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Background: Age was important prognostic factors for operable hepatocellular carcinoma patients. The 
aim of the present study was to assess the difference in gut microbiota in patients with operable hepatitis 
B virus-related hepatocellular carcinoma (HBV-HCC) at different ages ; to investigate the features of the 
microbiota and its function associated with different ages; to provide a preliminary look at effects of the gut 
microbiota dimension on prognostic.
Methods: From September 2020 to May 2021, patients with HBV-HCC were able to undergo liver 
resection and were recruited consecutively and divided into the younger age group (age <45 years) (Y.AG) 
(n=20), middle age group (age from 45 to 65 years) (M.AG) (n=13) 45–65 years, and older age group (age 
>65 years) (O.AG) (n=20). The relationships between gut microbiota and different ages were explored using 
16S rRNA gene sequencing data. PICRUST2 was used to examine the metagenomic data in PHLF patients. 
Fisher’s exact and Mann-Whitney U-test were used for the data analysis.
Results: Pairwise comparison between the three groups showed that the α-diversity of Y.AG was 
significantly higher than that of O.AG (ACE Index, P=0.017; chao1 Index, P=0.031; observed_species 
Index, P=0.011; and goods_coverage Index, P=0.041). The β-diversity in the 3 groups differed significantly 
(stress =0.100), while the composition (β-diversity) differed significantly between the Y.AG and the M.AG 
(stress =0.090), the M.AG and the O.AG (stress =0.095), and the Y.AG and the O.AG (stress =0.099). 
At the genus level, 7 bacterial genera were significantly enriched in the O.AG compared with the Y.AG, 
of which Streptococcus, Blautia, Erysipelotrichaceae_UCG-003, and Fusicatenibacter represented the major 
variances in O.AG microbiomes. Eleven genera were significantly increased in the O.AG, of which 
Prevotella, Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium, Ruminiclostridium, and Phascolarctobacterium 
represented the major variances in the O.AG. The Y.AG and the O.AG were predicted by PICRUSt2 
analysis, which found 72 pathways related to differential gut microbiome at the genus level. Redundancy 
analysis showed that 7 environmental factors were significantly correlated with intestinal microorganisms, 
especially in the Y.AG compared with the O.AG.
Conclusions: Analysis of gut microbiota characteristics in patients of different ages could ultimately 
contribute to the development of novel avenues for the treatment of HCC at different ages.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading 
cause of cancer-related mortality worldwide and has an 
increasing incidence rate (1). Most cases of HCC are 
secondary to either a viral hepatitis infection (hepatitis 
B or C) or cirrhosis in China (2), and are especially 
caused by the hepatitis B virus (HBV) (3). Multiple 
therapeutic approaches are used to treat HCC, including 
endocrine therapy, radiotherapy, ablation, transcatheter 
arterial chemoembolization, targeted therapy, and liver 
transplantation (4-8), but surgical resection is still the 
most common treatment method (9). Currently, surgical 
treatment combined with immunotherapy and molecular-
targeted therapy is the first-line treatment HCC (10).

Recently, some studies have demonstrated that age is 
an independent risk factor for the HCC development, and 
young patients with advanced HCC tend to have poorer 
prognosis compared with old patients, thereby older HCC 
patients with good liver functional reserve are encouraged 
to receive surgical resection (11-14). In addition, previous 
studies have shown significant differences in gut microbiota 
existed between young and old patients with various diseases 
[such as obesity (15), type 2 diabetes (16), hypertension (17),  
chronic obstructive pulmonary diseases (18), chronic 
inflammation (19)]. These differences can affect the severity 
and prognosis of the disease itself in terms of inflammation, 
immunity, proliferation, and metabolism. For example, 
low-grade chronic inflammation can also increase the risk 
of insulin resistance and atherosclerosis, which are the 
dominant mechanisms in the development of cardiovascular 
diseases, especially in older people (20). Ulcerative colitis 
(UC), a common enteric disease, carries a high risk 
for colorectal carcinoma (CRC). The incidence of UC 
increased with age, and is also associated with an abnormal 
inflammatory response to enteric flora and imbalances 
in the intestinal immune system (21-23). CRC, as well as 
clinicopathological, malignant proliferation, treatment, and 
survival characteristics and the microbiomes differ according 
to age (24). Previously published study has indicated age-
specific differences in gut microbiota composition and its 
metabolic functions in patients with depression, which 
provides a new perspective on its pathogenesis (25). With an 

increased understanding of gut microbiota dysbiosis in age-
related cerebral small vessel disease (CSVD), gut microbiota 
dysbiosis-induced inflamm-aging has been recognized as a 
target for therapeutic interventions to delay the progression 
of age-related CSVD (26).

A growing body of evidence has suggested that gut 
microbial dysbiosis in the human gut is a vital contributing 
factor in multiple liver diseases. A study has described 
age as a risk factor for the development of non-alcoholic 
fatty liver disease (NAFLD) and different compositions 
of gut microbiota that are distinguished by different ages 
in NAFLD progression (27). The pro-inflammatory 
signal contained in gut microbiota dysbiosis in patients 
with alcoholic liver disease could change the metabolic 
function of gut microbiota and the composition and 
circulation of bile acid, and cause immune disorders related 
to the pathogenesis and progression of alcohol-related 
liver disease (28,29). In addition, liver injury caused by 
hepatitis B virus (HBV) can lead to liver cirrhosis and liver 
cancer (30). A previous study has shown that there is a 
significant enrichment of opportunistic pathogenic species 
(Fusobacteria, Clostridium difficile, Veillonella, and Escherichia 
coli) in patients with HBV in developing countries (31). 
When patients with HBV develop liver fibrosis and 
cirrhotic liver cancer, significant differences in the structure 
of the development of gut microbiota can occur (32,33).

The structure and stability of intestinal flora during 
disease progression differ among diseases (34), and the 
composition of gut microbiota can with age among some 
diseases, such as cardiovascular disease and Alzheimer’s 
disease (35). HCC is the most common liver cancer and 
has a poor prognosis (36). Various therapeutic measures 
have been used in the treatment of liver cancer; however, 
the effects of these measures are limited, rendering liver 
cancer difficult to treat (37). HCC has demonstrated an 
increasing rate incidence, and the age of onset is also 
becoming increasingly younger (38). A growing number of 
individuals are at a higher risk of worse treatment outcomes 
because of their advanced age and immune factors during 
treatment (39). The relationship between gut microbiota 
and HCC is becoming increasingly well known (40). In 
view of liver resection is still the main treatment method 
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for HCC, the effect of different ages on intestinal flora 
of operational patients with HCC is unclear. Therefore, 
the aim of the present study was to assess the difference 
in gut microbial abundance and composition in patients 
with HBV-HCC who had liver resection at different 
ages; to evaluate correlations between age-associated 
characteristics of microbes and environmental factors of 
clinical characteristics; and to investigate the features of 
gut microbiota and its function associated with different 
ages. We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-1572/rc).

Methods

Ethics statement

The study followed the ethical guidelines of the Helsinki 
Declaration (as revised in 2013), and was approved by the 
Research Ethics Committee of Guangxi Medical University 
Cancer Hospital (No. LW2022058). All patients who met 
our experimental conditions were informed of the research 
contents and signed informed consent forms.

Study design and cohort

All patients who were initially diagnosed with HBV-HCC 
(Child-Pugh Class A) and were able to undergo hepatic 
resection at the Department of Hepatobiliary Surgery, 
Guangxi Medical University Cancer Hospital (Nanning, 
China) from September 2020 to May 2021, were recruited 
consecutively for our cohort study. None of the participants 
in our study had a history of drug allergy, alcohol addiction, 
chronic infectious diseases, inflammatory bowel diseases 
or metabolic diseases, NAFLD, gastrointestinal disease, 
malignant tumors only in the liver, or diabetes, or took no 
pro-gastrointestinal prokinetic agents, acid suppressants, 
probiotics, or antibiotics for at least 4 weeks. 

More than 60% of all cancers develop in patients aged  
≥65 years (41), and the risk of HCC development is age 
dependent. In China, 92.9% of new HCC cases are diagnosed in 
patients aged ≥45 years (42). Therefore, we included 53 patients 
in the analysis, based on age <45 years [younger age group 
(Y.AG), n=20], 45–65 years [middle age group (M.AG), n=13], 
and >65 years [older age group (O.AG), n=20]. Fecal samples 
were collected after admission and immediately stored at –80 ℃.

Fecal DNA extraction and 16S rRNA gene amplicon 
sequencing

Bacterial DNA was extracted from fecal samples from 
each patient using the cetyltrimethylammonium bromide 
method,  and genomic DNA was used for  l ibrary 
construction. Polymerase chain reaction (PCR) was used 
to amplify the V3–V4 region of the small subunit gene 
of bacterial 16S rRNA (universal primers 341F/806R). 
PCR products were purified using the GeneJET Gel 
Extraction Kit (Thermo Scientific, Waltham, MA, USA). 
The amplicon libraries were constructed using the TruSeq 
DNA PCR-Free Sample Preparation Kit (Illumina, San 
Diego, CA, USA), and the libraries were sequenced on the 
Illumina Novaseq6000 platform (Beijing Nuohe Zhiyuan 
Technology, Beijing, China).

16S rRNA data analysis

Only quality-filtered data were used, and analysis of the 
original FASTQ file was performed using FLASH (version 
1.2.7) and QIIME (version 1.9.1) (43,44). Operational 
taxonomic units (OTUs) were obtained at a 97% similarity 
sequence and annotated for further taxonomic analysis 
(confidence threshold =80%). An algorithm was then used 
to annotate the taxonomic information (45). Subsequent 
analysis of the α- and β-diversities was performed based on 
OTU abundance output normalized data at the phylum, 
class, order, family, genus, and species levels. Non-metric 
multidimensional scaling (NMDS) analysis (with the 
weighted UniFrac distance) assessed differences in bacterial 
community composition between groups of specimens. 
The linear discriminant analysis (LDA) effect size (LEfSe) 
was used to find potential biomarker(s) that differentially 
represented pairwise comparisons of the three groups. 
Redundancy analysis (RDA) was performed to analyze 
the correlation between the microbial community and 
environmental factors. PICRUSt2 was used to output 
functional information from the Integrated Microbial 
Genome (IMG) microbial genome data to predict 
metabolic pathways based on the Kyoto Encyclopedia of 
Genes and Genomes database (46). Heatmaps displayed 
the relationship between different gut microbiota and 
environmental factors, and between different gut microbiota 
and functions, which were investigated using Spearman 
correlations.

https://atm.amegroups.com/article/view/10.21037/atm-22-1572/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-1572/rc
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Statistical analysis

For the statistical analysis of the preoperative demographic 
data, SPSS version 25.0 (IBM, Armonk, NY, USA) was used 
with Fisher’s exact and the Mann-Whitney U-test. Analysis 
of α- and β-diversities was performed using QIIME (version 
1.9.1) and R software (version 2.15.3). The LEfSe combines 
standard tests for statistical significance (Mann-Whitney 
U-test) with LDA. The threshold for the logarithmic LDA 
score for the discriminative features was 3.0. The Mann-
Whitney U-test was used to compare data between groups 
using R software (version 2.15.3). Permutations (P<0.05) 
were used to select a set of environmental factors that had 
significant effects on microbial distribution. Statistical 
significance was set at P<0.05 which was two-sided. RDA 
and Spearman correlations were drawn using R (version 
3.6.2). Benjamini-Hochberg correction was applied, where 
appropriate.

Results

Baseline clinical characteristics

Demographic and clinical characteristics, and the 
immunohistochemistry results of the Y.AG, the M.AG, 
and the O.AG, are summarized in Table 1. There were no 
statistically significant differences in other indices, except p53, 
between the Y.AG and the M.AG (all P<0.0001) (Table S1).  
Differential expressions of hemoglobin, α-fetoprotein (AFP), 
and C3 were found to be statistically significant between 
the M.AG and the O.AG (P=0.030, P=0.001, and P=0.008, 
respectively) (Table S2). Statistically significant differences 
were found in AFP, helper T (Th)/suppressor T (Ts), 
immunoglobulin G, C3, cytokeratin 19 (CK19), p53, and 
Ki67 between the Y.AG and the O.AG (P=0.004, P=0.046, 
P=0.020, P=0.038, P=0.003, P=0.004, and P=0.049, 
respectively) (Table 2).

Operational taxonomic units and α- and β-diversities

Different microbial taxonomies were reflected by the 
OTUs. In the present study, 1,428 OTUs were observed 
in the Y.AG versus the M.AG, 1,371 OTUs in the M.AG 
versus the O.AG, and 1,236 OTUs in the Y.AG versus the 
O.AG. A total of 1,038 OTUs were shared among the three 
groups (Figure 1A). α-Diversity analysis with ACE Index, 
chao1 Index, observed_species, and goods_coverage revealed 
that gut microbial community richness was significantly 
increased in the O.AG compared with the Y.AG (P=0.017, 

P=0.031, P=0.011, and P=0.041, respectively) (Figure 1B). 
We used NMDS to evaluate differences in β-diversity 
between groups. The findings in the three groups following 
NMDS are shown in Figure 2A (a). Gut microbiota of Y.AG 
was distinct from that of M.AG (stress =0.090 at the genus 
level). Patients in the O.AG compared with the M.AG and 
Patients in the Y.AG compared with O.AG, as measured by 
NMDS, stress =0.095 and stress =0.099 at the genus level 
respectively [Figure 2A (b-d)].

Microbial taxa signatures

Results of the statistical analysis for the top 10 bacterial 
abundances, which belong to the dominant core taxa 
at the phylum, class, order, family, and genus levels in 
taxonomy, between the Y.AG, the M.AG, and the O.AG 
are shown in Figure S1 and Figure 2B. The family bar 
chart demonstrated that Prevotellaceae, Bacteroidaceae, 
Enterobacteriaceae, Ruminococcaceae, and Lachnospiraceae 
were the 5 underlying bacteria in the three groups, and the 
abundance of Prevotellaceae was significantly reduced in the 
O.AG compared with the other two groups (Figure 2B). 
At the genus level, the dominant bacteria in the Y.AG, the 
M.AG, and the O.AG were found to be similar, with some 
proportional differences. Analysis of the relative abundance 
of bacterial taxonomic groups at the genus level showed that 
the 10 most abundant genera were Prevotella (mean relative 
abundance: Y.AG, 9.31%; M.AG, 4.25%; O.AG, 0.26%), 
Bacteroides (mean relative abundance: Y.AG, 18.05%; M.AG, 
17.38%; O.AG, 14.58%), Escherichia-Shigella (mean relative 
abundance: Y.AG, 7.21%; M.AG, 10.08%; O.AG, 8.25%), 
Subdoligranulum (mean relative abundance: Y.AG, 3.23%; 
M.AG, 2.76%; O.AG, 7.39%), Faecalibacterium (mean 
relative abundance: Y.AG, 10.11%; M.AG, 5.48%; O.AG, 
4.69%), Fusobacterium (mean relative abundance: Y.AG, 
0.24%; M.AG, 1.97%; O.AG, 1.46%), Peptoclostridium 
(mean relative abundance: Y.AG, <0.1%; M.AG, <0.1%; 
O.AG, 1.05%), Streptococcus (mean relative abundance: 
Y.AG, 1.23%; M.AG, 5.10%; O.AG, 4.12%), Lactobacillus 
(mean relative abundance: Y.AG, 1.53%; M.AG, 2.27%; 
O.AG, 2.71%), and Enterococcus (mean relative abundance: 
Y.AG, 1.83%; M.AG, 3.15%; O.AG, 2.50%).

Taxa with <0.01% relative abundance were considered 
l-abundance taxa (abundance <0.0001). LEfSe analysis 
results indicated a significant difference in gut microbiota 
between the Y.AG and the M.AG, between the M.AG 
and the O.AG, and particularly between the Y.AG and 
the O.AG. At the genus level, the relative abundances 

https://cdn.amegroups.cn/static/public/ATM-22-1572-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-1572-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-1572-Supplementary.pdf
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Table 1 Clinical characteristics of the Y.AG, M.AG, and O.AG

Characteristics Y.AG (n=20) M.AG (n=13) O.AG (n=20)

Age (years) 42.25±4.05 53.00±6.00 67.00±3.03

Sex

Female 3 (15.0%) 2 (15.4%) 2 (10.0%)

Male 17 (85.0%) 11 (84.6%) 18 (90.0%)

BMI (kg/m2) 22.70±2.75 22.19±3.26 23.59±2.34

WBC (109/L) 6.19±2.05 6.12±2.58 5.78±1.46

HGB (g/L) 135.65±19.53 128.46±20.78 143.80±14.81

PLT (109/L) 221.55±81.53 183.77±71.46 200.80±77.81

TBIL (μmol/L) 15.22±6.36 16.96±7.09 13.79±4.52

ALB (g/L) 37.22±3.78 36.09±4.63 37.30±3.66

TRF (g/L) 2.52±0.77 2.40±0.40 2.47±0.48

PA (mg/L) 188.88±50.10 201.24±69.54 210.12±56.75

ALT (U/L) 40.50±24.65 39.38±15.61 42.70±26.24

AST (U/L) 48.90±27.82 36.46±10.49 43.10±25.25

γ-GGT (U/L) 73.5±47.04 79.31±46.44 75.65±49.32

BUN (mg/dL) 5.08±1.49 5.16±2.03 4.82±0.80

Cr (μmol/L) 72.90±13.94 77.77±12.36 76.80±12.41

HBV-DNA (/ml) 499,420.15±913,807.00 4,875,079.69±16,490,518.27 4,289,988.24±12,362,851.16

HBsAg (ng/mL) 674.77±299.15 652.12±309.87 536.79±305.57

PT (s) 12.83±1.45 12.85±0.93 12.50±1.67

INR 1.05±0.12 1.04±0.07 1.02±0.14

AFP (ng/mL) 12,838.96±25,008.58 14,078.51±25,990.07 391.78±1,106.39

TCH (mmol/L) 4.45±1.08 5.24±1.58 4.78±1.07

HDL (mmol/L) 1.19±0.28 1.30±0.33 1.11±0.27

LDL (mmol/L) 3.19±1.01 3.81±1.71 3.50±0.97

Th/Ts (%) 1.91±0.70 1.98±0.82 1.50±0.53

IgG (g/L) 13.79±3.63 15.20±4.01 15.82±2.87

IgM (g/L) 1.26±0.45 1.40±0.37 1.42±0.45

IgA (g/L) 2.64±1.15 2.75±0.75 2.80±1.31

C3 (g/L) 0.85±0.17 0.82±0.22 0.98±1.31

C4 (g/L) 0.23±0.14 0.21±0.16 0.23±0.07

CK19 (%) 12.10±15.43 8.46±22.58 0.35±1.18

P53 (%) 51.00±23.37 11.92±17.86 22.60±34.21

Ki67 (%) 42.00±23.81 23.08±17.50 27.25±14.09

Table 1 (continued)
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of Prevotella, UCG-002, and Phascolarctobacterium were 
higher in the Y.AG than in the M.AG. The relative 
abundances of Gordonibacter, Neisseria, Parablastomonas, 
and Acidaminococcus (abundance <0.0001) were higher 
in the M.AG than in the Y.AG (Figure 3A). In addition, 
3 genera (Citrobacter, Erysipelotrichaceae_UCG-003, and 
Clostridium_sensu_stricto_1) were significantly enriched in 
the O.AG (Figure 3B). Seven genera [Streptococcus, Blautia, 
Neisseria (abundance <0.0001), Erysipelotrichaceae_UCG-
003, Terrisporobacter, Anaerostipes, and Fusicatenibacter] 
were significantly enriched in the O.AG. Eleven genera 
(Prevotella, Coprobacter, and Phascolarctobacterium; and low-
abundance taxa, including Hydrogenoanaerobacterium, 
Paludicola, Constrictibacter, Caulobacter, Ruminiclostridium, 
Proteiniphilum, Allorhizobium-Neorhizobium-Pararhizobium-

Rhizobium, and Fenollaria) were significantly enriched in the 
Y.AG (Figure 3C).

Correlation between gut microbiota and environmental 
factors

To investigate the associations between gut microbiota and 
HBV-related HCC clinical status, 7 environmental factors 
[AFP, Th/Ts, immunoglobulin G (IgG), C3, CK19, p53, 
and Ki67] of the relevant clinical and different community 
compositions were analyzed using RDA in the Y.AG versus 
the M.AG, the M.AG versus the O.AG, and the Y.AG 
versus the O.AG. The RDA axes 1 and 2 accounted for 
37.19% and 29.61%, respectively, of the total variation 
of bacteria in the Y.AG versus the M.AG. According 

Table 1 (continued)

Characteristics Y.AG (n=20) M.AG (n=13) O.AG (n=20)

Ascites

No 18 (90.0%) 11 (84.6%) 19 (95.0%)

Yes 2 (10.0%) 2 (15.4%) 1 (5.0%)

Smoking

No 15 (66.7%) 10 (66.7%) 16 (66.7%)

Yes 5 (33.3%) 3 (33.3%) 4 (33.3%)

Drinking

No 18 (90.0%) 12 (92.3%) 16 (80.0%)

Yes 2 (10.0%) 1 (8.7%) 4 (20.0%)

Portal hypertension (mmHg)

No 11 (55.0%) 10 (76.9%) 15 (75.0%)

Yes 9 (45.0%) 3 (23.1%) 5 (25.0%)

Tumor size (cm) 7.60±3.67 6.58±4.86 6.17±3.81

ICG (%) 5.36±3.06 5.35±3.39 5.97±3.29

BCLC stage

A 12 (60.0%) 10 (76.9%) 11 (55.0%)

B 8 (40.0%) 3 (23.1%) 9 (45.0%)

Results are means ± standard deviation/n (%). Y.AG, <45 years, n=20; M.AG, 45–65 years, n=13; O.AG, >65 years, n=20. Y.AG, younger 
age group; M.AG, middle age group; O.AG, older age group; AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BCLC stage, Barcelona Clinic Liver Cancer stage; BMI, body mass index; BUN, blood urea nitrogen; C3, 
complement factors C3; C4, complement factors C4; CK19, cytokeratin-19-fragment; Cr, serum creatinine; γ-GGT, gamma-glutamyl 
transferase; HDL, high-density lipoprotein; HGB, hemoglobin; IgA, immunoglobulin A; ICG, constitutional indocyanine green; IgG, 
immunoglobulin G; IgM, immunoglobulin M; INR, international normalized ratio; Ki67, Ki-67; LDL, low-density lipoprotein; PA, prealbumin; 
PLT, platelet; PT, prothrombin time; P53, Tumor suppressor p53;TBIL, total bilirubin; TCH, total cholesterol; Th/Ts, helper T cell/suppressor 
T cell; TRF, transferrin; WBC, white blood cell count.
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Table 2 Comparison of clinical characteristics between the Y.AG and the O.AG before surgery

Characteristic Y.AG (n=20) O.AG (n=20) P value

Age (years) 42.25±4.05 67.00±3.03 <0.0001

Sex >0.999

Female 3 (15.0%) 2 (10.0%)

Male 17 (85.0%) 18 (90.0%)

BMI (kg/m2) 22.70±2.75 23.59±2.34 0.102

WBC (109/L) 6.19±2.05 5.78±1.46 0.495

HGB (g/L) 135.65±19.53 143.80±14.81 0.242

PLT (109/L) 221.55±81.53 200.80±77.81 0.327

TBIL (μmol/L) 15.22±6.36 13.79±4.52 0.565

ALB (g/L) 37.22±3.78 37.30±3.66 >0.999

TRF (g/L) 2.52±0.77 2.47±0.48 0.369

PA (mg/L) 188.88±50.10 210.12±56.75 0.289

ALT (U/L) 40.50±24.65 42.70±26.24 0.820

AST (U/L) 48.90±27.82 43.10±25.25 0.512

γ-GGT (U/L) 73.5±47.04 75.65±49.32 0.968

BUN (mg/dL) 5.08±1.49 4.82±0.80 0.414

Cr (μmol/L) 72.90±13.94 76.80±12.41 0.221

HBV-DNA (/mL) 499,420.15±913,807.00 4,289,988.24±12,362,851.16 0.602

HBsAg (ng/mL) 674.77±299.15 536.79±305.57 0.108

PT (s) 12.83±1.45 12.50±1.67 0.369

INR 1.05±0.12 1.02±0.14 0.341

AFP (ng/mL) 12,838.96±25,008.58 391.78±1,106.39 0.004

TCH (mmol/L) 4.45±1.08 4.78±1.07 0.429

HDL (mmol/L) 1.19±0.28 1.11±0.27 0.355

LDL (mmol/L) 3.19±1.01 3.50±0.97 0.445

Th/Ts (%) 1.91±0.70 1.50±0.53 0.046

IgG (g/L) 13.79±3.63 15.82±2.87 0.020

IgM (g/L) 1.26±0.45 1.42±0.45 0.134

IgA (g/L) 2.64±1.15 2.80±1.3 0.602

C3 (g/L) 0.85±0.17 0.98±1.31 0.038

C4 (g/L) 0.23±0.14 0.23±0.07 0.529

CK19 (%) 12.10±15.43 0.35±1.18 0.003

P53 (%) 51.00±23.37 22.60±34.21 0.004

Ki67 (%) 42.00±23.81 27.25±14.09 0.049

Table 2 (continued)
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to the permutation test (P=0.112), the difference in gut 
microbiota was significantly influenced by C3 (P=0.001), 
p53 (P=0.005), and Ki67 (P=0.017) compared with other 
indices (Table 3). Among them, p53 and Ki67 were positively 
correlated with Y.AG-enriched genera (Prevotella: P<0.001 
and P=0.020; Phascolarctobacterium: P=0.016 and P=0.025, 
respectively), whereas Th/Ts was negatively correlated with 
Phascolarctobacterium (P=0.049). Additionally, p53 and CK19 
were positively correlated with M.AG-enriched genera 
(Acidaminococcus: P<0.001 and P<0.001, respectively) (Figure 
4A). In the M.AG versus the O.AG, the RDA axes 1 and 2 
accounted for 69.58% and 25.11%, respectively, of the total 
variation. According to the permutation test (P=0.057), the 
difference in gut microbiota was significantly influenced by 
CK19 (P=0.025) compared with the other indices (Table 4). 

IgG was positively correlated with O.AG-enriched genera 
(Citrobacter: P=0.013), and Ki67 was negatively correlated 
with Erysipelotrichaceae_UCG-003 (P=0.021) (Figure 4B). 
In the Y.AG versus the O.AG, the RDA axes 1 and 2 
accounted for 43.56% and 20.35%, respectively, of the total 
variation. According to the permutation test (P=0.041), the 
difference in gut microbiota was significantly influenced 
by AFP (P=0.003), Th/Ts (P=0.002), C3 (P=0.001), and 
Ki67 (P=0.034) compared with the other indices (Table 5). 
In the O.AG, the Ki67 level was negatively correlated with 
Streptococcus (P=0.016) and Erysipelotrichaceae_UCG-003 
(P=0.003); the AFP level was negatively correlated with 
Fusicatenibacter (P=0.048) and Erysipelotrichaceae_UCG-
003 (P=0.008); Blautia was positively associated with C3 
(P=0.010) and negatively associated with Th/Ts (P=0.032); 

Table 2 (continued)

Characteristic Y.AG (n=20) O.AG (n=20) P value

Ascites >0.999

No 18 (90.0%) 19 (95.0%)

Yes 2 (10.0%) 1 (5.0%)

Smoking >0.999

No 15 (66.7%) 16 (66.7%)

Yes 5 (33.3%) 4 (33.3%)

Drinking >0.999

No 18 (90.0%) 16 (80.0%)

Yes 2 (10.0%) 4 (20.0%)

Portal hypertension (mmHg) >0.999

No 11 (55.0%) 15 (75.0%)

Yes 9 (45.0%) 5 (25.0%)

Tumor size (cm) 7.60±3.67 6.17±3.81 0.192

ICG (%) 5.36±3.06 5.97±3.29 0.478

BCLC stage >0.999

A 12 (60.0%) 11 (55.0%)

B 8 (40.0%) 9 (45.0%)

Results are means ± standard deviation/n (%). P value was based on Fisher’s exact test and Mann-Whitney U-test. Y.AG, <45 years, 
n=20; O.AG, >65 years, n=20. Y.AG, younger age group; O.AG, older age group; AFP, alpha fetoprotein; ALB, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BCLC stage, Barcelona Clinic Liver Cancer stage; BMI, body mass index; BUN, 
blood urea nitrogen; C3, complement factors C3; C4, complement factors C4; CK19, cytokeratin-19-fragment; HBV, hepatitis B virus; 
Cr, serum creatinine; HBV, hepatitis B virus; γ-GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; HGB, hemoglobin; IgA, 
immunoglobulin A; ICG, constitutional indocyanine green; IgG, immunoglobulin G; IgM, immunoglobulin M; INR, international normalized 
ratio; Ki67, Ki-67; LDL, low-density lipoprotein; PA, prealbumin; PLT, platelet; PT, prothrombin time; P53, Tumor suppressor p53; TBIL, 
total bilirubin; TCH, total cholesterol; Th/Ts, helper T cell/suppressor T cell; TRF, transferrin; WBC, white blood cell count.
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Figure 1 Identification of gut microbe using metagenomics analysis. (A) Venn diagrams show the common OTUs among the Y.AG, the 
M.AG, and the O.AG. (B) Y.AG, M.AG, and O.AG comparison of α-diversity using ACE, Chao1, observed_species, and goods_coverage 
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Figure 2 β-diversity analysis and Relative abundance of the top 10 gut microbiota among groups O.AG Y.AG and M.AG. (A) NMDS plot 
based on weighted UniFrac distances calculated using OTU compositions. Stress values <0.2 were considered good after dimensionality 
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family and (b) genus level. NMDS, non-metric multidimensional scaling. Y.AG, younger age group; M.AG, middle age group; O.AG, older 
age group.

and CK19 and p53 levels were negatively correlated with 
Anaerostipes (P=0.040 and P=0.024, respectively). In the 
Y.AG, the Ki67 level was positively associated with Prevotella 
(P=0.010), Coprobacter (P=0.029), Phascolarctobacterium 
(P=0.028), and Constrictibacter (P=0.045); the p53 level 
was positively associated with Prevotella (P<0.001) and 
Phascolarctobacterium (P=0.030); the AFP level was 

positively correlated with Prevotella (P=0.005) and 
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium 
(P=0.014); the Th/Ts level was positively correlated 
with Hydrogenoanaerobacterium (P=0.014), Allorhizobium-
Neorhizobium-Pararhizobium-Rhizobium (P=0.044), and 
Fenollaria (P=0.017); the C3 level was negatively correlated 
with Hydrogenoanaerobacterium (P=0.045) and Proteiniphilum 
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(P=0.015); and the CK19 level was positively correlated 
with Constrictibacter (P=0.002), Caulobacter (P=0.041), and 
Proteiniphilum (P=0.006) (Figure 4C).

Functional signatures of gut microbiota

The functional capacity of gut microbiota of the Y.AG 
versus the M.AG, the M.AG versus the O.AG, and the 
Y.AG versus the O.AG was predicted by PICRUSt2 
analysis, which found 16, 8, and 72 pathways, respectively, 
related to differential gut microbiome at the genus level 
(Figure 5, Figure S2, Tables S3,S4, Table 6). In the Y.AG 
versus the M.AG, microbial metabolic pathways included 
pantothenate biosynthesis, coenzyme biosynthesis, 
methionine biosynthesis, thiamin biosynthesis, and 
pyrimidine metabolism pathways. In the M.AG versus 
the O.AG, metabolic pathways mainly included glycerol 
degradation. In the Y.AG versus the O.AG, microbial 
metabolic pathways mainly included pyrimidine metabolism 
pathways, purine biosynthesis, fatty acid metabolism 
pathways, pantothenate metabolism pathways, coenzyme 
biosynthesis, glycerol degradation, tyrosine biosynthesis, 
phenylalanine biosynthesis, threonine metabolism 
pathways, lysine metabolism pathways, methionine 
biosynthesis, aspartate pathway, arginine biosynthesis, 
acetylneuraminate degradation, palmitate biosynthesis, 
oleate biosynthesis, stearate biosynthesis, thiamin 
biosynthesis, gluconeogenesis, tricarboxylic acid cycle 
(TCA), and inositol degradation. Prevotella was associated 
with most Y.AG versus M.AG-enriched functional modules, 

suggesting their core role in the Y.AG versus the M.AG; 
UCG-002 and Phascolarctobacterium played a promoting 
role in pantothenate biosynthesis; and low-abundance taxa 
(Gordonibacter and Acidaminococcus) had complementary 
roles in coenzyme biosynthesis (Figure 6A). In the M.AG 
versus the O.AG, gut microbiota and functional module 
correlations were not significant (Figure 6B). In the Y.AG 
versus the O.AG, O.AG-enriched genera were associated 
with the majority of Y.AG versus O.AG-enriched 
functional modules, suggesting their core role in the Y.AG 
versus the O.AG. In Y.AG-enriched genera, among the 
relatively high-abundance taxa (Prevotella, Coprobacter, 
and Phascolarctobacterium), the core role of Prevotella 
was mainly in the functional modules. Essential amino 
acids (lysine, threonine, and methionine), metabolism 
pathways, and aspartate superpathway were negatively 
correlated with the functional modules of Coprobacter. The 
TCA cycle, arginine biosynthesis, fatty acid metabolism 
pathways,  gluconeogenesis,  thiamin biosynthesis , 
pyrimidine metabolism pathways, palmitate biosynthesis, 
oleate biosynthesis, stearate biosynthesis, and coenzyme 
biosynthesis were positively correlated with Coprobacter. 
Palmitate biosynthesis and pyrimidine metabolism pathways 
were positively correlated with Phascolarctobacterium. Other 
low-abundance taxa also showed differences among the 
main predicted functional modules (Figure 6C). These 
findings indicate that differences in gut bacteria can have 
different roles in the body.

Discussion

Gut microbiome can have a significant impact on human 
health and multiple diseases, including cancer, and the 
development of some tumors has been found to be closely 
related to age (47). Radical resection of liver cancer remains 
the preferred treatment modality for HCC (9). In the 
present study, we found that the age of patients with HCC 
is also becoming increasingly younger, and prognosis 
is usually relatively poor (39). Moreover, older age can 
increase risks of treatment-related worse outcomes and 
complications (48). Su et al. pointed that age is a risk factor 
to determine the prognosis of patients with HCC who have 
received surgical resection (14). Therefore, understanding 
the characterization and function of gut microbiota at 
different ages is important to explore to treatment strategies 
of HCC on different age groups. In our study, 16S rRNA 
gene sequencing was used to identify differential gut 
microbiota in the Y.AG versus the M.AG, the M.AG versus 

Table 3 Significant degree of influence of each environmental 
factor in the younger age group versus the middle age group

Variable r2 P value

AFP 0.135 0.139

Th/Ts 0.084 0.267

IgG 0.037 0.550

C3 0.438 0.001

CK19 0.016 0.699

P53 0.273 0.005

Ki67 0.226 0.017

AFP, alpha fetoprotein; C3, complement factors C3; CK19, 
cytokeratin-19-fragment; IgG, immunoglobulin G; Ki67, Ki-67; 
P53, Tumor suppressor p53; Th/Ts, helper T cell/suppressor T 
cell.

https://cdn.amegroups.cn/static/public/ATM-22-1572-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-1572-Supplementary.pdf


Annals of Translational Medicine, Vol 10, No 8 April 2022 Page 13 of 24

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(8):477 | https://dx.doi.org/10.21037/atm-22-1572

Figure 4 The correlation between environmental factors and the abundance of differential gut microbiota on pairwise comparisons among 
the three groups. (A) The Y.AG versus the M.AG. (B) The O.AG versus the M.AG. (C) The Y.AG versus the O.AG. (a) Association between 
the differential genera and the relative environmental factors among different age groups revealed by redundancy analysis. (b) Heatmap 
panel shows the Spearman correlation coefficient between the differential genera and host parameters (environmental factors). Significance 
levels are expressed as follows: *, 0.01<P≤0.05; **, 0.001<P≤0.01; ***, P≤0.001. Y.AG, younger age group; M.AG, middle age group; O.AG, 
older age group.
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Table 5 Significant degree of influence of each environmental 
factor in the younger age group versus the older age group

Variable  r2 P value

AFP 0.459 0.003

Th/Ts 0.326 0.002

IgG 0.066 0.292

C3 0.311 0.001

CK19 0.015 0.743

P53 0.111 0.106

Ki67 0.166 0.034

AFP, alpha fetoprotein; C3, complement factors C3; CK19, 
cytokeratin-19-fragment; IgG, immunoglobulin G; Ki67, Ki-67; 
P53, tumor suppressor p53; Th/Ts, helper T cell/suppressor T 
cell.

Table 4 Significant degree of influence of each environmental 
factor in the middle age group versus the older age group

Variable r2 P value

AFP 0.025 0.665

Th/Ts 0.031 0.635

IgG 0.134 0.120

C3 0.018 0.763

CK19 0.349 0.025

P53 0.053 0.443

Ki67 0.031 0.614

AFP, alpha fetoprotein; C3, complement factors C3; CK19, 
cytokeratin-19-fragment; IgG, immunoglobulin G; Ki67, Ki-67; 
P53, tumor suppressor p53; Th/Ts, helper T cell/suppressor T 
cell.

the O.AG, and the Y.AG versus the O.AG, and we found 
that the difference in gut microbiota was most prominent 
when comparing the Y.AG to the O.AG. Moreover, we 
found that changes in gut microbiota in different age 
groups were related to immune response-related factors 
and prognostically relevant tumor factors. We also found 
that alteration of microbiota was correlated with immune-
related functions and prognosis-related metabolic Functions 
of gut microbiota. Therefore, the characteristic Changes 
of the gut microbiota may provide potential targets for 
exploring the treatment of HCC at different ages.

In the analysis of α- and β-diversities, we found that 
the gut microbial structure and the relative abundance in 
the Y.AG versus the O.AG greatly changed at the genus 
level; however, in the other two groups, only the relative 
abundance of gut microbes showed differences. The 
findings indicated that the gut bacterial composition was 
significantly altered in the Y.AG compared with the O.AG. 
The overall gut microbiota species decreased in the M.AG 
and the O.AG compared with the Y.AG. Reduction of 
the diversity of gut microbiota was induced in a micro-
inflammatory state and accelerated the micro-ecological 
imbalance (49). This could directly affect the function of 
intestinal microbes and abnormal liver-related function, 
which could result in a discrepancy in treatment outcomes 
(50,51).

In a previous study, usually a higher abundance of 
the flora became a molecular marker (3). Species with 
abundance <0.01% (outside the scope of the most 
dominant core taxa) were clustered together and were 

not as influential as the higher abundance species (52). 
In addition, we found gut microbiota differentiation of 
the Y.AG versus the M.AG, the M.AG versus the O.AG, 
and particularly the Y.AG versus the O.AG. Prevotella, 
UCG-002, and Phascolarctobacterium in the Y.AG versus 
the M.AG; Citrobacter, Erysipelotrichaceae_UCG-003, 
and Clostridium_sensu_stricto_1 in the M.AG versus the 
O.AG; and Streptococcus, Blautia, Erysipelotrichaceae_
UCG-003, Terrisporobacter, Anaerostipes, Fusicatenibacter, 
Prevotella, Coprobacter, and Phascolarctobacterium in the 
Y.AG versus the O.AG were highly abundant taxa. For 
pairwise comparison, the abundances of Prevotella and 
Phascolarctobacterium increased in the Y.AG, and that of 
Erysipelotrichaceae_UCG-003 increased in the O.AG. These 
findings indicate that some characteristic bacterial genera 
could play vital roles in the different age groups of HBV-
HCC.

Evaluation of gut microbiota can be useful for the 
guidance of a new HBV- HCC treatment method (53). 
Previous studies have indicated that there is a strong 
association between the liver, that is, the microbiota-
liver axis, and gut microbiota (54,55). Colonization of gut 
microbiota promotes the formation of intestinal mucosa and 
in turn affects inflammatory reaction, immune function, and 
immune cytokine levels, so the change in gut microbiota is 
correlated with changes in immune function (56). Changes 
in the composition of intestinal microflora are also related 
to the poor prognosis of cancer (57). In previous research, 
AFP and IgG antibodies were found to be specific tumor 
markers in HCC (58). Furthermore, injury of the host 
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Figure 5 Functional alteration caused by gut microbiota change through PICRUST2 prediction in the younger age group versus the older 
age group.
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Table 6 Functional alteration caused by microbial change through PICRUSt2 analysis in the younger age group versus the older age group

Pathway ID Altered pathway P value

PWY-7220 Adenosine deoxyribonucleotides de novo biosynthesis II 0.015

PWY-7222 Guanosine deoxyribonucleotides de novo biosynthesis II 0.015

PWY-621 Sucrose degradation III (sucrose invertase) 0.008

GLUCONEO-PWY Gluconeogenesis I 0.006

PWY0-1296 Purine ribonucleosides degradation 0.008

PWY0-1297 Superpathway of purine deoxyribonucleosides degradation 0.008

FASYN-ELONG-PWY Fatty acid elongation-saturated 0.006

PWY-5659 GDP-mannose biosynthesis 0.001

PWY0-1298 Superpathway of pyrimidine deoxyribonucleosides degradation 0.018

PANTOSYN-PWY Pantothenate and coenzyme A biosynthesis I 0.011

RIBOSYN2-PWY Flavin biosynthesis I (bacteria and plants) 0.017

P42-PWY Incomplete reductive TCA cycle 0.013

PWY-5347 Superpathway of L-methionine biosynthesis (transsulfuration) 0.007

PWY-6628 Superpathway of L-phenylalanine biosynthesis 0.014

PWY-6630 Superpathway of L-tyrosine biosynthesis 0.012

FERMENTATION-PWY Mixed acid fermentation 0.021

PANTO-PWY Phosphopantothenate biosynthesis I 0.009

PWY-6969 TCA cycle V (2-oxoglutarate: ferredoxin oxidoreductase) 0.003

PWY-7539 6-Hydroxymethyl-dihydropterin diphosphate biosynthesis III (Chlamydia) 0.030

PWY0-1061 Superpathway of L-alanine biosynthesis 0.037

P4-PWY Superpathway of L-lysine, L-threonine and L-methionine biosynthesis I 0.011

MET-SAM-PWY Superpathway of S-adenosyl-L-methionine biosynthesis 0.005

P441-PWY Superpathway of N-acetylneuraminate degradation 0.025

POLYISOPRENSYN-PWY Polyisoprenoid biosynthesis (Escherichia coli) 0.021

PWY0-781 Aspartate superpathway 0.008

TCA TCA cycle I (prokaryotic) 0.010

PWY-5971 Palmitate biosynthesis II (bacteria and plants) 0.015

HSERMETANA-PWY L-methionine biosynthesis III 0.031

PWY-6700 Queuosine biosynthesis 0.029

HOMOSER-METSYN-PWY L-methionine biosynthesis I 0.005

PWYG-321 Mycolate biosynthesis 0.008

COLANSYN-PWY Colanic acid building blocks biosynthesis 0.001

PWY-7664 Oleate biosynthesis IV (anaerobic) 0.009

PWY-5384 Sucrose degradation IV (sucrose phosphorylase) 0.047

PWY-6703 Preq0 biosynthesis 0.006

Table 6 (continued)
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Table 6 (continued)

Pathway ID Altered pathway P value

PWY-7323 Superpathway of GDP-mannose-derived O-antigen building blocks biosynthesis 0.002

PWY-5188 Tetrapyrrole biosynthesis I (from glutamate) 0.049

PWY-6895 Superpathway of thiamin diphosphate biosynthesis II 0.001

PWY-5913 TCA cycle VI (obligate autotrophs) 0.032

PWY-5154 L-arginine biosynthesis III (via N-acetyl-L-citrulline) 0.001

PWY-6282 Palmitoleate biosynthesis I (from [5Z]-dodec-5-enoate) 0.011

PWY0-862 (5Z)-dodec-5-enoate biosynthesis 0.012

PWY-5989 Stearate biosynthesis II (bacteria and plants) 0.009

PWY-5189 Tetrapyrrole biosynthesis II (from glycine) 0.042

PWY-6545 Pyrimidine deoxyribonucleotides de novo biosynthesis III 0.033

FASYN-INITIAL-PWY Superpathway of fatty acid biosynthesis initiation (Escherichia coli) 0.010

METH-ACETATE-PWY Methanogenesis from acetate 0.017

PWY-1269 CMP-3-deoxy-D-manno-octulosonate biosynthesis I 0.019

PWY-7315 Dtdp-N-acetylthomosamine biosynthesis 0.009

NAGLIPASYN-PWY Lipid IVA biosynthesis 0.029

PWY-7013 L-1,2-propanediol degradation 0.019

FUCCAT-PWY Fucose degradation 0.021

PWY-2941 L-lysine biosynthesis II 0.008

PWY-7237 Myo-, chiro-, and scillo-inositol degradation 0.002

PWY-7003 Glycerol degradation to butanol 0.030

PWY-6467 Kdo transfer to lipid IVA III (chlamydia) 0.014

PWY-7377 Cob(II)yrinate a,c-diamide biosynthesis I (early cobalt insertion) 0.031

GOLPDLCAT-PWY Superpathway of glycerol degradation to 1,3-propanediol 0.042

PWY-5177 Glutaryl-CoA degradation 0.004

P562-PWY Myo-inositol degradation I 0.003

PWY-5920 Superpathway of heme biosynthesis from glycine 0.002

LACTOSECAT-PWY Lactose and galactose degradation I 0.027

PWY-5677 Succinate fermentation to butanoate 0.035

PWY-6396 Superpathway of 2,3-butanediol biosynthesis 0.007

PWY-6906 Chitin derivatives degradation 0.010

CODH-PWY Reductive acetyl coenzyme A pathway 0.012

PWY-7090 UDP-2,3-diacetamido-2,3-dideoxy-alpha-D-mannuronate biosynthesis 0.001

PWY-1541 Superpathway of taurine degradation 0.014

PWY-3661 Glycine betaine degradation I 0.028

LIPASYN-PWY Phospholipases 0.020

PWY-5499 Vitamin B6 degradation 0.014
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immune function is mainly reflected by the change in the 
Ts and Th cells (59), and the Th/Ts cell ratio has been used 
to show the surveillance role of natural killer cells (60).  
C3 shows immunoregulatory and pro-inflammatory 
actions (61). CK19 promotes tumor metastasis and 
migration through the immune response and damages the 
extracellular matrix (62). Inhibition of p53 protein function 
is correlated with the growth of liver cancer and poor 
prognosis (63). Ki67 has a remarkable value in providing 
evidence of prognostic value caused by tumor growth and 
proliferation (64). To investigate the correlation between 
gut microbiota and environmental factors, we evaluated 
AFP, p53, Ki67, CK19, Th/Ts, C3, and IgG. We found 
that individual environmental factors, including C3, p53, 
and Ki67 (in the Y.AG versus the M.AG) and CK19 (in the 
M.AG versus the O.AG) had a significant impact on the 
microbial community. However, the collective efficacy of 
all environmental factors did not have a significant effect in 
the Y.AG versus the M.AG and the M.AG versus the O.AG. 
Our research also found that the prognostic relative factors 
were more likely to affect high-abundance taxa in the Y.AG 
versus the M.AG. In the M.AG versus the O.AG, although 
the prognostic factor (CK19) affected the difference in gut 
microbiota, the correlation between this and the main flora 
was not significant; therefore, it did not have a significant 
effect. It is noteworthy that the collective efficacy of all 
environmental factors was significant in the Y.AG versus the 
O.AG. The key to the central role of environmental factors 
lies in AFP, Th/Ts, C3, and Ki67. A tumor-specific marker 
(AFP) and a relative marker of tumor cell proliferation 
(Ki67) were significantly positively correlated with gut 
microbiota in the Y.AG, but negatively correlated with gut 
microbiota in the O.AG. A previous study has reported 
that, compared with elderly patients, young adult patients 
with HCC had a significantly higher AFP level (43). In a 
previously published study, it was found that, compared 
with elderly patients, young patients have more aggressive 
tumors and greater proliferation (65). These findings are 
consistent with the results of the present study. Among 
them, C3 showed strong pro-inflammation, and the tumor 
microenvironment of pro-inflammatory state can promote 
proliferation and invasion of the tumor cells (66,67). The 
decreased activity of Ts and Th cells is reflected in immune 
function injury (59). Furthermore, improvement of liver 
function reduces the expression of pro-inflammatory factors 
and enhances immune function (68). In the present study, 
C3 was negatively correlated with intestinal flora of the 
Y.AG (good liver function), but positively correlated in the 

O.AG (poor liver function). The situation was opposite 
for Th/Ts. These results are consistent with those of a 
previously published study, which found that younger 
patients had better liver functional reserve, but more 
aggressive tumors, than elderly patients (14).

PICRUSt2 analysis revealed significant differences in 
microbiome function in the Y.AG versus the M.AG, the 
M.AG versus the O.AG, and particularly the Y.AG versus 
the O.AG. All core functions were also found to be more 
significant in the Y.AG versus the O.AG compared with 
the M.AG versus the O.AG. Therefore, we speculate 
that this could be a manifestation of the impact of the 
more significant age gap in the Y.AG versus the O.AG. 
Furthermore, in the Y.AG versus the O.AG, we found that 
the O.AG presented in a hypermetabolic state, whereas the 
Y.AG presented in the opposite state; the same metabolic 
functional modules occurred, resulting in opposite effects in 
the Y.AG and the O.AG. Previous studies indicated that the 
reciprocal regulation of metabolic reprogramming-induced 
metabolic alterations in cancer cells and host immune cells 
and microbiota is a vital mechanism to regulate cancer 
progression (e.g., proliferation changes in cancer cells 
and malignant progression) (69,70). Streptococcus, Blautia, 
Erysipelotrichaceae_UCG-003, Terrisporobacter, Anaerostipes, 
and Fusicatenibacter represented the major variances in 
O.AG microbiomes. Studies have reported inhibiting purine 
biosynthesis to produce immunosuppressive effects (71), 
that pyrimidine metabolism can follow a similar pattern 
to that of purines by metabolic reprogramming, and that 
a highly expressed pyrimidine metabolic rate facilitates 
a decrease in cell proliferation and changes in immune 
cell responses (72). Methionine, threonine, and lysine 
comprise the family of essential amino acids synthesized 
from aspartate via the aspartate pathway. Deficiency of 
lysine, threonine, and methionine impairs host immune 
responses (including the human intestines), and in 
anticancer therapy, increased aspartate can also impair 
immune cells (lymphoblasts) (73-76). Phenylalanine can 
be metabolized to tyrosine in the liver, and tyrphostins 
targeted in therapy for HCC are protein tyrosine kinase 
inhibitors that decrease the proliferation of tumor cells 
(77,78). Furthermore, ceramide is decreased in cancer cells 
and induces apoptosis and decreases proliferation (79).  
Additionally, glycerol and inositol can take part in the 
glycolysis pathway. It was previously reported that defective 
glycerol metabolism has reduced metabolic function, 
and downregulating glycolytic flux suppresses HCC cell 
proliferation (80,81). The metabolic abilities described 
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above were positively correlated with gut microbiota in the 
O.AG and increased during HCC; they all played a role in 
inhibiting proliferation. The functions of Prevotella were 
negatively correlated with these pathways in the Y.AG, 
indicating that the ability of tumor proliferation to decrease 
could also be affected by intestinal flora in elderly patients. 
This finding is consistent with the observation that the 
prognosis of elderly patients with liver cancer is better than 
that of young patients (82).

Furthermore, pantothenic acid is a precursor of 
coenzymes, and coenzyme biosynthesis is involved in fatty 
acid synthesis. Inhibition of the fatty acid biosynthesis 
pathway in tumor cells rapidly inhibits the proliferation of 
cancer cells (83-85). The findings of our study indicated 
that the function of fatty acid metabolism pathways was 
significantly reduced to decrease tumor proliferation in 
O.AG microbiomes. Overexposure to palmitoleate reduces 
cell regeneration (86). Palmitoleate can also further 
elongate into oleate and stearic acids (87). In the present 
study, stearate biosynthesis and palmitoleate biosynthesis 
were significantly decreased to enhance cell regeneration in 
the O.AG. Thiamin, which serves as an enzymatic cofactor 
for branched-chain amino-acid biosynthesis, participates 
in protecting hepatocytes (88); arginine, a branched-
chain amino acid, contributes to gluconeogenesis (89). 
Attenuation of gluconeogenesis is considered to reduce 
HCC development (90). Furthermore, cancer cells do 
not rely on the TCA to produce nicotinamide adenine 
dinucleotide (NADH), while normal cells completely 
depend on the TCA for NADH production to promote cell 
function (91). In the present study, significant attenuation in 
thiamin biosynthesis, arginine metabolism, gluconeogenesis, 
and the TCA was associated with liver cell damage in the 
O.AG. Additionally, the metabolic pathways described 
above were positively correlated with gut microbiota of the 
Y.AG (Prevotella and Coprobacter) during HCC to protect 
the liver. In the Y.AG, Phascolarctobacterium also played 
a role in protecting liver function and promoting tumor 
cell proliferation by palmitate biosynthesis and pyrimidine 
metabolism pathways, which could explain why liver 
function in the O.AG was poor but the prognosis was good 
compared with the Y.AG (65). Overall, the findings of 
the present study reveal the unique gut microbiota profile 
during different ages by using non-invasive biomarkers for 
HCC, which could help in the future remission of HBV-
HCC with age-related gut microbiota.

The present study has some limitations. First, our results 
require a further extensive cohort. Second, we only used 

16S rRNA gene sequencing data; therefore, metagenomics 
should be used for further investigation and functional 
analysis. Finally, the study only identified associations 
between different ages and gut microbiome, without 
providing causality.

Conclusions

To the best of our knowledge, this is the first study of the 
relationship of age factor to its effect on gut microbiome 
in HBV-HCC. We analyzed changes in the composition 
and diversity of gut bacteria in patients of different ages 
and identified specific microbiotas that could be used as 
diagnostic biomarkers for patients of different ages, with 
a focus on young and elderly individuals. The findings of 
the present study could assist in the development of novel 
strategies for HCC that have been broken through the 
treatment bottleneck caused by age. 
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Supplementary

Table S1 Comparison of clinical characteristics between the younger age group and the middle age group before surgery

Characteristic Y.AG (n=20) M.AG (n=13) P value

Age (year) 42.25±4.05 53.00±6.00 <0.0001

Sex >0.999

Female 3 (15.0%) 2 (15.4%)

Male 17 (85.0%) 11 (84.6%)

BMI (kg/m2) 22.70±2.75 22.19±3.26 0.650

WBC (109/L) 6.19±2.05 6.12±2.58 0.842

HGB (g/L) 135.65±19.53 128.46±20.78 0.413

PLT (109/L) 221.55±81.53 183.77±71.46 0.181

TBIL (μmol/L) 15.22±6.36 16.96±7.09 0.524

ALB (g/L) 37.22±3.78 36.09±4.63 0.573

TRF (g/L) 2.52±0.77 2.40±0.40 0.928

PA (mg/L) 188.88±50.10 201.24±69.54 0.573

ALT (U/L) 40.50±24.65 39.38±15.61 0.524

AST (U/L) 48.90±27.82 36.46±10.49 0.353

γ-GGT (U/L) 73.5±47.04 79.31±46.44 0.624

BUN (mg/dL) 5.08±1.49 5.16±2.03 0.624

Cr (μmol/L) 72.90±13.94 77.77±12.36 0.181

HBV-DNA (/mL) 499,420.15±913,807.00 4,875,079.69±16,490,518.27 0.785

HBsAg (ng/mL) 674.77±299.15 652.12±309.87 0.842

PT (s) 12.83±1.45 12.85±0.93 0.928

INR 1.05±0.12 1.04±0.07 >0.999

AFP (ng/mL) 12,838.96±25,008.58 14,078.51±25,990.07 0.676

TCH (mmol/L) 4.45±1.08 5.24±1.58 0.147

HDL (mmol/L) 1.19±0.28 1.30±0.33 0.434

LDL (mmol/L) 3.19±1.01 3.81±1.71 0.392

Th/Ts (%) 1.91±0.70 1.98±0.82 0.957

IgG (g/L) 13.79±3.63 15.20±4.01 0.250

IgM (g/L) 1.26±0.45 1.40±0.37 0.235

IgA (g/L) 2.64±1.15 2.75±0.75 0.392

C3 (g/L) 0.85±0.17 0.82±0.22 0.334

C4 (g/L) 0.23±0.14 0.21±0.16 0.456

CK19 (%) 12.10±15.43 8.46±22.58 0.110

P53 (%) 51.00±23.37 11.92±17.86 <0.0001

Ki67 (%) 42.00±23.81 23.08±17.50 0.083

Ascites >0.999

No 18 (90.0%) 11 (84.6%)

Yes 2 (10.0%) 2 (15.4%)

Smoking >0.999

No 15 (66.7%) 10 (66.7%)

Table S1 (continued)
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Table S1 (continued)

Characteristic Y.AG (n=20) M.AG (n=13) P value

Yes 5 (33.3%) 3 (33.3%)

Drinking >0.999

No 18 (90.0%) 12 (92.3%)

Yes 2 (10.0%) 1 (8.7%)

Portal hypertension >0.999

No 11 (55.0%) 10 (76.9%)

Yes 9 (45.0%) 3 (23.1%)

Tumor size (cm) 7.60±3.67 6.58±4.86 0.353

ICG (%) 5.36±3.06 5.35±3.39 0.928

BCLC stage >0.999

A 12 (60.0%) 10 (76.9%)

B 8 (40.0%) 3 (23.1%)

P value was based on Fisher’s exact test and Mann-Whitney U-test. Y.AG, <45 years, n=20; O.AG, >65 years, n=20. Y.AG, younger age 
group; O.AG, older age group; AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
BCLC stage, Barcelona Clinic Liver Cancer stage; BMI, body mass index; BUN, blood urea nitrogen; C3, complement factors C3; 
C4, complement factors C4; CK19, cytokeratin-19-fragment; Cr, serum creatinine; γ-GGT, gamma-glutamyl transferase; HDL, high-
density lipoprotein; HGB, hemoglobin; IgA, immunoglobulin A; ICG, constitutional indocyanine green; IgG, immunoglobulin G; IgM, 
immunoglobulin M; INR, international normalized ratio; Ki67, Ki-67; LDL, low-density lipoprotein; PA, prealbumin; PLT, platelet; PT, 
prothrombin time; P53, Tumor suppressor p53; TBIL, total bilirubin; TCH, total cholesterol; Th/Ts, helper T cell/suppressor T cell; TRF, 
transferrin; WBC, white blood cell count.

Table S2 Comparison of clinical characteristics between the middle age group and the older age group before surgery

Characteristic M.AG (n=13) O.AG (n=20) P value

Age (year) 53.00±6.00 67.00±3.03 <0.0001

Sex >0.999

Female 2 (15.4%) 2 (10.0%)

Male 11 (84.6%) 18 (90.0%)

BMI (kg/m2) 22.19±3.26 23.59±2.34 0.074

WBC (109/L) 6.12±2.58 5.78±1.46 0.785

HGB (g/L) 128.46±20.78 143.80±14.81 0.030

PLT (109/L) 183.77±71.46 200.80±77.81 0.650

TBIL (μmol/L) 16.96±7.09 13.79±4.52 0.250

ALB (g/L) 36.09±4.63 37.30±3.66 0.478

TRF (g/L) 2.40±0.40 2.47±0.48 0.478

PA (mg/L) 201.24±69.54 210.12±56.75 0.703

ALT (U/L) 39.38±15.61 42.70±26.24 0.758

AST (U/L) 36.46±10.49 43.10±25.25 0.434

γ-GGT (U/L) 79.31±46.44 75.65±49.32 0.676

BUN (mg/dL) 5.16±2.03 4.82±0.80 0.928

Cr (μmol/L) 77.77±12.36 76.80±12.41 0.221

Table S2 (continued)
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Table S2 (continued)

Characteristic M.AG (n=13) O.AG (n=20) P value

HBV-DNA (/mL) 4875079.69±16490518.27 4289988.24±12362851.16 0.842

HBsAg (ng/mL) 652.12±309.87 536.79±305.57 0.235

PT(s) 12.85±0.93 12.50±1.67 0.281

INR 1.04±0.07 1.02±0.14 0.334

AFP (ng/mL) 14078.51±25990.07 391.78±1106.39 0.001

TCH (mmol/L) 5.24±1.58 4.78±1.07 0.501

HDL (mmol/L) 1.30±0.33 1.11±0.27 0.128

LDL (mmol/L) 3.81±1.71 3.50±0.97 0.870

Th/Ts (%) 1.98±0.82 1.50±0.53 0.074

IgG (g/L) 15.20±4.01 15.82±2.87 0.573

IgM (g/L) 1.40±0.37 1.42±0.45 0.842

IgA (g/L) 2.75±0.75 2.80±1.31 0.676

C3 (g/L) 0.82±0.22 0.98±1.31 0.008

C4 (g/L) 0.21±0.16 0.23±0.07 0.052

CK19 (%) 8.46±22.58 0.35±1.18 0.478

P53 (%) 11.92±17.86 22.60±34.21 0.870

Ki67 (%) 23.08±17.50 27.25±14.09 0.985

Ascites >0.999

No 11 (84.6%) 19 (95.0%)

Yes 2 (15.4%) 1 (5.0%)

Smoking >0.999

No 10 (66.7%) 16 (66.7%)

Yes 3 (33.3%) 4(33.3%)

Drinking >0.999

No 12 (92.3%) 16 (80.0%)

Yes 1 (8.7%) 4 (20.0%)

Portal hypertension >0.999

No 10 (76.9%) 15 (75.0%)

Yes 3 (23.1%) 5 (25.0%)

Tumor size (cm) 6.58±4.86 6.17±3.81 0.870

ICG (%) 5.35±3.39 5.97±3.29 0.624

BCLC stage >0.999

A 10 (76.9%) 11 (55.0%)

B 3 (23.1%) 9 (45.0%)

P value was based on Fisher’s exact test and Mann-Whitney U-test. Y.AG, <45 years, n=20; O.AG, >65 years, n=20. Y.AG, younger age 
group; O.AG, older age group; AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
BCLC stage, Barcelona Clinic Liver Cancer stage; BMI, body mass index; BUN, blood urea nitrogen; C3, complement factors C3; 
C4, complement factors C4; CK19, cytokeratin-19-fragment; Cr, serum creatinine; γ-GGT, gamma-glutamyl transferase; HDL, high-
density lipoprotein; HGB, hemoglobin; IgA, immunoglobulin A; ICG, constitutional indocyanine green; IgG, immunoglobulin G; IgM, 
immunoglobulin M; INR, international normalized ratio; Ki67, Ki-67; LDL, low-density lipoprotein; PA, prealbumin; PLT, platelet; PT, 
prothrombin time; P53, Tumor suppressor p53; TBIL, total bilirubin; TCH, total cholesterol; Th/Ts, helper T cell/suppressor T cell; TRF, 
transferrin; WBC, white blood cell count.
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Figure S1 Relative abundance of the top 10 gut microbiota among the younger age group, the middle age group, and the older age group at 
the (A) phylum, (B) class, and (C) order level. 
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Figure S2 Functional alteration caused by gut microbiota change through PICRUST2 prediction in (A) the younger age group versus the 
middle age group and (B) the older age group versus the middle age group. 
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Table S3 Functional alteration caused by microbial change through PICRUSt2 analysis in the younger age group versus the middle age group

Pathway ID Altered pathway P valve

GLUCONEO-PWY Gluconeogenesis I 0.041

PANTOSYN-PWY Pantothenate and coenzyme A biosynthesis I 0.027

PWY-5347 Superpathway of L-methionine biosynthesis (transsulfuration) 0.016

PANTO-PWY Phosphopantothenate biosynthesis I 0.021

MET-SAM-PWY Superpathway of S-adenosyl-L-methionine biosynthesis 0.013

HOMOSER-METSYN-PWY L-methionine biosynthesis I 0.014

PWY-6703 PreQ0 biosynthesis 0.030

PWY-6895 Superpathway of thiamin diphosphate biosynthesis II 0.014

PWY-5189 Tetrapyrrole biosynthesis II (from glycine) 0.049

PWY-7210 Pyrimidine deoxyribonucleotides biosynthesis from CTP 0.028

PWY-7198 Pyrimidine deoxyribonucleotides de novo biosynthesis IV 0.035

PWY-5177 Glutaryl-CoA degradation 0.044

PWY-5920 Superpathway of heme biosynthesis from glycine 0.031

PWY-6396 Superpathway of 2,3-butanediol biosynthesis 0.034

P125-PWY Superpathway of (R,R)-butanediol biosynthesis 0.018

PWY-1541 Superpathway of taurine degradation 0.049

Table S4 Functional alteration caused by microbial change through PICRUSt2 analysis in the older age group versus the middle age group

Pathway ID  Altered pathway P valve

PWY-7003 Glycerol degradation to butanol 0.040

PWY-7377 Cob(II)yrinate a,c-diamide biosynthesis I (early cobalt insertion) 0.047

THREOCAT-PWY Superpathway of L-threonine metabolism 0.021

GOLPDLCAT-PWY Superpathway of glycerol degradation to 1,3-propanediol 0.009

PWY-5005 Biotin biosynthesis II 0.015

P562-PWY Myo-inositol degradation I 0.003

PWY-6562 Norspermidine biosynthesis 0.024

CODH-PWY Reductive acetyl coenzyme A pathway 0.024


