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Background: Intestinal microbial dysbiosis is involved in liver disease pathogenesis. However, its role in
primary liver cancer (PLC), particularly in hepatocarcinogenesis remains unclear. The present study aimed
to study the changes in intestinal flora at various stages of PLC and clarify the relationship between
intestinal microbes and PLC.
Methods: Twenty-four patients with PLC (PLC group), 24 patients with liver cirrhosis (LC group), and 23
healthy control individuals (HC group) were enrolled from October 2016 to October 2017. Stool specimens
of the participants were collected and the genomic DNA of fecal bacteria was isolated. High-throughput
pyrosequencing of 16S rDNA was used to identify differences in gut bacterial diversity among HC, LC, and
PLC groups. We also analyzed the relationship between clinical factors and intestinal microorganisms in
LC and PLC groups.
Results: Diversity of Firmicutes tended to decrease from the HC to LC and PLC groups at the phylum
level. Among species, Enterobacter ludwigii displayed an increasing trend in the PLC group, wherein the
relative abundance of Enterobacter ludwigii in the PLC group was 100 times greater than that in the HC
and LC groups. The ratio of Firmicutes/Bacteroidetes was significantly decreased with the disease pro-
gression. In addition, the linear discriminant analysis effect size method indicated that Clostridia were
predominant in the gut microbiota of the HC group, whereas Enterococcaceae, Lactobacillales, Bacilli and
Gammaproteobacteria may be used as diagnostic markers of PLC. Redundancy analysis showed a corre-
lation between intestinal microbial diversity and clinical factors AST, ALT, and AFP. Veillonella showed a
significant positive correlation with AFP in the PLC group, whereas Subdoligranulum showed a negative
correlation with AFP.
Conclusions: This study indicates that dysbiosis of the gut microbiota might be involved in PLC develop-
ment and progression.

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier

B.V. All rights reserved.
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Introduction Gut microbes are a community of various bacteria colonizing

the intestine. The number of bacteria harbored by the human body

Primary liver cancer (PLC) is a serious threat to human health.
It is estimated that there are 26,000 new cases each year world-
wide and it is the third malignant tumor in China [1].
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is estimated to be 100 times of human body cells [2]. Increasing
evidence indicates that an altered human gut microbiome is asso-
ciated with liver cirrhosis (LC) and its complications [3-5]. Many
factors could affect the composition of intestinal microflora includ-
ing antibiotics, alcohol consumption, diet, race, and geographical
location [6].

The intestinal microbial community is currently considered an
independent organ that regulates gut metabolism. The alteration of
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this community probably affects the prognosis of LC patients [7]. In
recent years, modification of intestinal flora has been used as an
adjuvant therapy to reduce bacterial shift and prevent liver can-
cer [8]. In the intestinal environment, microbial metabolites play a
crucial role in liver disease pathogenesis [9]. A previous study has
found that in adult mice, the hepatic immunity activated by estab-
lishment of intestinal microbiota could accelerate the clearance of
HBV [10].

More than 700 species of bacteria have been found in the gut,
of which approximately 35% have not been cultured [11]. The gut
microbiota interacts with its host, thus contributing to diseases
like inflammatory bowel disease [12], pancreatic diseases [13],
obesity [14], and atherosclerosis [15]. Oral bacteria were found to
be able to invade the gut of LC patients, causing the overgrowth of
LC-associated small-intestinal bacteria [4]. However, the relation-
ship between intestinal microbial dysbiosis and PLC has not been
reported yet. Our study compared the differences in the intestinal
microbial composition in patients with PLC, patients with LC, and
healthy controls (HC) individuals.

Methods
Sample collection

A total of 71 individuals participated in this study. Twenty-
four patients with primary liver cancer (PLC group) were ad-
mitted to the First Hospital of Lanzhou University from October
2016 to October 2017. The average age was 51.8 years old (range:
32-65 years). The patients in the PLC group were confirmed by
pathological diagnosis, including patients with pathologically con-
firmed hepatocellular carcinoma (10 cases), cholangiocarcinoma
(8 cases), and mixed type liver cancer (6 cases). Patients with LC
(24 cases, LC group), average age 50.2 years old (range: 32-65
years), were also enrolled. All patients in the LC group were exam-
ined by ultrasound, CT and tumor markers to rule out PLC. The LC
group included post-hepatitis cirrhosis (10 cases), alcoholic cirrho-
sis (6 cases), autoimmune cirrhosis (4 cases), and other disorders
(4 cases). These diagnoses were based on the ESMO-ESDO Clini-
cal Practice Guidelines [16]. Furthermore, 23 patients who under-
went routine physical examination in our hospital were enrolled
as healthy control (HC group), with an average age of 50.4 years
old (range: 32-65 years). All the participating individuals provided
written informed consent. The inclusion criteria of the HC group
were as follows: (1) no serious digestive system disease; (2) no
recent digestive system discomfort or disease; (3) no other dis-
eases or infections within two months; (4) no recent medications;
(5) not pregnant or lactating, nor menstruating.

Microbial DNA extraction and sequencing

Stool samples were obtained in the morning before breakfast
using a sterile stool case. The microbial genomic DNA was iso-
lated by QIAamp DNA micro kit (QIAGEN, Hilden, Germany) as re-
ported previously [17-19]. Absorbance at 260 nm and 280 nm was
measured using an ultraviolet spectrophotometer (DU1 640, Beck-
man Instruments, Inc., CA, USA) to evaluate the final amount and
quality of DNA [20]. The 16S rRNA V3-V4 hypervariable region
was sequenced on the Illumina HiSeq platform from Novogene
(Beijing, China). The PCR conditions were as follows: denaturation
at 98 °C for 1 min; 25 cycles of denaturation at 98 °C for 30s, an-
nealing at 50 °C for 30s, and extension at 72 °C for 60s; and ex-
tension at 72 °C for 10 min [21]. The PCR product was then mixed
and purified using the Gene Extraction Kit (Thermo Scientific,
Massachusetts, USA).

Bioinformatics analysis

Sequencing and analysis were carried out by Novogene. A se-
quencing library was constructed using Illumina’s DNA Library Kit,
which was evaluated on the Qubit 2.0 Fluorometer (Thermo Sci-
entific). Finally, the library was sequenced on the Illumina MiSeq
platform. Sequence analysis was performed using UPARSE software.
Sequences with 97% similarity were assigned to the same service
classification unit operational taxonomic unit (OTU). We selected
the representative sequence of each OTU and used the Ribosomal
Database Project (RDP) classifier to annotate the classification in-
formation for each representative sequence. The super index and
Shannon index were calculated based on the OTU results. Spear-
man correlation coefficients (SCC) were calculated for each pair
of core genera. Pairwise differential features of the three groups
were plotted using the linear discriminant analysis (LDA) effect
size (LEfSe) method [22], and the threshold logarithmic LDA score
for discriminative features was 2.0. Redundancy analysis (RDA) and
Spearman relationship analysis were conducted to better under-
stand the relationship between gut microbial diversity and its clin-
ical factors in the LC and PLC groups.

Statistical analysis

Continuous variables were summarized as means and standard
deviations and compared with one-way ANOVA test. Discrete vari-
ables were expressed as numbers and percentages and compared
with Chi-square test. All analyses were performed using SPSS soft-
ware (Version 22.0, SPSS Inc., Chicago, IL, USA). A P value of <0.05
was considered statistically significant.

Results
Clinical characteristics of the three groups

The HC, LC, and PLC groups did not show significant dif-
ferences in baseline characteristics, including weight and height
(Table 1) after adjusting for smoking and drinking. However, the
PLC group showed significantly higher levels of AST (P < 0.001), ALT
(P <0.001) and AFP (P <0.001) than the HC and LC groups.

Changes in gut microbiota in PLC patients

The 16S rDNA sequencing results showed a decreasing tendency
of bacterial diversity in gut microbiota from the HC group to the
advanced LC and PLC groups. After quality trimming, 6 423 779
high-quality reads were obtained. These results are summarized in
Table 2.

We finally detected 1576 OTUs from all the samples, represent-
ing all phenotypes present among gut microbes. Good’s coverage
was high, indicating that the sequencing depth was sufficient to in-
vestigate the gut microbiota of all samples. The Shannon and Chao
indices of alpha diversity between the HC, LC and PLC groups have
no significant differences (P> 0.05) (Fig. 1A and B). The results of
the OTU analysis showed that the rank-abundance curve of bacte-
rial communities in the HC, LC, and PLC patients presented a sim-
ilar pattern. In addition, a Venn diagram representing three sets of
overlapping OTU data showed that the total number of OTUs in all
samples is only 655 (Fig. 1C).

Gut microbiota composition associated with PLC

The majority of sequences were arranged in six bacterial
phyla (i.e., Firmicutes, Bacteroidetes, Proteobacteria, Actinobacte-
ria, Fusobacteria, and Verrucomicrobia), whereas sequences rep-
resentative of Acidobacteria, Euryarchaeota, Gemmatimonadetes,
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Table 1

Clinical characteristics.
Characteristics HC group (n=23) LC group (n=24) PLC group (n=24) P value
Age (yr) 50.4 + 10.6 50.2 + 119 51.8 &+ 10.9 0.908
Sex (male/female) 18/5 177 18/6 0.549
Current smoker (%) 11 (48%) 12 (50%) 14 (58%) 0.093
Alcohol drinker (%) 8 (35%) 10 (42%) 12 (50%) 0.072
BMI (kg/m?) 245 + 04 241 £ 0.7 243 +£09 0.901
ALT (U/L) 84 +27 40.8 + 18.3 904 + 10.1 <0.001
AST (U/L) 119 +£ 35 614 + 21.6 1379 £ 236 <0.001
AFP (IU/mL) 47 +13 67.8 +£13.5 1023.3 + 42.9 <0.001

* Adjusting for smoking and drinking. ALT: alanine aminotransferase; AST: aspartate aminotrans-

ferase; AFP: alpha fetoprotein.

Table 2

Diversity estimation of 16S rRNA from the pyrosequencing analysis.

Group  No. of reads No. of
OTUs?
HC 4 254 750 558
LC 2 169 029 526
PLC 2 163 919 492

Richness Diversity
Good's" estimator index

Chao Shannon
0.9996 362 5.116
0.9998 398 5.114
0.9998 404 4815

2 The operational taxonomic units (OTUs) were defined at the 97% similarity level.

b The coverage percentage (Good’s), richness estimators Chao and diversity indices
Shannon were calculated using Good’s method and the mothur program, respectively.
HC: healthy control; LC: liver cirrhosis; PLC: primary liver cancer.

* indicates a significant P value <0.01.

Tenericutes, and Synergistetes were also identified but were at
lower proportions.

The most abundant phylum was Firmicutes, followed by Bac-
teroidetes, and Proteobacteria (Fig. 2A). Firmicutes were found to
be significantly decreased in the PLC group. The HC, LC, and PLC
groups were also significantly different with respect to the rela-
tive abundance of family, genus, and species of their microbiota
(Fig. 2B-D). The most abundant family in the total samples be-
longed to Prevotellaceae and Bacteroidaceae. In particular, Bac-
teroidaceae was significantly increased in LC patients compared
with HC and PLC groups, and was decreased in PLC patients com-
pared with LC patients. Percentage of Prevotellaceae in LC and PLC
patients was significantly lower compared with HC (Fig. 2B). At the
genus level, Enterobacter and Escherichia-Shigella were most signifi-
cantly represented in the PLC group than in the HC and LC groups
(Fig. 2C). Finally, among species, Escherichia coli displayed an in-
creasing trend from HC to PLC patients. In addition, we found a
very interesting result that the relative abundance of Enterobacter
ludwigii was the highest in the PLC group and was 100 times
greater than that in the HC and LC groups, whereas Lactococ-
cus was decreased in the PLC group than that in the HC group
(Fig. 2D).

The Firmicutes/Bacteroidetes ratios in the HC, LC, and PLC sam-
ples were significantly different (Fig. 3A), with lower ratios in the
PLC group compared with the HC group (P < 0.05). The heatmap in
Fig. 3B shows the correlation between samples and abundance of
the phyla represented in the microbiota samples.

The composition of the gut microbiota in the three groups
was compared using the LEfSe method. Fig. 4A shows the struc-
ture of the intestinal microbiota and the major bacteria in the
three groups. Changes in the composition of PLC gut microbiota
were also explored using the Mann-Whitney U test at different
taxon levels. LEfSe indicated that Clostridia were the predomi-
nant contributors to the gut microbiota of HC, whereas Entero-
coccaceae, Lactobacillales, Bacilli, and Gammaproteobacteria were
mostly contributing to the dysbiosis of gut microbiota in the PLC
group (Fig. 4A). Overall, Fig. 4 shows the taxon level differences
represented in the gut bacterial communities of the HC, LC, and
PLC groups. These phylotypes could be used as microbiological

markers at phylogenetic levels to discriminate HC, and patients
with LC and PLC. Specifically, at the phylum level, only Porphy-
romonadaceae members were found at a significantly higher pro-
portion in PLC patients.

The gut microbial composition of the PLC group was corre-
lated with AFP, AST, and ALT (Fig. 5A). Veillonella had a signifi-
cant positive correlation with AFP, whereas Subdoligranulum had a
highly significant negative correlation with AFP in the PLC group
(Fig. 5B).

Discussion

To study gut microbiota in PLC, we first studied the changes in
the characteristics of intestinal flora at various stages of PLC, and
found differential intestinal microbes and clarified the relationship
between intestinal microbes and PLC, including 24 PLC patients,
24 LC patients, and 23 healthy individuals. We observed that
Enterobacter ludwigii was highly represented in PLC patients. An
earlier study has reported that Enterobacter ludwigii could grow
well in a solution containing high concentrations of cadmium and
had a good Cd?* removal rate [23]. Results of our previous study
indicated that cadmium stress might play an important role in PLC
development [24]. We thus speculated that the high abundance
of Enterobacter ludwigii in PLC samples is related to the accumu-
lation of excessive cadmium in PLC patients, which needs further
investigation.

Increasing evidence has shown that alteration in the human gut
microbiome is associated with liver disease [4,5] and its complica-
tions [3]. However, the cause has not been clarified yet. The liver
interacts directly with gut through hepatic portal and bile secre-
tion systems [25-28]. Thus, changes in the gut microbiota are im-
portant for liver diseases.

The changes in the oral microbiota of patients with chronic
hepatitis B (CHB) and LC are useful to determine the causative
bacteria [29]. However, changes occurring in the gut microbiota of
patients with LC and PLC remain partially unclear. In this study,
we analyzed the differences in the gut microbiota of PLC, LC,
and HC groups. Overall, our results indicated a decreased bacterial
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Fig. 1. Gut microbiota structures in the HC, LC, and PLC groups. Shannon (A) and Chao (B) indices were used to estimate the level of gut microbial diversity. Venn diagram
illustrating the overlap of OTUs identified in the gut microbiota from the three groups (C). HC: healthy control; LC: liver cirrhosis; PLC: primary liver cancer; OUT: operational

taxonomic units.

diversity in the gut microbiota associated with liver disease, espe-
cially PLC. At the phylum level, diversity of Firmicutes decreased
from HC group to the advanced LC and PLC groups. This finding
supported previous studies that the diversity of Firmicutes in pa-
tients with colorectal cancer was decreased compared to that of HC
group. The study indicated that colon cancer changed the charac-
teristics of intestinal microbes, and the ratio of beneficial microor-
ganisms decreased significantly [30]. Alterations in the natural
balance of the microbiota could lead to pathogenesis.

A previous study found that, in healthy people, the gut mi-
crobiota is distinct from that in other organs of the human
body [31]. However, the bacterial diversity and make-up were dra-
matically different among different samples such as conventional
adenoma, sessile serrated adenoma, and colorectal cancer [30]. In-
deed, the ratio of Firmicutes/Bacteroidetes has been already used

as an effective indicator for the status of human gut microbes [32].
Our study revealed that the Firmicutes/Bacteroidetes ratio was
significant decreased in the LC and PLC groups compared to that
in the HC group. Similar to our results, Zhang et al. demonstrated
that the ratio of Firmicutes/Bacteroidetes was reduced in the resi-
dents of Baiyin (a Chinese city) compared to that in the city of Liu-
jiaxia. Baiyin is a city with heavy-metal pollution and their results
indicated that the proportion of Bacteroidetes was significantly in-
creased under heavy metal exposure, whereas the proportion of
Firmicutes decreased [33].

The previously reported profile of gut microbiota associated
with PLC in cirrhotic patients was shown to be characterized by
increased fecal counts of E. coli. The study compared the pa-
tients with PLC and those without PLC who underwent liver trans-
plantation. However, only the fecal counts were used for the
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comparison [34]. In the present study, we obtained detailed knowl-
edge about the composition of the gut microbiota in PLC patients
using high-throughput pyrosequencing analysis. With 6 423 779
high-quality reads, numerous members from rare taxa that were
present at relatively low abundance were detected. The lower level
of bacterial diversity found in LC and PLC patients may indicate
that the process of PLC development disturbs the gut microbiota
homeostasis. Decreased bacterial diversity in gut eventually leads
to dysbiosis of the gut microbiota.

Finally, according to the LEfSe method, composition of gut mi-
crobiota in HC, LC, and PLC groups was compared. The results
indicated that Clostridia were the predominant contributors to
the HC gut microbiota, whereas Enterococcaceae, Lactobacillales,
Bacilli, and Gammaproteobacteria were the key factors contribut-
ing to dysbiosis of the gut microbiota in the PLC group. The data fit
well with the results of a previous study [31] which showed that
Lactococcus, Acinetobacter, Bacilli/Bacillus and Pseudomonas were
predominant contributors to the distribution of adjacent nor-
mal mucosal tissue associated microbiota, whereas Fusobacterium
was the key contributor to dysbiosis of the microbiota in tumor
tissues.

Clinical factors have great influence on the composition of hu-
man gut microbiota, and our study clearly indicates that clini-
cal factors overtly influenced their gut microbiota composition.
Compared to the results of a previous study, we found that
Veillonella was positively correlated with AFP. Veillonella is prone

to intestinal infections and is significantly elevated in children
with type 1 diabetes [35]. AFP is the gold standard for the sero-
diagnosis of liver cancer. In contrast, Subdoligranulum showed a
highly significant negative correlation with AFP. Subdoligranulum
species contain known short-chain fatty acid (SCFA)-producing
lineages [36-38] such as butyrate producers. SCFAs and butyrate
are major anions in gut, where they are rapidly absorbed. A large
amount of acetate enters the systemic circulation, and propionate
is mainly consumed by the liver for glycogen production. Evidence
indicated that these small molecules can positively affect the bar-
rier function of gut and exhibit anti-inflammatory effects [39].

In conclusion, our study demonstrated that PLC patients were
characterized by a decreased gut bacterial diversity. Changes in
the Firmicutes/Bacteroidetes ratio indicated that dysbiosis of the
gut microbiota occurred in both patients with LC and with PLC.
Consequently, adjustments in the gut microbiota of PLC patients
may disrupt the gut defenses, resulting in gut microbial imbal-
ances. The gut microbial composition of patients with LC and with
PLC was closely related to clinical factors. These changes in the gut
microbiota suggest that dysbiosis might be involved in the devel-
opment of PLC. We found differences in the intestinal microbiota
among the three groups studied. Further, we clarified the relation-
ship between intestinal microbes and PLC; especially, Enterobacter
ludwigii may play an important role in the development of PLC.
Further investigations focusing on the restoration of gut microbiota
are needed for providing new insights into PLC treatment.
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