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Abstract

Background: Chronic hepatitis C is the most common cause of chronic liver disease and hepatocellular carcinoma
in Egypt. A pathogenic link with gut microbial dysbiosis has been described in different diseases. The aim of the
study is to elucidate changes in gut microbiome in cirrhotic HCV Egyptian patients with and without HCC.

Results: The study included 50 cirrhotic HCV patients; 25 with and 25 without HCC and 25 healthy controls with
matched age and sex. Stool specimens were taken from all participants. Quantitative SYBR Green real-time PCR
technique targeting 16S rRNA was done for the identification and quantitation of selected bacterial phylum, genera,
and/or species. Both HCC and cirrhosis groups showed decrease in Firmicutes, F/B ratio, A. mucinophilia, and F.
prausnitzii compared to the control group. However, the HCC group only showed statistically significant increase in
Bacteroides and Lactobacilli, and decrease of Prevotella relative abundance and P/B ratio compared to both cirrhosis
and control groups. As regard the relation between the gut microbiome and stages of HCC, BCLC stage D showed

significantly the lowest relative abundance of Ruminococcus.

Conclusion: Patients with HCV-related cirrhosis and HCC exhibit microbial dysbiosis; altered microbial relative
abundance and diversity with HCC patients showing higher proinflammatory bacteria compared to cirrhotics.
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Background

Hepatitis C virus (HCV) prevalence is estimated to be 71
million cases globally [1]. Infection is often asymptom-
atic, but chronic infection can lead to cirrhosis, liver fail-
ure, and hepatocellular carcinoma (HCC) and the need
for liver transplantation.

Egypt has high prevalence of HCV genotype 4 [2].
However, after the state-wide test-and-treat program,
the prevalence was found to be lower than previ-
ously thought [3]. HCV treatment with the new
direct-acting antivirals (DAAs) offered high SVR
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rates (> 95%) and short treatment course with min-
imal side effects.

The past few years witnessed an increased interest
in the gut microbiota, its composition and its role in
health and diseases [4]. Gut dysbiosis was associated
with local and distal carcinogenesis either directly or
indirectly [5-8]. Microbiota carcinogenic and toxic
metabolites potentiate inflammation or immunosup-
pression [9, 10]. They also enhance our anti-tumor
immunity against various cancers [11-13].

The gut microbiota comprises mainly the phylotypes,
Bacteroidetes, and Firmicutes. Actinobacteria (like Bifi-
dobacterium spp.), Proteobacteria (like Escherichia coli),
and Verrucomicrobia (like Akkermansia muciniphila) are
less abundant but are associated with some diseases.
The microbiota synthesize vitamins, help digestion, and
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boost immunity [14, 15]. They strengthen gut barrier
epithelial integrity [16], harvest energy [17], and protect
against external pathogens [18].

Association of the gut microbiota with development of
hepatic diseases has drawn interest [19]. Most gastro-
intestinal tract drains into portal vein that enters the
liver carrying about two thirds of its blood supply. Be-
sides absorbed nutrients, it can contain gut microbial
metabolites, lipopolysaccharides, bacterial endotoxins, or
other substances, especially when the intestinal barrier is
deranged by dysbiosis. Translocation of products can
lead to hepatic inflammation, with release of key inflam-
matory mediators such as NF-kB and TLR4. This
chronic inflammation can foster the initiation and pro-
gression of malignancies [20—23].

Aim of the work

The aim of this study was to elucidate changes in gut
microbiome in cirrhotic HCV Egyptian patients. This
may help in the development of new approaches for
treatment and prevention of HCC by modulating the gut
microbiome.

Subjects

The study was carried out in Alexandria Main University
Hospital. The study included 50 cirrhotic HCV Egyptian
patients; 25 with and 25 without HCC who were re-
cruited from the Tropical Medicine Department at Alex-
andria Main University Hospital and 25 Egyptian healthy
subjects with matched age and sex as control group.

Exclusion criteria

Malignancy other than HCC, HBV, and other hepatic
diseases; recent surgical intervention of the intestines ei-
ther small or large within the last 6 months; infectious
diarrhea including bacterial, viral, and parasitic diarrhea;
history of prolonged use of antibiotics, rifaximin, non-
steroidal anti-inflammatory drugs abuse, corticosteroids
for the last 3 months; other autoimmune diseases, preg-
nancy, chronic renal diseases, diabetes mellitus, alcohol
or substance addiction; patients unable to give consent
as mentally challenged.

Methods

Clinical data and investigations

Detailed history was taken from patients and controls
with special emphasis on dietary and drug history. All
patients and controls were subjected to full clinical
examination. Body weight and height were measured,
and body mass index was calculated. Cirrhotics were
classified by Child-Pugh class (CPC) [24] into class A, B,
and C and the updated Barcelona Clinic Liver Cancer
(BCLC) classification [25] was used to stratify HCC pa-
tients (Table 1). Laboratory investigations including
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Table 1 Demographic, clinical, and laboratory characteristics of
participants

HCC (n = 25) Cirrhosis (n = 25) Controls (n = 25)

Age 57.20 + 6.26 61.80 + 9.34 610+ 7.07
Males 15 (60%) 19 (76%) 11 (44%)
BMI 2668 + 344 2804 + 2.68 28.28 + 4.26
Child-Pugh

A 3 (12%) 6 (24%)

B 12 (48%) 13 (52%)

C 10 (40%) 6 (24%)
BCLC

A 2 (8%)

B 10 (40%)

C 8 (32%)

D 5 (20%)
Hb 1282 + 14.02 1038 £ 224
Platelets  79.0 (55.0-101.0)  104.0 (62.0-136.0)
WBC 4.56 (2.83-5.20) 5.70 (3.51-843)
AST 75.0 (42.0-91.0) 44.0 (30.0-59.0)
Albumin 250 + 0.89 251 £052
Bilirubin ~ 2.40 (1.30-4.30) 1.70 (1.0-3.10)
INR 146 + 044 141 £022
ALT 37.0 (33.0-420) 26.0 (19.0-42.0)
AFP 7775 £ 4511

Mean + SD is expressed as n + n while median (IQR) is expressed as n (n-n)

serum Albumin, ALT, AST, bilirubin, AFP, INR, and
CBC was obtained. Ultrasound was done for all patients.
HCC cases were defined by AFP and triphasic CT.

Gut microbiome analysis

Specimen collection, preservation, and transport

Stool samples collected from cases and controls were de-
livered immediately to Alexandria University Main
Microbiology Laboratory and stored at -80 °C for fur-
ther processing. Whenever a delay in transfer is antici-
pated, the subject was asked to keep it in the freezer at
-18 °C to be delivered frozen within the same day to the
laboratory.

DNA extraction

DNA was extracted from 180-220 mg stool sample using
QIAamp® Fast DNA Stool Mini Kit (Qiagen, Germany)
according to the manufacturers’ instructions. DNA ex-
tracts were stored at —80 °C until PCR testing.

SYBR Green real-time PCR

Specific oligonucleotide primers were used to target the
16S rRNA gene (rDNA) sequences of selected phyla,
genera, or species constituting the gut microbiota (A.
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mucinophilia, Bacteroides, Prevotella, Ruminococcus,
Bacteroidetes, Firmicutes, F. prausnitzii, Bifidobacterium,
and Lactobacillus). In addition to a broad-range primer
targeting conserved 16S rRNA sequence of total bac-
teria, the amplification of which served as the denomin-
ator against which the amplification of other bacteria
was estimated. All of the primer sequences used are
listed in Suppl. Table 1 [26—30]. Primers were commer-
cially obtained (Invitrogen, USA).

Amplification was performed in a light cycler (Rotor
Gene Q, Qiagen, Germany) using a SensiFAST "™ SYBR
No-ROX PCR kit (Bioline Co., UK). In short, forward
and reverse primers (4 pmol each) were used in 20 pl re-
actions containing 2 pl of the DNA extract.

PCR amplification was performed with initial denatur-
ation at 95 °C for 10 min, followed by 40 cycles of de-
naturation at 95 °C for 30 s, annealing at 60 °C for 30 s,
and extension at 72 °C for 30 s. Melting curve analysis
was performed from 40 to 95 °C with a plate-reading
step after every 1 °C and held at a temperature for 10 s
to check the specificity of the product formed. Quantita-
tion of specific bacterial DNA was expressed as relative
quantitation (the cycle threshold (C,) at which DNA for
a specific target was detected relative to the cycle thresh-
old (C,) at which universal bacterial DNA was detected).
This relative quantification is calculated automatically by
the Rotor Gene software and expressed as relative fold
difference [31].

The enterotype of all participants was determined ac-
cording to the dominant type present of the three bac-
teria: Bacteroides (Enterotype 1), Prevotella (Enterotype
2), or Ruminococcus (Enterotype 3).

Statistical analysis of the data

Data entry and analysis were carried out using the Statis-
tical Package for Social Sciences version 20 (SPPS PASW
Statistics, Chicago). Quantitative variables were pre-
sented in the form of range, mean, median, and standard
deviation. On the other hand, studied qualitative vari-
ables were presented as frequency and percentage from
total. Comparisons between the different study groups
were carried out using Chi-square, Fisher’s exact, and
Monte Carlo tests for qualitative variable and Mann-
Whitney, Kruskal-Wallis tests for quantitative ones. For
assessing correlations between different quantitative var-
iables, Spearman correlation coefficient was calculated.
All results were interpreted at 5% level of significance
where the difference between the study groups is consid-
ered significant if P is < 0.05. To evaluate the degree of
variation of the microbial community structure within a
sample, we measured the alpha diversity by employing
the Shannon diversity index [32], and to evaluate the de-
gree of similarity between patients and control group,
we employed the Bray-Curtis similarity index [33].
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Results

Characteristics of the participants

Out of the 25 HCC patients, 15 (60%) were males and
10 (40%) were females, with male to female ratio of 1.5:
1. Their mean age + SD was 57.20 + 6.26 years, and their
age ranged from 40-65 years. The BMI ranged between
20.0-32.0 kg/m? with mean 26.68 + 3.44 SD. Out of the
25 cirrhotic patients, 19 (76%) were males and 6 (24%)
females, with male to female ratio of 3.1:1. Their mean
age + SD was 61.80 + 9.34 years, and their age ranged
from 33-77 years. The BMI ranged between 22 and 32
kg/m* with mean + SD of 28.04 + 2.68. Out of the 25
control subjects, 11 (44%) were males and 14 (56%) were
females, with male to female ratio of 1:1.2. The mean
age + SD of the cases was 61.0 + 7.07, and their age
ranged from 49-80 years. The BMI ranged between
19.28 and 37.11 kg/m?* with mean + SD of 28.28 + 4.26.
There was no statistically significant difference between
the 3 groups. In HCC, 3 (12%) were CPS A, 12 (48%)
were CPS B, and 10 (40%) were CPS C. In cirrhosis
group, 6 (24%) were CPS A, 13 (52%) were CPS B, and 6
(24%) were CPS C. There was no statistically significant
difference between the 3 groups regarding these clinical
parameters (Table 1). For BCLC staging of HCC, 2 (8%)
were in stage A, 10 (40%) were in stage B, 8 (32%) were
in stage C, and 5 (20%) were in stage D. Serum level of
alanine aspartate aminotransferase (AST) was signifi-
cantly higher in HCC cases compared to cirrhosis group
(p = 0.035). Although the serum levels of alanine amino-
transferase (ALT) and bilirubin were higher in HCC
cases, the difference was not statistically significant (p >
0.05). Also, the albumin and platelets levels were lower
in HCC cases and the difference was not statistically sig-
nificant (Table 1).

Gut microbiome analysis

Quantitation of specific bacteria DNA was not expressed
as an absolute number but was expressed relative to the
total bacteria DNA present in the stool sample. The
relative abundance values of the various bacteria were
shown in the following manner (4.75 x 10™> was shown
as 4.75E-05).

Phylum level analysis

Bacterial phylum analysis showed that both patients with
HCC and cirrhosis showed a statistically significant de-
crease in Firmicutes (p < 0.001), and although the Bac-
teroidetes was increased, the difference was not
statistically significant in comparison to the control
group. As regard the Firmicutes to Bacteroidetes ratio
(F/B ratio), it was significantly lower in HCC (0.465) and
cirrhosis patients (0.260) versus 1.310 in the control sub-
jects (Table 2, Fig. 1).
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Table 2 Comparison between the three studied groups according to Firmicutes to Bacteroidetes (F/B) ratio, Prevotella to Bacteroides

(P/B) ratio, diversity index, and dissimilarity index (%)

HCC (n = 25) Cirrhosis (n = 25) Control (n = 25) Test p
F/B ratio
Min.-max. 0.018-3.715 0.020-10.550 0.350-2.470 H = 15.699* < 0.001*
Mean + SD 0.799 + 0.970 1229 + 2562 1312 + 0669
Median (IQR) 0.465 (0.207-0.769) 0.260 (0.100-0.600) 1.310 (0.710-1.870)
Significance between groups p1 = 0337, p, = 0.004%, p; < 0.001*
P/B ratio
Min.-max. 0.000-2.205 0.000-8.300 0.010-4.490 H=14111* 0.001*
Mean + SD 0303 + 0.643 1519 + 2270 0.992 + 1.236
Median (IQR) 0.012 (0.001-0.195) 0.710 (0.090-1.590) 0.510 (0.170-1.400)
Significance between. groups p; = 0.001% p, = 0.001% p3 = 0953
Diversity index
Min.-max. 0.75-1.68 0.22-1.70 1.14-1.70 F=12.789*% < 0.001*
Mean + SD 1.25 £ 0.27 1.18 £ 033 153£0.12
Median (IQR) 1.31 (1.06-1.45) 1.23 (0.98-1.36) 1.56 (1.48-1.60)
Significance between. groups p1 =0611, p, = 0.001% p3 < 0.001*
Dissimilarity index (%)
Min.-max. 24.0-85.0 17.0-93.0 0.0-0.0 F=101434* < 0.001*
Mean + SD 4144 + 1337 4364 + 1638 00 £00
Median (IQR) 39.0 (32.0-47.0) 40.0 (35.0-48.0) 00 ()

Significance between groups

py = 0800, p, < 0.001%, p; < 0.001*

IQR, inter quartile range; SD, standard deviation; H, H for Kruskal-Wallis test, pairwise comparison between each 2 groups was done using post hoc test (Dunn'’s for
multiple comparisons test); F, F for ANOVA test, pairwise comparison bet. each 2 groups was done using post hoc test (Tukey); p, p value for comparing between
the studied groups; p;, p value for comparing between HCC and cirrhosis; p,, p value for comparing between HCC and control; ps, p value for comparing between

cirrhosis and control
*Statistically significant at p < 0.05

On the other hand, there was no statistically signifi-
cant difference between HCC and cirrhosis group as re-
gard Firmicutes, Bacteroidetes, and F/B ratio (Table 2,
Fig. 1).

Genus level analysis

There was a statistically significant increase in Bac-
teroides and decrease of Prevotella relative abun-
dance in HCC group compared to both cirrhosis and
control groups. However, both cirrhosis and HCC
groups showed a statistically significant decrease in
Ruminococcus, in comparison to the control group.
Also, there was no statistically significant difference
between cirrhosis and control groups as regard Bac-
teroides and Prevotella, and between HCC and cir-
rhosis groups as regard Ruminococcus (Table 2,
Fig. 1).

For the Prevotella-to-Bacteroides (P/B) ratio, there was
no statistically significant difference between cirrhosis
and the control groups. However, it was significantly
lower in HCC (0.012) versus cirrhosis patients (0.71) and
control subjects (0.51) (Table 2).

Species level analysis

As regard the beneficial bacteria, there was a statistically
significant decrease in A. mucinophilia and F. prausnitzii
in HCC and cirrhosis groups compared to the control
group. Meanwhile, there was no statistical difference be-
tween HCC, cirrhosis, and control groups as regard Bifi-
dobacteria. Also, there was no statistical difference
between cirrhosis and control groups as regard Lactoba-
cilli. On the other hand, there was a statistically signifi-
cant increase in Lactobacilli relative abundance in HCC
group compared to both the cirrhosis and control
groups (Fig. 1).

Alpha diversity

Shannon diversity index, that considers both spe-
cies richness and evenness, demonstrated a statisti-
cally significant low microbial diversity in both the
HCC (1.25) and cirrhosis (1.18) groups compared
to the control group (1.53). However, there was no
statistically significant difference between the di-
versity index of HCC and cirrhosis patients
(Table 2).
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Fig. 1 Box and whisker graph of gut microbiome in the studied groups. The thick line in the middle of the box represents the median, the box
represents the inter-quartile range (from 25th to 75th percentiles) and the whiskers represent the minimum and maximum. Control [_] Cirthosis []
HCC

Bray-Curtis dissimilarity index cirrhosis group and healthy controls was 43.64%. Compar-
Bray-Curtis dissimilarity index was performed to study the ing dissimilarity index between HCC and cirrhosis groups
degree of dissimilarity between microbiota in the HCC  demonstrated no statistically significant difference (p =
and cirrhosis groups compared to the control group. The  0.8). On the other hand, the dissimilarity index between
dissimilarity index between HCC cases and healthy con- HCC and cirrhosis groups was only 26%. This means that
trols was 41.44%. The dissimilarity index between they are 74% like each other (Table 2).
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Gut microbiome and the clinical stage

In HCC group, there was no statistically significant dif-
ference between Child-Pugh class and the relative abun-
dance of the studied microbiota, F/B ratio, P/B ratio,
diversity index, or dissimilarity index (Suppl. Table 2).

There was statistically significant difference between
the BCLC stages of HCC and Ruminococcus relative
abundance (p = 0.023). There was no statically signifi-
cant difference between the BCLC stage of HCC and
other bacteria, F/B ratio, P/B ratio, diversity index, and
dissimilarity index (%) (Suppl. Table 3).

In cirrhosis group, there was no statistically signifi-
cant correlation between the Child-Pugh class and the
relative abundance of each of the studied microbiota.
Also, there was no statistically significant correlation
between the Child-Pugh class and F/B ratio, P/B ratio,
diversity index, and dissimilarity index (%) (Suppl.
Table 4).

The enterotypes of the study participants

Enterotype 1 was the most common enterotype detected
in all study participants. Twenty-two (88%) of the 25
HCC patients were assigned to Enterotype 1, 3 (12%)
were assigned to Enterotype 2, and none to Enterotype
3. For the 25 cirrhosis group cases, 15 (60%) were
assigned to Enterotype 1, 8 (32%) were assigned to
Enterotype 2, and 2 (8%) were Enterotype 3. On the
other hand, 13 (52%) of the 25 control subjects were
assigned to Enterotype 1, 9 (36%) were assigned to
Enterotype 2, and 3 (12%) were Enterotype 3. There was
no statistically significant difference between the 3
groups regarding the enterotype distribution. (P value =
0.053). However, Enterotype 1 was higher in HCC group
than the control group (P value = 0.016"). Also, Entero-
type 1 is the predominant enterotype in HCC group (P
value = 0.022°), while the control group showed insig-
nificant higher Enterotype 1 followed Enterotype 2 (P
value < 0.05).

Discussion

Hepatocellular carcinoma (HCC) is the second leading
cause of cancer-related mortality worldwide. Cirrhosis is
the most important risk factor for HCC. However, the
exact factors that impact cirrhosis progression to HCC
need to be determined [34].

Recent studies have noticed that Hepatitis C virus
(HCV) infection and the progression of hepatic cirrhosis
are associated with gut dysbiosis. Progressive changes in
the gut microbiome have been observed accompanying
the progression of liver disease [35, 36].

The present study agrees with the previous studies as
regard decreased diversity and gut dysbiosis [35, 37, 38].
All HCV infected cases whether cirrhotic or with HCC
showed gut dysbiosis and decreased diversity compared
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to healthy controls. The pattern of dysbiosis in both
HCC and cirrhosis groups showed a significantly lower
relative abundance of butyrate-producing bacteria Firmi-
cutes, F/B ratio, and the bacteria maintaining the gut
barrier function by enhancing mucus production, A.
mucinophilia and F. prausnitzii, compared to the control
group. However, the HCC group differed from the cir-
rhotic in that they showed statistically significant more
increase in the proinflammatory genus Bacteroides and
Lactobacilli and marked decrease of butyrate producer
and anti-inflammatory genus Prevotella relative abun-
dance and P/B ratio compared to both cirrhosis and
control groups. The decrease of Prevotella and P/B ratio
is a potential biomarker for liver disease progression.
Bacteroides and Lactobacilli were associated with decon-
jugating bile acids by their bile salt hydrolase enzyme
and causing liver damage [39].

Other studies showed a similar pattern of dysbiosis
that is linked to inflammation. Pinero et al. (2019) in
their study of 25 cirrhotic and 25 HCC cases noticed de-
creased Prevotella and P/B ratio in HCC compared to
cirrhotic. However, in their study, there was no signifi-
cant change in Bacteroides which may be due to differ-
ent dietary pattern of their population [40].

Ponziani et al. (2019) found that NAFLD-related HCC
patients had increased inflammatory cytokines related
with a higher abundance of Bacteroides and Ruminococ-
caceae and a fall in beneficial bacteria such as Akker-
mansia. They also noticed decrease in the P/B ratio in
these HCC patients compared to liver cirrhosis and
healthy subjects [41]. Also, Chen et al. (2011), in their
study of 36 cirrhotic and 24 controls, also noticed de-
creased F. prausnitzii in cirrhotic but no decreased Fir-
micutes [35].

In an Egyptian study (2016) on six HCV patients
and eight healthy individuals, Aly et al. found that
HCV patients showed a significantly lower relative
abundance of Firmicutes. However, in contrast to our
study, Prevotella, Faecalibacterium, and Bacteroidetes
were more abundant in HCV patients compared to
healthy individuals which may be related to the sam-
ple size [42].

As regard Lactobacilli, our results coincide with that
of Inoue et al. (2018) who found that chronic hepatitis C
patients had an increase in Lactobacillus [22]. Also,
Sydor S et al. (2020) found that Lactobacilli was more
abundant in NASH-related HCC than in cirrhotics [43].

As regard the relation between the gut microbiome
and stages of HCC, BCLC stage D showed significantly
the lowest relative abundance of Ruminococcus. This
supports the suggestion that the progression of disease
is associated with the decrease of anti-inflammatory bu-
tyrate producing bacteria and increase of proinflamma-
tory bacteria.
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Understanding the composition of gut microbiota in
HCV patients may help in the development of new
approaches for treatment and prevention of HCC by
modulating the gut microbiome. GM-CSF can protect
against HCC by its effect on immunity and micro-
biota composition and metabolism as demonstrated in
mice [44].

Our diet influence the enterotype in our gut; high-fat
and protein diet enhances the growth of Enterotypes 1,
while a diet rich in carbohydrates supports the raise of
Enterotype 2 and high fiber diet vegetables with Entero-
type 3 [45]. Many studies showed the abundance of
Enterotype 1 in countries depending on the Western
diet which is associated with increased inflammation
and increased gut inflammatory cells [46].

In the present study, Enterotype 1 is the dominant in
all our study groups and significantly higher in HCC
cases than control group (88% versus 52%). On the other
hand, Enterotype 2 was the least enterotype encountered
in HCC group; only 3 cases are Enterotype 2.

The gut microbiota may reduce cancer progression by
regulating the ICD (immunogenic cell death) pathway,
and increase the anticancer effects of drugs. Strategies
making use of the gut microbiota such as probiotics and
fecal microbiota transplantation (FMT) may act as po-
tential adjuvants for tumor immunotherapy [47]. Yama-
moto et al. found that gut microbiota in HCC patients
before sorafenib may aid to prevent or delay its side ef-
fects [48].

Our results contribute to the knowledge of the pos-
sible association between the gut microbiota and the
progression of hepatic diseases. Understanding the com-
position of gut microbiota in HCV patients may help in
the development of new approaches for treatment and
prevention of HCC by modulating the gut microbiome.

Our study is a single-center study and was performed
on 75 subjects. Multi-center studies on heterogeneous
larger population can be done in the future.

Conclusions

The overall results of the present study confirmed that
patients with HCV-related cirrhosis and HCC exhibit
microbial dysbiosis. Altered microbial relative abun-
dance and diversity was noted vs controls. At the genus
level, the HCC patients showed higher proinflammatory
bacteria pattern compared to cirrhotic patients. These
data imply that the changed gut microbiota may repre-
sent a potential target to monitor and prevent HCC de-
velopment by the gut-microbiota-liver axis. The
decrease of Prevotella and P/B ratio could be used as po-
tential biomarker for liver disease progression.
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