund (81973771), the Natural Science
Foundation of Zhejiang Province (LY18H290002), and the
Zhejiang Traditional Chinese Medicine Science and
Technology Program (2019ZZ002).

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394–424, 2018.

[2] X. Wang and A. A. Adjei, “Lung cancer and metastasis: new
opportunities and challenges,” Cancer Metastasis Reviews,
vol. 34, no. 2, pp. 169–171, 2015.

[3] C. Meng, C. Bai, T. D. Brown, L. E. Hood, and Q. Tian,
“Human gut microbiota and gastrointestinal cancer,” Geno-
mics, Proteomics & Bioinformatics, vol. 16, no. 1, pp. 33–49,
2018.

[4] S. H. Wong, T. N. Y. Kwong, C. Y. Wu, and J. Yu, “Clinical
applications of gut microbiota in cancer biology,” Seminars
in Cancer Biology, vol. 55, pp. 28–36, 2019.

[5] S. R. Gill, M. Pop, R. T. DeBoy et al., “Metagenomic analysis of
the human distal gut microbiome,” Science, vol. 312, no. 5778,
pp. 1355–1359, 2006.

[6] T. Tanoue, S. Morita, D. R. Plichta et al., “A defined commen-
sal consortium elicits CD8 T cells and anti-cancer immunity,”
Nature, vol. 565, no. 7741, pp. 600–605, 2019.

[7] C. Jin, G. K. Lagoudas, C. Zhao et al., “Commensal microbiota
promote lung cancer development via γδ T cells,” Cell,
vol. 176, no. 5, pp. 998–1013.e16, 2019, e16.

[8] X. Guo, S. Li, J. Zhang et al., “Genome sequencing of 39
Akkermansia muciniphila isolates reveals its population struc-
ture, genomic and functional diverisity, and global distribution
in mammalian gut microbiotas,” BMCGenomics, vol. 18, no. 1,
p. 800, 2017.

[9] J. Bland, “Intestinal microbiome, Akkermansia muciniphila,
and medical nutrition therapy,” Integrative Medicine: A Clini-
cian's Journal, vol. 15, pp. 14–16, 2016.

[10] C. Gomez-Gallego, S. Pohl, S. Salminen, W. M. De Vos, and
W. Kneifel, “Akkermansia muciniphila: a novel functional
microbe with probiotic properties,” Beneficial Microbes,
vol. 7, pp. 571–584, 2016.

[11] W. Wu, L. Lv, D. Shi et al., “Protective effect of Akkermansia
muciniphila against immune-mediated liver injury in a mouse
model,” Frontiers in Microbiology, vol. 8, p. 1804, 2017.

[12] C. Howe, S. J. Kim, J. Mitchell et al., “Differential expression of
tumor-associated genes and altered gut microbiome with
decreased Akkermansia muciniphila confer a tumor-

12 Journal of Immunology Research



preventive microenvironment in intestinal epithelial Pten-
deficient mice,” Biochimica et Biophysica Acta - Molecular
Basis of Disease, vol. 1864, no. 12, pp. 3746–3758, 2018.

[13] B. Routy, E. le Chatelier, L. Derosa et al., “Gut microbiome
influences efficacy of PD-1-based immunotherapy against epi-
thelial tumors,” Science, vol. 359, no. 6371, pp. 91–97, 2018.

[14] C. Gao, B. P. Ganesh, Z. Shi et al., “Gut microbe-mediated sup-
pression of inflammation-associated colon carcinogenesis by
luminal histamine production,” The American Journal of
Pathology, vol. 187, no. 10, pp. 2323–2336, 2017.

[15] J. Li, C. Y. J. Sung, N. Lee et al., “Probiotics modulated gut
microbiota suppresses hepatocellular carcinoma growth in
mice,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 113, no. 9, pp. E1306–E1315,
2016.

[16] Y. Naito, K. Uchiyama, and T. Takagi, “A next-generation
beneficial microbe: Akkermansia muciniphila,” Journal of
Clinical Biochemistry and Nutrition, vol. 63, no. 1, pp. 33–35,
2018.

[17] C. Dingemanse, C. Belzer, S. A. F. T. van Hijum et al.,
“Akkermansia muciniphila and Helicobacter typhlonius mod-
ulate intestinal tumor development in mice,” Carcinogenesis,
vol. 36, no. 11, pp. 1388–1396, 2015.

[18] J.-N. Zheng, Y.-F. Sun, D.-S. Pei et al., “Treatment with vector-
expressed small hairpin RNAs against Ki67 RNA-induced cell
growth inhibition and apoptosis in human renal carcinoma
cells,” Acta Biochimica et Biophysica Sinica, vol. 38, no. 4,
pp. 254–261, 2006.

[19] W.-d. Zhang, G. Jiang, H.-q. Wu, H. Yu, and Z.-G. Liu,
“Prognostic significance of Ki67 and p53 in non-small cell lung
cancer patients,” China Journal of Modern Medicine, vol. 28,
pp. 57–63, 2018.

[20] P. Duan, C. Hu, H. J. Butler et al., “4-Nonylphenol induces
disruption of spermatogenesis associated with oxidative
stress-related apoptosis by targeting p53-Bcl-2/Bax-Fas/FasL
signaling,” Environmental Toxicology, vol. 32, no. 3, pp. 739–
753, 2017.

[21] B. Xu, A. M. Zhang, F. Li, M. Cui, J. Han, and Q. Cao, “XZ-1
regulates cell apoptosis of gastric epithelial dysplasia via NF-
κB/p53/Ki67 signaling pathway,” Bioscience Reports, vol. 38,
no. 3, 2018.

[22] A. Ray, S. Jena, B. Dash et al., “Hedychium coronarium extract
arrests cell cycle progression, induces apoptosis, and impairs
migration and invasion in HeLa cervical cancer cells,” Cancer
Management and Research, vol. Volume 11, pp. 483–500,
2019.

[23] L. I. U. Na, M. I. A. O. Yuan, and H. Ying-zhu, “Expression and
function of Fas and FasL in non-small cell lung cancer,” Prog-
ress of Anatomical Sciences, vol. 23, pp. 390–393, 2017.

[24] M. Schneeberger, A. Everard, A. G. Gómez-Valadés et al.,
“Akkermansia muciniphila inversely correlates with the onset
of inflammation, altered adipose tissue metabolism and meta-
bolic disorders during obesity in mice,” Scientific Reports,
vol. 5, no. 1, p. 16643, 2015.

[25] T. Wei, J. Zhang, Y. Qin et al., “Increased expression of immu-
nosuppressive molecules on intratumoral and circulating reg-
ulatory T cells in non-small-cell lung cancer patients,”
American Journal of Cancer Research, vol. 5, no. 7, pp. 2190–
2201, 2015.

[26] R. Zhai, X. Xue, L. Zhang, X. Yang, L. Zhao, and C. Zhang,
“Strain-specific anti-inflammatory properties of two Akker-

mansia muciniphila strains on chronic colitis in mice,” Fron-
tiers in Cellular and Infection Microbiology, vol. 9, p. 239, 2019.

[27] M. C. Duan, W. Han, P. W. Jin et al., “Disturbed Th17/Treg
balance in patients with non-small cell lung cancer,” Inflam-
mation, vol. 38, no. 6, pp. 2156–2165, 2015.

[28] S. Liu, X. M. Wang, and G. W. Yang, “Action mechanism of
Fuzheng Fangai pill combined with cyclophosphamide on
tumor metastasis and growth,” Evidence-based Complemen-
tary and Alternative Medicine, vol. 2014, Article ID 494528,
11 pages, 2014.

[29] M. A. Tantawy, B. Hatesuer, E. Wilk et al., “The interferon-
induced gene Ifi27l2a is active in lung macrophages and lym-
phocytes after influenza A infection but deletion of Ifi27l2a
in mice does not increase susceptibility to infection,” PLoS
One, vol. 9, no. 9, article e106392, 2014.

[30] A. Degeorges, F. Wang, H. F. Frierson Jr., A. Seth, and R. A.
Sikes, “Distribution of IGFBP-rP1 in normal human tissues,”
The Journal of Histochemistry and Cytochemistry : Official
Journal of the Histochemistry Society, vol. 48, pp. 747–754,
2016.

[31] Y. Chen, M. Pacyna-Gengelbach, F. Ye et al., “Insulin-like
growth factor binding protein-related protein 1 (IGFBP-rP1)
has potential tumour-suppressive activity in human lung can-
cer,” The Journal of Pathology, vol. 211, no. 4, pp. 431–438,
2007.

13Journal of Immunology Research


	Akkermansia muciniphila Enhances the Antitumor Effect of Cisplatin in Lewis Lung Cancer Mice
	1. Introduction
	2. Materials and Methods
	2.1. Bacterial Strains and Growth Conditions
	2.2. Cell Culture
	2.3. Establishment of the Mouse Model and Treatment
	2.4. Determination of Tumor Growth
	2.5. Observation of Tumor Histopathology by H&E Staining
	2.6. RNA Isolation, Purification, and Quality Control
	2.7. Preparation and Sequencing of cDNA Library
	2.8. Bioinformatics Analysis
	2.9. Determination of ki-67, p53, Fas, and FasL Protein by Western Blotting
	2.10. Determination of IFN-γ, IL-6, IL-10, and TNF-α Levels in Tumor by ELISA Assay
	2.11. Detection of Ratio of CD4+CD25+Foxp3+ Treg (Regulatory T Cell) Cells in Mouse Peripheral Blood and Spleen Mononuclear Cells by Flow Cytometry
	2.12. Statistical Analysis

	3. Results
	3.1. Effect of Akk on Tumor Volume Combined with CDDP
	3.2. Effect of Akk on Tumor Pathomorphology Combined with CDDP
	3.3. Effect of Akk on Immune-Related Differential Genes and Pathways Combined with CDDP in Tumor Tissues
	3.4. Effect of Akk on ki-67, p53, Fas, and FasL Proteins Combined with CDDP in Tumor Tissues
	3.5. Effect of Akk on Expression Levels of IFN-γ, IL-6, IL-10, and TNF-α Combined with CDDP in Mouse Serum
	3.6. Effect of Akk on Ratio of CD4+CD25+Foxp3+ Treg Cells in Mouse Peripheral Blood and Spleen Mononuclear Cells

	4. Discussion
	5. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

