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To observe the composition and abundance of the intestinal flora in patients with Wilson disease (WD)-related 
liver fibrosis and analyze the correlation between the composition of intestinal flora of patients and the evolution 
of evidence from Chinese medicine, we selected 237 patients with WD-related liver fibrosis and 30 healthy 
volunteers from the Brain Disease Center of Anhui Provincial Hospital of Chinese Medicine. The patients with 
WD-related liver fibrosis were divided into 5 groups according to traditional Chinese medicine (TCM) evidence 
(dampness-heat syndrome, group A; intermingled phlegm and blood stasis syndrome, group B; liver wind stirring 
up internally syndrome, group C; yin deficiency of the liver and kidney syndrome, group D; and yang deficiency 
of the spleen and kidney syndrome, group E) and a group healthy volunteers (group F), which served as the 
control. Stool samples were obtained from the patients in the 6 groups. The 16S rRNA sequencing technique 
was used to analyze the intestinal flora of the different TCM evidence groups of WD patients and the healthy 
control group and subjected to a statistical analysis. The intestinal flora abundance was significantly lower in 
patients with WD-related liver fibrosis than in healthy controls, and the decrease in strain content was more 
significant in patients with deficiency evidence in groups D and E. In terms of the structure of the phylum-level 
flora, the Firmicutes phylum was still the dominant phylum, but the contents of the evidence-type groups all 
decreased, with the most obvious decreases in groups D and E. The results for the Actinobacteria phylum were 
similar, whereas the opposite was true for the Proteobacteria phylum. The section-level and genus-level results 
corresponded to the gate level. The intestinal flora of the WD-related liver fibrosis patients and healthy controls 
differed in terms of abundance and intestinal flora structure, and there were also differences between different 
Chinese medicine certificates.
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INTRODUCTION

Hepatolenticular degeneration (HLD), also known as Wilson’s 
disease (WD), is an autosomal recessive disorder caused by 
mutations in the ATP7B gene encoding the ATP7B copper 
transport protein [1]. Mutations in this gene lead to reduced 
synthesis of copper cyanoproteins, causing a large accumulation 
of copper ions in the body, which affects mainly the liver and 
brain [2]. Eventually, patients may develop a variety of clinical 
manifestations, such as hepatic fibrosis leading to cirrhosis 
and damage to the basal ganglia region [3, 4]. The clinical 

manifestations of the disease are complex and varied, but hepatic 
fibrosis is the main pathological change in the liver of nearly every 
patient with WD, regardless of whether the condition is hepatic, 
cerebral, or another type [5]. Hepatic fibrosis is an early stage of 
end-stage liver disease and is a reversible process [6]. Numerous 
studies have shown that early and effective treatment can reverse 
liver fibrosis and significantly control disease progression to 
reduce mortality [7, 8].

The root cause of WD-related liver fibrosis is copper 
metabolism due to mutations in the ATP gene, which results 
in the deposition of large amounts of copper ions in the liver, 
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leading to mitochondrial dysfunction, lipid peroxidation, 
oxidative stress, something like and other, inducing intracellular 
inflammatory storms and the secretion of a variety of cytokines 
[9]. These cytokines can stimulate hepatic stellate cells to 
become myofibroblasts, and massive proliferation, accumulation, 
and imbalance of degradation lead to excessive deposition of 
extracellular matrix, abnormalities in the liver tissue structure, 
and eventual formation of hepatic fibrosis [10]. During ongoing 
liver damage, the functions of the liver, such as synthesizing 
albumin, are weakened, the synthesis of body substances is 
slowed, and the process of self-repair is slowed. The mesentery 
is more sensitive to hypoxia or ischemia due to the “lack of 
raw materials” and is prone to necrosis and detachment, thus 
increasing the permeability of the intestinal wall and making 
it easier for endotoxins and other toxins to flow into the body 
[11]. Therefore, the diversity of the intestinal flora varies at 
different stages of liver disease and is inextricably linked to 
systemic inflammation. When inflammation occurs in the liver, 
there is an imbalance in bile acid secretion, and either a lack of 
bile acids in the gut or an accumulation of bile acids in the gut 
may lead to overgrowth of bacteria and potent pathogens, which 
can exacerbate the risk of inflammation, bacterial translocation, 
hydrophobicity, and ionic transmembrane flow [12]. In addition, 
an imbalance in bile acid secretion affects the integrity of the 
intestinal epithelium and the mucosal immune response, thus 
indirectly regulating the composition of the microbial community 
[13]. A recent animal study revealed that hepatocellular carcinoma 
(HCC) mice induced with streptozotocin presented a significant 
increase in hydrophobic bile acids in the liver, downregulation of 
genes involved in bile acid synthesis and transport (e.g., CYP7A1 
and BSEP), and a consequent change in the intestinal flora as 
they progressed from liver fibrosis to hepatocellular carcinoma 
[14]. The researchers further reported increasing levels of 
Enterobacteriaceae and Clostridia and a gradual decrease in the 
abundance of Lachnospiraceae in the gut flora structure of the 
mice. Another study revealed that feeding secondary bile acids 
or colonization with bile acid-metabolizing bacteria regulated 
the structure of the intestinal flora in mice, protected the integrity 
of the intestinal mucosa, reduced the level of the inflammatory 
cytokine IL-6, and restored intestinal homeostasis to resist hepatic 
inflammation, thereby reversing hepatic fibrosis [15].

The intestinal tract is not only an important organ for the 
digestion and absorption of nutrients in the human body but also 
the first line of immune defense against food-derived antigens 
and pathogenic microorganisms. The human gut microbiota 
contains more than 3 million genes from bacteria, fungi, and 
viruses with high metabolic capacity [16], and its metabolites can 
act as important signaling molecules to the liver, which in turn 
can reflexively signal to the gut. This loop of intercommunication 
between the gut and the liver is known as the gut‒liver axis [17]. 
The gut‒liver axis is the result of a close interaction between the 
anatomy and physiology of the gastrointestinal tract and the liver, 
which is mediated mainly by the portal circulation [18]. The close 
relationship between the gut and the liver underlies the regulatory 
role of the gut microbiota in liver health [19]. Recent studies have 
revealed a significant reduction in the abundance and diversity of 
gut microorganisms in patients with liver fibrosis, with a decrease 
in beneficial bacteria and an increase in potentially pathogenic 
bacteria [20]. In addition, the gut microbiota influences the 
progression of hepatic fibrosis, mainly by maintaining gut barrier 

function and regulating metabolic function and the immune 
system [21]. Most of the current studies have been conducted 
only on patients with simple liver fibrosis, while the structure of 
the intestinal flora in patients with WD-related liver fibrosis has 
been less studied.

Patients with WD-related liver fibrosis have a wide range of 
clinical manifestations, including yellowing of the body and 
eyes, plumpness and dullness, and distension of the stomach 
and abdomen. Therefore, the symptoms can be summarized 
into the categories of “distention and fullness”, “jaundice”, and 
“distention” in Chinese medicine. The Chinese medical etiology 
of this disease primarily stems from a lack of innate endowment 
and an uncontrolled diet, resulting in the accumulation of 
copper toxin, stagnation of qi, and accumulation of phlegm 
and dampness, which eventually transform into heat. This 
heat generates wind, causing the liver wind to move inward. 
The disease is prolonged and affects the kidneys, resulting in 
deficiency of the liver and kidneys, which ultimately damages 
the spleen and stomach and leads to dysfunction of the spleen and 
stomach and deficiency of yang qi in the spleen and kidneys [22]. 
Therefore, according to the clinical manifestations and signs of 
WD patients and previous relevant studies, the different stages 
of the disease can be dialectically categorized into five types: 
internal dampness-heat, phlegm-blood stasis, internal movement 
of the liver wind, deficiency of the liver and kidney, and 
deficiency of the spleen and kidney yang [23]. Chinese medicine 
evidence is a pathological generalization of a certain stage in the 
process of disease occurrence and development, with dynamic 
and immediate characteristics. At this stage, the use of biological 
methods to find the objective basis of traditional Chinese medicine 
(TCM) symptoms has become a research hotspot in the field of 
TCM, with the goal of revealing the nature of symptoms from 
an objective point of view. Therefore, this study explored the 
correlation between the bacterial flora structure of WD patients 
and the two dynamic change mechanisms of Chinese medicine 
patterns from the perspective of the intestinal flora and explored 
whether bacterial flora characteristics may be the microcosmic 
embodiment of Chinese medicine patterns to provide new ideas 
and research directions for the early detection and treatment of 
different patterns of WD.

MATERIALS AND METHODS

Source of cases
We screened patients with WD with liver fibrosis who were 

diagnosed from December 2021 to December 2023 at the First 
Affiliated Hospital of Anhui University of Traditional Chinese 
Medicine. Each diagnostic criterion, inclusion criterion, and 
exclusion criterion was strictly evaluated. A total of 237 patients 
with five types of evidence of WD-related liver fibrosis were 
included, and 30 healthy volunteers composed the control group.

Diagnostic standards
The diagnostic criteria for WD referred to the Chinese 

Guidelines for the Diagnosis and Treatment of Hepatobiliary 
Nuclear Degeneration 2021 developed by the Chinese Medical 
Association [24]. For the diagnosis of liver fibrosis, reference 
was made to the Guidelines for Integrated Chinese and Western 
Medicine Diagnosis and Treatment of Liver Fibrosis (2019 
edition) written by the Liver Disease Committee of the Chinese 
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Society of Integrative Medicine [25]. TCM identification and 
typing were developed with reference to the WD Integrated 
Chinese and Western Medicine Treatment Guidelines 2021 [26].

Inclusion and exclusion criteria
The inclusion criteria for patients were as follows: (1) met 

the diagnostic criteria for WD, (2) met the diagnostic criteria 
for hepatic fibrosis, and (3) classified according to the above 
diagnostic criteria by TCM.

The exclusion criteria were as follows: (1) age <10 years or 
>50 years; (2) pregnant or lactating woman; (3) severe mental 
behavioral abnormalities; (4) viral hepatitis, autoimmune 
hepatitis, or alcoholic liver disease; (5) patient with a severe 
condition, such as hepatic encephalopathy, hepatorenal syndrome, 
upper gastrointestinal tract hemorrhage, or portal vein thrombosis, 
or other unstable patient; and (6) asymptomatic patient with WD.

Sample collection and preservation
Fresh feces excreted early in the morning by members of the 

WD liver fibrosis group and the healthy volunteer group were 
collected. To avoid contamination of the samples, urine was 
emptied beforehand, and all members defecated in a relatively 
sterile area to avoid other factors influencing the results of the 
study. The patient defecated into a preprepared container, and 
an uncontaminated portion (approximately 5 g) was selected 
via a sterile stool picker and sealed in a sterile environment. We 
then numbered the samples and stored them at −80°C for further 
analysis.

DNA extraction of the fecal flora
After all our samples from the WD liver fibrosis patients and 

healthy volunteers were collected, a DNA extraction kit was 
used to extract the total DNA from the samples. The NanoDrop 
technique was applied to quantify the DNA of the samples, and 
the quality of the extracted DNA was analyzed via the 1.2% 
agarose gel electrophoresis detection technique.

Polymerase chain reaction (PCR) amplification
During the PCR amplification process, the number of cycles 

of amplification was highly controlled, and the number of 
recirculations was minimized, while the amplification conditions 
were the same for all samples. When amplification was 
performed, a negative control group was set up so that microbial 
contamination of the environment and reagents could be detected 
and the rigor of the experiment could be ensured.

Purification and recovery of amplification products by magnetic 
beads

Vazyme VAHTSTM DNA Clean Beads (beads:product=0.8:1; 
Nanjing Vazyme Biotechnology Co., Ltd., Nanjing, China) were 
added to 25 µL of PCR product, mixed thoroughly, placed on 
a magnetic rack, and allowed to adsorb for 5 min, and then the 
supernatant was removed. Then, 20 µL of 0.8-fold magnetic bead 
wash solution was added, mixed thoroughly, placed on a magnetic 
rack, and allowed to adsorb for 5 min, and then the supernatant 
was removed. Two hundred microliters of 80% ethanol was 
added, and the mixture was placed in the opposite direction on 
the magnetic stand. The supernatant was removed after 30 sec, 
after which the mixture was incubated at room temperature for 
5 sec. When the ethanol volatilized, cracks were observed in the 

magnetic beads, indicating process completion. A total of 25 µL 
of elution buffer (Takara Biomedical Technology (Beijing) Co., 
Ltd., Beijing, China) was added for elution, and the PCR tube 
(Axygen Scientific, Inc., San Jose, CA, USA) was placed in an 
adsorption rack and left there for 5 min. Once fully adsorbed, the 
supernatant was removed, and the mixture was sealed. On the 
basis of the fluorescence quantification results, each sample was 
mixed in the appropriate proportion according to the sequencing 
volume required for the sample.

Sequencing library preparation
End Repair Mix 2 (Thermo Fisher Scientific, Waltham, MA, 

USA) was used to excise the protruding base at the 5 end of the 
DNA sequence, and during the excision process, a phosphate 
group was added to complement the missing base at the 3 end. 
To avoid self-attachment of the DNA fragments and ensure that 
the target sequence can be connected to the sequencing junction 
smoothly, the DNA sequence needs to be modified by adding an 
A base at the 3 end. To ensure that the DNA molecule is firmly 
placed on the Flow Cell (Takara Biomedical Technology (Beijing) 
Co., Ltd.), it is necessary to add the appropriate sequencing 
street to the 5 end of the DNA sequence, i.e., the sequencing 
junction possessed by the library-specific tag (index sequence). 
We used Beckman AMPure XP Beads (Axygen Scientific, Inc., 
San Jose, CA, USA) to remove the junction self-associated 
fragments via magnetic bead screening and purify the library 
system after junction addition. The above treated DNA fragments 
were amplified via PCR and the library enrichment products 
were purified again via Beckman AMPure XP Beads (Axygen 
Scientific, Inc.). Finally, 2% agarose gel electrophoresis was used 
to finalize the sequencing library.

Statistical methods
All the data in this study were statistically analyzed using 

the IBM SPSS Statistics 26.0 statistical software, and one-
way ANOVA was used for samples from multiple groups that 
simultaneously satisfied normality, χ2 tests of variance, and 
independence. The Kruskal‒Wallis H rank sum test was used 
if the above application conditions were not met. Completely 
randomized unordered categorical variable information for 
correlation and difference analysis was analyses via the χ2 tests. 
Differences were statistically significant at p<0.05 and significant 
at p<0.01.

Ethics
This study was reviewed and approved by the Ethics Committee 

of the First Affiliated Hospital of Anhui University of Traditional 
Chinese Medicine (Grant No. 2022MCZQ18).

RESULTS

Analysis of general clinical data
A total of 237 patients with WD-related liver fibrosis and 

30 normal healthy individuals were included. After dialectical 
typing, the included patients were divided into five groups: 
damp-heat internalization syndrome group (A), phlegm-stasis 
interconjunction syndrome group (B), liver-wind internalization 
syndrome group (C), liver-kidney deficiency syndrome group (D), 
and spleen-kidney yang deficiency syndrome group (E). There 
were no significant differences in sex, age, or degree of disease 
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among the six groups (including the control group; p>0.05), and 
the study data were comparable (Table 1).

Annotated statistics on operational taxonomic unit (OTU) 
classification of intestinal flora

Using the R package VennDiagram (v1.6.20) software, the 
valid tags obtained from the Quality Control were classified 
into OTUs according to 97% similarity, and the similarity and 
specificity of the composition of the OTUs in the environmental 
samples could be visualized through a Venn diagram, as shown in 
Fig. 1. The six groups contained 85 shared OTUs, as well as 576 
OTUs specific to group A (damp-heat internalization syndrome), 
274 OTUs specific to group B (phlegm-stasis mutual conjugation 
syndrome), 96 OTUs specific to group C (liver-qi stagnation 
syndrome), 111 OTUs specific to group D (liver-kidney-yin 
dystrophy syndrome), 12 OTUs specific to group E (spleen-
kidney-yang deficiency syndrome), and 444 OTUs specific to 
group F (healthy control). Sample richness information in the 
OTUs provides an initial indication of the species richness of a 
sample.

Species richness alpha diversity analysis
Alpha diversity analysis can be used to measure species 

richness in community ecology and is a composite indicator of 
species richness and evenness. In this study, rarefaction, rank-
abundance, and species accumulation curves were used to analyze 
the species diversity and abundance of the intestinal flora in the 
samples, all of which were part of the alpha diversity analysis.

Species richness dilution curve analysis
The shape of a rarefaction curve can directly reflect the 

reasonableness of the amount of test data and indirectly reflect 
the abundance of species in samples, as shown in Fig. 2. As the 
number of sequences increases, the curve gradually flattens out. 
When the species accumulation curve flattens, it indicates that the 
amount of sequencing data is asymptotically reasonable and that 
more data will produce only a very small number of new species 
(OTUs). According to Fig. 2, the sample sequence data measured 
in this experiment were sufficient and reasonable.

Species richness rank-abundance curves
The rank-abundance curve is a graph constructed on the basis 

of the number of sequences belonging to OTUs in the relevant 
samples, with the OTUs as the horizontal coordinate (ranked 
according to abundance) and their corresponding number of 
sequences (i.e., abundance) as the vertical coordinate. As shown 
in Fig. 3, the species richness of the samples from group F 

(control) was the highest, meaning that the species richness was 
lower for the five evidence groups. Among the five evidence 
groups, species richness was significantly lower in groups D and 
E than in the other groups, and that of group E was the lowest.

Intestinal flora species accumulation curve
As shown in Fig. 4, the curve sharply increases when the 

sample size does not reach 20, and the curve gradually flattens 
out after the sample size exceeds 20. As the sample size increases, 
the species no longer significantly increase, again indicating 
adequate sampling.

Analysis of differences in the diversity index of intestinal flora
A boxplot comparing the differences in flora among groups 

A, B, C, D, E, and F, based on the Chao1, Shannon, and 
Simpson indices is shown in Fig. 5. The Chao1 index indicates 
the number of OTUs contained, so larger values indicate more 
species contained in a sample. The Chao1 index was significantly 
reduced in the 5 evidence type groups compared with the 
control group (p<0.001). Moreover, as the evidence type of 

Table 1.	 General information analysis

Features Numbers Age (years) Gender (male) Duration of disease (years)
Group A 50 28.54 ± 6.27 27 (54.0%) 7.32 ± 3.09
Group B 60 29.33 ± 4.77 26 (43.3%) 7.17 ± 2.79
Group C 44 27.70 ± 5.45 20 (45.5%) 6.80 ± 3.28
Group D 43 29.28 ± 6.52 21 (48.8%) 6.77 ± 3.29
Group E 40 26.83 ± 6.63 23 (57.5%) 6.89 ± 3.96
Group F 30 30.40 ± 5.97 16 (53.3%) 6.90 ± 3.23
F/χ2 - 1.767 2.803 0.253
p-value - 0.120 0.730 0.908

Fig. 1.	 The operational taxonomic unit (OTU)/ amplicon sequence 
variant (ASV) distribution Venn diagram presents the number of 
species in the six sets of samples in different colors, with overlapping 
areas representing the number of shared species.
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WD patients shifted from solid to deficient, the Chao1 index of 
the species also gradually decreased, as shown in Fig. 5A. The 
Shannon index can be used to assess the richness and evenness 
of species composition in a sample. Larger values indicate that 
the environment is more species-rich and more evenly distributed 
across species. The Shannon index statistics were similar to those 

of the Chao1 index, with significant differences between the 5 
evidence groups and the control group (p<0.001). Furthermore, 
the bacterial abundance showed a more pronounced decrease in 
group E (p<0.001), as shown in Fig. 5B. Simpson’s index is the 
probability that two OTUs randomly selected from sample data 
belong to different species. Therefore, Simpson’s index is different 
from the above two indices, which are inversely proportional to 
community diversity (Fig. 5C).

Principal component analysis of bacterial colonies
The similarity of sample compositions can be reflected in 

a principal component analysis (PCA) plot. The higher the 
similarity in sample composition, the more concentrated the points 
are in the plot; conversely, the more dispersed the distribution, 
the lower the similarity. As shown in Fig. 6, among all the main 
coordinate components, the one that showed the most variability 
was the horizontal coordinate PC2 (with an explanation degree 
of 28.397%). The PCA shows that the samples of each evidence 
type group (A, B, C, D, and E) were distributed farther from 
group F on PC2 and that the distribution distances of groups 
A, B, and C were close to each other. We then further analyzed 
the gut microbes between the groups via supervised PLS-DA 
discriminant analysis, and as shown in Fig. 7, groups D and E 
were significantly clustered. On the other hand, the five evidence 
groups were significantly dispersed compared with the control 
group (group F). The above results suggest that the structural 
composition of the gut microorganisms was similar in patients 
in groups D and E, with differences between groups A, B, and 
C. Additionally, the compositions of the gut microorganisms in 
the five evidence groups were significantly different from that in 
group F.

Fig. 2.	 The six groups of data are represented by different colors in 
the rarefaction curve. The horizontal coordinate is the amount of 
sequencing data extracted, and the vertical coordinate is the number 
of operational taxonomic units (OTUs).

Fig. 3.	 Species richness rank-abundance curves were plotted for 
each sample by counting the number of corresponding operational 
taxonomic unit (OTU) sequences and then plotting them in ascending 
order according to the number of sequences.

Fig. 4.	 Species accumulation curve presents the total number of 
operational taxonomic units (OTUs)/ amplicon sequence variants 
(ASVs) included in the sample as the number of random samples 
increases.
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Heatmap of flora classification
The analytes in this study consisted of taxonomic units at the 

genus level for each group of subjects, and the top 100 genera in 
terms of relative abundance were plotted on a heatmap of genus 
richness, with the colors in the map representing the magnitude 
of abundance of the species. The color box at the bottom of 
Fig. 8 shows the corresponding percentage of species abundance 
as a gradient from blue to red. The colony clustering diagram 
allows for the differentiation of taxonomic units of high and 
low abundance, with color gradients and degrees of similarity 
reflecting similarities and differences in the composition of 
multiple samples at each taxonomic level. The heatmap shows 
the species composition of each sample. The more similar the 
species are in the left side of the figure, the closer they are in 
the clustering tree. Furthermore, the closer the distance is in 

the clustering tree, the shorter the branching distance of the 
clusters. This can reflect the similarity and difference in species 
composition for all the samples at a particular taxonomic level. As 
shown in Fig. 8, at the genus level, the most abundant genera of 
bacteria in patients with the damp-heat internalization syndrome, 
phlegm-stasis mutual conjugation syndrome, and liver-wind 
internalization syndrome were Escherichia and Unassigned, and 
the genera with the highest abundances in the patients with liver-
kidney deficiency syndrome and spleen-kidney yang-deficiency 
syndrome were Escherichia and Megamonas. The most abundant 
genera in the evidence groups showed extremely low abundances 
in the control group, with Bifidobacterium and Faecalibacterium 
being the most abundant genera in the control group.

Fig. 5.	 Diversity index boxplots in which A, B, and C refer to the intestinal flora Chao1, Shannon, and Simpson index statistic boxplots of the six 
groups, respectively. The two groups corresponding to the start and end of the horizontal line directly below the top of each boxplot were statistically 
analyzed to derive p-values and labeled.
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Distribution and differences in the bacterial flora structure at 
the portal level

Comparative observations of the composition and relative 
abundance of the microflora among the six groups revealed a 
high degree of variability in the number of major phyla between 
the evidence groups of patients with WD-related liver fibrosis 
and the control group (group F). The dominant phylum in all six 
groups of samples was still Firmicutes, but its level was lower 
in all groups with WD-related liver fibrosis than in group F; the 
opposite was true for Proteobacteria. All five evidence groups 
also presented lower levels of the Actinobacteria phylum than 
the control group (group F). The most significant decrease in the 
abundance of the Bacteroidetes phylum (p<0.05) and the highest 
percentage of the Proteobacteria phylum (p<0.05) were observed 
in group E, as shown in Fig. 9A and 9B.

Distribution of and differences in bacterial flora structure at the 
family level

The dominant flora at the family level for the six groups 
of samples were Lachnospiraceae, Enterobacteriaceae, 
Bifidobacteriaceae, Rumatobacteriaceae, and Bacteroidaceae. 
At the family level, Selenomonadaceae and Enterobacteriaceae 
showed the highest abundances in group E and were significantly 
greater than those in group F (p<0.05). The species richness of 
Bifidobacteriaceae was significantly reduced in the five evidence 
groups, with the most pronounced reduction in group E. The 
abundance of Lachnospiraceae in the control group (group F) 
was significantly greater than those in the five evidence groups, 
with the lowest content observed in group E. The differences 
were statistically significant (p<0.05; Fig. 10).

Distribution of and differences in bacterial flora structure at the 
genus level

The dominant genera at the genus level were Bifidobacterium, 
Escherichia, Faecalibacterium, and Megamonas. The five 

Fig. 6.	 Each point in the principal component analysis plot represents a sample, and the different colors of the points indicate the subgroups to which 
the samples belong. A closer distribution of the points indicates that the samples are more similar.

Fig. 7.	 Points of different colors or shapes in the partial least squares 
discriminant analysis plot represent sample groups in different 
environments or conditions, and the scales of the horizontal and 
vertical axes are relative distances.
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Fig. 8.	 The heatmap of the flora classification presents the 100 most abundant species detected in a randomly selected sample. The colors in the graph 
represent the magnitude of the abundance of the species, with the gradient from blue to red indicating low to high species abundance.
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evidence groups presented significantly lower Bifidobacterium 
abundances than the control group (group F), with the most 
significant decrease observed in group E (p<0.05). The levels 
of Escherichia in the bacterial flora of the five evidence groups 
were significantly greater than those of the control group, with 
the increases being more pronounced in groups B, D, and E. 
In addition, the levels of Faecalibacterium were all lower 
in the evidence groups than in the control group, with more 
significant decreases observed in groups C, D, and E, as shown 
in Fig. 11A and 11B.

DISCUSSION

In this study, we analyzed the composition and structure of the 
intestinal flora in stool samples from different evidence groups 
of patients with WD-related liver fibrosis via high-throughput 
sequencing of the V3–V4 region of 16S RNA and compared the 
results with those of a healthy control group (group F). First, 
after alpha diversity analysis, the sample size selected for this 
experiment was sufficient, and the data were real and reasonable, 
which confirmed the differences between the five common types 
of evidence in WD patients and the healthy control group. We 

Fig. 9. 	 A. Histogram of species composition at the phylum level for each group of mycobacteria. Each color in the diagram corresponds to one 
species, and the corresponding species are shown in the color annotations at the bottom of the histogram. B. Bubble diagram of the distribution of 
species abundance at the phylum level for each group of bacteriophages, with the size of the dots indicating the relative abundance of the species in 
the sample and the different colors of the dots indicating the different sample groups.
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compared the differences in the flora counts of the six groups in 
terms of the Chao1, Shannon, and Simpson indices. The results 
revealed that the intestinal flora counts of the WD patients with 
liver fibrosis were significantly lower than those of the healthy 
control group, and the differences were statistically significant 

(p<0.05). Moreover, as the patients’ conditions progressed, 
the evidence pattern changed from solid to deficient, from the 
beginning of damp-heat internalization, phlegm-stasis mutual 
conjugation, and hepatic wind internalization to evidence of liver-
kidney deficiency and spleen-kidney yang deficiency, and the 

Fig. 10.	 A. Histogram of species composition at the family level for each group of mycobacteria. Each color in the diagram corresponds to one species, 
and the corresponding species are shown in the color annotations at the bottom of the histogram. B. Bubble diagram of the distribution of species 
abundance at the family level for each group of mycobacteria, with the size of the dots indicating the relative abundance of the species in the sample 
and the different colors of the dots indicating the different sample groups.
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intestinal flora richness in the body was also gradually decreased. 
PCA and PLS-DA of the principal components revealed that 
the gut microbial compositions of the evidence groups were 
significantly different from that of the control group. There were 

also significant differences between groups A, B, and C, while 
the microbial structural composition was similar in Groups D 
and E. The microbial compositions of the evidence groups were 
significantly different from that of the control group. The heatmap 

Fig. 11.	 A. Histogram of species composition at the genus level for each group of mycobacteria. Each color in the diagram corresponds to one species, 
and the corresponding species are shown in the color annotations below the histogram. B. Bubble diagram of the distribution of species abundance 
at the genus level for each group of mycobacteria, with the size of the dots indicating the relative abundance of the species in the sample and the 
different colors of the dots indicating different sample groups.
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of the flora classification similarly confirmed these findings, with 
differences in the most highly abundant flora in groups A, B, and 
C for patients with solid evidence versus groups D and E for 
patients with deficient evidence and the abundance of flora in the 
evidence groups being the inverse of that in the control group.

Homeostasis of the gut‒liver axis is essential for maintaining 
the integrity of the intestinal mucus barrier and the physiological 
composition of the gut microbiome. In patients with WD-related 
liver fibrosis, the intestinal mucosal barrier is disrupted, bile 
secretion is reduced, and the liver influences the amount and 
composition of the intestinal flora by regulating bile acid secretion 
and signaling pathways mediated by bile acids [27]. An increasing 
number of studies have shown that there is an important link 
between the biodiversity and metabolites of the intestinal flora 
and the enterohepatic axis. Intestinal commensal microorganisms, 
as important components of the enterohepatic axis, promote 
inflammatory responses and lead to the development of hepatic 
fibrosis through mechanisms such as increasing the host’s energy 
intake, regulating the metabolism of choline and bile acids, and 
activating pattern recognition receptors. Additionally, these 
factors are causative of each other [28].

Our experiments on the distribution of the microbial structure 
of the samples and analysis of differences revealed that 
Firmicutes remained the dominant phylum in all the groups, but 
its abundance was significantly lower within the bacterial flora of 
the evidence groups of patients with WD. Firmicutes are a large 
group of bacteria that are mostly gram-positive and constitute the 
most common phylum of the intestinal microbiota; organisms in 
Firmicutes constitute an important part of the normal flora [29]. 
Most Firmicutes are capable of producing endospores that are 
highly dehydrated and can resist dehydration and even survive in 
extreme conditions [30]. Pathologically, a reduction in Firmicutes 
can induce hepatic steatosis and promote elevated levels of 
TNF-α mRNA, suggesting that the absence of Firmicutes may 
affect the immune system, leading to an abnormal hepatic 
inflammatory response [31] Chronic inflammation over time can 
stimulate excessive proliferation of hepatic connective tissues 
and contribute to the development of hepatic fibrosis.

The Actinobacteria phylum belongs to one of the four major 
phyla of the intestinal flora in the human body and plays a 
crucial role in the maintenance of intestinal microenvironmental 
homeostasis. The main anaerobic families in this phylum are 
Bifidobacteria and Propionibacteria, with many studies focusing 
on Bifidobacteriaceae, which are the most representative of the 
intestinal tract [32]. Bifidobacteria and lactobacilli are the two 
most common probiotics [33]. Bifidobacteria play a key role in the 
enterohepatic axis by inhibiting inflammation and oxidative stress 
and preventing hepatic lipid deposition [34, 35]. Experimental 
studies further revealed that supplementation with probiotics 
such as Bifidobacterium in rats improved liver pathology, restored 
intestinal barrier integrity, regulated and improved intestinal 
microbiota dysbiosis reduced serum inflammatory cytokines, and 
possibly reversed liver fibrosis [36]. Notably, the abundance of 
Bifidobacteria was highest in the healthy control group both at 
the family level and at the genus level, with a gradual decrease in 
abundance as the evidence shifted from solid to deficient and the 
conditions further aggravated. Moreover, these findings provide 
new ideas for the treatment of WD-related liver fibrosis, and in 
the clinic, supplementation with Bifidobacterium bifidum can be 
attempted to achieve a balance of intestinal microorganisms and 

maintain the stability of the gut‒liver axis to improve the clinical 
symptoms of patients.

In addition, we found that the phylum Proteobacteria and 
its corresponding genera Enterobacteriaceae and Escherichia 
coli varied significantly among the groups. Proteobacteria door 
colonization leads to significantly lower levels of glycine in the 
intestine, blood, and cerebrospinal fluid. However, glycine reduces 
hepatic fibrosis by decreasing intestinal mucosal permeability 
leading to reduced endotoxin absorption and decreased levels 
of enteric-derived endotoxin [37]; therefore, elevated levels of 
it may accelerate the process of hepatic fibrosis. The phylum 
Proteobacteria is gram-negative and contains many pathogenic 
bacteria, of which E. coli is the most common potential pathogen. 
During the progression of liver fibrosis to cirrhosis, the number of 
Enterobacteriaceae bacteria in the body increases dramatically. 
This increase leads to the release of large amounts of endotoxin 
in the plasma, which in turn inhibits the synthesis of intestinal 
epithelial proteins and impairs intestinal barrier function. This 
triggers a series of complex pathological effects, such as bacterial 
translocation, which ultimately leads to an imbalance in the 
structure of the intestinal flora [38].

The theory that the liver is connected to the large intestine 
was first mentioned in Chinese medicine in the Treatise on 
the Interpolation of the Five Organs [39], which is similar 
to the theory of the gut‒liver axis in modern medicine. The 
physiological coordination, pathology, mutual influence, turbid 
obstacles, and turbid gas in the liver and large intestine increase, 
followed by the loss of excretion in the liver. Conversely, if the 
liver stagnates, the loss of regulation in the liver and can affect the 
opening and closing of the turbid discharge in the large intestine. 
Patients with WD often experience innate deficiencies, copper 
toxicity, and impaired excretion. Over time, copper accumulates 
in the liver and contributes to dampness, heat, phlegm, and blood 
stasis. These conditions can lead to symptoms such as shaking 
limbs, writhing of hands and feet, and tonic contractures, which 
are observable in affected patients. As the course of the disease 
lengthens, tangible real evils further gather, the positive qi 
weakens, the pattern of evidence changes from solid to deficient, 
and the condition is further aggravated [40]. A previous study 
reported [41] that spleen and kidney yang deficiency was the most 
serious type of WD-related liver injury, and our present study also 
revealed that patients with spleen and kidney yang deficiency 
presented the most significant decrease in the abundance of the 
intestinal flora. Moreover, the decrease in the content of probiotics 
and the increase in the content of potentially pathogenic bacteria 
were extremely significant. In addition, there were significant 
differences in the structure and composition of the intestinal flora 
between patients in the A, B, and C solid evidence groups and 
patients in the D and E deficiency evidence groups. The above 
results can provide new insights into the dialectical typing of 
patients with WD-related liver fibrosis and the development of 
individualized diagnostic and treatment strategies.

In this study, we investigated the diversity and variability of 
the intestinal flora in patients with different evidence of WD-
related liver fibrosis to further analyze and explore the possible 
underlying causes. During the evolution of WD patients from the 
damp-heat internalization, phlegm-blood stasis mutualization, and 
liver-wind internalization to liver-kidney deficiency and spleen-
kidney yang deficiency patterns, the level of liver inflammation 
and fibrosis also continues to progress, and the composition of 
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the intestinal flora undergoes dynamic and significant changes. 
The external manifestations of different types of symptoms are 
closely related to the internal flora structure, which is also in 
line with the basic characteristics of the “holistic view” of the 
Chinese medicine theory system. This study provides evidence 
from Chinese medicine for the treatment of WD-related liver 
fibrosis, which provides a theoretical basis and new ideas for the 
differential diagnosis, prevention, and treatment of this disease in 
Chinese medicine.

However, there are still some shortcomings in this study. 
First, the sample size of this study is small and the results are not 
representative and generalizable. In the future, we need to expand 
the sample size to further explore the differences between the 
intestinal flora of WD patients. Second, our study illustrated only 
the correlation between intestinal flora and different syndromes 
in WD-related liver fibrosis patients, but we did not study the 
underlying mechanisms in depth. Therefore, it is still necessary 
to systematically study the specific pathogenic mechanisms that 
cause changes in the intestinal flora across different syndromes 
to provide new breakthroughs in the field of traditional Chinese 
medicine for WD-related liver fibrosis.
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