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Abstract. Evidence has indicated that gut bacteria may serve an
important role in cancer development and therapy, while little
work has been done to explore the microbial diversity inside
tumours. In the present study, high-throughput sequencing was
first used to identify and compare the microbial diversity in
human and mouse tumours. Principal component analysis (PCA)
and p-diversity indicated a low microbial similarity among mouse
artificial tumours (M.AT group), mouse spontaneous tumours
(M.T group) and human tumours (H.T group), and Serratia (35.85
vs. 32.64 vs. 73.32%), Pseudomonas (24.10 vs. 16.62 vs. 1.72%)
and Ochrobactrum (6.28 vs. 11.08 vs. 11.90%) were identified
as dominant bacteria at the genus level. In addition, Venn results
indicated 103 common operational taxonomic units (OTUs) in
the M.AT,M.T and H.T groups, and only 2 and 1 OTUs belonged
to Lactobacillus and Escherichia, respectively, while no OTUs
belonging to Salmonella, Bifidobacteria or Clostridium were
identified. In the present study, the common bacteria between
human and mouse tumours were identified, which may serve as
potential strains for bacteriotherapy of cancers.

Introduction

Cancer is one of the most common causes of death in devel-
oped countries (1), and recent researches showed that gut
bacteria seriously influenced the treatment and outcomes for
patients with advanced malignancies (2). Researchers provided
strong evidence of the role of stool microbiota in response
and resistance to immunotherapy (3-5), and Bacteroidales
and Bifidobacterium greatly increased the number and
activity of immune cells, which then promoted the efficacy of
anti-CTLA-4 and anti-PD-L1 therapy (6).

Do the microbiota inside tumours also play an impor-
tant role in cancer development and therapy? It has been

Correspondence to: Dr Tingtao Chen, Institute of Translational
Medicine, Nanchang University, 1299 Xuefu Road, Honggu,
Nanchang, Jiangxi 330031, P.R. China

E-mail: chentingtao1984@163.com

Key words: high-throughput sequencing, cancer, microbial diversity,
Clostridium novyi, Salmonella typhimurium

recognized for more than 60 years that the tumour micro-
environment creates an ideal condition for the growth of
anaerobic and some facultative anaerobic bacteria (7), and
several approaches to developing anaerobic bacteria for
tumour therapies have been described (8-10). Until now, the
anaerobic species of Bifidobacterium longum, lactic acid
bacteria, Clostridium novyi and Salmonella typhimurium have
been used as an anticancer protein-delivery agent to repress
tumour growth for their selective growth in the hypoxic
environment of large solid tumours (11-14). However, two
clinical trials indicated that Salmonella failed to fully colonize
human tumours, conflicting with the observation made for
murine models for some unknown reasons (15,16).

As we know, the mouse model is a powerful tool in biolog-
ical evaluation, while the species differences between humans
and mice often result in the failure of some drug evaluations.
Some researchers have indicated that functional differences
might be the reason for the failure of two clinical Salmonella
trials (15,16), therefore it is crucial to find the bacteria that are
common to both human and mice tumours, which may serve
as sound anticancer protein-delivery agents.

So far,though medical microbiologists have relied on culture
techniques for decades, these culture methods can only be used
for identifying the ‘culturable’ bacteria that grow relatively
quickly and easily in laboratory media (17,18) because of their
various nutritional, pH, temperature and oxygen requirements,
and the interspecies competition and different concentra-
tions of bacteria within a plate also increase difficulties with
screening (19,20). To determine the full panoply of organisms
within tumours, high-throughput sequencing methods may be
useful since they can detect almost all the DNA signatures
of micro-organisms within a specific environment, even some
of them with low numbers or a dormant metabolic state (21-23).

In the present study, the high-throughput sequencing
method was applied and the bacterial diversity in human and
mice tumours was compared. In addition, the common bacteria
in human and mice tissues were identified and these might
be used as the potential strain to solve the host's problems of
incompatibility in relation to bacteriotherapy of cancer.

Materials and methods
Ethical statement. Patient samples were obtained with written

informed consent in accordance with the Ethics Committee
requirements at the participating institutes and the Declaration
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of Helsinki. Permission to carry out the study was obtained
from the Institutional Review Board (IRB) of the Second
Affiliated Hospital of Nanchang University.

This study was carried out in strict accordance with
the recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
The protocol was approved by the Committee on the Ethics
of Animal Experiments of the Second Affiliated Hospital of
Nanchang University.

Artificial tumour samples in a mice model (M-Artificial
tumour, M.AT group). H22 cells (BALB/c background, ATCC,
USA) were cultured in a humidified incubator at 37°C under
5% CO, in RPMI 1640 supplemented with 10% heat-inac-
tivated foetal bovine serum, 2 mmol/l glutamine, 100 U/ml
penicillin and 100 U/ml streptomycin (14).

Mice (6 SPF-class KM male mice weighing from 18to 22 g,
8 weeks) were kept under standardized conditions (22-24°C
temperature; 55+15% humidity) in a 12 h light/12 h dark cycle
in groups of three in an enriched environment (social enrich-
ment, structured bedding, mouse house with nested material).
Food and tap water were provided ad libitum. To establish a
solid tumour model, each mouse was inoculated with 0.2 ml
H22 tumour cell suspension (1x10%ml PBS) by s.c. injection to
the right flank. At the end of 2 weeks, the mice were sacrificed
and soaked in 75% ethanol for 5 min in a biosafety cabinet,
and the tumour xenografts (one tumor per mouse, ranging
from 2,500 to 3,000 mm?, no signs of distress and no tumor
ulceration was observed) were sterilely removed and stored at
-20°C for future use (24).

Spontaneous tumour samples in mice [M-tumour group
(M.T group)]. Mice (6 SPF-class KM mice, aged from 8 to
50 weeks) with spontaneous tumors (one tumor per mouse,
ranging from 2,000 to 3,100 mm?, no signs of distress and
no tumor ulceration was observed) were provided by the
Experimental Animal Center of Nanchang University, and
were kept under standardized conditions (22-24°C tempera-
ture; 55+15% humidity) in a 12 h light/12 h dark cycle in
groups of three in an enriched environment (social enrichment,
structured bedding, mouse house with nested material). Food
and tap water were provided ad libitum. The tumour samples
were sterilized separately from the mice and stored at -20°C
for future use (n=6).

Tumour samples from patients [ H-tumour group (H.T group)].
From a total of six patients with diagnosed liver cancer
(without bacterial infection, viral and alcoholic hepatitis),
tumour samples were collected by tumour excision surgery.
Then the samples were stored in disposable sterile tubes and
immediately transferred into the refrigerator at -20°C for
bacterial DNA extraction.

Total genomic DNA extraction and high-throughput
sequencing. Sample DNA was extracted from the samples
using a TTANamp Genomic DNA kit (Tiangen Biotech Co.,
Ltd., Beijing, China) according to the manufacturer's instruc-
tions. To avoid the loss of microbial diversity caused by the
small amount of bacteria in the tumours, all the collected
tumours in the same group were mixed and cut into small
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pieces and homogenized in 500 1 GA with 0.2 g micro glass
beads and centrifuged at 1,000 g for 2 min. Then the mixtures
were transferred into new columns of 1.5 ml. A total of 20 ul
of proteinase K solution (20 mg/ml) was added, vortexed to
mix, and then incubated at room temperature for approxi-
mately 5 min. The Buffer GB provided in the kit (200 ul) was
added and vortexed for 5 min. The samples were then placed
in a temperature of 70°C for 10 to 15 min. Then 200 pl of ethyl
alcohol were added and agitated for 15 sec. The mixtures were
transferred into Spin Columns CB3 with a 2 ml collection
tube and centrifuged at 10,000 g for 30 sec. The flow-through
liquid was discarded. Then 500 pl of buffer GD was added
and centrifuged at 10,000 g for 30 sec. After discarding the
flow-through liquid, 600 pl of wash buffer PW was added and
centrifuged at 10,000 g for 30 sec. Placed spin columns CB3
for 30 min and added 100 1 of elution buffer at room tempera-
ture for 2 min. The column was then centrifuged for 2 min at
10,000 g and stored at -20°C for future analysis.

Total genomic DNA was amplified using a 515f/806r primer
set that amplifies the V4 region of the 16S rDNA gene (25,26).
The forward primer contains a 6 bp error-correcting barcode
unique to each sample. DNA was amplified and 16S rRNA
tag-encoded high-throughput sequencing was carried out
using the Illumina MiSeq platform at Beijing Novogene
Bioinformatics Technology Co., Ltd. (Beijing, China).

Bioinformatics and multivariate statistics. Paired-end reads
from the original DNA fragments were merged using FLASH
to merge paired-end reads when at least some of the reads
overlapped the read generated from the opposite end of the
same DNA fragment, and paired-end reads were assigned to
each sample according to the unique barcodes.

Then, sequence analysis was performed utilizing the
UPARSE software package using the UPARSE-operational
taxonomic unit (OTU) and UPARSE-OTUref algorithms.
In-house Perl scripts were used to analyse o (within samples)
and B (among samples) diversity. Sequences with 297% simi-
larity were assigned to the same OTUs. A sequence was picked
as a representative for each OTU, and the RDP classifier was
used to annotate taxonomic information for each representa-
tive sequence. Cluster analysis was preceded by unweighted
UniFrac distance using the QIIME software package.

Results

Shared genera and bacterial communities in human and
mice tumours. To compare the microbes in human and mice
tumours, 16S rRNA amplicon sequencing analysis was used
to sequence the V4 hypervariable region. The sequencing
data was filtered to get the valid data, and all the effective
tags of all samples were clustered and those sequences with
over 97% similarity were considered as one OTU. In total,
380,296 usable raw sequences (1,893 unique sequences) and
678 OTUs were obtained from all the samples with an average
of 226 OTUs per group (Table I). Moreover, the Chaol index
and Shannon index were nearly saturated and the rarefaction
curve of every sample was able to enter the plateau phase,
which indicated that the sequencing data was reasonable and
the species composition was highly uniform in each group
(data not shown).
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Table I. Number of total tags, taxon tags, unclassified tags,
unique tags and operational taxonomic units from tumours by
high-throughput sequencing.

Unclassified Unique

Group Total tags Taxon tags tags tags OTUs
M.AT 133,150.00 132,546.00 0.00 604.00 244.00
M.T  55,113.00 54,667.00 8.00 438.00 226.00
H.T 192,033.00 191,182.00 0.00 851.00 208.00
Mean 126,765.30 126,131.70 2.67 631.00 226.00
Total 380,296.00 378,395.00 8.00 1,893.00 678.00

OTUs, operational taxonomic units; M.AT, mouse artificial tumours;
M.T, mouse spontaneous tumours; H.T, human tumours.

At the phylum level, the data of the top ten micro-organism
populations was analysed. As shown in Fig. 1, Proteobacteria
constituted the predominant phylum in the M.AT, M.T and H.T
groups, which accounted for 95.8, 97 and 89%, respectively, of
the total sequencing number in these three groups.

The B diversity of the microbial community in human and
mice tumours. Principal component analysis (PCA) of both
human and mice tumours was conducted, and a closer distance
of samples indicated a more similar bacterial composition.
As shown in Fig. 2A, though the M.AT, M.T and H.T groups
were scattered far from each other, the heatmap of 3 diversity
indicated that the microbial community among mice tumours
(M.AT vs. M.T, 0.102) was closer than that of M.AT vs. HT
(0.114) and M.T vs. H.T (0.135) (Fig. 2B).

Compositions and relative abundance of bacterial
communities in human and mice tumours. To further inves-
tigate the relative microbial abundance in the M.AT, M.T
and H.T groups, the top 10 genera were clustered. As shown
in Fig. 3, the dominant bacterial genera in the M.AT group were
Serratia (32.64%), Pseudomonas (16.62%), Ochrobactrum
(11.08%), Cupriavidus (10.72%), Methylobacterium (3.45%)
and Phyllobacterium (2.33%), while Serratia (73.32%),
Pseudomonas (1.72%), Ochrobactrum (11.90%) and
Phyllobacterium (2.36%) were predominant in the M.T
group. For the H.T group, Serratia (35.85%), Pseudomonas
(24.10%), Ochrobactrum (6.28%), Escherichia (8.32%),
Methylobacterium (2.38%), Phyllobacterium (1.59%) and
Sphingomonas (1.35%) were identified as the dominant
bacteria. In addition, the bacteria classified as ‘others’ had
accounted for 14.21, 6.90 and 17.38% of the total sequencings.

The specificity of bacterial communities in human and mice
tumours. The Venn figure.reflecting the difference between
human and mice tumours depicted, as shown in Fig. 4, that
there were 217, 216 and 180 OTUs in the M.AT, M.T and HT
groups, respectively. A comparison between all groups indi-
cated that 103 common OTUs had been identified, of which
2,0, 1 and 0 OTUs belonged to Lactobacillus, Salmonella,
Escherichia and Clostridium, respectively. Therefore, the no
detection of Salmonella and Clostridium in either human or

MOLECULAR MEDICINE REPORTS 17: 6717-6722, 2018

6719

mouse tumours suggests that these two strains were not a good
choice for anticancer therapies.

Discussion

Tumours are composed of necrotic, hypoxic and hypoxic
areas offering a perfect niche for the growth of anaerobic
bacteria (10). Since Coley's original work treating cancer
patients with Streptococcus pyogenes over 100 years ago, a
variety of anaerobic bacteria have been considered for this
purpose but failed in part because of poor reproducibility
and unacceptable toxicity (27-29). More recent work involved
attenuated strains of S. typhimurium, while the phase 1 clin-
ical trials of S. typhimurium received limited efficacy, though
the bacterium could be safely administered and targeted at
tumours in both dogs and human patients (16,30). Moreover,
recent studies indicated that bacteria imbalance (dysbiosis)
did affect oncogenesis, tumour progression and cancer
therapy (3,6,31). Unfortunately, little work has been done to
explore the microbial diversity inside tumours and clarify their
potential roles in tumour development and therapy.

To the best of our knowledge, the distribution of bacteria,
e.g., Bifidobacterium longum,lactic acid bacteria, Clostridium
novyi and Salmonella typhimurium, was mainly affected
by the volume of solid tumours rather than tumour sites and
types (32,33), so the microbial diversity in solid tumours in
humans and mice was compared using high-throughput
sequencing. For convenience of sampling, liver cancer, the
second leading cause of cancer death, was collected both from
humans and mice. Moreover, as the low microbial amount and
rich tumour stroma and blood vessels would lead to a huge
loss of DNAs, which would finally reduce the biodiversity of
the bacterial community in tumours, all the samples collected
from the same different tissues were mixed and a mean number
of 378,395 usable sequences and the saturated Chaol index
and Shannon index (Table I) ensured their reliability for future
analysis. Even so, more advanced DNA extraction method will
be applied in our further work to expand the sample size and
sustain the individual difference, and the fluorescence in situ
hybridization (FISH) will be used to locate the bacterial posi-
tion in liver tumors.

As shown in Fig. 1, Proteobacteria accounted for 95.8,
97 and 89%, respectively, of the total sequencing number in
the M.AT, M.T and H.T groups. Proteobacteria are a major
group of gram-negative bacteria and include a wide variety
of pathogens, such as Escherichia, Salmonella, Vibrio,
Helicobacter and Yersinia, and some of this phylum is respon-
sible for nitrogen fixation (34). However, this group has been
detected as the dominant population in the human intestine
and oral cavity (26,35), so much more work needs to be done
to explore its potential effects on human health or diseases
(including cancer).

In Fig. 2, the widely scattered PCA symbols of M.AT, M.T
and H.T showed an obviously low similarity in the microbial
community in these three groups, though the § diversity index
indicated that the microbial community in mice was much
closer than that in different species. Therefore, the obviously
different microbial community between humans and mice
(even the microbial communities of spontaneous tumours
and artificial tumours were obviously different) indicated
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Figure 1. Composition and relative abundance of bacterial communities-based 16S rDNA sequences in the M.AT, M.T and H.T groups at the phylum level.
The results indicated that the bacterial diversity in mouse tumours (M.AT and M.T groups) was markedly different to that observed in human tumours, and
Proteobacteria constituted 95.8, 97 and 89%, respectively, of the total sequencing number in the M.AT, M.T and H.T groups. M.AT, mouse artificial tumours;

M.T, mouse spontaneous tumours; H.T, human tumours.
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Figure 2. (A) PCA and (B) heatmap of b-diversity index of the M.AT, M.T
and H.T groups. The results indicated that bacterial diversity in the M.AT,
M.T and H.T groups varied, while the microbial communities among mouse
tumours (M.AT vs. M.T) were closer than M.AT vs. HT and M.T vs. HT.
M.AT, mouse artificial tumours; M.T, mouse spontaneous tumours; H.T,
human tumours; PCA, principal component analysis.

that the tumour size and microenvironment (e. g. oxygen and
pH) might create different survival environments for different
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Figure 3. Relative abundance of the bacteria among the M.AT, M.T and H.T
groups at the genus level. The results indicated that Serratia, Pseudomonas and
Ochrobactrum were predominant in the M.AT, M.T and H.T groups. M.AT,
mouse artificial tumours; M.T, mouse spontaneous tumours; H.T, human
tumours.
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Figure 4. Scalar-Venn representation of the tumour microbiota among the
M.AT, M.T and H.T groups. The results indicated that there were 217, 216 and
180 OTUs in the M.AT, M.T and H.T groups; 103 common OTUs in these
groups have been identified. M. AT, mouse artificial tumours; M.T, mouse spon-
taneous tumours; H.T, human tumours; OTUs, operational taxonomic units.

micro-organisms, and the low similarity among the M.AT,
M.T and H.T groups partly explained the failure of the phase 1
clinical trials of S. typhimurium.



Then, data of the top ten micro-organism populations was
analysed at the genus level. Just as expected, the microbial
composition in human tumours and artificial mice tumours
was obviously different, however Serratia (35.85 vs. 32.64%),
Pseudomonas (24.10 vs. 16.62%), Ochrobactrum (6.28 vs.
11.08%) had been identified as the dominant bacteria in human
tumours and artificial tumours. Interestingly, the microbial
composition of the M.T group was obviously different to that
of the H.T and M.AT groups at the genus level, and Serratia
and Ochrobactrum accounted for 73.32 and 11.90% of the total
sequencings, respectively (Fig. 3). As we know, Serratia is a
genus of facultative anaerobic bacteria of the Enterobacteriaceae
family, and can be distinguished from other members of the
Enterobacteriaceae family by their unique production of three
enzymes: DNase, lipase and gelatinase (36). Pseudomonas
belongs to the Pseudomonadaceae family containing 191
valid species, and they demonstrate a great deal of metabolic
diversity, and consequently are able to colonize a wide range of
niches (37). Interestingly, Streptococcus, the first genus used to
treat cancer patients 100 years ago, accounted for 0.7-1.0% of
the total number in these three groups.

To find the common bacteria between human and mice
tumours, the bacterial compositions were compared. In Fig. 4,
the Venn figure reflected 103 common OTUs in the M.AT,
M.T and H.T groups, and only two and one OTUs belonged
to Lactobacillus and Escherichia, and no OTUs belonging
to Salmonella, Bifidobacteria and Clostridium were found.
As we know, Streptococcus, Lactobacillus, Escherichia,
Salmonella, Bifidobacteria and Clostridium have been used
as vectors for gene therapy of cancer (10,38-40), therefore the
existence of Streptococcus, Lactobacillus and Escherichia
both in humans and mice showed their potential value for
animal and human verification. Especially for Lactobacillus,
whose most members had been used in the preparation of
fermented foods and these microorganisms were generally
considered safe (41).

In conclusion, our results indicated that various bacteria
exist both in human and mice tumours, and the significantly
different bacterial composition in artificial mice tumours,
spontaneous mice tumours and human tumours may partly
explain the sound effect of attenuated Salmonella in murine
models and the unsatisfactory observation in human tumours.
However, our work indicated that the common bacteria of
Streptococcus, Lactobacillus and Escherichia both in human
and mice tumours might be used as potential strains in the
immunotherapy and bacteriotherapy of cancers.
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