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Bile acids (BAs) play a crucial role in the pathogenesis of hepatic cirrhosis, with their composition and effects
varying across liver diseases with different etiologies. This study investigated the dynamic profile of BAs in HBV-
associated chronic liver diseases, identify BA-based stratification markers for hepatic cirrhosis, and explore their
role in fibrogenesis. Serum profiles of fifteen BAs were detected in patients with HBV-associated chronic liver
diseases. The correlation between clinical parameters and these BAs were analyzed. BA effects on the secretion
and inflammatory phenotype of LX-2 cells were assayed by ELISA and flow cytometry. Five conjugated BAs
progressively increased during the progression of liver disease. Among them, taurochenodeoxycholic acid
(TCDCA) was superior to the other BAs in evaluating the severity of hepatic cirrhosis. TCDCA was positively
correlated with AFP, AST, DBIL, PT, and CysC. Effective antiviral treatment significantly reduced the level of
TCDCA. Meanwhile, TCDCA stimulated IL-10 secretion and suppressed IL-15 and fibrous mediator release by
LX-2 cells. It also enhanced the fluorescence intensity of IL-15R and IL-22R, while reducing IL-17R intensity
on LX-2 cells. Therefore, TCDCA could serve as a promising stratification biomarker of HBV-related hepatic
cirrhosis, possessing anti-inflammatory and anti-fibrotic properties that may contribute to ameliorating liver
fibrosis.

Hepatitis B virus (HBV) infection continues to pose a significant global health challenge. Chronic HBV
infection is characterized by suppressed innate immunity and compromised CD8+T cell function'-*which
could subsequently progress to liver fibrosis, hepatic cirrhosis (HC), and hepatocellular carcinoma (HCC)**.
Emerging clinical evidences have demonstrated that timely therapeutic interventions can partially reverse
hepatic fibrosis and cirrhosis®~. Therefore, identifying sensitive stratification markers of hepatic cirrhosis and
novel therapeutic strategies is crucial.

BAs, as essential components of bile, serve critical functions in glycolipid metabolism!®-2immunomodulati
on'*'3gut microbiota homeostasis, and oncogenic processes'®. Recent studies have shown that BAs are involved
in the pathogenesis of hepatic cirrhosis. For instance, BAs drive the progression of nonalcoholic fatty liver disease
(NAFLD) through farnesoid X receptor (FXR) and Takeda G protein-coupled receptor 5 (TGR5)-dependent
signaling pathways!”3. Glycoursodeoxycholic acid exacerbates liver fibrosis by activating TGR5-mediated
p38MAPK and ERK1/2 signaling cascades!®. Although BA profiles exhibit distinct alterations across chronic
liver diseases of various etiologies®>*!'the specific patterns characterizing the transition from chronic hepatitis
B (CHB) to HBV-associated compensated hepatic cirrhosis (HBV-CHC) and subsequently to HBV-associated
decompensated hepatic cirrhosis (HBV-DHC) remain undefined. Furthermore, the functions of stage-specific
bile acids and potential associations between BA profiles and anti-HBV therapeutic efficacy require elucidation.

This investigation characterized BA profiles across different stages of HBV-related chronic liver disease,
evaluated their correlation with clinical parameters, and assessed the impact of candidate BAs on the secretion
and inflammatory phenotype of hepatic stellate cells in fibrogenesis. It contributed to the identification of
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BA-based stratification markers for HBV-associated hepatic cirrhosis (HBV-HC) and provided insights into
therapeutic strategies targeting BA signaling in hepatic fibrogenesis.

Materials and methods
Subjects
In our study, all the subjects were obtained from the First Affiliated Hospital of Chongqing Medical University,
China. Blood samples were collected from patients with CHB, HBV-HC, and HBV-HCC. The inclusion criterion
for patients with chronic HBV infection was that the patients had a HBsAg-positive status for more than 6 months
with or without a detectable HBV-DNA load. The exclusion criteria included autoimmune disorders, bacterial,
fungal, or other viral infections, taking medication that interfered with the metabolism of bile acid, history
of cholecystectomy, extrahepatic tumor, or any other pre-existing chronic conditions. According to Chinese
guidelines on the management of liver cirrhosis from Chinese Society of Hepatology of the Chinese Medical
Association, HC was diagnosed by histopathology, ultrasound and imaging features, clinical manifestations, and
laboratory tests. HC was further classified into two categories: CHC and DHC. Diagnosis of HCC was confirmed
by pathological changes or imaging characteristics.

All procedures were performed in accordance with the 1975 Declaration of Helsinki and the ethical standards
of The First Affiliated Hospital of Chongqing Medical University (Approval No.2020 — 841).

Bile acid assay in peripheral blood

Peripheral blood samples were collected in the early morning after fasting. Serum was promptly separated by
centrifugation at 3000 rpm for 5 min. Based on the nature of the analyte, appropriate liquid chromatography
conditions and mass spectrometry parameters were selected for UHPLC-HRMS analysis to determine bile
acid concentrations. The concentrations of BAs including GCA, Glycochenodeoxycholic acid (GCDCA),
Glycoursodeoxycholic acid (GUDCA), TCA, TCDCA, Tauroursodeoxycholic acid (TUDCA), Cholic acid (CA),
Lithocholic acid (LCA), Chenodeoxycholic acid (CDCA), Ursodeoxycholic acid (UDCA), Glycolithocholic acid
(GLCA), Glycodeoxycholic acid (GDCA), Taurolithocholic acid (TLAC), Taurodeoxycholic acid (TDAC) and
Deoxycholic acid (DCA) were comprehensively analyzed.

Clinical data collection

The collected clinical data included gender, age, alpha-fetoprotein (AFP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), total bilirubin (TBIL), direct
bilirubin (DBIL), creatinine (Cr), blood urea nitrogen (Bun), cystatin C (CysC), prothrombin time (PT),
fibrinogen (FIB), D dimer, fibrinogen degradation products (FDP), HBV-DNA load, HBsAg, HBeAg, HBeAb,
and HBcAb.

Cell stimulation

LX-2 cells, a human hepatic stellate cell line (CTCC-0373-Lucl, MeisenCTCC, CHN), were inoculated in 24-well
plates at a concentration of 5 x 10*/ml and cultured in DMEM supplemented with 2% foetal bovine serum (FBS).
After cell adherence, LX-2 cells were stimulated with TCDCA at a concentration of 50uM, 100pM, 150uM, and
200uM for 24 h, 48 h, and 72 h, respectively. Simultaneously, a control group (DMSO) was established. Then,
the supernatant was collected for detecting cytokines (IL-1B. IL-6. IL-10. IL-15, and TNF-a) and fibrous
markers (HA, colIV, LN, and PIIINP) by ELISA.

Flow cytometry

LX-2 cells were cultured in 6-well plates and stimulated with 100 uM TCDCA for 72 h. Subsequently, LX-2 cells
in the experimental group and the control group were collected for flow cytometry. Anti-IL-20R, anti-IL-22R,
anti-IL-15R, and anti-IL-17R were purchased from R&D systems (Wuhan, Hubei, China). The LX-2 cells were
resuspended in antibody diluent and incubated for 45 min. Then, these cells were washed in PBS supplemented
with 1% FBS. After washing them again, the supernatant was discarded. Finally, antibody-stained LX-2 cells
were resuspended in PBS supplemented with 1% PFA. All data were analyzed using Flowjo software.

Statistical analysis

Statistical analyses were performed using R language version 4.2.0 (https://mirrors.tuna.tsinghua.edu.cn/CRA
N/). When the data did not conform to a Gaussian distribution, nonparametric Kruskal-Wallis test was used to
compare the differences in BAs across different groups, while Wilcoxon-Mann-Whithney test was applied for
the comparison of two variables. The stratification biomarkers for HBV-associated chronic liver diseases were
identified using receiver operating characteristic (ROC) curves generated by the“pROC”package Version 1.18.4
(https://cran.r-project.org/web/packages /pROC/index.html). The correlation between the clinical parameters
and BAs was calculated by Spearman correlation analysis using the“rcorr’function in the “Hmisc”package
Version 5.1-0 (https://cran.r-project.org/web/packages/Hmisc/). Unpaired t test was conducted to analyze the
impact of TCDCA on LX-2 in cell stimulation experiment. P < 0.05 was considered statistically significant. 0.3 <R
value < 0.5: weak correlation, 0.5 <R value <0.8: moderate correlation, 0.8 <R value < 1: strong correlation.

Results

The dynamic alterations of fifteen BAs at different stages of chronic liver diseases associated
with HBV infection

A cohort of 267 patients with chronic HBV infection was prospectively enrolled, comprising 117 CHB, 47 HBV-
CHC, 49 HBV-DHC, and 54 HBV-HCC cases. Demographic and clinical characteristics of the cohort were
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presented in Table 1. Quantitative analysis revealed progressive elevations in five conjugated BAs, including
GCA (CHB vs. HBV-CHC: P=0.026; HBV-CHC vs. HBV-DHC: P=0.001), GCDCA (CHB vs. HBV-CHC:
P=0.023; HBV-CHC vs. HBV-DHC: P=2.2¢-08), TCA (CHB vs. HBV-CHC: P=0.0018; HBV-CHC vs. HBV-
DHC: P=7.2e-10), TCDCA (CHB vs. HBV-CHC: P=8.7e-05; HBV-CHC vs. HBV-DHC: P=5.1e-09), and
TUDCA (CHB vs. HBV-CHC: P=0.0035; HBV-CHC vs. HBV-DHC: P=3.4e-06), from the CHB to the HBV-
CHC and the HBV-DHC, with TCDCA showing the most pronounced dynamic changes. Concurrently, DCA
(P=0.026) and LCA (P=0.011) concentrations were significantly reduced from the HBV-CHC to the HBV-
DHC, although no intergroup differences were observed between the CHB and HBV-CHC groups (Fig. 1A).
ROC curve analysis identified TCDCA as a robust diagnostic biomarker, with optimal cutoff values of 101.08 ng/
ml for distinguishing CHB from HBV-CHC (AUC 0.7677, Youden index 0.4445, sensitivity 0.7778, specificity
0.6667, 95%IC: 0.6570-0.8783) (Fig. 1B) and 1588.6 ng/ml for distinguishing HBV-CHC from HBV-DHC (AUC
0.8030, Youden index 0.5698, sensitivity 0.7872, specificity 0.7826, 95%IC: 0.7125-0.8934) (Fig. 1C). Compared
with the established non-invasive fibrosis biomarkers, such as APRI, FIB-4, and GPR, TCDCA exhibited superior
diagnostic accuracy for HBV-CHC (Fig. S1A). For HBV-DHC, its diagnostic performance was only marginally
lower than that of FIB-4, while outperforming these of APRI and GPR (Fig. S1B). In addition, our data revealed
that the level of UDCA (p=0.036) is elevated in the HBV-HCC group compared to that in the HBV-related
benign liver disease group (Fig. S1C).

The correlations between these five conjugated BAs and the clinical parameters in patients
with chronic HBV infection

To explore the clinical significance of five conjugated BAs in the progression of chronic HBV infection, we
analyzed their correlations with immunological, biochemical, and virological markers. The results revealed
that AFP was positively correlated with GCA (CHB: R=0.4400, P<0.0001; HBV-HC: R=0.5440, P<0.0001),
GCDCA (CHB: R=0.3750, P<0.001; HBV-HC: R=0.4590, P<0.0001), TCA (CHB: R=0.5010, P<0.0001;
HBV-HC: R=0.6040, P<0.0001), TCDCA (CHB: R=0.4590, P<0.0001; HBV-HC: R=0.5510, P<0.0001), and
TUDCA (CHB: R=0.4550, P<0.0001; HBV-HC: R=0.4550, P<0.0001) in both the CHB and HBV-HC groups.
Notably, the correlations of AFP with GCA and TCDCA were stronger in the HBV-HC group compared to the
CHB group (Fig. 2A).

Further correlation analysis between liver function parameters and the five conjugated BAs demonstrated
positive correlations of AST, ALT, DBIL, and GGT with four conjugated BAs, including GCA, GCDCA, TCA,
and TCDCA, in both the CHB and HBV-HC groups. Moreover, the correlations of these four conjugated BAs
with AST and DBIL were stronger in the HBV-HC group compared to the CHB group (Fig. 2B-E). However, a
positive correlation with TBIL was observed only in the HBV-HC group (Fig. 2F).

Regarding the effects of these five conjugated BAs on coagulation function, our data indicated a positive
correlation with PT. Among these, TCDCA showed a weak correlation with PT in the CHB (R=0.4420, P<0.01)
and a moderate correlation with PT in the HBV-HC (R=0.5390, P<0.0001) (Fig. 2G). No correlations were
observed between these five conjugated BAs and D-dimer, FDP, or FIB (Fig. S2 A-C) .

HBV-CHB HBV-CHC HBV-DHC HBV-HCC
Clinical parameters (n=117) (n=47) (n=49) (n=54)
Age(year) 39 (30, 49) 48 (37.50, 53.00) 57 (51, 66) 54 (49, 62)
Gender (male/female) | 81/36 36/11 31/18 41/13
AFP (ng/ml) 3.55 (2.48, 6.75) 520(2.70,22.30) | 8.85 (2.63, 61.95) 247.8 (6.20, 2537.50)
ALT (U/L) 31.00 (20.00, 75.00) | 38.45 (20.25, 86.50) | 36.00 (21.00, 74.00) | 34.00 (23.25, 60.25)
AST (U/L) 23.00 (18.00, 46.00) | 32.00 (21.00, 56.50) | 52.00 (30.00, 116.00) | 50.00 (29.25, 123.00)
GGT (U/L) 23.00 (15.00, 64.50) | 36.00 (21.00, 92.00) | 47.00 (21.50, 126.00) | 122.00 (37.50, 276.00)
TBIL (umol//L) 11.90(9.70,16.40) 15.65(12.30,35.27) | 41.30(20.80,78.40) 25.10(13.78,47.10)
DBIL(umol/L) 4.70(3.70,6.70) 7.30(4.93,12.83) 14.70(6.60,51.80) 10.05(5.00,24.12)
BUN (mmol/L) 4.40(3.60,5.40) 4.55(3.70,5.78) 5.20(4.30,6.30) 5.60(3.83,7.45)
Cr (umol/L) 75.00(62.50,82.50) | 73.00(61.25,86.00) | 70.00(60.00,88.00) 69.50(56.25,78.75)
Cysc (mg/L) 0.75(0.64,0.84) 0.90(0.77,1.00) 1.22(1.05,1.45) 0.90(0.79,1.16)
PT (s) 13.70(13.20,14.30) 14.30(13.40,16.00) 17.35(15.78,18.82) 14.90(14.00,16.20)
FIB (g/L) 2.10(1.81,2.61) 2.17(1.85,2.47) 2.01(1.57,2.45) 2.49(2.10,3.89)
FDP (pug/ml) 0.85(0.60,1.68) 0.90(0.60,1.20) 4.55(2.45,10.45) 3.10(0.70,8.90)
D dimer (mg/L) 0.35(0.16,0.49) 0.24(0.17,0.34) 1.63(0.91,4.38) 1.27(0.50,3.54)
HBV-DNA (log,, IU/ml) | 1.90(1.28,4.43) 1.28(1.28,6.15) 2.89(1.28,4.05) 2.06(1.28,4.19)
HBsAg (TU/mD) (24(1)398.168,5263.30) 22651;;(()),4561.00) ?559.'22,1 125.30) (752591,1975..87)
HBeAg (S/CO) 0.51(0.38,108.11) | 0.50(0.35,8.51) 0.37(0.06,0.48) 0.36(0.05,0.74)
HBeAb (S/CO) 1.02(0.02,19.43) 0.72(0.02,19.60) 0.30(0.02,90.66) 1.56(0.03,95.51)
HBcADb (S/CO) 8.54(7.98,9.40) 9.02(8.24,9.90) 10.97(8.55,476.26) | 9.56(8.48,392.16)

Table 1. Demographic and clinical characteristics of the cohort.
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Fig. 1. Progressive increase in the levels of five conjugated BAs during the progression of HBV-associated
chronic liver diseases and their potential for assessing hepatic cirrhosis. A. The levels of GCA, GCDCA, TCA,
TCDCA, and TUDCA were progressively elevated from the CHB to the HBV-CHC and to the HBV-DHC
group. B. ROC curve analysis indicated that TCDCA could effectively differentiate the CHB from the HBV-
CHC. C. TCDCA showed potential for distinguishing the HBV-CHC from the HBV-DHC. The horizontal bars
represent the median, and the extremities of the vertical bars represent the range (25%-75% in the scatter dot

plot).

Additionally, the correlation analysis between the five conjugated BAs and renal function revealed that
GCDCA (CHB: R=0.3360, P<0.001; HBV-HC: R=0.3770, P<0.001), TCA (CHB: R=0.4040, P<0.0001;
HBV-HC: R=0.3260, P<0.01), and TCDCA (CHB: R=0.3980, P<0.0001; HBV-HC: R=0.3900, P<0.001) are
positively correlated with CysC in both the CHB and HBV-HC groups (Fig. 2H). Notably, TCDCA exhibited
the strongest positive correlation with CysC. However, no correlation was observed between these BAs and Cr
or BUN (Fig. S2 D.E). These findings suggested that TCDCA may serve as an indicator for early kidney injury.

Scientific Reports |

(2025) 15:30547

| https://doi.org/10.1038/s41598-025-16348-z

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A AFP *:0.01<p<0.05 B *:0.01<p<0.05
**:0.001<p<0.01 **:0.001<p<0.01
+++:0.0001<p<0.001 *+0.0001<p<0.001

CHB- ++++p<0.0001 CHB- **+:p<0.0001

080 060
0.55 055
HBV-HC- 050 HBV-HC- 050
045 045
- - 040

8 a = 040

> =) =] 5]

o 0 0

> > >

C *0.01<p<0.05 D DBIL *:0.01<p<0.05
*+:0.001<p<0.01 **:0.001<p<0.01
*+:0,0001<p<0.001 *++:0.0001<p<0.001

CHB- **++p<0.0001 CHB- *++:p<0.0001

05 060
d 055
HBV-HC- 4 HBV-HC- 050
7 03 045
040
2] - = =
g ¢ ¢ & &
& 3 o o
> > >
“0.01<p<0.05 *0.01<p<0.05

E :0.001<p<0.01 F =0, oo1<p<0 01
++:0.0001<p<0.001 £44:0.0001<p<0.001

CHB- ****p<0.0001 CHB- ***:p<0.0001

05 06
04
HBV-HC- HBV-HC-
03 04
- -
g 8 S 02 03
> 8 > o o
> > >
+0.01<p<0.05 CysC *0.01<p<0.05
G **0.001<p<0.01 H ¥ **:0.001<p<0.01
CHB-

>

**+:0.0001<p<0.001 **:0.0001<p<0.001
----- - o ----- .

045
S ----- PR - -

voaoon

VoL

@
0
>

>

voaolL
voant
voaon
voaolL
voant

Fig. 2. Correlation of five conjugated BAs with some clinical indicators in HBV-associated chronic liver
diseases. A. Five conjugated BAs were positively correlated with APE B-E. GCA, GCDCA, TCA, and TCDCA
were positively associated with AST, ALT, DBIL, and GGT in the CHB and the HBV-HC. F. GCA, GCDCA,
TCA, and TCDCA were only positively correlated with TBIL in the HBV-HC. G. These 5 conjugated BAs have
a positive correlation with PT. H. GCDCA, TCA, and TCDCA were positively correlated with CysC.

In patients receiving antiviral treatment, we compared the serum levels of five conjugated BAs between two
groups: one with an HBV-DNA load <20 IU/L (antiviral-low) and the other with an HBV-DNA load =20 IU/L
(antiviral-high). The data revealed a significant decrease in the levels of GCA (P=0.016) and TCDCA (P=0.027)
in the antiviral-low CHB group compared to the antiviral-high CHB group (Fig. 3A). Similarly, in the antiviral-
low HBV-HC group, we observed significantly reduced levels of GCA (P=9.2e-06), GCDCA (P=0.00058), TCA
(P=0.0015), and TCDCA (P=0.0088) compared to the antiviral-high HBV-HC group (Fig. 3B). These findings
suggested that effective antiviral treatment can significantly lower the levels of GCA and TCDCA in both the
CHB and HBV-HC groups, with a more pronounced effect in the antiviral-low HBV-HC group.

The impact of TCDCA on the secretion of LX-2

To investigate the effect of TCDCA on LX-2 cells, we assayed the concentrations of some cytokines and fibrotic
components in the supernatant at 24 h, 48 h, and 72 h post-stimulation. The results demonstrated that TCDCA
could stimulate the secretion of IL-10 (50 pum, P=0.0068; 100 pm, P=0.0041;150 pm, P=0.0095; 200 pm,
P=0.0093), while inhibiting the secretion of IL-15 (50 pm, P<0.0001; 100 um, P<0.0001; 150 pm, P<0.0001;
200 pm, P<0.0001) at 72 h post-stimulation (Fig. 3C). Meanwhile, TCDCA markedly suppressed the secretion
of HA (50 um, P<0.0001; 100 pm, P<0.0001; 150 um, P<0.0001; 200 um, P<0.0001) at 24 h post-stimulation
and significantly reduced the secretion of ColIV and PIIINP at all three time points (Fig. 3D). However, there
were no differences in the concentrations of IL-1B, IL-6, TNF-a, and LN between the TCDCA-stimulated group
and the control group.

The impact of TCDCA on the inflammatory phenotype of LX-2

To investigate the effect of TCDCA on the inflammatory phenotype of LX-2 cells, we detected the fluorescence
intensity of IL-17R, IL-20R, IL-15R, and IL-22R in the TCDCA-stimulated group, the DMSO control group, and
the isotype control group using flow cytometry. Our findings showed that the fluorescence intensity of IL-17R
in the TCDCA-stimulated group is obviously decreased (P=0.0392), while the fluorescence intensity of IL-15R
(P=0.0014) and IL-22R (P=0.0155) is significantly increased compared with that in the DMSO control group
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Fig. 3. The correlation of antiviral treatment with TCDCA and the effects of TCDCA on the inflammatory
phenotype of LX-2 cells. A. The levels of GCA and TCDCA were significantly decreased in the antiviral-low
CHB group compared to those in the antiviral-high CHB group. B. The levels of GCA , GCDCA, TCA, and
TCDCA were significantly reduced in the antiviral-low HC group compared to those in the antiviral-high

HC group. C. TCDCA promoted the secretion of IL-10 while inhibiting the secretion of IL-15 at 72h post-
stimulation. D. TCDCA suppressed the secretion of HA at 24h post-stimulation and significantly reduced the
secretion of CollV and PIIINP at all three time points. E. TCDCA inhibited the expression of IL-17R while
promoting the expression of IL-15R and IL-22R on the LX-2 cells. Fluorescence intensity in the DMSO control
group and the isotype control group was represented by gray and by blue, respectively, while the fluorescence
intensity in the TCDCA-stimulated group was represented by orange.

and the isotype control group. Additionally, no significant difference in the fluorescence intensity of IL-20R was
observed between the TCDCA-stimulated group and the control group (Fig. 3E).

Discussion

Liver diseases associated with HBV infection rank among the top 15 leading causes of death worldwide. Multiple
factors are involved in the pathogenesis of HBV-associated chronic liver diseases. Recently, the effect of BAs
on the progression of liver diseases has garnered more attention. BAs act as signaling molecules, influencing
multiple physiological processes, including host energy metabolism?*?*cancer progression*’and immune
modulation?*?>2%, Some studies have shown that the profiles of BAs differ among patients with different chronic
liver diseases?”?8. For example, taurine conjugated bile acids are predominant in alcoholic liver diseases, while
UDCA is more prevalent in primary biliary cholangitis. As for the patients with HBV infection, it has been
reported that deoxycholate is the most abundant in the serum. However, our data showed that five conjugated
BAs, including GCA, GCDCA, TCA, TCDCA and TUDCA, are gradually increased from CHB to HBV-CHC
and to HBV-DHC, which highlights the dynamic alteration in the BA profile during the progression of liver
disease. Among them, TCDCA proved to be an effective indicator for differentiating CHB from HBV-CHC, with
a cutoff value of 101.08, and for identifying HBV-DHC, with a cutoff value of 1588.6. Compared to established
non-invasive biomarkers for cirrhosis, such as APRI, FIB-4, and GPR, TCDCA exhibited superior diagnostic
accuracy for cirrhosis, especially for HBV-CHC.

Our findings also indicated that no significant elevation in TCDCA levels was observed in the HBV-HCC
group compared to the HBV-related benign liver diseases, which is consistent with previous study®’. Regarding
the reasons, we propose that both hepatic cirrhosis and hepatocellular carcinoma are associated with disruptions
in bile acid homeostasis. As hepatocellular carcinoma develops, bile acid metabolism is extensively altered due
to severe liver dysfunction, tumor-induced alterations in bile acid transporters, and shifts in gut microbiota
composition®. These factors may influence altered hepatic synthesis and circulation of TCDCA. However,
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UDCA elevation was found in the HBV-HCC group, which suggests potential oncogenic properties, warranting
investigation into its role in hepatocarcinogenesis.

TCDCA is synthesized in liver through the conjugation of taurine and ursodeoxycholic acid®*'and exhibits
a wide range of effects, including anti-inflammatory, anti-tumor, lipid-regulating, and immune-modulating
properties. It has been reported that TCDCA is correlated with some clinical indexes such as TBIL and PT in liver
diseases, especially in drug induced liver injury*? and alcoholic cirrhosis®®. Nevertheless, there are few studies
focused on patients with chronic HBV infection. Our study provided further evidence that TCDCA is positively
correlated with AFP, AST, DBIL, PT, and CysC in the CHB and the HBV-HC group. Notably, the correlations of
TCDCA with AFP, AST, DBIL, and PT were more pronounced in the HBV-HC group compared to the CHB group.
AFP is a well-established biomarker for liver fibrosis, inflammation and hepatocellular carcinoma®***while the
elevations of AST and DBIL indicate hepatocellular damage and cholestasis, respectively. Prolonged PT is often
associated with more severe liver injury or hepatic cirrhosis, leading to impaired liver synthetic function®. Given
that TCDCA plays a crucial role in the modulation of bile acid homeostasis®” and hepatic inflammation*3*the
enhanced correlation of TCDCA with these parameters in the HBV-HC group suggests that TCDCA might
serve as a potential biomarker for monitoring the severity of liver injury and cirrhosis. Moreover, TCDCA was
positively correlated with CysC, a sensitive marker for kidney injury’*-*!indicating that TCDCA might also
reflect early kidney injury in HBV-associated liver diseases.

Effective antiviral treatment for chronic HBV infection has been shown to significantly improve hepatic
inflammation, which is also modulated by BAs. However, the impact of antiviral treatment on BA profile has
remained unclear. Therefore, we analyzed the alterations of these five conjugated BAs following effective antiviral
treatment. Our findings showed that the effective antiviral treatment could significantly reduce the levels of
GCA and TCDCA in the CHB group, which are more pronounced in the HC group. We supposed the possible
mechanisms as follow. Sodium taurocholate co-transporting polypeptide (NTCP) is a HBV cell entry receptor®.
HBV competes with BAs for cellular entry. With fewer viruses entering hepatocytes due to antiviral treatment,
more BAs are transported into hepatocytes through a negative feedback process. This leads to a decrease in
serum BA levels and an increase in intrahepatic BA pool, accompanied by an alteration of FXR expression
that is involved in HBV transcription and replication?®*’. Furthermore, effective antiviral treatment reduces
the secretion of inflammatory cytokines, chemokines, and other factors that drive liver fibrosis, subsequently,
inhibiting cholangiocyte proliferation and periportal fibrosis****while ameliorating histopathological alterations.
These changes help restore the BA homeostasis.

To further investigate the role of TCDCA in chronic liver diseases, we examined the levels of inflammatory
cytokines, fibrotic components, and the inflammatory phenotype of LX-2 upon TCDCA stimulation. Our
results demonstrated that TCDCA significantly induces the secretion of anti-inflammatory cytokine IL-10,
while simultaneously suppressing the release of pro-inflammatory cytokine IL-15°° and fibrotic components
such as HA, CollV, and PIIINP by LX-2 cells. Furthermore, TCDCA promoted the expression of anti-
inflammatory and anti-fibrotic receptors, including IL-15R! and IL-22R>?and inhibiting the expression of
pro-inflammatory receptor IL-17R>® on LX-2. Therefore, these findings suggested that TCDCA could possess
anti-inflammatory and anti-fibrotic properties by the modulation of the secretary function and inflammatory
phenotype of LX-2 cells, contributing to the hepatoprotective effect. Similarly, Li L et al. also reported that
TCDCA has therapeutic potential by inhibiting the transcription and expression of AP-1°%, exerting anti-
inflammatory and immunomodulatory effects that may counteract fibrotic processes. Nevertheless, the precise
intracellular signaling pathways mediated by TCDCA has remained unclear. Consequently, further investigation
should be performed to identify the specific TCDCA-binding receptors on LX-2 cells and its down-stream signal
molecules.

Our study has some limitations. This study was conducted on a relatively small cohort, which may introduce
a certain degree of bias into our conclusions. Therefore, larger and multi-center cohort studies are necessary to
enhance the reliability of our findings. Additionally, the molecular mechanisms by which TCDCA ameliorates
liver inflammation and cirrhosis have not yet been fully elucidated. Given the intricate role of BAs in HBV-
related liver diseases, further research into the interactions between TCDCA and its receptors, the downstream
signaling molecules, and its efficacy in combination with existing antiviral therapies is warranted.

In conclusion, our data suggested that TCDCA could serve as a stratification marker for assessing hepatic
cirrhosis. Furthermore, it not only reflected the severity of liver injury, but also act as an early indicator of kidney
dysfunction. Importantly, effective antiviral treatment significantly reduced serum level of TCDCA, which could
be attributed to the modulation of BA homeostasis. Moreover, we noted that TCDCA exerts anti-inflammatory
and anti-fibrotic effects by modulating the inflammatory phenotype and the secretion of LX-2 cell, providing a
novel therapeutic strategy targeting TCDCA signaling in hepatic fibrogenesis.

Data availability
All data generated or analyzed during this study are included in the manuscript and supplementary information
files.
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