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Objectives. Nonalcoholic steatohepatitis (NASH) can progress to advanced fibrosis; the link between intestinal bacterial overgrowth
and NASH has been proposed. Gut microbiota may promote inflammation and provoke disease progression. We evaluated gut
microbiota pattern in NASH and its influencing factors. Methods. A case-controlled study with sixteen NASH and eight control
subjects was done. We performed DNA extraction from stool samples and bacterial 16S rRNA sequencing using MiSeq™. The
sequences were clustered into operational taxonomic units using Quantitative Insights Into Microbial Ecology software. We
calculated relative abundances, determined alpha diversity, obtained beta diversity by principal coordinate analysis, and conducted
the partial least-squares regression model. Results. The relative abundance of Bacteroidetes tended to be higher in NASH group.
The Bacteroidetes/Firmicutes (B/F) ratio was significantly elevated in NASH patients. The pattern of gut microbiota in NASH
was clearly separated from that of control subjects. Factors influencing the separation of NASH from control subjects were age,
diabetes, body mass index, Bacteroidetes phylum, metformin, Actinobacteria, Verrucomicrobia, Thermotogae, and Caldithrix
and Bacteroidetes/Firmicutes ratio. Conclusions. Bacteroidetes phylum (Bacteroides and Prevotella genus) is abundant in NASH
subjects, who exhibited an elevated B/F ratio. NASH patients showed a specific pattern of gut microbiota independent of diabetes
or metformin use.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD), a condition in
which the liver is composed of over 5% fat, is a significant
cause of chronic liver disease worldwide [1]. Based on a
recent meta-analysis study, the global prevalence of NAFLD
is estimated to be approximately 25.2% [1]. The prevalence
of NAFLD is increased in some groups of patients, such
as individuals with type 2 diabetes, obesity, hypertension,
dyslipidemia, or polycystic ovarian syndrome [1-4]. The
spectrum of NAFLD ranges from simple steatosis to nonalco-
holic steatohepatitis (NASH), which can progress to cirrhosis
and hepatocellular carcinoma [4]. A recent study revealed

that 41% of NASH patients had fibrosis progression and that
9% of the cohort developed advanced fibrosis and cirrhosis
[1]. Once cirrhosis occurs in NASH patients, the annual
cumulative risk of hepatocellular carcinoma can reach 2.6%
[1, 4]. Nonalcoholic fatty liver disease, especially NASH, has
been associated with liver-specific and overall mortality [1].
Fat deposition in the liver is regarded as the first hit in
the “two-hit hypothesis” of the pathogenesis of NASH [5].
Insulin resistance, oxidative stress, inflammatory cytokine,
and endotoxin release from gut microbiota can perpetuate
inflammatory pathway processes, resulting in fibrosis pro-
gression towards the advanced stages of NASH [5-7]. The
“multi-hit” model, which suggests that many “hit” factors


http://orcid.org/0000-0002-3730-5532
http://orcid.org/0000-0003-1254-7698
http://orcid.org/0000-0003-0623-955X
http://orcid.org/0000-0002-3558-1621
https://doi.org/10.1155/2018/9340316

can act simultaneously and result in the development and
progression of NASH, was subsequently proposed in 2010
[6]. An association between NAFLD and gut microbiota
has been known from the link between intestinal bacterial
overgrowth and NASH [8]. Gut microbiota may influence the
development of liver inflammation and NASH through Toll-
like receptors and short-chain fatty acids and the production
of gut hormones such as glucagon-like peptide 1 [6, 9].
A distinct pattern of gut microbiota in NAFLD patients
compared with health controls has been reported [9, 10].
Zhu et al. used sequencing techniques to reveal an abun-
dance of alcohol-producing gut bacteria with an increase
in ethanol concentration in blood circulation resulting in
the progression of NASH [9]. In this study, NASH patients
exhibited an increased abundance of the Bacteroidetes
and Proteobacteria phyla, which was mainly explained by
the increased abundance of the Enterobacteriaceae family
[9]. Most of the Enterobacteriaceae sequences belonged
to ethanol-producing bacteria, Escherichia [9]. Boursier et
al. identified that Bacteroides was independently related to
NASH and that Ruminococcus was associated with advanced
fibrosis [11]. However, Mouzaki et al. found a lower per-
centage of Bacteroidetes in NAFLD patients compared with
normal controls using the quantitative polymerase chain
reaction (qPCR) technique to study gut microbiota [10].
Due to these conflicting results, we aimed to investigate the
pattern of gut microbiota in NASH versus healthy controls
and to identify the independent factor(s) associated with
the distinctive pattern of gut microbiota in patients with
NASH.

2. Materials and Methods

2.1. Study Design. We carried out a case-controlled study
at the liver unit and research center of Ramathibodi Hos-
pital (Bangkok, Thailand) between 1 October 2015 and 30
September 2016. The study was approved by the Committee
on Human Rights related to Research Involving Human
Subjects, Faculty of Medicine, Ramathibodi Hospital (ID 02-
52-39), and carried out according to the 1975 Declaration
of Helsinki. Informed consent was acquired from the study
subjects prior to their enrollment.

2.2. Subjects. Patients who were diagnosed with NASH based
on a liver biopsy were invited to participate in the study. We
carried out a histological assessment of NASH according to
Brunt’s and Kleiner’s criteria [12]. Exclusion criteria included
regular alcohol consumption, hepatitis B or hepatitis C
viral infection, or liver disorders from other causes. Healthy
control patients did not have diabetes, dyslipidemia, or
hypertension. We collected demographic data from each
patient. Body mass index (BMI) was calculated from weight
(in kilograms) divided by height squared (in meters) [13].
The study subjects arrived at the hospital in the morning
after a 10-12-hour overnight fast and underwent a 24-hour
dietary assessment that consisted of an interview, transient
elastography (TE), and a blood draw. Stool samples were
collected and transported to the hospital on that same day.
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2.3. Transient Elastography. Patients with NASH and healthy
control subjects underwent TE (Fibroscan®, Echosen, Paris)
to measure liver stiffness (LS) and controlled attenuation
parameter (CAP), which reflected the degree of liver fibrosis
and liver fat, respectively [14]. The cutoftf levels of LS for
hepatic fibrosis stage > F2, >F3, and >F4 were 7.0, 8.7, and
10.3kPa [14]. Control subjects were required to have CAP
level less than 239 dB/m prior to enrollment in the study [15].

2.4. Laboratory Testing. Blood samples were taken for bio-
chemical testing that included a complete blood count, a liver
function test, glucose, glycated hemoglobin (HbAIC), and a
lipid panel.

2.5. Stool Collection. Stools were collected in a plastic con-
tainer with a tightly closing lid and stored in an insulated
bag with cooling elements in the morning before being
immediately transported to the hospital. At the laboratory
unit, the stools were stored at —80°C for further analysis
(10, 16, 17].

2.6. DNA Extraction. Bacterial DNA from stool was extract-
ed using a QIAamp® Fast DNA stool mini kit (Qiagen, Dues-
seldorf, Germany) according to manufacturer’s instruction
[18]: the sample was mixed with InhibitEX buffer. Then, the
supernatant was mixed with proteinase K and AL buffer.
After that, ethanol was added to QIAamp spin column
and centrifuged. Then, column was washed with AW1 and
AW?2 buffer and DNA was eluted with ATE buffer. DNA
concentration was measured using Qubit® 2.0 Fluorometer
(Life Technologies, Oregon, USA) and stored —20°C for
further analysis.

2.7.16S Ribosomal RNA Sequencing and Microbiome Analysis.
The 16S rRNA was sequenced using MiSeq (Illumina Inc.,
California, USA). The 16S metagenomic sequencing library
preparation followed the manufacturer manual. We amplified
DNA for the 16S rRNA region V3-V4 using the following
primer set:

16S Amplicon PCR Forward Primer

5'-TCGTCGGCAGCGTCAGATGTGTAT-
AAGAGACAGCCTACGGGNGGCWGCAG-
3/

16S Amplicon PCR Reverse Primer

5 - GTCTCGTGGGCTCGGAGATGTGTA-
TAAGAGACAGGACTACHVGGGTATCTA-
ATCC-3'

After the first PCR clean-up step, the samples were amplified
with dual indices. We used an Illumina sequencing adapter
with the Nextera XT Index Kit. The Amplicon Library
was pooled, normalized, combined with PhiX Control, and
sequenced.

We analyzed the taxonomic profile using 16S Metage-
nomics (Illumina Inc.) and Quantitative Insights Into Micro-
bial Ecology (QIIME) (Denver, Colorado, USA) software
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TABLE 1: Demographic and laboratory data of NASH and control subjects.
NASH Control P

Number 16 8

Age” (yr) 59.8 £9.6 434 +6.8 <0.001
Female (1, %) 13 (81.3) 8 (100) 0.277
Diabetes (1, %) 11 (68.8) 0 0.002
Dyslipidemia (r, %) 9 (56.3) 0 0.009
Hypertension (r, %) 10 (62.5) 0 0.004
BMI* (kg/m?) 277 +48 213+12 0.001
WC* (cm) 97 £ 13.1 74+7.2 <0.001
LS* (kPa) 10.9+5.4 47+1.5 <0.001
CAP” (dB/m) 302.7 +£48.5 185.5 +39.0 <0.001
Energy intake” (kcal/day) 1258.1 + 312.5 1,606.3 + 476.0 0.089
Carbohydrate” (g/day) 190.7 + 58.2 199.3 + 60.5 0.743
Total fat™ (g/day) 33.7+£10.7 55.6 + 26.5 0.054
Fiber* (g/day) 10.7+7.9 125+7.8 0.609
AST™ (IU/L) 49.7 £ 11.9 244+ 11.6 <0.001
ALT* (IU/L) 59 + 30 17+6 0.004

*Mean + SD; NASH, nonalcoholic steatohepatitis; BMI, body mass index; WC, waist circumference; LS, liver stiffness; CAP, controlled attenuation parameter;

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

(v 1.9.1) on a Basespace application. The relative abundance
of the phylum and genus of each sample was evaluated. The
sequences were clustered into taxonomic groups referred to
as operational taxonomic units (OTUs) at a 97% similarity
threshold based on a comparison with Greengenes data
[19, 20]. Phylogenetic trees were created, and we examined
the bacterial richness and diversity within samples or alpha
diversities (Chaol, observed-species indices, and Shannon)
and between samples or beta diversity. We calculated the ratio
of Bacteroidetes to Firmicutes (B/F) [21].

2.8. Statistical Analysis. We compared categorical and con-
tinuous variables between groups using chi-squared, non-
parametric, and Student’s ¢-tests, as appropriate. A P value
less than 0.05 was viewed as indicating statistical significance.
Statistical analysis was carried out using SPSS version 16.0
(SPSS Inc., Illinois, USA). The data were analyzed using prin-
cipal coordinate analysis (PCoA), based on the unweighted
and weighted UniFrac distance metrics. We used the partial
least-squares (PLS) regression model with R and the plsValSel
package. A variable importance in projection (VIP) greater
than 1 was considered to make a significant contribution to
the prediction model [22-24]. A VIP score is a measure of
a variable’s importance in the PLS model. It is calculated as
a weighted sum of the squared correlations between the PLS
components and the original variable [23].

3. Results

3.1. Characteristics and Clinical Data of NASH and Normal
Control Subjects. Sixteen NASH and 8 normal control sub-
jects were recruited. A comparison of the data from the
NASH and control subjects is listed in Table 1. Females
dominated in both groups, and older patients were more

common in the NASH group. Metabolic parameters such as
diabetes, dyslipidemia, hypertension, and an increased body
weight and waist circumference were more common in the
NASH group. As expected, all of the subjects in the NASH
group shared the typical features of metabolic syndrome.
Both groups reported similar daily energy expenditures and
dietary intake. NASH group had significantly higher AST
and ALT levels than the control group. The mean (range) of
CAP and LS levels in NASH and control subjects was 302.7
(226-389) and 185.5 (105-255) dB/m and 10.6 (4-22) and 4.7
(3-6) kPa. Ten (62.5%), 9 (56.2%), and 7 (43.8%) of NASH
patients had fibrosis stage > F2, >F3, and >F4, respectively.

3.2. Bioinformatic Data. There were 3,629,536 high-quality
reads in the total samples from 16 NASH and 8 healthy
control subjects. The median number of sequences in each
sample was 154,725 (range: 69,458-226,612). Among the total
number of 3,606,583 bacteria from the 16 NASH and 8
control subjects, the average number of bacteria in each
individual was 150,274 + 43,500. Alpha diversity at the
genus and species levels tended to be lower in patients with
NASH, but the differences between both groups did not attain
statistical significance (Figure 1). The relative abundance of
gut microbiota at the phylum level of each subject is shown in
Figure 2. Bacteroidetes was the most abundant gut microbiota
in both groups, followed by Firmicutes. The phylum-level
distribution of gut microbiota in the NASH patients and
healthy controls is shown in Figure 3. The NASH group
exhibited a larger number of Bacteroidetes phyla than the
normal group (P = 0.002). The number of Bacteroidetes
ratioed to the total number of bacteria tended to be higher
in the NASH group (P = 0.098). The number of Firmicutes
phyla tended to be lower in the NASH group, which might
be explained by a smaller number of Ruminococcus genera.
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F1GURE 1: Chaol, observed species, and Shannon between NASH and control subjects. (a) Chaol, (b) observed species, and (c) Shannon.

As expected, the B/F ratio was significantly elevated in the
NASH group compared with the control group (5.2 + 2.7
versus 2.3 + 0.9, P 0.005). In addition, a significantly
lower number of Actinobacteria phyla were noted in the
NASH group. We calculated the relative abundance of gut
microbiota of each subject at the genus level. The number of
Bacteroides and Prevotella genera considered to be represen-
tative of the Bacteroidetes phylum [25] was elevated in the
NASH group but not significantly so, although the number
of Prevotella was distinctively high in the NASH group
(Table 2). The Phascolarctobacterium genus was significantly
more prevalent in the NASH group. The pattern of gut
microbiota of NASH subjects was clearly distinct from that in
the control subjects according to PCoA using the unweighted
and weighted UniFrac distance metrics (Figures 4(a) and

4(b)).

3.3. Identification of Key Factors Responsible for the Differen-
tiation between NASH and Control Subjects. We considered
a PLS regression model with the gut microbiota at the
phylum level and age, gender, BMI, diabetes, and the use

of metformin as independent variables. In a score plot of
components 1 and 2, we found that subjects with NASH
were well separated from the control subjects based on
the distribution of gut microbiota (Figure 5). To determine
the importance of variables in the PLS model, we assessed
the VIP score. We included the first two components of
the PLS model in this analysis. Our results are listed in
Table 3. Factors that were found to be important variables
influencing the ability to classify subjects based on NASH
status included age, diabetes, BMI, Bacteroidetes, the use of
metformin, Actinobacteria, Verrucomicrobia, Thermotogae,
and Caldithrix. Since Bacteroidetes and Firmicutes have been
reported to be important factors associated with NAFLD [9-
11], we performed additional analyses using the B/F ratio.
The important variables influencing the ability to classify
subjects based on NASH status included age, BMI, and
diabetes. When subjects on metformin and diabetes were
excluded, we found that the B/F ratio was an important
factor for the separation of the gut microbiota pattern
between NASH and normal subjects in addition to age and
BML
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TABLE 2: Distribution of bacteria types at genus level between NASH and control subjects.

NASH Control P
Bacteroides 75,273 + 8,836 60,447 + 8,676 0.246
Prevotella 26,407 + 9,860 1,564 + 1,170 0.408
Fusobacterium 6,213 + 3,002 3,131+ 7,709 0.456
Phascolarctobacterium 5,056 + 969 2,214 + 372 0.037
Blautia 3,291 + 609 5,510 £ 964 0.074
Faecalibacterium 2,610 + 891 6,778 + 2,130 0.103
Sutterella 3,867 + 778 3,796 + 1,120 0.960
Flavobacterium 3,853 + 885 3,384 + 753 0.690
Parabacteroides 3,876 + 674 3,278 + 578 0.508
Oscillospira 3,634 + 1,250 2,440 + 324 0.368
Ruminococcus 2,201 + 376 3,596 + 696 0.071
Roseburia 993 + 256 4,140 + 2,484 0.245
Escherichia 2634 + 1252 323 +137 0.086
Paraprevotella 2269 + 823 603 + 342 0.077

Data are expressed as mean + standard error of mean (SEM) except if stated otherwise. NASH, nonalcoholic steatohepatitis.
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FIGURE 5: Partial least-squares (PLS) regression model reveals the
clear separation of gut microbiota between NASH and control
subjects.

3.4. The Significance of Disease Severity on Gut Dysbiosis in
NASH Subjects. The distributions of Bacteroidetes, Firmi-
cutes, and Proteobacteria and the percentage of Bacteroidetes
in NASH subjects with advanced fibrosis (LS > 8.7 kPa) and
individuals with nonadvanced fibrosis (LS < 8.7 kPa) did not
differ. The influence of the degree of LS on gut dysbiosis in
NASH patients could not be demonstrated in this study.

4. Discussion

The NASH subjects in this study exhibited an increased
prevalence of diabetes (68.8%), hypertension (62.5%), and
dyslipidemia (56.3%), all of which are typical features
of metabolic syndrome. Gut dysbiosis has generally been
accepted to be a pathogenetic factor of NAFLD and NASH

TABLE 3: The variable importance in projection (VIP) score for the
partial least-squares regression model.

Variable VIP score
Age 2.10
Diabetes 2.02
BMI 1.82
Bacteroidetes 1.71
Use of metformin 1.55
Actinobacteria 1.34
Verrucomicrobia 1.28
Thermotogae 1.27
Caldithrix 1.12

[8-11, 22, 26]. Studies involving gut microbiome alterations
in patients with NASH, however, are rare. We found that the
Bacteroidetes and Proteobacteria phyla were more prevalent
in NASH patients, despite a lack of statistical significance
for Proteobacteria. This result is similar to that of previous
reports [9, 11]. Zhu et al. found that Bacteroidetes and Pre-
votella increased together with ethanol-producing bacteria
(i.e., Proteobacteria/Enterobacteria/Escherichia) [9]. In this
study, the number of Escherichia species tended to increase in
the NASH group, consistent with the findings of a previous
report [22]. However, studies of gut microbiota in NAFLD
individuals have not yielded consistent results [10]. An
inverse association between the presence of NAFLD and the
percentage of Bacteroidetes was reported by Mouzaki et al.
[10]. An increased abundance of the Bacteroides genus and/or
gut dysbiosis has been reported in NASH patients with more
advanced fibrosis [11]. The majority of NASH patients in this
study had LS > 7 kPa, which corresponded to fibrosis stage
> 2 or significant fibrosis, which may explain the abundance
of Bacteroidetes phylum. Furthermore, different sequencing
methods for assessing gut microbiota may yield opposite
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trends [10, 19]. Given the decline in Firmicutes species in
the NASH group, we expected that the B/F ratio would be
significantly elevated in this group. However, an increase in
the B/F ratio may be confounded by the underlying metabolic
syndrome, which has also been associated with an increase in
such a ratio [27, 28]. Moreover, the use of glucose-lowering
agents, metformin in particular, has been implicated as an
important contributing factor to the inconsistencies found
among studies of gut microbiota and metabolic syndrome
[29-31]. In this study, we demonstrated the influence of
gut microbiota in classifying subjects according to the pres-
ence or absence of NASH. Furthermore, we have shown
that gut microbiota was still associated with the presence
of NASH, even when subjects with diabetes or receiving
metformin were excluded. In particular, the influence of
the Bacteroidetes phylum persisted in each analysis that we
performed. Taken altogether, our findings suggest that the
patterns of gut microbiota are linked to NASH, independent
of diabetes or metformin use. Whether such a relationship is
truly causal necessitates further investigation.

Besides disease and host status, external factors like diet
might affect gut microbiota. Based on the 24-hour dietary
intake recall assessment, food intake in terms of total calories
and the pattern of food intake between NASH patients and
control subjects did not differ. However, underreporting is
an important limitation of using a 24-hour dietary intake
assessment [32]. A study in chimps, however, demonstrated
that external factors play a much more predominant role than
heritable factors [33].

Unlike Boursier et al. [11], we were unable to find the
association of the severity of NASH and gut dysbiosis in
our study. The small number of patients in each of our
cohort groups might explain this phenomenon along with
the different method to assess the severity of liver disease.
Our inability to immediately freeze the stool samples, which
is regarded as the gold standard of stool collection for gut
microbiome assays, may be an additional limitation of this
study [19]. However, thus far, there has been no evidence
that techniques of stool storage contribute to changes in gut
microbiota composition [34, 35].

5. Conclusions

Bacteroidetes phylum (Bacteroides and Prevotella genus) is
abundant in NASH subjects, who exhibited an elevated B/F
ratio. The dominant presence of Bacteroidetes in NASH
patients is reasonably distinct from healthy subjects, indepen-
dent of metabolic factors and metformin use.
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