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Abstract: Introduction: Hepatolithiasis (HL) is a complex liver and biliary disorder characterized by high rates of
recurrence. This study aimed to evaluate the efficacy of Twelve Shugan Lidan Granules (TSLG), a compound herbal
traditional Chinese formulation, in the treatment of HL, as well as to investigate its underlying mechanism. Methods:
A retrospective analysis was conducted involving 157 patients diagnosed with HL, who were divided into two groups:
the control group and the research group. In the control group, no treatment was given postoperatively, while in
the research group, TSLG was orally administered three times a day postoperatively for two months. Both groups
were followed up by telephone at 1 month, 2 months, and 3 months postoperatively. Liver function indicators were
measured before and after surgery, and miRNA expression profiling was analyzed using high-throughput sequenc-
ing (HTS). Additionally, the expression levels of related proteins were assessed through western blots. Results:
Postoperative liver function indicators were significantly lower in the research group compared to the control group
(P < 0.05). Additionally, 64 miRNAs were differentially expressed in HL patients. Further analysis of 64 miRNAs
revealed their abnormal targeting of the Hippo signaling pathway. Further experimental results indicate that TAZ
protein expression is elevated in HL patients, reflecting abnormal activation of the Hippo signaling pathway in these
patients. TSLG treatment significantly reduced the expression of YAP, TAZ, and SREBP-2 proteins, while increasing
the expression of p-YAP and p-TAZ proteins (all P < 0.05). Furthermore, TSLG inhibited the Extracellular Acidification
Rate (ECAR) in LPS-induced WRLG8 cells. Conclusion: TSLG effectively improved postoperative liver function by
downregulating sterol regulatory element-binding protein-2 (SREBP-2) and inhibiting the Hippo signaling pathway.

Keywords: Hepatolithiasis, Twelve Shugan Lidan Granules, Hippo signaling pathway, cholesterol metabolism, miR-
NAs

Introduction with increasing immigration from Asia, hepatoli-
thiasis has emerged as a clinical challenge in
Hepatolithiasis (HL), also known as intrahepat- western countries [2, 3, 5, 6]. The incidence of
ic calculi, is a condition characterized by the hepatolithiasis varies significantly across China,
formation of stones within the intrahepatic bile with higher occurrence rates primarily observed
ducts, which are located beyond the bifurcation in North China, Southwest China, South China,
of the r|ght and left hepatiC ducts [1‘5] This dis- and the Yangtze River Basin region [3' 7’ 8]
ease is more prevalent in Southeast and East
Asian countries but remains relatively uncom- Most biliary stones associated with hepatolithi-
mon in western nations [2, 3, 5, 6]. However, asis are soft and prone to fragmentation, com-
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monly referred to as brown pigment stones or
calcium bilirubinate stones. These stones con-
sist of a complex mixture of cholesterol and
cholesterol-based components, indicating a
complicated pathogenesis that involves both
calcium bilirubinate deposition and cholesterol
solubility [9]. Several key factors contributing to
pathogenic changes in the hepatobiliary sys-
tem that facilitate stone formation have been
identified. These factors include disorders of
bile metabolism, infections, bile duct injury,
and cholestasis [1-3, 10, 11]. However, the pre-
cise pathogenesis of hepatolithiasis remains
incompletely understood.

Hepatolithiasis presents a significant challenge
for patients due to its high recurrence rate and
the necessity for repeated surgical interven-
tion, including hepatectomy, endoscopic lithot-
omy, and lithotripsy [4-6, 12-16]. This highlights
the urgent need for effective treatment options,
since failure to address the condition promptly
and appropriately may result in serious compli-
cations, including intrahepatic cholangiocarci-
noma [17, 18]. The optimal treatment strategy
for hepatolithiasis depends on individual pa-
tient characteristics, and various therapies
have been developed in recent years, including
pharmacologic treatments, endoscopic lithoto-
my, and other surgical interventions [12-16,
19].

Traditional Chinese medicine has also been uti-
lized in the treatment of hepatobiliary diseases,
including hepatolithiasis. The in-hospital prepa-
ration from our institution, Twelve Shugan Lidan
Granules (TSLG), is a traditional Chinese herbal
medicine used to enhance hepatobiliary and
enteric function. It is employed as an empirical
prescription for the clinical treatment of post-
operative recurrence of intrahepatic bile duct
stones at our hospital [18-21]. TSLG comprises
several key ingredients: Bupleurum, Curcuma
aromatica, Fructus aurantii immaturus, Mag-
nolia officinalis, raw rhubarb, Scutellaria baica-
lensis, red peony root, Herba Lysimachiae,
plantain, Folium Pyrrosiae, Salvia miltiorrhiza,
and white peony root [22]. Among these, Radix
bupleuri has been reported to promote hepatic
function [23-25], which is able to prevent stone
formation. Additionally, Turmeric supplementa-
tion can also improve liver function both in
patients and animals [26-28]. Moreover, Radix
paeoniae is found to protect against hepatic
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damage [29-31]. Several ingredients of TSLG
have also shown hepatoprotective effects wh-
en extracted from their respective compon-
ents.

For instance, dihydrotanshinone I, a natural
monomeric compound isolated from Salvia
miltiorrhiza, has been shown to improve liver
function and mitigate liver fibrosis [32]. The
results of the mass spectrometry analysis for
each component are presented in Annex 1.
These liver protective effects may provide a
foundation for the therapeutic efficacy of TSLG
in in the treatment of hepatolithiasis. Therefore,
in this study, we investigated the clinical effica-
cy of Twelve Shugan Lidan Granules (TSLG)
in treating hepatolithiasis and its underlying
mechanism.

Methods

Clinical efficacy of Twelve Shugan Lidan
Granules

Data sources: Retrospective analysis of pa-
tients admitted to the Department of General
Surgery of Anhui Hospital of Traditional Chine-
se Medicine from January 2021 to December
2022, Sample size estimation was based on
previous observations of clinical efficacy by our
team. The study design is illustrated in Figure
1. Ethical approval number for this study:
2022AH-41.

Inclusion criteria: Diagnosis of hepatolithiasis
by color ultrasound, CT, or MRCP followed by
surgical treatment. Post-treatment confirma-
tion of no residual stones by CT, MRCP, cholan-
giography or other imaging examinations.

Exclusion criteria: Patients with lower common
bile duct stenosis and sphincter of the duode-
nal papilla insufficiency. Patients with concur-
rent hepatobiliary malignancy. Patients with
other organ dysfunctions that make them un-
able to tolerate surgery.

Details of study interventions

Both groups underwent surgery performed by
the same team of surgeons. Laparoscopic com-
mon bile duct exploration with T-tube drainage
was conducted as follows: a pneumoperitone-
um was established using the four-port meth-
od, allowing visualization of the common bile
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Figure 1. Flow chart for patient assignment.

duct, cystic duct, and left and right hepatic
ducts. Bile was extracted from the common bile
duct puncture site, followed by vertical dissec-
tion of the common bile duct. A choledocho-
scope was then inserted to locate the stones,
which were subsequently removed using a net
basket. After confirming that no residual stones
remained, a T-tube was placed, and absorbable
sutures were used to close the anterior wall of
the common bile duct. Postoperative treatment
included antibiotics, nutritional support, liver
protection, and other supportive measures.
After surgery, patients in the research group
received TSLG orally. On the second day post-
surgery, patients began taking Twelve Shugan
Lidan Granules (Anhui Medicine Z20080011,
prepared by the Preparation Center of the First
Affiliated Hospital of Anhui University of Tra-
ditional Chinese Medicine). Each dose consist-
ed of one bag (6 g) dissolved in 100 ml of warm
water, administered orally three times a day.
The duration of treatment was determined by
subsequent ultrasound and MRCP examina-
tions for stones, continuing until the stones
were cleared and liver function returned to nor-
mal levels.

Observation indicators and methods

The diameters and numbers of stones of pa-
tients in the two groups were collected. Stone
properties: FTIR spectroscopy (Bruker ALPHA 1)
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was used to analyze the stone composition and
record the data. Liver function indicators were
assessed by extracting 5 ml of venous blood at
7:00 a.m. on the 1st, 3rd, and 7th days post-
surgery. The blood samples were processed
using an automatic biochemical analyzer
(Hitachi 7600-020) and analyzed using the cir-
culating enzyme rate method. The levels of ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), total bilirubin (TB), and albu-
min (ALB) were measured and recorded.

Tissue samples

Hepatic biopsies were obtained from five pa-
tients diagnosed with hepatolithiasis and five
patients with hepatic hemangioma (HH) from
the Department of General Surgery at the First
Affiliated Hospital of Anhui University of Chinese
Medicine, with informed consent from all par-
ticipants. The liver biopsies from the hepatoli-
thiasis patients were designated as the HL
group, while those from the HH patients were
designated as the normal group (NOR), as their
hepatobiliary function is nearly normal and they
do not exhibit stone formation.

RNA extraction and sequencing
Total RNA was isolated from each hepatic sam-

ple using TRIzol (Thermo Fisher Scientific, USA)
and the RNeasy Mini Kit (Qiagen, Germany).
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The quantity and quality of the RNA were ass-
essed using a Qubit 4.0 Fluorometer (Thermo
Fisher Scientific, USA), while RNA integrity
was evaluated through agarose gel electro-
phoresis.

The miRNA library was prepared using the
lllumina TruSeq Stranded Total RNA Sample
Preparation Kits (lllumina, San Diego, CA) wi-
th approximately 1 pg of total RNA. Subse-
guent quantification was performed using a
Qubit 4.0 Fluorometer (Thermo Fisher Scien-
tific, USA). Additionally, reverse transcription-
polymerase chain reaction (RT-PCR) was con-
ducted to create clusters, and the target band
of 145-160 bp was recovered by PAGE electro-
phoresis. The clusters were then sequenced on
the lllumina HiSeq (lllumina, USA). All sequenc-
ing was performed by Genergy Biotechnology
Inc. (Shanghai, China).

Prediction of conserved and novel miRNAs

The Fastx-Toolkit software (Version 0.0.14,
http://hannonlab.cshl.edu/fastx_toolkit/) was
employed to remove splice sequences and
low-quality fragments from the 3’ end of the
sequencing data. Sequences containing 14-40
nucleotides were selected for downstream an-
alysis. Bowtie software (Version 1.2.2) was
used to map the miRNAs against the reference
genome, Rfam sequence database, RepBase
sequence database, and miRBase sequence
database. Novel miRNAs were predicted using
miRDeep 2 software (Version 2.0.0.5), while
conserved miRNAs were identified by searching
miRBase (http://www.mirbase.org/).

Differential expression analysis of miRNAs

The differential expression of miRNAs between
the HL and NOR groups was analyzed using
DESeq2 software (Version 1.22.1), with counts
per million (CPM) serving as the measurement
index. A difference between the two groups
was considered significant when the p-value
was < 0.05 and the log, (fold change) was > 1.

Target gene prediction and functional analysis

The target genes of the differentially expressed
miRNAs were predicted using miRanda soft-
ware (Version 3.3a). Gene Ontology (GO) analy-
sis was performed for the functional annotation
and classification of the target genes using
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TopGO software (http://www.bioconductor.org/
packages/release/bioc/html/topGO.html). 54Ky-
oto Encyclopedia of Genes and Genomes
(KEGG) analysis was conducted to analyze the
involved pathways. The significance of GO te-
rms and pathways was determined using Fi-
sher’s exact test, with the P-value corrected by
the Benjamini-Hochberg method to calculate
the false discovery rate (FDR). Only GO terms
and pathways with a corrected P-value < 0.05
were selected for further analysis.

Western blot

We prepared liver tissue or cells for western
blots. NP40 and 1% PMSF (American Abcam
Company) were used as protease inhibitors for
the extraction of total protein samples, followed
by a facility fee of 15,000 centrifugation for 10
minutes. 20 ug protein samples were separat-
ed by 5% concentrated gel and 10% separated
gel in the electrophoresis apparatus (Bio Rad
Company), and then transferred to 0.45 ym NC
membrane using the membrane converter (Bio
Rad Company). The membrane was blocked in
TBS/Tween-20 containing 5% skimmed milk
powder for 1 hour, after which the primary
antibody was incubated overnight at 4°C.
Following the incubation with the secondary
antibody, visual detection was performed. The
antibodies used for immunoblots included
GAPDH (ab263962), SREBP-2 (ab30682), ph-
ospho-YAP (ab76252), and TAZ (ab119373)
from Abcam, as well as YAP (No. 14074) and
phospho-TAZ (No. 75275) from Cell Signaling
Technology. The expression of GAPDH was us-
ed as the reference band.

Cell culture

LX-2 human hepatic stellate cells, MHCC97-H
human metastatic HCC cells, and WRL68 hu-
man hepatic cells (abbreviated as LX-2, 97H,
and WRLES, respectively) were purchased from
the Shanghai Institute of Cell Science, China.
These cell lines were cultured in flasks contain-
ing Dulbecco’s Modified Eagle’s Minimal Ess-
ential Medium (DMEM), supplemented with
10% (v/v) fetal bovine serum, 100 IU/mL peni-
cillin, and 100 mg/mL streptomycin (purchased
from Israel Biological Industries Company and
Gibco Corporation, USA). These cells were cul-
tured in a 5% carbon dioxide incubator main-
tained at 37°C (Abcam) to simulate physiologic
conditions.
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Selection of drug concentration

To investigate whether the efficacy of TSLG in
treating HL is based on the regulation of the
abnormally activated Hippo signaling pathway,
we conducted cell line studies. Based on prior
research conducted by our group, TSLG was
dissolved in DMEM at a concentration of 100
mg/mL, creating concentration gradients of O,
1.25, 2, 2.5, and 5 mg/mL. LX-2, WRL6S8, and
MHCC97-H cells were treated with TSLG. After
48 hours, CCK-8 reagent (purchased from
Gibco, USA) was added to the cultured cells,
and the reading at 4500D was detected us-
ing an enzyme-linked immunosorbent assay
(ELISA) reader. The cell proliferation was deter-
mined based on the reading results to deter-
mine the optimal drug concentration.

Drug intervention and western blot

TGFB-1** (5 ng/mL) (purchased from R&D
Systems, USA) was added to LX-2 cells to acti-
vate the Hippo signaling pathway, resulting in
the upregulation of YAP and TAZ and the down-
regulation of p-YAP and p-TAZ. Subsequently,
traditional Chinese medicine TSLG was added
for intervention. For MHCC97-H and WRL68
cells, the drug intervention was performed
directly. Forty-eight hours later, cell lysates
were collected, and protein expression was
analyzed by western blot.

Seahorse XF analysis

To investigate the impact of TSLG intervention
on glucose metabolism in WRLE8 cells, the
extracellular acidification rate (ECAR) was mea-
sured using Seahorse XF glycolysis stress
tests. TSLG was dissolved in DMEM at a con-
centration of 100 mg/mL, and an optimal con-
centration was selected. WRL68 cells were
induced with LPS*? (100 ug/mL) (Purchased
from R&D Systems, USA) for 6 hours, followed
by treatment with TSLG. Glucose metabolism
was evaluated after 24 hours. GraphPad Prism
9.0 software was utilized to measure ECAR as
an assessment of key measures of glycolytic
flux.

Statistical methods

Statistical analysis was performed using SPSS
21.0 software. Measured data were expressed
as mean + standard deviation (SD). An inde-

7190

pendent samples t-test was used for compari-
sons between two independent samples, while
repeated measured data were analyzed using
repeated measures analysis of variance. Co-
unted data were presented as counts or per-
centages, and the x? test was used for compari-
sons. A p-value of less than 0.05 was consid-
ered significant.

Results

Clinical efficacy of Twelve Shugan Lidan
Granules in treating hepatolithiasis

As shown in Table 1, there were no significant
differences in the general conditions of the two
groups. However, after surgery, significant dif-
ferences were observed in the levels of ALT (F =
10.35, P = 0.002), AST (F = 15.74, P = 0.001),
TB (F=27.62,P=0.001),and TBA (F=4.72, P
= 0.031) between the two groups. Notably, ALT
and TBA levels increased on the third day after
surgery and decreased by the seventh day. In
contrast, AST and TB levels declined over time
following surgery. There were no significant dif-
ferences in ALT, AST, TB, and TBA levels
between the two groups one day before surgery
(all P > 0.05). On the third and seventh days
postoperatively, ALT, AST, TB, and TBA levels
in the control group were significantly higher
than those in the TSLG group (all P < 0.05).
Additionally, there were no significant differ-
ences in preoperative and postoperative ALB
levels between the two groups (all P > 0.05), as
shown in Table 2. These results indicate that
liver function in the TSLG group was significant-
ly improved compared to the control group, sug-
gesting a favorable therapeutic effect. This
improvement may be attributed to a decelera-
tion of bilification, which may help prevent
stone recurrence.

Differentially expressed miRNAs and abnormal
activation of Hippo signaling pathway in HL
patients

We compared the miRNA expression profiles
between the HL group (hepatolithiasis) and
the NOR group (hepatic hemangioma). As
shown in Figure 2A, the volcano plot displays
all detected miRNAs, while Figure 2B presents
the heatmap of cluster analysis, illustrating sig-
nificant differences in miRNA expression pat-
terns between the two groups. A total of 64
miRNAs (10 novel miRNAs and 54 conserved
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Control group

TLSG group

Project (n = 76) (n = 81) Statistics P value
Gender [n (%)]

Male 37 (48.68%) 41 (50.62%)

Female 39 (51.32%) 40 (49.38%) 0.058 0.80
Age (years) 60.85+15.91 59.55+16.26 0.50 0.61
BMI 24.59+5.91 23.90+5.88 0.72 0.46
Basic disease [n (%)]

Viral hepatitis 9 (11.84%) 11 (13.58%) 0.10 0.74

Fatty liver 15 (19.74%) 20 (24.69%) 3.84 0.45
The number of gallstones [n (%)]

1 10 (13.16%) 15 (18.52%)

>2 66 (86.84%) 66 (81.48%) 0.84 0.35
The gallstone diameter

>10 mm 36 (47.37%) 42 (51.85%)

<10 mm 40 (52.63%) 39 (48.15%) 0.31 0.57
Properties of gallstone [n (%)]

Pigmental stones 48 (63.16%) 55 (67.90%)

Mixed stones 28 (36.84%) 26 (32.10%) 0.40 0.52

miRNAs) were identified as differentially ex-
pressed. Among these, 40 miRNAs were up-
regulated and 24 miRNAs were down-regulat-
ed. The detailed results of the top 20 up-regu-
lated and down-regulated miRNAs are shown in
Table 3 (see Annex 2 for details). To explore
possible mechanisms of HL based on these dif-
ferentially expressed miRNAs, we conducted
GO and KEGG analyses on the target genes to
evaluate possible signaling pathways and relat-
ed functions. A total of 1,458 GO terms under-
went enrichment and were categorized into
three main GO categories: biological processes
(BP), cellular components (CC), and molecular
functions (MF). As illustrated in Figure 2C,
the top ten GO terms in BP, CC, and MF were
highlighted. Notably, the biological process-
es primarily involved were nervous system
development (GO: 0007399), neuron differen-
tiation (GO: 0030182), and neurogenesis
(GO: 0022008). In the cellular component cat-
egory, synapse (GO: 0045202), neuron projec-
tion (GO: 0043005), and neuron part (GO:
0097458) were the most prominent.

Notably, KEGG analysis indicated that the tar-
get genes were significantly enriched in several
signaling pathways possibly related to the
occurrence of hepatolithiasis (HL). As shown in
Figure 2D, the top 20 involved signaling path-
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ways include the Cholinergic synapse pathway
(hsa04725), Hippo signaling pathway (hsa-
04390), Gastric cancer pathway (hsa05226),
Axon guidance pathway (hsa04360), Signaling
pathways regulating pluripotency of stem cells
(hsa04550), and Hepatocellular carcinoma
pathway (hsa05225). In particular, Hippo sig-
naling pathway has been reported to be related
to fibrosis formation [37, 38], which is also well
recognized as playing a critical role in control-
ling organ size by regulating cell proliferation,
apoptosis, and the self-renewal of stem cells
[39, 40].

GO and KEGG analyses revealed the abnormal
activation of the Hippo signaling pathway in
hepatolithiasis (HL) patients, which may con-
tribute to the pathogenesis of intrahepatic bile
duct calculi formation. As shown in Figure 3A,
we conducted western blot analysis of liver
samples from the HL and NOR groups. Figure
3B and 3C demonstrate that the expression of
p-TAZ is significantly down-regulated in the HL
group compared to the NOR group, while the
expression of SREBP2 is markedly up-regulat-
ed in the HL group. The elevated levels of
SREBP2 in the HL group suggest that the Hippo
signaling pathway is indeed abnormally activat-
ed, aligning with our omics analysis.
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up-regulation of p-YAP and p-TAZ

two groups proteins, and a down-regulation
5 Control group TSLG group o of SREBP2 in LX-2, MHCC97—H,
roups (n = 76) (n=81) and WRL6S8 cells. This suggests
ALT that TSLG may suppress the Hi-
Preoperative 1day ~ 88.93+17.94  89.50+17.20  0.815 phpo signaling pa]t(hs"éag’B?;‘zd 'Tr;]h'b't
3 days after operation 135.68+68.02° 103.15+57.40° <0.001 ]Eoreeeﬂzszgglgte it T6LG ;r:'
7 days after operation 52.96+22.17% 44.24+22.22* <0.001 ’ P . . y
Fu N prevent the formation of intrahe-
P 10.35 0.002 patic bile duct calculi by inhibiting
AST the Hippo signaling pathway.
Preoperative 1 day 99.18+67.78 95.61+56.93 0.800
3 days after operation 68.65+28.87* 52.46+27.71* <0.001 LPS induced glycolysis and gly-
7 days after operation 38.98+17.46° 35.63+17.01° < 0.001 colysis capacity are inhibited
=Y pm 15.71 <0.001 after TSLG intervention
B
hor XF hnol W
Preoperative 1 day 32.73+13.20  30.10+14.12 0.230 Seahorse tec O.Ogy as
) s 9780:1084% <0.001 used to detect glycolysis and gly-
3 days after operatfon 40.86114.42A .80+10. ' <0. colytic capacity in WRL6S cells
7 days after operation 24.59+10.55 18.75+7.65 <0.001 after LPS induction and TSLG
F P 27.62 <0.001 intervention. The cells were incu-
ALB bated in a glycolysis stress test
Preoperative 1 day 36.40+5.32 36.70+5.13 0.537 solution without glucose and
3 days after operation  35.36+4.42 36.40+5.32 0.186 pyruvate, and the extracellular
7 days after operation ~ 37.95+4.93 39.35+4.01  0.051 acidification rate (ECAR) was
=Y pv 3.50 0.063 measured to assess the relative
TBA glycolytic function of live cells fol-
Preoperative 1day ~ 20.54+11.38  20.98+9.28  0.791 :fw'”g LPS a”dfTSLG treatmhe”t'
3 days after operation  33.18420.76  27.90+13.01  0.056 €y measures for a comprehen-
) sive evaluation of the glycolytic
7 days after operation  16.23+5.90 11.82+6.55 <0.001 . - .
pathway were obtained, including
2k pM 4.72 0.031

Note: 1. PN indicates the difference between the research group and the con-
trol group at each time point when the treatment time of in vivo effect in the
group x the group; 2. F, PM refer to the difference between the research group
and the control group at each time point when the treatment time of in vivo
effect between the group x the group; 3. Compared with preoperative 1 d, 2P <
0.05; 4. ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB,
total bilirubin; ALB, albumin; TBA, total bile acids.

Down-regulation of SREBP2 and suppression
of Hippo signaling pathway intervened by TSLG

After intervention with TSLG at various concen-
trations, the CCK-8 values were measured 48
hours later. As shown in Figure 4, the optimal
drug concentration for cell line studies in LX-2,
MHCC97-H, and WRL68 cells was determined
to be 1.25 mg/mL. The results from the cell line
studies, illustrated in Figure 5, show the protein
expression levels of YAP, p-YAP, TAZ, p-TAZ,
SREBP2, and GAPDH following the treatment
with TGFB-1 and TSLG in different cell lines. The
findings indicated that TSLG treatment led to
a down-regulation of YAP and TAZ proteins, an

7192

glycolysis and glycolytic capacity.
The experimental results indicat-
ed that LPS induction significant-
ly increased glycolysis and glyco-
lytic capacity in WRL68 cells.
However, following TSLG inter-
vention, both glycolysis and gly-
colytic capacity were significantly
reduced compared to the LPS induction group,
though they did not return to baseline levels.
These results are shown in Figure 6.

Discussion

The precise pathogenesis of hepatic bile duct
stones remains elusive and may involve various
factors, including cholestasis, bile duct steno-
sis, infections, disorders of bile metabolism,
and genetic mutations. The obstruction of
small bile ducts caused by these stones can
lead to bile duct inflammation, stenosis, and
liver fibrosis, which may result in liver atrophy
or cirrhosis [33, 34]. These complications can
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TSLG treatment for Hepatolithiasis

A @ Log2(Fold Change) >= 1, P value <= 0.05 B
Condition " Log2(Fold Change) <= -1, P value <= 0.05
d o Pvalﬁu >=0.05
1 1 L]
' 1
| 1
| 1
| 1
15- ' '
P ! I ]
[ ' [
2 | |
g ik o
' 1
L 10- ' 1 L] =
o 1 1
‘é, 1 1 ° L
'
—ll . 1 : °
1 1
5= @ 1 1 °
eo! ) L
@
4~ '|' : ‘é @
SeS ey =T A e
0-
. ' 1 ' 1 U
-5 0 5 10
Log2 (Fold Change)
C system development

regulation of signaling

regulation of cell communication
neuron differentiation

neuron development

neurogenesis

nervous system development
multicellular organismal signaling
multicellular organism development
generation of neurons

synaptic membrane 1

!
i

T gy ||I||I|II|

synapsc

somatodendritic compartment
plasma membrane part
neuron projection

neuron part

cell junction

axon part

g
g

voltage—gated ion channel activity

voltage-gated channel activity

voltage-gated cation channel activity

transcription regulatory region sequence-specific DNA binding

transcription regulatory region DNA binding

transcription factor activity, RNA polymerase |1 proximal promoter sequence-specific DNA binding
sequence-specific double-stranded DNA binding

sequence-specific DNA binding

regulatory region nucleic acid binding

DNA-binding transcription factor activity, RNA polymerase IT-specific

D

Group

€H
H
9TH

SHON
EYON
PHON

ss20014 [ea3ojo1g

wauodwo) N2

g
g
g
o
Z
g
0 10 2 30 40
~log(pvalue)

Top20 of pathway enrichment

Signaling pathways regulating pluripotency of stem cells -
Proteoglycans in cancer -
Prolactin signaling pathway
Notch signaling pathway <
Nicotine addiction <
Neurotrophin signaling pathway -
Hippo signaling pathway -
Hepatocellular carcinoma -
Glutamatergic synapse <
Glioma -
Gastric cancer
GABAergic synapse -
Fc epsilon RI signaling pathway -
Endocrine resistance <
Circadian entrainment
Chronic myeloid leukemia -
Cholinergic synapse -{‘
Breast cancer - .
Axon guidance .
Apelin signaling pathway -

° e

0.000

7193

0.001

0.002 0.003

pvalue

Am J Transl Res 2024;16(11):7186-7199

2IHL
1

Group

LYON
ZHON
ZH
YIH

Category

B sictogical Process
Il cetutar Component
B Molecular Function

Gene number

05
®
®
@

~logyo(classic fisher)

W o



TSLG treatment for Hepatolithiasis

Figure 2. The miRNAs expression profiling of the two groups. A. Volcano of all detected miRNAs. B. Hierarchical clus-

tering of differentially expressed miRNAs. HL, hepatolithiasis patient group; NOR,

normal group. C. GO classification

of differential expression genes in the liver tissue of HLD and NOR. D. Top 20 signaling pathways predicted to be
regulated by differentially expressed genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes;

BP, biological processes; CC, cellular components; MF, molecular functions.

Table 3. Top 20 differentially expressed miRNAs between the HL group and the NOR group

MIRNA Log2FC Type of MiRNA Log2FC Type of
regulation regulation

hsa-miR-100-5p 2.797269941 Up hsa-miR-106a-3p -1.432959407 Down
hsa-miR-10b-5p 2.875506356 Up hsa-miR-122-5p -1.585796479 Down
hsa-miR-125b-1-3p 4.055534677 Up hsa-miR-1307-5p -2.309855263 Down
hsa-miR-132-3p 2.652076697 Up hsa-miR-378a-5p -1.557662644 Down
hsa-miR-135b-5p 4.599912842 Up hsa-miR-4488 -3.609415544 Down
hsa-miR-141-3p 5.807977068 Up hsa-miR-4497 -4.156749613 Down
hsa-miR-155-5p 3.906377546 Up hsa-miR-4508 -3.355808988 Down
hsa-miR-181a-5p 2.8670737 Up hsa-miR-4516 -3.86941589 Down
hsa-miR-181b-5p 3.145548071 Up hsa-miR-4686 -2.155278225 Down
hsa-miR-199b-5p 4.457554438 Up hsa-miR-4707-5p -1.432959407 Down
hsa-miR-200c-3p 5.751097681 Up hsa-miR-483-5p -1.634350528 Down
hsa-miR-20b-5p 2.725650281 Up hsa-miR-7641 -4.373458396 Down
hsa-miR-223-3p 3.10820275 Up hsa-miR-7704 -2.872125177 Down
hsa-miR-23a-3p 2.827084392 Up hsa-miR-885-3p -1.846194664 Down
hsa-miR-342-3p 3.029913409 Up Nov_10_17372 -6.081664997 Down
hsa-miR-451a 3.029913409 Up Nov_10_17632 -1.807354922 Down
hsa-miR-708-5p 6.32089723 Up Nov_10_17639 -4.422064766 Down
Nov_1_300 9.570045424 Up Nov_3_6560 -4.077242999 Down
Nov_6_11375 6.991303801 Up Nov_8_15029 -4.654310547 Down
Nov_7_12460 3.346802764 Up Nov_9_15656 -2.263034406 Down

A B o8- p-TAZ lead to severe local biliary

LISt EETe 2 _ o8] = issues and are a common

&8 cause of mortality associated

NOR HL oo 2 with benign biliary diseases

. § 8 021 [35, 36]. The therapeutic prin-

TAZ — F . : ciples for managing hepatic

0TAZ D.- S G e NOR HL bile duct stongs i.nclude storl1e

= o — removal, alleviating stenosis,

SREBP? e ol = ‘ < ensuring smooth drainage,

- 85191 and preventing recurrence.

CAPDH e e sl e H g;’i 10 Research indicates that intra-

%é - hepa'tic bile duct explorgtion

and lithotomy, when combined

B0 =R L with liver resection, represent

Figure 3. WB analysis between the HL group and the NOR group. A. WB
results of the liver sample between the HL group and the NOR group. B. The
ratio of p-TAZ expression in total TAZ expression (p-TAZ + TAZ). C. Relative
protein expression of SREBP2. ?P < 0.01, compared with the NOR group.
HL group, hepatolithiasis patient group; NOR, normal group; SREBP2, sterol
regulatory element-binding protein-2.
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a safe and effective approach
for treating complex bilateral
primary hepatobiliary stones,
resulting in satisfactory out-
comes [37]. However, there
remains a high postoperative
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Figure 4. Intervention using TSLG at different drug concentration in cells.

recurrence rate of stones and a significant rate
of residual stones, influenced by factors such
as bacterial infection and cholestasis [38]. The
primary goal of clinical practice is to implement
effective preventive measures to reduce the
recurrence of stones and enhance patient
outcome.

In recent years, the combination of double
mirror techniques and the hospital-prepared
Twelve Shugan Lidan Granules (TSLG) has
shown significant efficacy in the treatment of
intrahepatic bile duct stones. Modern pharma-
cological studies have demonstrated that Bu-
pleurum can enhance bile secretion [36], and
accelerate bile excretion, significantly improv-
ing the dissolution capacity of cholesterol in
bile, thereby reducing stone formation. Cur-
cuma aromatica is known for its ability to pro-
mote qi and alleviate depression, benefit bile,
and reduce jaundice [39]. Modern research has
demonstrated that Curcuma aromatica offers
protective effects on the liver, lowers blood
lipids, and possesses antibacterial and anti-
inflammatory properties. The active component
of Scutellaria baicalensis, baicalin, has been
found to effectively inhibit inflammatory res-
ponses and protect the liver by preventing car-
bon tetrachloride-induced damage [40].

Raw rhubarb attack accumulation, wet retreat
yellow, has the effect of liver and gallbladder
[41]. Studies have shown that Raw rhubarb can
reduce the serum level of glutamate gamma
transaminase, reduce hepatocyte swelling,
degeneration and necrosis, and promote liver
synthesis capacity and hepatocyte regenera-
tion. Herba Lysimachiae is known for its ability
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zymes, improve bile flow, and
contribute to maintaining ho-
meostasis within the body.
This approach minimizes the
surgical effect to patients’ bo-
dies, improves surgical out-
comes, and enhances overall quality of life.
Indeed, the results indicate that levels of ALT,
AST, and total bilirubin (TB) were significantly
reduced in the research group (hepatolithiasis
patients administered TSLG postoperatively)
compared to the control group (patients with-
out any traditional Chinese medicine treat-
ment). This provides strong experimental evi-
dence for the hepatoprotective effects of TSLG.

To gain a deeper understanding of the patho-
genesis of hepatolithiasis (HL) and the efficacy
of TSLG, we conducted high-throughput se-
quencing (HTS) to analyze miRNA expressions
in five HL patients and five hepatic hemangio-
ma (HH) patients, with the latter serving as a
control group due to their nearly normal liver
function (without HL or cirrhosis). The HTS data
revealed that 64 miRNAs were differentially
expressed in HL patients (P < 0.05, fold change
> 1), comprising 40 up-regulated and 24 down-
regulated miRNAs. Additionally, we performed
Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) functional
enrichment analyses, which highlighted the
abnormal activation of the Hippo signaling
pathway in the HL group. This finding was
further validated by western blot (WB) testing.
The activation of the Hippo signaling pathway
in HL patients suggests a link to stone forma-
tion. This pathway is a crucial regulator of cell
proliferation and apoptosis, with its central
components including the tumor suppressor
kinases MST1, MST2, LATS1, and LATS2, along
with the adaptor proteins SAV1 and MOB1/2
[43-45]. These conserved kinase cassettes in-
hibit tissue growth (organ size) and progenitor
cell proliferation by phosphorylating and inacti-

Am J Transl Res 2024;16(11):7186-7199
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Figure 5. Cell line studies to detect different protein expressions after the intervention of TGFB-1 and TSLG in LX-2,
MHCC97-H and WRLES8 cells. A. The WB results for different cell lines. B. The ratio of p-YAP expression in total YAP
expression (p-YAP + YAP). C. The ratio of p-TAZ expression in total TAZ expression (p-TAZ + TAZ). D. Relative protein ex-
pression of SREBP2. ?P < 0.01, compared with the non-TSLG group. °P < 0.05, compared with the non-TSLG group.
SREBP2, sterol regulatory element-binding protein-2.
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Figure 6. Effect of TSLG on glycolysis after LPS induction of WRL68. A. SeahorseXF measures the ECAR values of
cells from three different groups at various time points. B. Quantification of ECAR values of cells from three groups
under emergency conditions. P < 0.01 compared with the LPS-induced group. P > 0.05, compared with the Control
group. ECAR, Extracellular Acidification Rate; ns, not significant.

vating the transcriptional coactivators YAP and mic reticulum (ER)-tethered precursors of
TAZ. Notably, LATS2 can bind to the endoplas- SREBP1 and SREBP2 (P-SREBP), thereby limit-
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ing their transcriptional and biologic activities.
The SREBPs (sterol regulatory element-binding
proteins), particularly SREBP1 and SREBP2,
play a crucial role in regulating cholesterol and
lipid metabolism [46-51]. In particular, SREBP1
primarily regulates lipogenic processes, while
SREBP2 mainly activates genes related to
cholesterol synthesis. Additionally, the down-
stream effectors YAP and TAZ have been re-
ported to promote cancer through their reliance
on the activity of cholesterol and the SREBP-
mevalonate pathway. As a signaling hub for
metabolism and proliferation, the activities of
SREBPs must be finely tuned by Hippo and
other cellular pathways. Our cell line studies
revealed that protein expression of SREBP2 is
significantly downregulated following TSLG in-
tervention, suggesting that TSLG suppresses
the Hippo signaling pathway. Further investiga-
tion showed that the LPS-induced inflammation
model increased both glycolysis and glycolytic
capacity in hepatocytes, but these effects were
inhibited by TSLG intervention. This finding cor-
roborates our previous results regarding the
pathway intervention. Collectively, we propose
that the aberrant activation of the Hippo signal-
ing pathway in HL patients disrupts the activi-
ties of LAST2 and YAP/TAZ, thereby disturbing
the lipid and cholesterol metabolic balance
regulated by SREBPs, which may ultimately
lead to the formation of intrahepatic bile duct
calculi.

Conclusion

Our study evaluated the clinical efficacy of
Twelve Shugan Lidan Granules (TSLG), in the
treatment of patients with hepatolithiasis. The
results demonstrated that TSLG exerts a hepa-
toprotective effect by improving liver function
post-surgery. Omics analysis revealed abnor-
mal activation of the Hippo signaling pathway in
HL patients. The underlying mechanism for the
clinical efficacy of TSLG in treating HL appears
to be associated with the downregulation of
SREBP2 and the inhibition of the Hippo signal-
ing pathway, which may help prevent the forma-
tion of intrahepatic bile duct calculi.
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