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ABSTRACT. Antibiotic-induced disruption of the intestinal microbiota
has serious consequences for human physiology. We conducted a
microbial dysbiosis animal model to study and directly provide evidence
for microbial dysbiosis contribution to malignant melanoma animal
model. Females C57BL/6 wild-type (WT) mice injected with a limiting
threshold number of B16/F1 melanoma cells and the tumor development
was observed with and without probiotics treatment. Treatment with
probiotic could restore microbiota diversity and indirectly effect the
tumor incidence. In microbial dysbiosis group tumor incidence was
83.33%. Also, the expression level of inflammatory proteins NFkB-p65;
IL-6; and STAT-3 were remarkably enhanced in microbial dysbiosis
group compared to probiotic treated group. Altogether, our findings
demonstrated that microbial dysbiosis can strike the balance between
immunity and tumorigenesis, and increase the incidence of malignant
melanoma in mice. Probiotic treatment significantly reduced tumor
incidence
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INTRODUCTION

Antibiotics are one of the greatest inventions of the world, it is difficult to imagine the life without antibiotics.
Yet, every coin has two sides, antibiotic exposures may increase the risks of metabolic and neoplastic disease by
disrupting the microbiomes (Blaser MJ, 2016). Dysregulated microbiota lead to a variety of diseases, such as
obesity-related disease, liver disease, IBD and colorectal cancer (Marchesi JR, et al., Fukuda S, Hara E, Yamamoto
M, Matijasic M, 2016) Melanoma is one of the most aggressive types of skin cancer (Miller AJ, 2006) and the
average life expectancy after diagnosis was dismal (Koller KM, 2016) Malignant cells can evade the host immune
system (Hude I, et al. 2017) As reported in our previous study, we conducted an animal model which can
sensitively detect the changes of immune level (Owusu L, 2015). Briefly, animals were injected with B16/F1
melanoma cells in the limiting threshold number of 1x102 cells. In normal immune state, animals will not get
tumor with the mentioned threshold, if the immune state is low, the tumor will breakout. Based on this method,
we conducted a microbial dysbiosis model using antibiotics, and injected animals with B16/F1 melanoma cells in
the limiting threshold of 1x 103,

The notion that inflammation drives cancer is already well established. The inflammatory gene nuclear factor
kappa B (NF-kB) has been found constitutive activity in most solid and lymphoid tumours (Grivennikov Sl, 2010)
Interleukin-6(I1L-6) has been reported as a prognostic factor in melanoma. Enhanced levels of IL-6 are predictive
for a high tumor burden and a reduced overall survival in metastatic melanoma patients (Soubrane C, 2005) There
exists an NF-kB/IL-6/STAT-3 cascade involved in tumorigenesis, which IL-6 acts as an important component.

This work focused on the effects of microbial dysbiosis and probiotics on the incidence of malignant melanoma
through PCR-DGGE, tumorigenesis and the identification of biomolecular markers of inflammation.

MATERIALS AND METHODS
Animals and cell line

Six weeks old female C57BL/6 wild-type (WT) mice were obtained from SPF (Specific Pathogenic Free animals
Centre) of Dalian Medical University (Liaoning, China). B16/F1 melanoma cells were purchased from (ATCC,
number: CRL-6323, USA) were performed in accordance with protocols described before. The animal
experiments were approved by Dalian Medical University Animal Care and Use Committee.

Probiotic preparation

LBB was obtained from Biostime Inc (Guangzhou, China). The formula of LBB was Lactobacillus acidophilus,
Bifidobacteria spp (B. bifidum and B. infantum) and Fructo-oligosaccharide and maltodextrin as supplement. The
dosage of the probiotic formula was calculated according to Meeh-Rubner conversion formula between human
and mice (Xinli L, 2013). The probiotic formula was administered orally at 0.9 g/kg body weight daily after
conversion.

Experimental design and animals follow up

After one week of acclimatization, animals were divided into 4 groups, each group were 6 animals. They were
treated as follows (See Fig.1):

Group A (melanoma cells only): animals were oral gavaged with saline as control, then received B16/F1
melanoma cells injection with the limiting threshold number 1x 10%in the third week.

Group B (antibiotic + melanoma cells): animals were oral gavaged with daily dose of Levofloxacin from the
beginning to the end of the experiment, and received B16/F1 melanoma cells injection with the limiting
threshold number 1x 10%in the third week.

Group C (antibiotic + self-recover + melanoma cells): animals were oral gavaged with daily dose of Levofloxacin
for one week, then self-recover to the end of the experiment, and received B16/F1 melanoma cells
injection with the limiting threshold number 1x 103 in the third week.

Group D (antibiotic + probiotics + melanoma cells): animals were oral gavaged with daily dose of Levofloxacin
for one week, and oral gavaged with probiotics from the second week to the end of the experiment. In
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the third week the animals received B16/F1 melanoma cells injection with the limiting threshold number

of 1x 103,
week -1 0 1 2 3 8
v
GroupA [ Saline s
v
GroupB Lev. S
v
GroupC [ Lev. | Saline s
AAAAAAA
A 4
GroupD [ Lev. | Probiotic LBB s ]
AAAAAAA

A Levofloxacin (Lev) ¥ B16/F1 melanoma cells injection(1X 10%)*

/A Probiotic LBB S Scarified

Figurel. Experimental design and animals follow up.*B16/F1 cells were performed in 100ul of saline.

Intestinal microbiota analysis

Fresh stool samples were placed in sterile centrifuge tubes and stored at -80°C prior to use. Genomic DNA was
extracted from stool samples using Power Soil DNA Isolation Kit (MO BIO) according to the manufacturer’s
instruction. Genomic DNA was amplified with universal bacterial primers which was described before (Liu J, et
al, 2012)

PCR amplification was performed in an automated thermocycler (Thermo, USA). The quality of PCR products
was tested by electrophoresis on 1.0% (w/v) agarose gel. The method of DGGE (Denaturing Gradient Gel
Electrophoresis) was according to the work previously reported (Liu J, 2015). Subsequently, the gels were washed
with ultrapure water and stained with 5% EB (ethidium bromide) for 45 mins and photographed. DGGE graphs
were digitized by Phoretix 1D software (Phoretix, Newcastle upon Tyne, UK).

After this, DGGE bands were selected and analyzed. Bands were cut with a sterile surgical blade under UV,
washed, and kept in sterile centrifuge tubes with 100uL sterile water at 4°C overnight. Then put the tube into 90°C
water bath for 10 minutes, and the solution was used as DNA template, original primers without GC clamp for
PCR. PCR products were ligated into the pMD18-T vector and transformed into competent E. Coli Nova Blue
(TaKaRa, Japan). The recombinant plasmids were isolated and sequenced by company (TaKaRa, Japan). Then
the sequences were aligned to the NCBI by BLAST search.

B16/F1 melanoma cells transplant model

C57BL/6 WT mice received subcutaneous implantation of B16/F1 melanoma cells with the limiting threshold of
1x 103 at the flank. B16/F1 cells were performed in 100ul of saline. Animals were monitored for tumor growth at
2-day intervals for at least 45 days, and up to 90 days for non-tumor bearing mice. In a tumor bearing animal,
tumor maximal width, and maximal perpendicular length were measured with a digital calliper. Also, the number
of tumor was calculated in different groups.

Hematoxylin and Eosin(HE) staining of colon tissue

Animals were sacrificed, and colons were collected and placed in 10.0% formaldehyde, rested overnight.
Hematoxylin and eosin (HE) staining was carried out in Histopathology Laboratory at the Dalian Medical
University and read by a pathologist who was blinded to the experimental design.

Immunohistochemistry(IHC) analysis of colon tissue
Paraffin-embedded sections of colon tissue were made by the Histopathology Laboratory at the Dalian Medical

University. Sections were deparaffinized in xylene, hydrated through a series of graded ethanol solutions, and
subjected to antigen retrieval in 10mM citrate buffer (pH 6.0) in microwave oven for 20 minutes. The endogenous
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peroxidase activity was blocked, and DAB were done using Splink detection kit (ZSGB-BIO, Beijing) according
to manufacturer’s protocol. Sections were incubated in 4°C with NFkB-p65 antibody (1:100 dilution) for 16 hours.
NFkB-p65was expressed as mean intensity of NFkB-p65 staining, calculated as ratio of mean area of NFkB-p65
staining and mean integrated optical density using the Image J software.

Statistical analysis

Data were analyzed with GraphPad Prism software (version 6.04, USA). ANOVA followed by Turkey’s post hoc
analysis was used to analyze differences in microbiota abundance at various levels. Significant differences
between groups were assessed by Student's t test. Fisher’s exact test was employed to analyze the difference in
tumor incidence. Results were considered significant at p < 0.05.

RESULTS

Antibiotic treatment induced microbial dysbiosis.

The DGGE images of the 12 faecal samples were obtained by applying PCR-DGGE technology (Fig.2a). Lanel
to lane3 are Group A (melanoma cells only), lane 4 to lane 6 are Group B (antibiotic + melanoma cells), lane 7 to
lane 9 are Group C (antibiotic +self-recover + melanoma cells), lane 10 to lane 12 are Group D (antibiotic +
probiotics + melanoma cells). A decreased gut microbial diversity was shown in Group B and Group C. The
UPGMA cluster analysis of DGGE patterns by Quantity One software showed that the 12 examined samples were
distinctly separated into different clusters (Fig.2c). Samples from Group A and Group B were in their own clusters,
sample 9 which has farthest clustering distance with sample7 and 8 from the same group. The results indicated
that after antibiotic treated, the self-recover ability of individuals was different from each other, the probiotic
treated can restore the diversity of microbiota. Also, the sequencing results of the selected bands both matched to
BLAST results (Fig.2b).

Figure (2a-2c). DGGE profiles. (a) Lanel to lane3 are samples from Group A (melanoma cells only), Lane4 to
lane6 are samples from Group B (antibiotic + melanoma cells), Lane7 to lane9 are samples from Group
C (antibiotic +self-recover + melanoma cells), Lanel10 to lane12 are samples from Group D (antibiotic

+ probiotics + melanoma cells).

Selected band Blast results Similarity
A Clostridium 99%
B Staphylococcus cohnii 99%
C Streptococcus constellatus 99%
D Lactobacillus acidophilus 95%
E Bacteroides thetaiotaomicron 96%

(b) Bacteria of main bands were identified by DNA sequence analysis (see Materials and Methods).
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(c) UPGMA cluster analysis of DGGE patterns (Quantity One software). #1 to #12 represents lanel to lanel2.
Microbial dysbiosis increased the tumorigenesis in animal model.

The effect of microbial dysbiosis on immunity was studied in melanoma animal model (Fig.3). At the end of the
experiment, tumor incidence in Group B was 83.33%, in Group C was 33.33% (p <0.05). Angiogenesis were
found in Group A, without solid tumor, as the arrow shows (Fig.3A). The tumor size was biggest in Group B
compared to the Group C (Fig.3.BC). However, no angiogenesis was found in Group D and the injected melanoma
cells were restricted into a small ball (Fig.3D).

Fig.3. Probiotic LBB treatment reduces tumor incidence, multiplicity and volume in melanoma animal
model. (A) Group A (melanoma cells only). (B) Group B (Antibiotic + melanoma cells). (C) Group C
(antibiotic +self-recover + melanoma cells). (D) Group D (antibiotic + probiotic LBB + melanoma cells).

Microbial dysbiosis didn’t change the physical structures of colon.

We used the Hematoxylin and Eosin (HE) stain method to the see whether the dysregulated microbiota can change
the physical structures of colon. The HE is staining of colon tissues from each group, shown that the nucleus
structure is normal, no abnormal morphological changes were found in each group (Fig.4).

Genetics and Molecular Research 16 (4): gmr16039840



XinY,etal 6

Figure 4. Hematoxylin and Eosin (HE) stain of colon tissues in different groups (x400). (A) HE stains of
colon in Group A; (B) HE stains of colon tissue in Group B; (C) HE stains of colon tissue in Group C; (D)
HE stains of colon tissue in Group D.

Microbial dysbiosis trigger the inflammation in tumor progression.

The effects of microbial dyshiosis on the inflammatory cytokines NFkB-p65, IL-6 and STAT-3 were investigated
by IHC. We observed an increased expression level of NFkB-p65, IL-6 and STAT-3 in Group B but decreased in
Group D (Fig. 5). Also, we got the OD value from the IHC results by using the Image J and GraphPad Prism
software. The OD value is contrast to the expression level. If the OD value is high, means that the expression level
of the protein is low.

Figure (5a-5d). Immunohistochemistry (IHC) staining of NFkB-p65, IL-6 and STAT-3 expression in formalin
fixed paraffin embedded colon tissues (x400). The OD value were obtained from the software Image J
and GraphPad Prism, p<0.05.
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Figure 5. (b) IHC analysis of IL-6 in colon tissues from each group.
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Figure 5. (c) IHC analysis of STAT-3 in colon tissues from each group. Level of significance represents at * (p
< 0.05), ** (p < 0.001), *** (p < 0.0001).
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DISCUSSION

Microbial dysbiosis, has been implicated in various human diseases including obesity (Ohtani N, 2014) diabetes
(He C, 2015), colon cancer (Belcheva A, 2015) and breast cancer (Xuan C, 2014 et al.). In our study, we
investigated the effects of microbial dysbiosis on the progression of malignant melanoma in animal model, which
give a powerful evidence for the relationship between microbial dysbiosis and cancer. Also, the present study
demonstrated that probiotics can reduce the occurrence of tumor by anti-inflammation. The use of antibiotic can
induce imbalances in gut microbiota, called dysbiosis (Vangay P, 2015) which is reflected in this study by PCR-
DGGE. A decreased gut microbial diversity was observed after antibiotic treated. The sequencing results showed
that, the Band C is Streptococcus constellatus, which is often involved in suppurative infection at various body
sites, especially in patients with malignancy and immunodeficiency (Ko T, et al.) Band E is Bacteroides
thetaiotaomicron, an important member of the host’s normal flora, which is symbiont pivotal for host immunity,
by producing an immunostimulatory LPS comprised of penta-acylated lipid A. Penta-acylated lipid A has been
observed to greatly influence the innate immune response of the host (Berezow AB, et al., 2009). Band D is
Lactobacillus acidophilus (L. a), a member of probiotics, which have been shown can beneficial hosts on various
ailments including malignancies. L. a can activate NK cells and act as an active participant in anti-tumor immunity
(Maroof H, Wen K, et al. A great density of Band D and Band E was observed in Group D. Tumor incidence in
Group B was 83.33%, Group C was 33.33%, but in control group (Group A) and probiotics rescue group (Group
D) was 0.00%. This observation confirmed that probiotics were able to suppress tumorigenesis. Indicating that,
the host immunity was enhanced after probiotic treated.
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The formation of new blood vessels, called angiogenesis, is essential for tumor growth (Rittling SR, 2014) Tumor
angiogenesis were found in Group A, B, C, but no angiogenesis was found in Group D. Studies have shown that
metastatic melanoma cells constitutively express a high level of NF-kB activity, which can increase angiogenesis
(Huang S, 2000). NF-kB plays a major role in linking inflammation to cancer development through its ability to
up regulate inflammatory and tumor promoting cytokines like: IL-6, IL-1 o and TNF a, as well as genes like
BCL2 and BCLXL (Jurjus A, et al. 2016). Aberrant NF-kB regulation has been observed in many cancers, whose
sustained activation requires STAT-3. STAT3 shown to be aberrantly activated in multiple solid and liquid
tumours, which promotes tumorigenesis by regulating the expression of various target genes, including angiogenic
factors and anti-apoptosis genes (Wake MS, 2015). STAT3 activation may induce expression of inflammatory
cytokines such as IL-6 and angiogenic factors such as HIF-1a and VEGF (Xu Q, Ogura H 2008) IL-6 facilitates
tumor growth primarily by inhibiting apoptosis and enhancing cell proliferation (Kumari N, 2016). The activation
of IL-6/STAT-3 signalling axis can promote tumorigenesis by regulating multiple survival signalling pathways in
cancer cells (Mihara M, 2012). IL-6/STAT-3 signalling is also required for protecting normal and pre-malignant
epithelial cells from cell in colitis-associated cancer (Grivennikov S, et al. 2009). These signalling pathways help
tumours in the acquisition of unlimited replication potential, which is essentially required to generate large
tumours. Since NF-kB and STAT-3 are regulated by IL-6, it appears that the NF-kB/STAT-3/IL-6 signalling
cascade plays an important role in oncogenesis.

Studies have shown that probiotic LBB were able to express anti-inflammatory cytokines, the immunomodulation
activity of probiotics was proposed in different disease (Fang H, et al. 2000). The results obtained in the present
study suggest that the immune benefits of probiotic LBB may be partly attributed to down regulated NF-kB, IL-
6 and STAT-3. Hence, the microbial dysbiosis trigger the inflammation in tumor progression. While, probiotic
LBB can suppresses them, which associated with cancer prevention.

To the best of our knowledge, it is the first time to detect the influence of microbial dysbiosis on immune system
by limiting threshold method, which may contribute to future studies on microbial dysbiosis and disease. The use
of probiotics can contribute to adjuvant therapies strategies to reduce the risk of tumor occurrence.

CONCLUSION

Our data further suggests that antibiotic can weaken the immunity of the host through disturb the microbiota. The
injection of the limiting threshold number of malignant melanoma cells can accurately indicate the changes of the
immune level. Probiotics contribute to restore the microbiota diversity thus reduce the risk of tumor occurrence.
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