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Background: Nasopharyngeal carcinoma (NPC) is a malignant nasopharyngeal disease

with a complicated etiology that occurs mostly in southern China. Intestinal flora

imbalance is believed to be associated with a variety of organ malignancies. Current

studies revealed that the destruction of intestinal flora is associated with NPC, and many

studies have shown that intestinal flora can be used as a biomarker for many cancers

and to predict cancer.

Methods: To compare the differences in intestinal flora compositions and biological

functions among 8 patients with familial NPC (NPC_F), 24 patients with sporadic

NPC (NPC_S), and 27 healthy controls (NOR), we compared the intestinal flora

DNA sequencing and hematological testing results between every two groups using

bioinformatic methods.

Results: Compared to the NOR group, the intestinal flora structures of the patients

in the NPC_F and NPC_S groups showed significant changes. In NPC_F, Clostridium

ramosum, Citrobacter spp., Veillonella spp., and Prevotella spp. were significantly

increased, and Akkermansia muciniphila and Roseburia spp. were significantly reduced.

In NPC_S, C. ramosum, Veillonella parvula, Veillonella dispar, and Klebsiella spp. were

significantly increased, and Bifidobacterium adolescentis was significantly reduced.

A beta diversity analysis showed significant difference compared NPC_F with NOR

based on Bray Curtis (P = 0.012) and Unweighted UniFrac (P = 0.0045) index,

respectively. The areas under the ROC curves plotted were all 1. Additionally, the

concentrations of 5-hydroxytryptamine (5-HT) in NPC_F and NPC_S were significantly

higher than those of NOR. C. ramosum was positively correlated with 5-HT (rcm:

0.85, P < 0.001). A functional analysis of the intestinal flora showed that NPC_F

was associated with Neurodegenerative Diseases (P = 0.023) and that NPC_S was

associated with Neurodegenerative Diseases (P = 0.045) as well.

Conclusion: We found that NPC was associated with structural imbalances in the

intestinal flora, with C. ramosum that promoted the elevation of 5-HT and opportunistic

pathogens being significantly increased, while probiotics significantly decreased.
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C. ramosum can be used as a novel biomarker and disease prediction models should be

established for NPC. The new biomarkers and disease prediction models may be used

for disease risk prediction and the screening of high-risk populations, as well as for the

early noninvasive diagnosis of NPC.

Keywords: biomarker, nasopharyngeal carcinoma, familial, sporadic, intestinal flora, 5-HT

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a head and neck cancer
(HNCC) caused by a malignant transformation of the
nasopharyngeal epithelium. Based on the International Agency
for Research on Cancer, nearly 129,000 new patients of NPCwere
diagnosed in 2018, and more than 70% of the new patients are
from East and Southeast Asia. The NPC incidence rate in China
has reached 3/100,000 (1, 2). The early symptoms of NPC are rare
and not prominent, so NPC is not easily identified in the early
stage; in addition, 70% of patients are at a locally advanced stage
at the time of diagnosis (3), one of the major clinical symptoms is
cervical lymph node enlargement. Early diagnosis, intervention
and treatment are important prognostic factors for NPC patients
and can significantly reduce their mortality. The causes of NPC
are complicated and diverse and the currently recognized causes
include genetic susceptibility, eating habits and Epstein-Barr
virus (EBV) infection (4, 5). Multiple studies have reported that
NPC shows a characteristic of family aggregation in low-risk
populations and southern China (6–8). Epidemiological studies
have also shown that people with a first-grade NPC family
history are 4–20 times more likely to develop NPC than those
who do not have a family history (9–11). The intestinal flora is a
symbiotic microflora that inhabits the human intestinal mucosa
(12), and its structural balance plays indispensable roles in
various aspects including the immune response, metabolism of
carcinogens and nutrient digestion (13, 14). Although there are
many possible explanations for the formation of the intestinal
flora, it is agreed that the intestinal flora is familial (15, 16),
and this feature is probably related to the occurrence of familial
tumors. It is worth noting that patients with familial colorectal
cancer have similar imbalanced intestinal flora structures
(17), which may cause a metabolic disruption of the intestinal
metabolites and the disorders of the immune system, leading
to cancer. Numerous studies have shown that changes in the
intestinal microbiota are significantly associated with colorectal
cancer (CRC) (18) and many extraintestinal malignancies (19),
such as liver cancer (20), pancreatic cancer (21), melanoma (22),
and breast cancer (23), there is a consensus that the dysbiosis
of intestinal flora can promote cancer through provoking the

magnification of immune response (19); meanwhile, it is found

that intestinal microbiota can drive immune T cells proliferation
and activation, which leads to the enlargement of cervical

lymph nodes (24). Nevertheless, the hidden mechanisms of the

interaction among intestinal flora, cancer and immune system
remain exploiting completely (19, 25, 26). It is discovered that
the dysbiosis of oral microbial structure is associated with HNCC
(27), there are many similarities and connections between

intestinal flora and oral microbiota (28), thus these discoveries
above hinted us that the intestinal microbiota may modulate the
development NPC by regulating the immune system. Moreover,
a previous study found that radiochemotherapy significantly
destroyed the balance of intestinal flora in NPC patients and that
probiotic combination could significantly alleviate oral mucositis
in NPC patients by improving the intestinal flora (29), which also
prompted us that the intestinal flora may play an important role
in the progression of NPC. In the meantime, one study reported
that native spore-forming bacterium from the human intestinal
flora played a major role in elevating the level of 5-HT in plasma
from modulating enterochromaffin cells (ECs) (30).

5-HT is an important neurotransmitter and vasoactivator
that is mainly synthesized and secreted by the central nervous
system (CNS) and ECs, which has functions to regulate
neurotransmitters and neuroendocrine (31). A variety of
researches have found that 5-HT can stimulate the development
and progression of multifarious cancers, such as prostate
carcinoma (PC) (32), hepatocellular carcinoma (HCC) (33–
35), CRC (36), small-cell lung cancer (SCLC) (37), pancreatic
ductal adenocarcinoma (PDAC) (38, 39), cholanfiocarcinoma
(40), breast cancer (41), ovary carcinoma (42), and glioma
(43) and carcinoids (31) through the 5-HT receptor (5-HTR)
subtypes like 5-HT1A, 5-HT1B, 5-HT2A, 5-HT2B etc. What
interested us most is that a study has found that 5-HT1B was
overexpressed in human NPC samples (44), which reminds us
that 5-HT may play a crucial role in NPC development. This
has aroused our great interest in research. C. ramosum is an
anaerobic, Gram-positive spore-forming bacteria that produces
immunoglobulin (Ig) A protease, which can be mainly found
in intestinal tract (45). A previous study has shown that the
metabolites of C. ramosum could stimulate the secretion of
5-HT from ECs, which can promote the level of 5-HT in
plasma (46). These series of discoveries mentioned above have
induced us to get a scenario that intestinal microbiota can
promote the secretion of 5-HT to facilitate the progression
of NPC.

Current screening methods for NPC include gene sequencing,
EBV immunology and EBV DNA (47). However, these invasive
methods are costly and time-consuming, so there is an urgent
need to develop a new economical and non-invasive detection
method for early NPC screening. This objective may be
accomplished by using the specificity of the composition of the
intestinal flora. Studies have shown that the intestinal flora can
be used as a special biomarker for the screening of CRC with
a sensitivity of 77.7% and a specificity of 79.5% (48, 49). The
family-specific intestinal flora is also expected to be used for
NPC screening.
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In this study, we recruited familial NPC patients (NPC_F),
sporadic NPC patients (NPC_S), and healthy controls (NOR)
and performed the 16S rRNA sequencing of their intestinal
floras and examined multiple clinical indicators of their
blood. We compared the composition and biological functions
of the intestinal floras among NPC_F, NPC_S, and NOR
through bioinformatic methods, and explored the association
between changes in the intestinal flora and NPC_F and
NPC_S, elaborated the association that the intestinal flora
had an impact on NPC by modulating the secreting of
5-HT, contemporary. We predicted the functions of each
flora of NPC patients, aiming to establish the connection
between every two groups through analyzing the intestinal
flora of NPC patients. This study will lay a foundation for
the application of the intestinal flora to the early diagnosis
of NPC.

MATERIALS AND METHODS

Recruitment of Volunteers
We recruited 481 NPC patients and staged their tumor
status with the American Joint Committee on Cancer (AJCC)
7th edition staging criteria (50). Excluded 243 patients with
other diseases, excluded 50 patients who had received anti-
tumor treatments, excluded 60 patients who had any drug
treatments within 1 month, and excluded 44 patients with
family history of any other tumors. Finally, 84 patients who
met our requirements remained. And then, eight NPC patients
[(46.4 ± 5) years old] with a NPC family history were
selected, because the factors such as age, gender and BMI
have influence on intestinal microbial structure, 24 sporadic
NPC patients [(47.3 ± 3.3) years old] matched with familial
NPC patients in age, gender and BMI were selected. At
the same time, 87 healthy volunteers were recruited, and 27
healthy volunteers [(47.2 ± 3.4) years old] whose age, gender
and BMI were matched with NPC patients were selected
as controls.

We randomly recruited the NPC patients and healthy
volunteers in the same area in China, who had a parallel dietary
background. The recruited NPC group and healthy group were in
line with the principle of randomized control, which could avoid
various biases and balance the confounding factors including the
nutrition and dietary intake (51, 52). The healthy volunteers were
defined as those between 18 and 70 years old, with no history
of NPC, no family history of NPC, no history of rhinitis, no
history of any other diseases (such as hypertension, diabetes,
gastrointestinal diseases, and immune diseases), and no smoking
or drinking history, who did not receive any antibiotics or
treatment 3 months prior to sample collection. None of the
NPC patients had rhinitis or had used any antibiotics during
the 3 months prior to sample collection, none of the patients
had received any kind of treatment since being diagnosed
NPC, including radiotherapy and chemotherapy. The study was
reviewed by the Ethics Committee of the Third Xiangya Hospital
of Central South University. Informed consent was signed by all
subjects prior to participation.

Sample Collection
Fecal samples and blood samples were collected separately
from each subject; venous blood collection was performed
by professional nurses strictly in accordance with sterile and
standardized procedures. Fecal samples were collected by the
subjects themselves, before collecting the feces, we would teach
the volunteers how to collect the feces, the procedures were as
follows: Feces will be excreted on a piece of dry and clean paper,
and the middle part of feces will be picked up with the pick
stick of sterile feces collector and then placed it into the dry
sterile feces collector immediately. After collection, the sterile
feces collectors with feces were immediately placed on ice, to
ensure the temperature was below 4◦C and transported them to
the biobank within 1 h, where they were stored at −80◦C until
DNA extraction (53). Sample collection, packaging, and storage
procedures were strictly following the protocols and regulations
of the Biobank of the School of Basic Medical Sciences, Central
South University.

Testing of Blood Specimens
Detection of Routine Clinical Indicators for Blood
Blood routine test was performed using BC-6800 blood cell
analyzer (Mindray, Shenzhen, China) within 8 h after collection
of anticoagulated whole blood. Serum samples were tested using
the 7600-020 automatic biochemical analyzer (Hitachi, Tokyo,
Japan) for the detection of high-sensitivity C-reactive protein
(hCRP), total cholesterol (TC), triglyceride (TG), total protein
(TP), albumin (ALB), globulin (GLO), albumin to globulin ratio
(A/G), total bilirubin (TBIL), blood urea nitrogen (BUN), uric
acid (UA), alanine aminotransferase (ALT), fasting blood glucose
(FBS), and bile acid (TBA).

Detection of 5-HT Concentration for Blood
Human sera were tested for 5-HT using a human 5-HT ELISA
KIT (Mlbio, Shanghai, China) according to the manufacturer’s
instructions. In general, the steps were as follows: The standard
and diluted samples were added to the standard well and sample
well, respectively, at 50 µL per well. Then, the enzyme-linked
reagent was added to each well and incubated at 37◦C in the
dark for 60min. After repeated washing, chromogenic reagent
was added for color development. In the end, the stop solution
was added, and the OD value of each well was measured at
the wavelength of 450 nm using a microplate reader (Biotek,
USA). The concentration of 5-HT in the sample was calculated
according to the standard curve.

DNA Detection in the Intestinal Microbes
DNA Extraction
The total DNA was extracted using the E.Z.N.A. R© soil
kit (Omega Biotek, Norcross, GA, USA) according to the
manufacturer’s instructions. The E.Z.N.A. R© soil DNA kit
permits efficient and dependable extraction of high-quality
genomic DNA from various samples, including clinical
samples (54, 55). The DNA concentration and purity were
determined using a NanoDrop 2000 (Thermo Fisher Scientific,
USA). The quality of the DNA extraction was assessed by
electrophoresis using a 1% agarose gel. Finally, the 16S V3-V4

Frontiers in Oncology | www.frontiersin.org 3 December 2019 | Volume 9 | Article 1346

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. Intestinal-Flora’s Disruption, Biomarkers for NPC

variable region was subjected to PCR amplification using
the 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R
(5′-GGACTACHVGGGTWTCTAAT-3′) primers.

DNA Sequencing
The PCR products were isolated using a 2% agarose gel, purified
and quantified. A PE 2∗300 library was constructed using
the purified amplification fragments according to the standard
procedure of the TruSeqTMDNA Sample Prep Kit (Illumina, San
Diego, USA). Finally, the DNAs were sequenced using the Miseq
PE300 sequencer (Illumina, San Diego, USA).

Processing and Analysis of Sequencing
Data
Sequence Processing
The amplicon sequence variant (ASV) was obtained after quality
control, denoising and the removal of chimeras using the DADA2
method recommended byQIIME2 according to the raw sequence
information (FASTQ format) (56). The ASV was compared with
the GREENGENES database (57) (the database was aligned
to the V3-V4 region according to the 338F/806R primers)
and annotated. The ASV with 99% similarity was classified
as one Operational Taxonomic Unit (OTU) to obtain the
OTU classification information table. The OTUs were classified
using the RDP classifier to obtain their numbers at different
taxonomic levels.

Differential Flora Analysis
We determined the bacteria with differences in abundance
among groups and samples using the Kruskal-Wallis, LEfSe
and DEseq2 methods (58, 59) and adjusted the P value
using the Benjamini-Hochberg method (60). In our study, an
underestimated false discovery rate (FDR) (P-adjust in standard
R packages) was used to rectify multiple measurements (61),
the rectified FDR known as P < 0.1 was considered significant.
The threshold value 0.1 for P-value was used mostly to be a
significant threshold in human microbial genomics, to embrace
the crucial taxa with small effect sizes (62–64). Kruskal-Wallis
is a nonparametric test with no requirements for distribution
and is appropriate for the bacterial flora analysis. To identify
differential microbial species among the different groups, we
used the linear discriminant analysis effect size (LEfSe) analysis
based on the linear discriminant analysis (LDA) and assessed
the significant differences with an LDA score >2.0 as the critical
value. DESeq2 is amethod for the differential analysis of counting
data that allows multiple comparisons among groups to find
microorganisms that differ significantly between two groups.

Alpha Diversity
To determine the abundance and homogeneity of the sample
species composition, we calculated the alpha diversity indices
including the observed OTUs, Shannon index and Faith’s
phylogenetic diversity index and compared the differences in the
alpha diversity among groups. The observed OTUs was used
to determine the abundance of OTUs in the samples, and the
Shannon index was used to calculate the homogeneity of the
samples. Faith’s phylogenetic diversity index was used to calculate

the distance from the OTU of each sample to the phylogenetic
tree. The rarefaction curve showed the number and/or the
diversity of the species and was used to determine the reliability
of the sequencing data of the samples that indirectly indicated the
species richness in the samples.

Beta Diversity
To determine the differences in the microbial community
compositions among the different samples, we used the
beta diversity index that was based on the Bray-Curtis
and Unweighted UniFrac indices for analysis. Bray-Curtis is
the most commonly used indicator in ecology that reflects
differences among communities and it shows the information
of species abundance. The Unweighted UniFrac distance is the
distance between samples calculated based on the evolutionary
relationship of the species systems that mainly considers the
presence or absence of species. These two indices were used
for the principal coordinate analysis (PCoA), and the principal
coordinate combination with the largest contribution rate was
used for graphing (65). To perform a statistical analysis of
the PCoA analysis results, the results were subjected to a
significant analysis using the nonparametric test analysis of
similarities (Anosim).

Establishment of an Intestinal Flora Prediction Model
We also used the partial least squares discriminant analysis (PLS-
DA) to predict the sample types corresponding to microbial
communities (66). PLS-DA is a supervised analytical method
that distinguishes groups using mathematical models, ignores
random differences within groups and highlights systematic
differences among groups. The classification performance among
groups by PLS-DA based on intestinal flora markers can be
evaluated using the receiver operator characteristic (ROC) curve.
The area under the curve (AUC) is closer to 1, indicating
that the prediction model obtained by the PLS-DA analysis is
reliable, and multiple microorganisms differ in their abundances
among groups.

Association Analysis Between Intestinal Flora and

Clinical Variables
The redundancy analysis method (RDA) (67) was used to analyze
the potential association between the intestinal flora and clinical
variables based on relative abundances of microbial species at
different taxa levels using the R package “vegan” (68), so that
the important driving factors that affected the distribution of the
flora could be obtained. In the RDA species sorting map, clinical
variables were indicated by arrows, where the length of an arrow
represented the degree of correlation between the clinical variable
and the flora distribution (that indicated the size of the variance).
An acute angle between arrows indicated a positive correlation
between two clinical variables, and an obtuse angle indicated a
negative correlation. Each point represented a species, and the
larger the point, the more abundant the species. To determine
if a clinical variable was significantly correlated with a microbial
community or species, we calculated the Spearman correlation
coefficient between the microbial species and clinical variables,
which is shown in the correlation heat map.
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Intestinal Flora Function Prediction
We used PICRUSt software (69) to predict the function of
intestinal flora based on the 16S species information and KEGG
function information. The principle of PICRUSt is to deduce
the microbial genomic function region from the 16S rRNA
sequence information, the sequenced 16S rRNA information is
corresponded to the genomic functional prediction spectrum in
the GREENGENES database to predict the metabolic function of
the microbiota (69, 70). According to the depth of annotation,
KEGG function can be annotated at three levels. In addition, we
performed the principal component analysis (PCA), Dunn test
and Duncan analysis for the predicted functions, and corrected
the P-values using the Bonferroni method (71). Through PCAwe
calculated the principal components with the largest contribution
to represent most of the variation of the samples (72). Dunn
test and Duncan analysis are two kinds of significant analysis
methods, the Dunn test is mainly used for pairwise comparison,
while the Duncan analysis is used for multiple comparison. The
results were displayed in a PCA map of the prediction function,
a bar chart of the KEGG pathway at the second level and a bar
chart of significant KEGG pathway comparing the three groups.

According to the PLS-DA analysis, the three distinct clusters
indicated that the intestinal floras of the NPC_F, NPC_S, and
NOR groups were clearly differentiated into three independent
clusters, indicating that the composition of intestinal flora was
significantly different among the three groups. All the AUCs
were 1, suggesting that the prediction model established based
on the detected differential genus was perfect by using the PLS-
DA analysis and that the intestinal flora related to the two groups
of NPC were strong prediction factors and could be used as risk
factors for NPC. For example, C. ramosum could be used as a
strong prediction factor for NPC and is likely to be developed as
a biomarker for high-risk populations and NPC.

To determine whether the structural differences among the
three groups of intestinal flora corresponded to functional
changes, we used PICRUSt to perform a functional prediction
analysis of the 16S sequences and performed a PCA analysis
of the predicted functions and a comparative analysis of the
different KEGG-pathway levels.

RESULTS

Volunteer Characteristics
The demographic and clinical characteristics of 8 familial NPC
patients, 24 sporadic NPC patients and 27 healthy volunteers are
shown in Supplementary Table 1. The tumor stage of recruited
84 NPC, and 8 familial NPC and 24 sporadic NPC patients
included in the study is shown in Supplementary Table 6. There
were no significant differences between three groups of the basic
characteristics in age, gender, race etc. The genetic map of familial
NPC patients is presented in Figure 1.

Hematology Detecting Results
There are many differences between a variety of clinical
indicators by statistical analysis among groups of multiple
hematology test results (Supplementary Table 2). It’s worth
noting that the concentration of hCRP was significantly different

FIGURE 1 | The genetic map of familial NPC patients, the circle represents

female, the square represents male, the black pattern represents the person

with NPC, while the blank one means the healthy person; the pattern indicated

by the arrow represents the patient participating in the study.

FIGURE 2 | The concentration of 5-HT in sera of the healthy controls (NOR),

familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S) groups,

**P < 0.01, ***P < 0.001.

between NPC: NOR (P = 0.0047), indicating that hCRP
concentration was significantly higher in NPC patients than
NOR. The concentration of 5-HT in serum was determined by
ELISA (Figure 2). The concentration of 5-HT in serum of NOR
group was (2.421± 0.300) ng/mL, for NPC_S group was (2.986±
0.207) ng/mL, and for NPC_F group was (3.813± 0.850) ng/mL.
The concentration of 5-HT in NPC_F group was significantly
higher than NOR (t = 3.499, P = 0.0014) and NPC_S (t = 3.841,
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P= 0.0003), and the concentration of 5-HT in NPC_S group was
significantly higher than the NOR group (t = 2.997, P = 0.0046).

DNA Sequencing Results of Intestinal Flora
and Statistical Analysis
Species Abundance and Diversity
A total of 3,200,797 available raw readings were obtained from
all 59 samples, with an average reading of 54,251 ± 4,044 per
sample. After CD-HIT clustering andNAST alignment, 1,828,692
unique representative sequences were generated and total of
OTUs was 2,894. Petal diagram (Figure 3A) and phylogenetic
tree (Figure 3B) were drawn with three groups’ OTUs. The
dilution curve (Figures 4A,B) constructed from the sequenced
data has been basically stable, indicating that the sequenced data
has been basically stable at this sequencing depth, and we have
obtained the diversity of most of the microbiome contained in
the samples.

At the phylum level for all species corresponding to
the categorizable sequence, the main phylum is Firmicute,
followed by Bacteroidete, Proteobacteria, Actinobacteria, and
Verrucomicrobia (Figure 5A). Compared with the NOR group,
the proportions of Proteobacteria in NPC_F (P = 0.0045)
and NPC_S (P = 7.57E-05) were significantly increased. The
distribution of the three groups at the genus and species levels
is shown in (Figures 5B,C). It is found that the composition of
the microorganisms in the three groups is distinctly different at
different taxonomic levels.

Differences in Intestinal Flora Structure Between

Groups
Based on the analysis of the DESeq2 method
(Supplementary Table 3), the relative abundances between
NPC_F and NOR were significantly different in 23 genus
and 28 species; the relative abundances between NPC_S and
NOR were significantly different in 9 genus and 17 species.
And the relative abundance between NPC_F and NPC_S were
significantly different in 13 genus and 22 species. Compared
with the NOR group, the relative abundances of 8 genus such
as Clostridium, Veillonella, and Burkholderia were significantly
increased in NPC_F, while the relative abundances of 15 genus
including Akkermansia, Megamonas, and Roseburia were
significantly reduced in NPC_F. Compared with NOR, 8 species
were significantly increased in NPC_F, such as C. ramosum,
Bacteroides fragilis, Citrobacter spp. etc. While 20 species such
as A. muciniphila, Roseburia spp., and Gemmiger formicilis
were significantly reduced. In the NPC_S group, Klebsiella,
Veillonella, Clostridiaceae spp., Clostridium, Holdemania etc.,
were increased significantly; at the species level, 14 species
including C. ramosum, Veillonella parvula, Veillonella dispar,
Klebsiella spp. were increased significantly in NPC_S, while
Mogibacteriaceae spp., Clostridiales spp., RF39 spp. etc., were
reduced significantly. These differential genus and species can
be used to construct a predictive model for the identification
between familial NPC patients and sporadic NPC patients
with healthy controls. Compared with NPC_S, C. ramosum,
Clostridium symbiosum, Blautia producta, Ruminococcus gnavus

FIGURE 3 | Comparison of OTUs and phylogenetic tree map, (A) petal

diagram based on OTUs of the healthy controls (NOR), familial NPC patients

(NPC_F) and sporadic NPC patients (NPC_S) group. (B) Phylogenetic tree

map, the phylogenetic tree on the left consists of nodes and branches, the

different color of the branches represents the classification at different phylum

levels, each terminal node represents an OTU, the corresponding classification

of the OTU at the genus level is showed at the end of the branch. The heat

map on the right clusters the standardized abundance of the genus

corresponding to the left, through value-color gradient, the redder the color,

the larger the value, the richer the abundance (phylum to genus: p, phylum; g,

genus). Abundance standardization: the absolute abundance of each sample

minus the mean absolute abundance of the genus and divided by the

standard deviation; the normalized mean abundance is 0 and the standard

deviation is 1.

etc., were significantly increased in NPC_F, while Klebsiella spp.,
Prevotella stercorea etc., were significantly increased in NPC_S.

From our current study, we evaluated the main intestinal
flora commonly affected by diet, and found that some bacterium
such as Lactobacillus spp. and Faecalibacterium prausnitzii can
generate major metabolic byproducts including short chain fatty
acid (73, 74); while Enterococcus spp., Streptococcus spp., and
Helicobacter pylori were opportunistic pathogens in some cases
(75–77), showing no significant difference between NPC patients
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FIGURE 4 | Dilution curve in observed_OTUs, (A) Dilution curves of the healthy controls (NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S)

groups. (B) Dilution curves of all of the samples.

FIGURE 5 | Comparison of relative taxa abundance among the healthy controls (NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S) groups at

phylum, genus and species levels. (A) The bar chart of relative taxa abundance among the three groups at phylum levels. (B) The bar chart of relative taxa abundance

among the three groups at genus levels. (C) The bar chart of relative taxa abundance among the three groups at species levels.

and healthy volunteers. Nevertheless, some other bacterium
may be affected by diet, like Clostridium spp., Bacteroides spp.,
Roseburia spp., Eubacterium spp., and Escherichia coliwhich were
mainly rich in NPC, while Bifidobacterium spp., Alistipes spp.,
Bilophila spp., and A. muciniphila were mainly found in healthy
volunteers. The above measures and findings inferred us that the
influence of nutrition and diet on gut microbiota between the
comparison of NPC and healthy people can be neglected.

The results of LEfSe were shown in Figures 6, 7. Comparision
among the three groups, Clostridium, Eubacterium etc.,
were increased significantly in NPC_F, and Bilophila increased
significantly in NPC_S. At the species level, compared with NOR,
it was found that C. ramosum, C. symbiosum were increased
significantly in NPC_F, while A. muciniphila was significantly
reduced in NPC_F; C. ramosum and V. dispar increased
significantly while B. adolescentis decreased significantly
in NPC_S.

The first two main coordinates PC1 and PC2 with the
largest contribution rate were obtained by using PCoA

analysis (the explanatory variations were Bray-Curtis: 12.2 and
6.5% (Figure 8A), and Unweighted UniFrac: 12.4 and 7.1%
(Figure 8B), respectively. Intestinal flora of NPC_F, NPC_S, and
NOR groups was not completely clustered in the PCoA diagram.

According to the PLS-DA analysis (Figure 8C), the three
distinct clusters indicated that the intestinal floras of the
NPC_F, NPC_S, and NOR groups were clearly differentiated into
three independent clusters, indicating that the composition of
intestinal flora was significantly different among the three groups.
All the AUCs were 1 (Figure 8D), suggesting that the prediction
model established based on the detected differential genus was
very good by using the PLS-DA analysis and that the intestinal
flora related to the two groups of NPC were strong prediction
factors and could be used as risk factors for NPC. For example, C.
ramosum could be used as a strong prediction factor for NPC and
is likely to be developed as a biomarker for high-risk populations
of NPC and NPCs.

The observed OTUs, shannon and faith’s phylogenetic
diversity indices of the intestinal flora between the three
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FIGURE 6 | Characteristics of intestinal flora composition in the healthy controls (NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S) groups.

(A) Diagram of the LDA scores calculated at genus levels among NOR, NPC_F and NPC_S groups, enriched taxa of NPC_S are directed with a positive value (red),

while enriched taxa of NPC_F are directed with a negative value (purple). Only the LDA score > 2 are shown in the figure. (B) Diagram of the LDA scores calculated at

species level between NOR and NPC_F groups, enriched taxa of NPC_F are directed with a positive value (purple), enriched taxa of NOR are directed with a negative

value (green). (C) Diagram of the LDA scores calculated at species level between NOR and NPC_S groups, enriched taxa of NPC_S are directed with a positive value

(red), enriched taxa of NOR are directed with a negative value (green). (phylum to species: p, phylum; c, class; o, order; f, family; g, genus; s, species).
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FIGURE 7 | Enriched flora in the healthy controls (NOR), familial NPC patients

(NPC_F), and sporadic NPC patients (NPC_S) groups are represented in a

cladogram. The origin of the tree (bacteria) showed in the central point, the

larger circles centered on the center represent decreasing species levels from

phylum to genus (phylum to genus: p, phylum; c, class; o, order; f, family; g,

genus). The relative abundance of the flora is showed by each circle’s

diameter. (A) LEfSe analysis cladogram of intestinal flora among NOR, NPC_F

and NPC_S groups at genus level. (B) LEfSe analysis cladogram of intestinal

flora between NOR and NPC_F at genus level. (C) LEfSe analysis cladogram

of intestinal flora between NOR and NPC_S at genus level.

groups of NPC_F, NPC_S, and NOR were calculated, and
the statistical analysis of alpha diversity between every two
groups showed there was no significant difference (Figure 9,
Supplementary Table 4). Statistical analysis of beta diversity

between each two groups was conducted, based on Bray-Curtis
distance index (Figure 10A, Supplementary Table 5), it was
found that the differences in beta diversity between NPC_F
and NPC_S (P = 0.018), NPC_F and NOR (P = 0.012), were
significant from each other, while that of the NPC_S and
NOR (P = 0.337) was not significant; based on Unweighted
UniFrac distance index (Figure 10B, Supplementary Table 5),
the beta diversity between NPC_F and NPC_S (P = 0.0045),
NPC_F and NOR (P = 0.0045) were significantly different,
while that of between NPC_S and NOR (P = 0.151) was not
significantly different. The NPC_F, NPC_S, and NOR groups
had no significant difference in the gut microbial abundance and
diversity. However, the NPC_F group was significantly different
from the NPC_S group and the NOR group in the gut microbial
structure, indicating the microbial structure of familial NPC
patients was significantly altered relative to both sporadic NPC
patients and healthy controls.

Statistical Analysis of Correlation Between Intestinal

Flora and Clinical Variables
An RDA ranking map (Figure 11A) and a correlation heat
map (Figure 11B) of NPC_F, NPC_S, and NOR group between
intestinal flora at the genus level and clinical variables. Similarly,
an RDA ranking map (Figure 12A) and a correlation heat
map (Figure 12B) of NPC_F, NPC_S, and NOR group between
intestinal flora at the species level and clinical variables. Based
on the RDA ranking map, the correlation between total of
the clinical variables and the intestinal flora was significant (at
genus level: P = 0.04, Figure 11A; at species level: P = 0.026,
Figure 12A), with the most relevant variables such as WBC, UA,
FBS, 5-HT, BUN, TC, CREA.

Based on the genus-level RDA ranking map (Figure 11A) and
the correlation heat map (Figure 11B), Oscillospira has a strong
correlation with several clinical variables: positively correlated
with hCRP (r: 0.32, P= 0.012); negatively correlated with BMI (r:
−0.30, P = 0.022), TC (r: −0.37, P = 0.0042), UA (r: −0.36, P =

0.0047), and weakly positively correlated with TBA (r: 0.17, P =

0.20). Based on the species-level RDA ranking map (Figure 12A)
and the correlation heat map (Figure 12B), C. ramosum was
positively correlated with 5-HT (r: 0.85, P = 2.81E-17), and V.
dispar was positively correlated with ALT (r: 0.30, P = 0.020).

Species Interaction Network Analysis
Figure 13A shows that C. ramosum is significantly associated
with a variety of species, C. ramosum was positively correlated
with opportunistic pathogens such as R. gnavus (r: 0.76, P
= 2.72E-12), Eubacterium dolichum (r: 0.68, P = 9.06E-07),
C symbiosum (r: 0.42, P = 0.016), and negatively correlated
with the beneficial bacteria such as Roseburia faecis (r: −0.61,
P = 3.08E-07) and F. prausnitzii (r: −0.49, P = 9.20E-05);
which suggests that C. ramosum is probably a bacterium that
affects the pathogenesis of NPC and provides us a direction for
our future research on opportunistic pathogens and beneficial
bacteria associated with C. ramosum. Meanwhile, V. dispar is
positively correlated with V. parvula (r: 0.73, P = 5.52E-11) and
Haemophilus parainfluenzae (r: 0.55, P = 5.13E-06).
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FIGURE 8 | PCoA and PLS-DA analysis of the microbiome among the healthy controls (NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S)

groups, different points or patterns are on behalf of different samples, different groups are showed in different colors, each large circle represents a group. The degree

of discrepancy of the microbial structure of the samples is showed by the distance between the points or patterns. (A) Bray-Curtis PCoA based on the relative

abundance of OTU (99% similarity level), NOR: green points, NPC_F: purple points, NPC_S: red points. (B) Unweighted UniFrac PCoA based on the relative

abundance of OTU (99% similarity level), NOR: green points, NPC_F: purple points, NPC_S: red points. (C) The PLS-DA analysis on OTUs among the NOR, NPC_F

and NPC_S groups, NOR: green circles, NPC_F: purple triangles, NPC_S: red crosses. (D) ROC analysis for the predictive value of the predictive model constructed

based on PLS-DA analysis. The AUCs of the NOR, NPC_F and NPC_S groups all are 1.

Prediction of Intestinal Microbial Function
To determine whether the structural differences among the
three groups of intestinal flora corresponded to functional
changes, we used PICRUSt to perform a functional prediction
analysis of the 16S sequences and performed a PCA analysis
for the predicted functions (Figure 13B) and a comparative
analysis of the predicted functions at the second KEGG-pathway
level (Figure 13C). The comparison of enriched KEGG-pathway
among NPC_F, NPC_S, and NOR groups by Dunn test is
shown in the Supplementary Table 7. On the first KEGG-
pathway level, the intestinal microbial function of NPC_F
was found to be significantly correlated with HmnD (Human
Diseases) (P = 0.080), the intestinal microbial function of the
NOR group was significantly correlated with OrgS (Organismal

Systems) (P = 0.014). On the second KEGG-pathway level,
the gut microbial function of NPC_F was associated with
neurodegenerative diseases (P = 0.023), lipid metabolism (P
= 0.073); NPC_S was also associated with neurodegenerative
diseases (P = 0.045); while the gut microbial function
of NOR was mainly associated with immunity, digestion,
endocrine system, energy, and nutrient digestion. At the same
time, through Duncan test, it was found that the function
of stilbenoid, diarylheptanoid, and gingerol biosynthesis in
NPC_F was significantly increased (Figure 13D). The statement
above shows that the predicted function of the intestinal
flora can reflect the health status of the subjects. NPC
patients are more susceptible to neurodegenerative diseases,
and their intestinal function is more likely to be related to
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FIGURE 9 | The comparision of Alpha diversity among the healthy controls (NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S) groups based

on different indices. (A) Observed_OTUs. (B) Shannon index. (C) Faith’s phylogenetics diversity index. ns, no significance, Wilcox_Test.

the synthesis of secondary metabolites and lipid metabolism;
while the intestinal microbial function of the NOR group was
mainly related to immunity, digestion, endocrine, energy, and
nutrient digestion.

DISCUSSION

This study investigated the correlation between the changes in

the intestinal flora and NPC by an examination of the intestinal
flora and multiple clinical indicators of the blood of 8 carefully

screened patients of familial NPC, 24 patients of sporadic NPC

and 27 healthy controls and a comparison of the differences
in their intestinal flora structures and biological functions. By

analyzing the function of the intestinal floras of NPC patients,
we aimed to provide a better biological marker for patients with
familial and sporadic NPC and constructed a disease prediction
model for high-risk populations.

In this study, we found that the intestinal microbiota
structures of familial NPC patients and sporadic NPC patients
were different from that of the healthy volunteers. At the phylum
level, Proteobacteria were significantly increased in NPC_F and
NPC_S. A previous study showed that the increased abundance
of Proteobacteria was positively correlated with inflammatory
diseases (78) such as nonalcoholic fatty liver disease (NAFLD)
(79, 80), colitis (81, 82), inflammatory bowel diseases (IBD) (83–
85), Crohn’s disease (CD) and ulcerative colitis (UC) (86), and
asthma and chronic obstructive pulmonary disease (COPD) (87,
88). The Proteobacteria in the mouth are significantly associated
with the severity of mucositis in patients with NPC (89). Some
bacterial components (such as Lipopolysaccharide, LPS) in the
opportunistic pathogenic bacteria of the Proteobacteria phylum
may produce pro-inflammatory factors that can cause cancer
through activating the host’s pattern-recognition receptors (such
as Toll-like receptors, TLRs) (90).

C. ramosum and opportunistic pathogens such as Citrobacter
spp., Veillonella spp., Prevotella spp., Campylobacter spp. in
the intestinal flora of familial NPC patients were significantly
increased, while the abundances of the anti-inflammatory
bacteria A. muciniphila, and butyrate-producing bacteria
Roseburia spp. were significantly decreased. C. ramosum, V.
parvula,V. dispar, and Klebsiella spp. were significantly increased
in sporadic NPC patients, and the abundance of the probiotic B.
adolescentis was significantly decreased.

Compared to the NOR group, the C. ramosum in both of the
NPC_F and NPC_S groups was significantly increased. Using
ELISA, we found that the levels of 5-HT in the sera of patients
in the NPC_F and NPC_S groups were significantly higher than
those in the NOR group, and C. ramosum was significantly
associated with 5-HT.C. ramosum is a spore-forming, indigenous
intestinal bacteria, whose metabolites can irritate ECs to secret
5-HT (46). It was found that C. ramosum is an important
opportunistic pathogen in clinical (91–93). At the same time,
several studies have discovered that some of the metabolites of
the spore-forming microbiota from human gastrointestinal flora
can modulate the elevation of 5-HT from ECs (30, 94, 95). More
than 90% of 5-HT in the human body is biosynthesized by
ECs, which plays a crucial role in human physiological function
through activation of the different 5-HT receptors on different
kinds of cells, such as intestinal epithelial cells (96), platelets
(97) and immune cells (98). In addition, it was discovered that
there are many kinds of 5-HTR subtypes on a variety of cancers,
including PC (32), HCC (33–35), CRC (36) etc. 5-HT could
promote the development and progression of these cancers by
activating the 5-HTR subtypes, such as 5-HT1A, 5-HT1B, 5-
HT2A, 5-HT2B (44, 99). 5-HT1B was overexpressed in human
NPC samples (44), which reminded us that the elevated 5-
HT in plasma in NPC could promote the progression of NPC
through 5-HTR. These findings suggest that the significantly
elevated C. ramosum in the intestinal flora of NPC patients
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FIGURE 10 | The comparision of Beta diversity among the healthy controls

(NOR), familial NPC patients (NPC_F), and sporadic NPC patients (NPC_S)

groups based on different indices. (A) Bray-Curtis distance index, Anosim.

(B) Unweighted UniFrac distance index, Anosim.

may affect the development and progression of NPC through
increasing the 5-HT levels in the blood. We also found that
both the C. ramosum and 5-HT were significantly higher in the
NPC_F group than those in the NPC_S group, and this outcome
may have occurred because NPC_F patients had family histories
of NPC.

In the human body, A. muciniphila is an anti-inflammatory
probiotic (100) that exerts beneficial effects on the host through
regulating the mucin metabolism and immune responses, and A.
muciniphila also shapes the composition of the host intestinal
flora (101). Previous studies have found that reduced A.
muciniphila levels are associated with the development and
progression of many malignant tumors such as CRC and breast
cancer and that A. muciniphila has a positive effect on the
response of tumors to chemotherapeutic drugs and immune
checkpoint inhibitors and improves the intestinal microbial
composition (102, 103). Our study found that A. muciniphilawas
significantly reduced in patients with familial NPC. Therefore,
we hypothesized that the reduction of A. muciniphila in patients

with familial NPC lead to decreased levels of mucin metabolites
beneficial to the host, which disrupts the homeostasis of the
barrier function and immune function of the host intestine and
eventually triggers NPC.

Roseburia spp. was significantly reduced in patients with
familial NPC. Roseburia spp. is one of the main bacteria
that generate the butyrate required by the human body that
suppresses the growth and proliferation of tumor cells through
multiple pathways (104–106). One study showed that the
siblings of CD patients had similar disruptions of intestinal
flora as CD patients, manifested by a low abundance of
Roseburia spp. (107), suggesting that Roseburia spp. is familial.
We believe that the familial nature of Roseburia spp. is
probably related to the familial nature of NPC, which may
explain the significant reduction in the butyrate supply in
patients with familial NPC due to the significant reduction
of butyrate-producing Roseburia spp. in their intestinal flora.
The reduced butyrate may lead to an abnormal expression of
genes related to NPC in the body and an enhanced Warburg
effect of cancer cells, which then promotes tumor development
and progression.

V. parvula and V. dispar were significantly increased in
patients with sporadic NPC. NPC patients often have clinical
symptoms such as cervical lymph node enlargement, nasal
congestion and blood stasis. A previous study found that
Veillonella spp. was significantly increased in CD patients (108).
V. parvula is associated with many inflammatory diseases such
as endocarditis (109), meningitis (110), and bacteremia (111).
V. dispar is significantly increased in autoimmune hepatitis,
and it was found that this bacterium was positively correlated
with the serum AST level and the extent of disease activity
(112). ALT and AST both reflect liver damage, with ALT
being more sensitive. Our study found that V. dispar was
positively correlated with ALT. Klebsiella spp. is significantly
increased in sporadic NPC, and a previous study showed that
Klebsiella spp. is one of the most common bacteria that causes
infections in tumor patients (113). Klebsiella spp. is the main
bacterium in the oral flora during the immunosuppression of
cancer patients, which may lead to severe local or systemic
disease in these patients (114). We believe that the changes
in the intestinal flora of patients with sporadic NPC can
lead to the disruption of the immune function by promoting
inflammation that triggers cancer and may also affect the
liver function. Therefore, special attention should be paid to
the liver function during diagnosis and treatment. We found
that B. adolescentis was significantly reduced in patients with
sporadic NPC. Bifidobacterium is a probiotic that is mainly
found in the intestine of breastfed infants (115), and this
bacterium can metabolize dietary fiber to produce acetate
and lactate, which can be further metabolized to produce
propionate and butyrate (116, 117). Propionate and butyrate
are beneficial to the physiological function of various tissues
and organs in vivo (118). Previous studies have found that
Bifidobacterium has an anti-inflammatory effect in vivo (119–
122), and several studies have shown that the substances
produced by B. adolescentis have anti-inflammatory activity
(123–125). In summary, the increases in the pro-inflammatory
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FIGURE 11 | The relationship between intestinal flora and clinical variables at the genus level. (A) RDA ranking map. RDA1:16.01% and RDA2:14.98% represent the

magnitude of the percentage of variance interpreted in the direction of the two axes, respectively; clinical variables were indicated by arrows, the length of an arrow

represented the size of the variance between the clinical variable and the flora distribution. An acute angle between two arrows indicated a positive correlation

between two clinical variables, and an obtuse angle indicated a negative correlation. Each point represented a species, and the larger the point, the more abundance

of the species. (B) Heat map for Spearman correlation analysis between intestinal flora and clinical variables at the genus level. X-axis: clinical variables, Y-axis: genus.

The branches of the figure on the left indicates the classification of phylum. R-values (rank correlations) are shown in different colors in the heat map, the figure on the

right shows the color gradient corresponding to different R-value; P < 0.05 is showed in the figure. *P < 0.05, **P < 0.01, ***P < 0.001.
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FIGURE 12 | The relationship between intestinal flora and clinical variables at the species level. (A) RDA ranking map; RDA1:15.81% and RDA2:13.11% represent the

magnitude of the percentage of variance interpreted in the direction of the two axes, respectively. (B) Heat map for Spearman correlation analysis between intestinal

flora and clinical variables at the species level. *P < 0.05, **P < 0.01, ***P < 0.001.

bacteria C. ramosum, V. parvula, and V. dispar and the reduction
of the anti-inflammatory bacterium B. adolescentis in patients
with sporadic NPC may lead to the physiological dysfunction
of the body by inducing an inflammatory status that promotes
tumor formation.

The relative abundances of Oscillospira in the NPC_F and
NPC-S groups were increased, and Oscillospira was positively
correlated with hCRP, negatively correlated with the body-
mass index (BMI) and weakly and positively correlated with
TBA. Oscillospira is an anaerobic bacterium whose abundance
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FIGURE 13 | The intestinal flora interaction network analysis and functional PICRUSt analysis among the healthy controls (NOR), familial NPC patients (NPC_F) and

sporadic NPC patients (NPC_S) groups. (A) The map of the species interaction network analysis; a circle represents a bacteria, the size of the circle represents its

relative abundance, different color represents different classification at phylum level, the line between the circles represents the correlation between the two bacteria is

significant (P < 0.05), the red color of the line represents a positive correlation, while the blue one represents the negative correlation, the line is more rough,

corresponding correlation coefficient value is greater. (B) The diagram of PCA analysis for the predicted functions on the second KEGG-pathway level; The PC1-axis

(50.7%) and PC2-axis (17.0%) represent the contribution of the two principal components to the sample difference are 50.7% and 17.0%, respectively, each point

represents a sample, each circle represents a group (NOR in green, NPC_F in purple and NPC_S in red), and the arrow direction and length represent the direction

and dominant ability of the prediction function in the group, respectively. (AmAM, Amino Acid Metabolism; CIIM, Cell Motility; CPaS, Cellular Processes and Signaling;

CrbM, Carbohydrate Metabolism; GBaM, Glycan Biosynthesis and Metabolism; MmbT, Membrane Transport; MoCaV, Metabolism of Cofactors and Vitamins; RpaR,

Replication and Repair; SgnT, Signal Transduction; Trns, Translation). (C) The bar chart of the predicted functions at the second KEGG-pathway level. (D) The bar

chart of the abundance of the function of stilbenoid, diarylheptanoid and gingerol biosynthesis of the NOR, NPC_F and NPC_S groups, the value of a and b represent

that there is significant difference in abundance of this function compared NPC_F with NOR, and NPC_F with NPC_S groups.
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is negatively correlated with BMI (126, 127) and is significantly
reduced in CD (128) and NAFLD (129). These findings all
suggest that Oscillospira not only reduces the BMI of the host,
but the reduction in its abundance is positively correlated with
inflammation. Oscillospira is the only genus that increased in
the cecum during fasting in mammals (130). Compared to
vegetarian diets, the TBA and the abundances of Oscillospira and
anti-biliary bacterium were increased in the intestine of dietary
intervened carnivorous volunteers (131). It has also been found
that the abundance of Oscillospira was significantly increased
by more than 4 times (P = 0.041) in the intestine of patients
with cholelithiasis, (132) and it is highly likely that Oscillospira
plays an anti-TBA role. This study showed that the abundance
of Oscillospira was increased in NPC patients, which might be
related to a progressive decline in appetite during the disease.
Red meat consumption is associated with an increased risk of
NPC (133) that further promotes the increase of Oscillospira
by increasing bile acid levels. Opportunistic pathogens can
elevate inflammatory factors through microbe-related molecular
patterns (MAMPs), affecting the homeostasis of the body’s
immune system, which, in turn, induces cancer (134).Oscillospira
may promote the elevation of hCRP levels through MAMPs.

CONCLUSION

The increase in the C. ramosum bacteria that promote the
secretion of 5-HT is likely a key feature of the intestinal flora
of human NPC patients. It is an urging issue to proceed
additional studies with animal models, even with human models,
to elaborate the mechanisms underlying the association among
5-HT, intestinal flora and NPC, with which we can manipulate
the intestinal flora to screen, guard against and remedy NPC.
The increases in C. ramosum and the opportunistic pathogens
Citrobacter spp. and Veillonella spp. as well as the reduction
of the anti-inflammatory bacteria A. muciniphila and butyrate-
producing bacteria Roseburia spp. are key features of the
intestinal flora of patients with familial NPC. The increases in
C. ramosum and the pro-inflammatory bacteria V. parvula and
V. dispar and the reduction in the anti-inflammatory bacteria B.
adolescentis are probably characteristics of the intestinal flora of
patients with sporadic NPC. Based on these characteristics, we
can establish a predictive model for the intestinal flora of familial
and sporadic NPCs, in which C. ramosum, a strong risk factor for
NPC, may be used as a new biomarker for NPC patients. Based
on this predictive model, we are likely to predict the disease risk
in the population with a high risk of NPC and perform a non-
invasive early screening for NPC using the biomarkers. However,
this study is restricted by the limited number of enrolled patients.
Based on the International Agency for Research on Cancer, the
new cases of NPC only holding 0.7% of all diagnosed cancers
in 2018 (1, 2). The incidence rate of NPC is 3.0/100 000 in
China to 0.4/100 000 in white population (1, 2). The morbidity
of NPC has been descending increasingly in recent years, the
main decrement is from east and southeast Asia (135). The Third
Xiangya Hospital is large and international hospital, from which
we have gotmost of the cases based on the laboratory department.

Considering the limited sample size, we also colaborated with
other large hospitals, such as Hunan cancer hospital, to embrace
more cases. Each of these cases has been carefully filtrated before
being recruiting, and they are representative and precious. The
discovery of this study also provided us a direction for our future
research. Nevertheless, more studies with a larger number of
NPC participants are needed to confirm this predictive model
before being used in clinical. Through our findings, we may be
able to monitor confirmed NPC patients and their intestinal flora
and clinical indicators in the late disease stages and determine
the relationship among the disease status, intestinal flora and
clinical monitoring indicators, which may provide individualized
methods to prevent and treat NPC.
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46. Mandić AD, Woting A, Jaenicke T, Sander A, Sabrowski W, Rolle-

Kampcyk U, et al. Clostridium ramosum regulates enterochromaffin

cell development and serotonin release. Sci Rep. (2019) 9:1177.

doi: 10.1038/s41598-018-38018-z

47. Yu KJ, Hsu WL, Pfeiffer RM, Chiang CJ, Wang CP, Lou PJ, et al.

Prognostic utility of anti-EBV antibody testing for defining NPC risk among

individuals from high-risk NPC families. Clin Cancer Res. (2011) 17:1906–

14. doi: 10.1158/1078-0432.CCR-10-1681

48. Liang Q, Chiu J, Chen Y, Huang Y, Higashimori A, Fang J, et al. Fecal bacteria

act as novel biomarkers for noninvasive diagnosis of colorectal cancer. Clin

Cancer Res. (2017) 23:2061–70. doi: 10.1158/1078-0432.CCR-16-1599

49. Yu J, Feng Q, Wong SH, Zhang D, Liang QY, Qin Y, et al. Metagenomic

analysis of faecal microbiome as a tool towards targeted non-

invasive biomarkers for colorectal cancer. Gut. (2017) 66:70–8.

doi: 10.1136/gutjnl-2015-309800

50. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th

Edition of the AJCC cancer staging manual and the future of TNM.Ann Surg

Oncol. (2010) 17:1471–4. doi: 10.1245/s10434-010-0985-4

51. Spodick DH. The randomized controlled clinical trial. Scientific and ethical

bases. Am J Med. (1982) 73:420–5. doi: 10.1016/0002-9343(82)90746-X

52. Gluud LL. Bias in clinical intervention research. Am Journal Epidemiol.

(2006) 163:493–501. doi: 10.1093/aje/kwj069

53. Aagaard K, Petrosino J, Keitel W, Watson M, Katancik J, Garcia N, et al.

The Human Microbiome Project strategy for comprehensive sampling of

the human microbiome and why it matters. FASEB J. (2013) 27:1012–22.

doi: 10.1096/fj.12-220806

54. Bürgmann H, Pesaro M, Widmer F, Zeyer J. A strategy for optimizing

quality and quantity of DNA extracted from soil. J Microbiol Methods. (2001)

45:7–20. doi: 10.1016/S0167-7012(01)00213-5

55. Dauphin LA, Moser BD, Bowen MD. Evaluation of five commercial nucleic

acid extraction kits for their ability to inactivate Bacillus anthracis spores and

comparison of DNA yields from spores and spiked environmental samples. J

Microbiol Methods. (2009) 76:30–7. doi: 10.1016/j.mimet.2008.09.004

56. Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJ, Holmes SP.

DADA2: high-resolution sample inference from Illumina amplicon data.Nat

Methods. (2016) 13:581–3. doi: 10.1038/nmeth.3869

57. Bokulich NA, Kaehler BD, Rideout JR, Dillon M, Bolyen E, Knight R, et al.

Optimizing taxonomic classification of marker-gene amplicon sequences

with QIIME 2 ’ s q2-feature-classifier plugin. Microbiome. (2018) 6:90.

doi: 10.1186/s40168-018-0470-z

58. Love MI, Huber W, Anders S. Moderated estimation of fold change and

dispersion for RNA-seq data with DESeq2. Genome Biol. (2014) 15:550.

doi: 10.1186/s13059-014-0550-8

59. Mandal S, Van Treuren W, White RA, Eggesbø M, Knight R, Peddada

SD. Analysis of composition of microbiomes: a novel method for

studying microbial composition. Microb Ecol Health Dis. (2015) 26:27663.

doi: 10.3402/mehd.v26.27663

60. Benjamini Y, Hochberg Y. Controlling the false discovery rate:

a practical and powerful approach to multiple testing. J R Stat

Soc Ser B. (1995) 57:289–300. doi: 10.1111/j.2517-6161.1995.tb

02031.x

61. Lai Y. A statistical method for the conservative adjustment of

false discovery rate (q-value). BMC Bioinformatics. (2017) 18:69.

doi: 10.1186/s12859-017-1474-6

62. Ye Z, Zhang N, Wu C, Zhang X, Wang Q, Huang X, et al. A metagenomic

study of the gut microbiome in Behcet’s disease. Microbiome. (2018) 6:135.

doi: 10.1186/s40168-018-0520-6

63. Klaassen MAY, Imhann F, Collij V, Fu J, Wijmenga C, Zhernakova A,

et al. Anti-inflammatory gut microbial pathways are decreased during

Crohn’s Disease exacerbations. J Crohn’s Colitis. (2019) 13:1439–49.

doi: 10.1093/ecco-jcc/jjz077

64. Fang S, Xiong X, Su Y, Huang L, Chen C. 16S rRNA gene-based association

study identified microbial taxa associated with pork intramuscular fat

content in feces and cecum lumen. BMC Microbiol. (2017) 17:162.

doi: 10.1186/s12866-017-1055-x

65. Vázquez-Baeza Y, Pirrung M, Gonzalez A, Knight R. EMPeror: a tool for

visualizing high-throughput microbial community data. Gigascience. (2013)

2:16. doi: 10.1186/2047-217X-2-16

66. Rohart F, Gautier B, Singh A, Lê Cao KA.mixOmics: An R package for ’omics

feature selection and multiple data integration. PLoS Comp Biol. (2017)

13:e1005752. doi: 10.1371/journal.pcbi.1005752

67. McCune, B., and Grace, J. B. Analysis of Ecological Communities. Gleneden

Beach, OR: MjM software design (2002).

68. Dixon P. VEGAN, a package of R functions for community ecology. J Veg

Sci. (2003) 14:927–30. doi: 10.1111/j.1654-1103.2003.tb02228.x

69. Langille MG, Zaneveld J, Caporaso JG, McDonald D, Knights D, Reyes

JA, et al. Predictive functional profiling of microbial communities using

16S rRNA marker gene sequences. Nat Biotechnol. (2013) 31:814–21.

doi: 10.1038/nbt.2676

70. Parks DH, Tyson GW, Hugenholtz P, Beiko RG. STAMP: statistical analysis

of taxonomic and functional profiles. Bioinformatics. (2014) 30:3123–4.

doi: 10.1093/bioinformatics/btu494

71. Jean Dunn O. Multiple comparisons among means. J Am Stat Assoc. (1961)

56:52–64. doi: 10.1080/01621459.1961.10482090

72. Ringnér M. What is principal component analysis? Nat Biotechnol. (2008)

26:303–4. doi: 10.1038/nbt0308-303

73. Chen X, Fruehauf J, Goldsmith JD, Xu H, Katchar KK, Koon HW, et al.

Saccharomyces boulardii inhibits EGF receptor signaling and intestinal

tumor growth in Apc(min) mice. Gastroenterology. (2009) 137:914–23.

doi: 10.1053/j.gastro.2009.05.050

74. Miquel S, Martín R, Rossi O, Bermúdez-Humarán LG, Chatel JM, Sokol H,

et al. Faecalibacterium prausnitzii and human intestinal health. Curr Opin

Microbiol. (2013) 16:255–61. doi: 10.1016/j.mib.2013.06.003

75. Fisher K, Phillips C. The ecology, epidemiology and

virulence of Enterococcus. Microbiology. (2009) 155:1749–57.

doi: 10.1099/mic.0.026385-0

76. Waskito LA, Salama NR, Yamaoka Y. Pathogenesis of Helicobacter pylori

infection. Helicobacter. (2018) 23(Suppl.1):e12516. doi: 10.1111/hel.12516

77. Chang AH, Parsonnet J. Role of bacteria in oncogenesis. Clin Microbiol Rev.

(2010) 23:837–57. doi: 10.1128/CMR.00012-10

78. Shin NR, Whon TW, Bae JW. Proteobacteria: microbial signature

of dysbiosis in gut microbiota. Trends Biotechnol. (2015) 33:496–503.

doi: 10.1016/j.tibtech.2015.06.011

79. Kapil S, Duseja A, Sharma BK, Singla B, Chakraborti A, Das A, et al. Small

intestinal bacterial overgrowth and toll-like receptor signaling in patients

with non-alcoholic fatty liver disease. J Gastroenterol Hepatol. (2016) 31:213–

21. doi: 10.1111/jgh.13058

80. Michail S, Lin M, Frey MR, Fanter R, Paliy O, Hilbush B, et al. Altered gut

microbial energy and metabolism in children with non-alcoholic fatty liver

disease. FEMS Microbiol Ecol. (2015) 91:1–9. doi: 10.1093/femsec/fiu002

Frontiers in Oncology | www.frontiersin.org 18 December 2019 | Volume 9 | Article 1346

https://doi.org/10.1371/journal.pone.0105245
https://doi.org/10.1158/0008-5472.CAN-08-2133
https://doi.org/10.1007/s10269-013-2254-1
https://doi.org/10.5455/medarh.2015.69.54-57
https://doi.org/10.1016/0169-328X(96)00058-7
https://doi.org/10.1007/s12253-019-00734-w
https://doi.org/10.1111/j.1348-0421.1985.tb00892.x
https://doi.org/10.1038/s41598-018-38018-z
https://doi.org/10.1158/1078-0432.CCR-10-1681
https://doi.org/10.1158/1078-0432.CCR-16-1599
https://doi.org/10.1136/gutjnl-2015-309800
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1016/0002-9343(82)90746-X
https://doi.org/10.1093/aje/kwj069
https://doi.org/10.1096/fj.12-220806
https://doi.org/10.1016/S0167-7012(01)00213-5
https://doi.org/10.1016/j.mimet.2008.09.004
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.3402/mehd.v26.27663
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1186/s12859-017-1474-6
https://doi.org/10.1186/s40168-018-0520-6
https://doi.org/10.1093/ecco-jcc/jjz077
https://doi.org/10.1186/s12866-017-1055-x
https://doi.org/10.1186/2047-217X-2-16
https://doi.org/10.1371/journal.pcbi.1005752
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1038/nbt.2676
https://doi.org/10.1093/bioinformatics/btu494
https://doi.org/10.1080/01621459.1961.10482090
https://doi.org/10.1038/nbt0308-303
https://doi.org/10.1053/j.gastro.2009.05.050
https://doi.org/10.1016/j.mib.2013.06.003
https://doi.org/10.1099/mic.0.026385-0
https://doi.org/10.1111/hel.12516
https://doi.org/10.1128/CMR.00012-10
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.1111/jgh.13058
https://doi.org/10.1093/femsec/fiu002
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. Intestinal-Flora’s Disruption, Biomarkers for NPC

81. Maharshak N, Packey CD, Ellermann M, Manick S, Siddle JP, Huh EY, et al.

Altered enteric microbiota ecology in interleukin 10-deficient mice during

development and progression of intestinal inflammation. Gut Microbes.

(2013) 4:316–24. doi: 10.4161/gmic.25486

82. Selvanantham T, Lin Q, Guo CX, Surendra A, Fieve S, Escalante NK,

et al. NKT Cell-deficient mice harbor an altered microbiota that fuels

intestinal inflammation during chemically induced colitis. J Immunol. (2016)

197:4464–72. doi: 10.4049/jimmunol.1601410

83. Peterson DA, McNulty NP, Guruge JL, Gordon JI. IgA response to symbiotic

bacteria as a mediator of gut homeostasis. Cell Host Microbe. (2007) 2:328–

39. doi: 10.1016/j.chom.2007.09.013

84. Rehman A, Lepage P, Nolte A, Hellmig S, Schreiber S, Ott SJ.

Transcriptional activity of the dominant gut mucosal microbiota in chronic

inflammatory bowel disease patients. J Med Microbiol. (2010) 59:1114–22.

doi: 10.1099/jmm.0.021170-0

85. Sartor RB. Microbial influences in inflammatory bowel diseases.

Gastroenterology. (2008) 134:577–94. doi: 10.1053/j.gastro.2007.11.059

86. Gophna U, Sommerfeld K, Gophna S, Doolittle WF, Veldhuyzen van Zanten

SJ. Inerences between tissue-associated intestinal microfloras of patients with

Crohn’s disease and ulcerative colitis. J Clin Microbiol. (2006) 44:4136–41.

doi: 10.1128/JCM.01004-06

87. Marri PR, Stern DA, Wright AL, Billheimer D, Martinez FD. Asthma-

associated differences in microbial composition of induced sputum. J Aller

Clin Immunol. (2013) 131:346–52.e1-3. doi: 10.1016/j.jaci.2012.11.013

88. Pragman AA, Kim HB, Reilly CS, Wendt C, Isaacson RE. The lung

microbiome in moderate and severe chronic obstructive pulmonary disease.

PLoS ONE. (2012) 7:e47305. doi: 10.1371/journal.pone.0047305

89. Zhu XX, Yang XJ, Chao YL, Zheng HM, Sheng HF, Liu HY, et al. The

potential effect of oral microbiota in the prediction of mucositis during

radiotherapy for nasopharyngeal carcinoma. Ebiomedicine. (2017) 18:23–31.

doi: 10.1016/j.ebiom.2017.02.002

90. Nakamoto N, Kanai T. Role of Toll-like receptors in immune

activation and tolerance in the liver. Front Immunol. (2014) 5:221.

doi: 10.3389/fimmu.2014.00221

91. García-Jiménez A, Prim N, Crusi X, Benito N. Septic arthritis due

to Clostridium ramosum. Semin Arthritis Rheum. (2016) 45:617–20.

doi: 10.1016/j.semarthrit.2015.09.009

92. Brook I. Clostridial infections in children: spectrum and management. Curr

Infect Dis Rep. (2015) 17:8. doi: 10.1007/s11908-015-0503-8

93. Forrester JD, Spain DA. Clostridium ramosum bacteremia: case report and

literature review. Surg Infect. (2014) 15:343–6. doi: 10.1089/sur.2012.240

94. O’Mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF. Serotonin,

tryptophanmetabolism and the brain-gut-microbiome axis. Behav Brain Res.

(2015) 277:32–48. doi: 10.1016/j.bbr.2014.07.027

95. Ge X, Pan J, Liu Y, Wang H, Zhou W, Wang X. intestinal crosstalk between

microbiota and serotonin and its impact on gut motility. Curr Pharm

Biotechnol. (2018) 19:190–5. doi: 10.2174/1389201019666180528094202

96. Hoffman JM, Tyler K, MacEachern SJ, Balemba OB, Johnson AC, Brooks

EM, et al. Activation of colonic mucosal 5-HT4 receptors accelerates

propulsive motility and inhibits visceral hypersensitivity. Gastroenterology.

(2012) 142:844–54.e4. doi: 10.1053/j.gastro.2011.12.041

97. Mercado CP, Quintero MV, Li Y, Singh P, Byrd AK, Talabnin K, et al. A

serotonin-induced N-glycan switch regulates platelet aggregation. Sci Rep.

(2013) 3:2795. doi: 10.1038/srep02795

98. Baganz NL, Blakely RD. A Dialogue between the immune system and brain,

spoken in the language of serotonin. ACS Chem Neurosci. (2013) 4:48–63.

doi: 10.1021/cn300186b

99. Sarrouilhe D, Mesnil M. Serotonin and human cancer: A critical view.

Biochimie. (2019) 161:46–50. doi: 10.1016/j.biochi.2018.06.016

100. Zhang T, Li Q, Cheng L, Buch H, Zhang F. Akkermansia muciniphila

is a promising probiotic. Microb Biotechnol. (2019) 12:1109–25.

doi: 10.1111/1751-7915.13410

101. Derrien M, Belzer C, de Vos WM. Akkermansia muciniphila and its

role in regulating host functions. Microb Pathog. (2017) 106:171–81.

doi: 10.1016/j.micpath.2016.02.005

102. Niederreiter L, Adolph TE, Tilg H. Food, microbiome and colorectal cancer.

Dig Liver Dis. (2018) 50:647–52. doi: 10.1016/j.dld.2018.03.030

103. Frugé AD, Van der Pol W, Rogers LQ, Morrow CD, Tsuruta Y,

Demark-Wahnefried W. Fecal Akkermansia muciniphila is associated

with body composition and microbiota diversity in overweight

and obese women with breast cancer participating in a presurgical

weight loss trial. J Acad Nutr Diet. (2018). doi: 10.1016/j.jand.2018.

08.164. [Epub ahead of print].

104. Corfe BM. Hypothesis: butyrate is not an HDAC inhibitor, but a product

inhibitor of deacetylation.Mol BioSyst. (2012) 8:1609–12. doi: 10.1039/c2mb

25028d

105. Donohoe DR, Collins LB,Wali A, Bigler R, SunW, Bultman SJ. TheWarburg

effect dictates the mechanism of butyrate-mediated histone acetylation and

cell proliferation. Mol Cell. (2012) 48:612–26. doi: 10.1016/j.molcel.2012.

08.033

106. Vander Heiden MG, Cantley LC, Thompson CB. Understanding the

Warburg effect: the metabolic requirements of cell proliferation. Science.

(2009) 324:1029–33. doi: 10.1126/science.1160809

107. Hedin CR, McCarthy NE, Louis P, Farquharson FM, McCartney S, Taylor

K, et al. Altered intestinal microbiota and blood T cell phenotype are shared

by patients with Crohn’s disease and their unaffected siblings. Gut. (2014)

63:1578–86. doi: 10.1136/gutjnl-2013-306226

108. De Cruz P, Kang S, Wagner J, Buckley M, Sim WH, Prideaux L, et al.

Association between specific mucosa-associated microbiota in Crohn’s

disease at the time of resection and subsequent disease recurrence: a pilot

study. J Gastroenterol Hepatol. (2015) 30:268–78. doi: 10.1111/jgh.12694

109. Pérez-Jacoiste Asín MA, Fernández-Ruiz M, Serrano-Navarro I,

Prieto-Rodriguez S, Aguado JM. Polymicrobial endocarditis involving

Veillonella parvula in an intravenous drug user: case report and

literature review of Veillonella endocarditis. Infection. (2013) 41:591–4.

doi: 10.1007/s15010-012-0398-3

110. Bhatti MA, Frank MO. Veillonella parvula meningitis: case report

and review of Veillonella infections. Clin Infect Dis. (2000) 31:839–40.

doi: 10.1086/314046

111. Fisher RG, Denison MR. Veillonella parvula bacteremia without

an underlying source. J Clin Microbiol. (1996) 34:3235–6.

doi: 10.1002/(SICI)1097-4660(199612)67:4<397::AID-JCTB588>3.0.CO;2-D

112. Wei Y, Li Y, Yan L, Sun C, Miao Q, Wang Q, et al. Alterations

of gut microbiome in autoimmune hepatitis. Gut. (2019).

doi: 10.1136/gutjnl-2018-317836. [Epub ahead of print].

113. Wang SS, Lee NY, Hsueh PR, Huang WH, Tsui KC, Lee HC, et al.

Clinical manifestations and prognostic factors in cancer patients with

bacteremia due to extended-spectrum β-lactamase-producing Escherichia

coli or Klebsiella pneumoniae. J Microbiol Immunol Infect. (2011) 44:282–8.

doi: 10.1016/j.jmii.2010.08.004

114. Villafuerte KRV, Martinez CJH, Dantas FT, Carrara HHA, Dos Reis

FJC, Palioto DB. The impact of chemotherapeutic treatment on the oral

microbiota of patients with cancer: a systematic review. Oral Surg Oral Med

Oral Pathol Oral Radiol. (2018) 125:552–66. doi: 10.1016/j.oooo.2018.02.008

115. Taft DH, Liu J, Maldonado-Gomez MX, Akre S, Huda MN, Ahmad

SM, et al. Bifidobacterial dominance of the gut in early life and

acquisition of antimicrobial resistance. Msphere. (2018) 3:e00441-18.

doi: 10.1128/mSphere.00441-18

116. Belenguer A, Duncan SH, Calder AG, Holtrop G, Louis P, Lobley GE, et al.

Two routes of metabolic cross-feeding between Bifidobacterium adolescentis

and butyrate-producing anaerobes from the human gut. Appl Environ

Microbiol. (2006) 72:3593–9. doi: 10.1128/AEM.72.5.3593-3599.2006

117. Reichardt N, Duncan SH, Young P, Belenguer A, McWilliam Leitch C,

Scott KP, et al. Phylogenetic distribution of three pathways for propionate

production within the human gut microbiota. ISME J. (2014) 8:1323–35.

doi: 10.1038/ismej.2014.14

118. Koh A, De Vadder F, Kovatcheva-Datchary P, Bäckhed F. From dietary fiber

to host physiology: short-chain fatty acids as key bacterial metabolites. Cell.

(2016) 165:1332–45. doi: 10.1016/j.cell.2016.05.041

119. Imaoka A, Shima T, Kato K, Mizuno S, Uehara T, Matsumoto S, et al.

Anti-inflammatory activity of probiotic Bifidobacterium: enhancement of

IL-10 production in peripheral blood mononuclear cells from ulcerative

colitis patients and inhibition of IL-8 secretion in HT-29 cells. World J

Gastroenterol. (2008) 14:2511–6. doi: 10.3748/wjg.14.2511

Frontiers in Oncology | www.frontiersin.org 19 December 2019 | Volume 9 | Article 1346

https://doi.org/10.4161/gmic.25486
https://doi.org/10.4049/jimmunol.1601410
https://doi.org/10.1016/j.chom.2007.09.013
https://doi.org/10.1099/jmm.0.021170-0
https://doi.org/10.1053/j.gastro.2007.11.059
https://doi.org/10.1128/JCM.01004-06
https://doi.org/10.1016/j.jaci.2012.11.013
https://doi.org/10.1371/journal.pone.0047305
https://doi.org/10.1016/j.ebiom.2017.02.002
https://doi.org/10.3389/fimmu.2014.00221
https://doi.org/10.1016/j.semarthrit.2015.09.009
https://doi.org/10.1007/s11908-015-0503-8
https://doi.org/10.1089/sur.2012.240
https://doi.org/10.1016/j.bbr.2014.07.027
https://doi.org/10.2174/1389201019666180528094202
https://doi.org/10.1053/j.gastro.2011.12.041
https://doi.org/10.1038/srep02795
https://doi.org/10.1021/cn300186b
https://doi.org/10.1016/j.biochi.2018.06.016
https://doi.org/10.1111/1751-7915.13410
https://doi.org/10.1016/j.micpath.2016.02.005
https://doi.org/10.1016/j.dld.2018.03.030
https://doi.org/10.1016/j.jand.2018.08.164
https://doi.org/10.1039/c2mb25028d
https://doi.org/10.1016/j.molcel.2012.08.033
https://doi.org/10.1126/science.1160809
https://doi.org/10.1136/gutjnl-2013-306226
https://doi.org/10.1111/jgh.12694
https://doi.org/10.1007/s15010-012-0398-3
https://doi.org/10.1086/314046
https://doi.org/10.1002/(SICI)1097-4660(199612)67:4<397::AID-JCTB588>3.0.CO;2-D
https://doi.org/10.1136/gutjnl-2018-317836
https://doi.org/10.1016/j.jmii.2010.08.004
https://doi.org/10.1016/j.oooo.2018.02.008
https://doi.org/10.1128/mSphere.00441-18
https://doi.org/10.1128/AEM.72.5.3593-3599.2006
https://doi.org/10.1038/ismej.2014.14
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.3748/wjg.14.2511
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. Intestinal-Flora’s Disruption, Biomarkers for NPC

120. Khokhlova EV, Smeianov VV, Efimov BA, Kafarskaia LI, Pavlova SI,

Shkoporov AN. Anti-inflammatory properties of intestinal Bifidobacterium

strains isolated from healthy infants. Microbiol. Immunol. (2012) 56:27–39.

doi: 10.1111/j.1348-0421.2011.00398.x

121. Okada Y, Tsuzuki Y, Hokari R, Komoto S, Kurihara C, Kawaguchi A, et al.

Anti-inflammatory effects of the genus Bifidobacterium on macrophages by

modification of phospho-I kappaB and SOCS gene expression. Int J Exp

Pathol. (2009) 90:131–40. doi: 10.1111/j.1365-2613.2008.00632.x

122. Wang, Z., Wang, J., Cheng,. Y., Liu, X., and Huang, Y. (2011). Secreted

factors from Bifidobacterium animalis subsp. lactis inhibit NF-κB-mediated

interleukin-8 gene expression in Caco-2 cells. Appl Environ Microbiol.

77:8171–4. doi: 10.1128/AEM.06145-11

123. Kawabata K, Baba N, Sakano T, Hamano Y, Taira S, Tamura A, et al.

Functional properties of anti-inflammatory substances from quercetin-

treated Bifidobacterium adolescentis. Biosci Biotechnol Biochem. (2018)

82:689–97. doi: 10.1080/09168451.2017.1401916

124. Kawabata K, Kato Y, Sakano T, Baba N, Hagiwara K, Tamura A,

et al. Effects of phytochemicals on in vitro anti-inflammatory activity of

Bifidobacterium adolescentis. Biosci Biotechnol Biochem. (2015) 79:799–807.

doi: 10.1080/09168451.2015.1006566

125. Kawabata K, Sugiyama Y, Sakano T, Ohigashi H. Flavonols enhanced

production of anti-inflammatory substance(s) by Bifidobacterium

adolescentis: prebiotic actions of galangin, quercetin, and fisetin. Biofactors.

(2013) 39:422–9. doi: 10.1002/biof.1081

126. Escobar JS, Klotz B, Valdes BE, Agudelo GM. The gut microbiota of

Colombians differs from that of Americans, Europeans and Asians. BMC

Microbiol. (2014) 14:311. doi: 10.1186/s12866-014-0311-6

127. Goodrich JK, Waters JL, Poole AC, Sutter JL, Koren O, Blekhman R,

et al. Human genetics shape the gut microbiome. Cell. (2014) 159:789–99.

doi: 10.1016/j.cell.2014.09.053

128. Walters WA, Xu Z, Knight R. Meta-analyses of human gut microbes

associated with obesity and IBD. FEBS Lett. (2014) 588:4223–33.

doi: 10.1016/j.febslet.2014.09.039

129. Zhu L, Baker SS, Gill C, LiuW, Alkhouri R, Baker RD, et al. Characterization

of gut microbiomes in nonalcoholic steatohepatitis (NASH) patients: a

connection between endogenous alcohol and NASH. Hepatology. (2013)

57:601–9. doi: 10.1002/hep.26093

130. Kohl KD, Amaya J, Passement CA, Dearing MD, McCue MD. Unique and

shared responses of the gut microbiota to prolonged fasting: a comparative

study across five classes of vertebrate hosts. FEMS Microbiol Ecol. (2014)

90:883–94. doi: 10.1111/1574-6941.12442

131. David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe

BE, et al. Diet rapidly and reproducibly alters the human gut microbiome.

Nature. (2014) 505:559–63. doi: 10.1038/nature12820

132. Keren N, Konikoff FM, Paitan Y, Gabay G, Reshef L, Naftali T,

et al. Interactions between the intestinal microbiota and bile acids

in gallstones patients. Environ Microbiol Rep. (2015) 7:874–80.

doi: 10.1111/1758-2229.12319

133. Li F, Duan F, Zhao X, Song C, Cui S, Dai L. Red meat and processed meat

consumption and nasopharyngeal carcinoma risk: a dose-response meta-

analysis of observational studies. Nutr Cancer Int J. (2016) 68:1034–43.

doi: 10.1080/01635581.2016.1192200

134. Weng M-T, Chiu Y-T, Wei P-Y, Chiang C-W, Fang H-L, Wei S-C.

Microbiota and gastrointestinal cancer. J FormosMed Assoc. (2019) 118:S32–

41. doi: 10.1016/j.jfma.2019.01.002

135. Tang LL, Chen WQ, Xue WQ, He YQ, Zheng RS, Zeng YX, et al. Global

trends in incidence and mortality of nasopharyngeal carcinoma. Cancer Lett.

(2016) 374:22–30. doi: 10.1016/j.canlet.2016.01.040

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Jiang, Li, Zhang, Huang, Zhang, Chen, Shang, Li and Nie. This

is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Oncology | www.frontiersin.org 20 December 2019 | Volume 9 | Article 1346

https://doi.org/10.1111/j.1348-0421.2011.00398.x
https://doi.org/10.1111/j.1365-2613.2008.00632.x
https://doi.org/10.1128/AEM.06145-11
https://doi.org/10.1080/09168451.2017.1401916
https://doi.org/10.1080/09168451.2015.1006566
https://doi.org/10.1002/biof.1081
https://doi.org/10.1186/s12866-014-0311-6
https://doi.org/10.1016/j.cell.2014.09.053
https://doi.org/10.1016/j.febslet.2014.09.039
https://doi.org/10.1002/hep.26093
https://doi.org/10.1111/1574-6941.12442
https://doi.org/10.1038/nature12820
https://doi.org/10.1111/1758-2229.12319
https://doi.org/10.1080/01635581.2016.1192200
https://doi.org/10.1016/j.jfma.2019.01.002
https://doi.org/10.1016/j.canlet.2016.01.040
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Intestinal Flora Disruption and Novel Biomarkers Associated With Nasopharyngeal Carcinoma
	Introduction
	Materials and Methods
	Recruitment of Volunteers
	Sample Collection
	Testing of Blood Specimens
	Detection of Routine Clinical Indicators for Blood
	Detection of 5-HT Concentration for Blood

	DNA Detection in the Intestinal Microbes
	DNA Extraction
	DNA Sequencing

	Processing and Analysis of Sequencing Data
	Sequence Processing
	Differential Flora Analysis
	Alpha Diversity
	Beta Diversity
	Establishment of an Intestinal Flora Prediction Model
	Association Analysis Between Intestinal Flora and Clinical Variables
	Intestinal Flora Function Prediction


	Results
	Volunteer Characteristics
	Hematology Detecting Results
	DNA Sequencing Results of Intestinal Flora and Statistical Analysis
	Species Abundance and Diversity
	Differences in Intestinal Flora Structure Between Groups
	Statistical Analysis of Correlation Between Intestinal Flora and Clinical Variables
	Species Interaction Network Analysis
	Prediction of Intestinal Microbial Function


	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


