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Abstract : Background : Non-alcoholic steatohepatitis (NASH) is associated with a higher risk of hepatocellular 
carcinoma (HCC), and the importance of the gut–liver axis has been recognized in NASH-associated HCC. We 
investigated the effect of TU-100 on the intestinal microbiome and hepatocarcinogenesis in a NASH model. Meth-
ods : Seven-week-old Tsumura Suzuki obese diabetes mice, a model that shows the spontaneous onset of NASH 
and HCC, were used. They were divided into a TU-100 treated group and a control group. Mice were sacrificed 
at 24 and 48 weeks to evaluate hepatic steatosis, fibrosis, carcinogenesis, cytokine expression, and microbiome 
abundance. Results : At 24 weeks, the TU-100 group showed significantly lower expression of IL6, IL1B, and ACTA2 
mRNA in the liver (P < 0.05). At 48 weeks, the TU-100 group showed significantly lower levels of serum alanine ami-
notransferase. The TU-100 group also showed a lower rate of NASH than the control group (28% vs 72% ; P = 0.1). 
Tumor diameter was significantly smaller in the TU-100 group compared with that in the control group (P < 0.05). 
Regarding the intestinal microbiome, the genera Blautia and Ruminococcus were increased in the TU-100 group 
(P < 0.05), whereas Dorea and Erysipelotrichaceae were decreased in the TU-100 group (P < 0.05). Conclusions : TU-100 
regulates the intestinal microbiome and may suppress subsequent hepatocarcinogenesis in the NASH model. J. 
Med. Invest. 70 : 66-73, February, 2023
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INTRODUCTION
 

Nonalcoholic fatty liver disease (NAFLD) is known as one 
of the most common chronic liver disorders worldwide (1, 2). 
NAFLD is widely classified as nonalcoholic fatty liver (NAFL, 
the non-progressive subtype) and nonalcoholic steatohepatitis 
(NASH, the progressive subtype) (2). NASH is associated with 
an increased risk of progression to cirrhosis and hepatocellular 
carcinoma (HCC) and a high risk of liver-related morbidity and 
mortality (3). Therefore, clarification of the mechanisms mediat-
ing the progression of obesity-induced NASH-related HCC is an 
urgent issue. 

Recently, the importance of the gut–liver axis was reported in 
NASH-related HCC. Specifically, alterations in gut microbiota 
influence bacterial translocation (BT), NASH progression, and 
HCC development by inducing cellular senescence and inflam-
matory cytokine secretion, such as interleukin-6 (IL-6) and 
interleukin-1β (IL-1β) (4), from hepatic stellate cells (HSCs) in 
the tumor microenvironment. Furthermore, via growth factors, 
matrix-remodeling factors, and chemokines (5), it was suggested 
that the gut–liver axis has an important role in inducing the 
cellular senescence of HSCs and liver carcinogenesis (6). 

To elucidate the pathogenesis of NASH and develop an effec-
tive treatment, appropriate animal models are needed. Although 
some animal models have been reported, most are based on 
special diet-induced factors or genetic defects ; thus, it is difficult 
to determine the precise molecular mechanism of NASH on the 
basis of metabolic syndromes alone (7-9). Tsumura Suzuki obese 
diabetes (TSOD) mice represent a new polygenic model of spon-
taneous type 2 diabetes mellitus and moderate obesity that are 
particularly obvious at more than 11 weeks of age. In addition, 
male TSOD mice spontaneously develop NASH at 6 months and 
HCC at 12 months without any treatment because of obesity and 
type 2 diabetes (10).

Daikenchuto (TU-100), a traditional herbal medicine, is the 
most widely used Kampo medicine in Japan, with significant 
effects on ameliorating digestive motility and preventing postop-
erative ileus after gastrointestinal surgery (11-18). We previously 
reported that TU-100 prevented BT in the fasting rat (19) and 
a CPT-11 induced intestinal injury model (20) and reduced the 
upregulated expression of intestinal cytokines, including IL-
1β, TNF-α, and IL-6. TU-100 maintained the diversity of the 
intestinal microbiome and decreased Erysipelotrichaceae, which 
was related to inflammatory conditions, such as colitis (21). 
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Furthermore, we reported that TU-100 prevented BT and di-
rectly regulated the activation of HSCs and subsequent hepatic 
fibrosis in a biliary atresia rat model (22). However, no report has 
investigated the impact of TU-100 on NASH and hepatocarcino-
genesis. We hypothesize that TU-100 may prevent intestinal mi-
crobiome dysbiosis, cytokine storm in the liver, and subsequent 
progression of NASH and hepatocarcinogenesis. The aim of this 
study was to investigate the effect of TU-100 on the intestinal 
microbiome and hepatocarcinogenesis in a NASH model using 
TSOD mice. 

METHODS
Experimental NASH model and TU-100 administration

Seven-week-old male TSOD mice (Institute for Animal Re-
production, Ibaraki, Japan) were used for all experiments. Mice 
were allowed free access to water and a basal MF diet (Oriental 
Yeast, Tokyo, Japan). They were housed at a temperature of 
23 ± 2°C, relative humidity of 55 ± 5%, and 12-hour light / 12-
hour dark cycle with lights on from 0800 to 2000 hours (8 am to 
8 pm) daily. They were divided into two groups : a TU-100 group 
(basal MF diet+TU-100) and a control group (basal MF diet 
only). In the TU-100 group, TU-100 (300 mg / kg / d) was adminis-
tered orally every day to the end of the experiment, as reported 
previously (20). Body weight and blood sugar were measured 
at 8, 16, 24, and 48 weeks. Fecal pellets were harvested from 
mice at 0, 1, 4, 12, and 24 weeks. Each group had 15 mice, and 
at 24 (n  =  8) and 48 weeks (n  =  7) after TU-100 administration, 
the liver, the colon and blood were collected for analysis. TSOD 
mouse was spontaneous NASH model, and predetermined phys-
iological or behavioral signs that define the point at which an 
experimental animal’s pain and / or distress were not confirmed. 
This study was conducted in compliance with the Division for 
Animal Research Resources, Tokushima University. The ex-
periments and procedures were approved by the Animal Care 
and Use Committee of Tokushima University (T2020-111) and 
performed in accordance with the NIH Guide for the Care and 
Use of Laboratory Animals. 

Reagents
TU-100 granules were made by Tsumura & Co. (Tsumura 

Daikenchuto Extract Granules ; Tsumura & Co., Tokyo, Japan) 
under strictly controlled conditions. TU-100 contains three 
common medical herbs : ginseng (Ginseng radix, 30%), processed 
ginger (Zingiberis Siccatum Rhizoma, 50%), and Japanese pepper 
(Zanthoxylum fruit, 20%) (21).

Serum liver function test
To evaluate liver injury, the levels of serum aspartate amino-

transferase (AST) and alanine aminotransferase (ALT) were 
measured when mice were sacrificed using the Japan Society of 
Clinical Chemistry standardization matching method. All mea-
surements were performed by Shikoku Chuken, Inc., Kagawa, 
Japan.

Real-time PCR
Pieces of the colonic wall and non-cancerous liver specimen 

were homogenized, and total RNA was isolated using an RNeasy 
Mini Kit (Qiagen, Hilden, Germany) in accordance with the 
manufacturer’s statement. Then, the specimens were used for 
quantitative analysis of gene expression using reverse-tran-
scriptase PCR (qRT-PCR). cDNA was prepared using a reverse 
transcription kit (High Capacity cDNA Reverse Transcription 
Kits ; Applied Biosystems, Foster City, CA, USA). GAPDH (Ap-
plied Biosystems) was used as an endogenous control. Inter-

leukin-1β (IL1B), interleukin-6 (IL6), and alpha actin 2 (ACTA2) 
in the liver, and claudin 1 (CLDN1) in the colon were assessed 
using TaqMan gene expression assays (IL6, Mm00446190_
m1 ; IL1B, Mm00434228_m1 ; ACTA2, Mm00725412_
s1 ; CLDN1 ; Mm00516701_m1 : Applied Biosystems). TaqMan 
gene expression assays were conducted in duplicate in 20 mL 
reactions using TaqMan Array 96-well plates and a real-time 
PCR System (StepOnePlus ; Applied Biosystems) following the 
manufacturer’s statement. Standard curves were made from 
three-fold serial dilutions of cDNA, and the copy numbers of 
target genes were calculated in accordance with the standard 
curves (21).

Evaluation of steatosis, fibrosis, and hepatic tumors
Formalin-fixed, paraffin-embedded liver tissues were pre-

pared for Hematoxylin and eosin (H&E) staining and evalu-
ated by an experienced pathologist. The degree of NASH was 
evaluated with the FLIP algorithm (23). The number and 
maximum diameter of hepatic tumors were measured from the 
liver surface macroscopically. The characteristics of tumors were 
confirmed by immunohistochemistry. All the formalin-fixed, 
paraffin-embedded tissues were processed, and 4-µm serial 
sections were cut. Immunohistochemical staining for glutamine 
synthetase (GS) was performed. Rabbit polyclonal anti-GS (clone 
GS-6 ; dilution 1 : 500 ; cat. no. MAB302 ; Millipore, CA, USA) 
was employed as the primary antibodies. The sections were 
incubated with the primary antibodies in a wet chamber for 
60 min at room temperature. After rinsing with Tris-buffered 
saline (TBS) containing 0.1% Tween (TBS-T), the sections were 
incubated with EnVision Peroxidase (PO) (Dako, Tokyo, Japan) 
for 60 min at room temperature. After rinsing in TBS-T, 3,3’-di-
aminobenzidine (Sigma, Steinheim, Germany) was applied as 
a substrate for the PO. GS-positive tumors were defined as GS 
(+) HCC-like tumors, and negative tumors were classified as GS 
(-) hepatocellular adenoma (HCA)-like tumors (24). Microscopic 
observation was performed using an Olympus BX51N (Tokyo, 
Japan) with UPlanFL N objective lenses (10× / 0.30, 20× / 0.5 and 
40× / 0.75 ; Olympus) at room temperature, and then images were 
acquired using camera (DP27, Olympus) and cellSens Standard 
software (version 1.17.16030.0, Olympus). 

 
16S rRNA gene metagenome sequencing of stool samples

Approximately 30 mg of stool samples were homogenized in 1 
mL extraction buffer (10% 400 µL sodium dodecyl sulfate (Sig-
ma-Aldrich Japan Inc., Tokyo, Japan) in Tris-EDTA (TE) buffer 
(pH 7.4 10 mmol / L Tris ; Fujifilm Waco Pure Chemical Corpo-
ration, Osaka, Japan and pH 8.0 1 mmol / L EDTA ; Fujifilm 
Waco Pure Chemical Corporation), 200 µL 3 M sodium acetate 
(Fujifilm Waco Pure Chemical Corporation), and 400 μL phe-
nol : chloroform : isoamyl alcohol (25 : 24 : 1 v / v) (Nippon Gene, 
Tokyo, Japan)), added to a Lysing Matrix E Tube (MP Biomed-
icals, Solon, OH, USA), and homogenized using a FastPrep-24 
automated cell disruptor (MP Biomedicals) for 40 sec at 6 m / sec. 
This procedure was performed twice. The homogenate was cen-
trifuged for 30 min at 10,000 × g, and an extract of DNA was 
collected as the aqueous phase and purified by adding a matched 
volume of phenol : chloroform : isoamyl alcohol (25 : 24 : 1, v / v) 
twice. Next, an equal volume of isopropyl alcohol (Fujifilm Waco 
Pure Chemical Corporation) was added, and DNA was obtained 
as a pellet by centrifugation (5 min, 10,000 × g). After drying, 
the DNA was dissolved in TE. The preparation of the 16S rRNA 
gene metagenome library for MiSeq (Illumina, Inc., San Diego, 
CA, USA) was conducted in accordance with the manufacturer’s 
instructions. Sequence data were processed using the 16S rRNA 
sequence analysis pipeline QIIME 1.8.0. 
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Statistical analysis
The Student’s t test (body weight, blood sugar, and serum liver 

function test), unpaired Mann–Whitney U test (mRNA expres-
sion and tumor status), or chi-squared test was used to compare 
variables between the two groups. For all statistical analyses, 
P <  0.05 was considered significant. All statistical analyses were 
performed using statistical software (JMP 8.0.1., SAS Campus 
Drive, Cary, NC, USA).

RESULTS
Evaluation of diabetes mellitus and liver function

Body weight and blood sugar showed no significant difference 
between the two groups at 8, 16, 24, and 48 weeks (Table 1). 
Furthermore, the serum levels of AST and ALT showed no sig-
nificant difference between the two groups at 24 weeks (Table 
2). However, at 48 weeks, ALT levels were significantly lower in 
the TU-100 group than in the control group (P < 0.05) (Table 2). 

Cytokine expression in the liver (RT-PCR)
Figure 1A shows the mRNA expression levels of cytokines at 

24 weeks after the administration of the basal MF diet with or 
without TU-100. The mRNA expression of ACTA2 (α-SMA) in 
the liver was significantly suppressed in the TU-100 group com-
pared with that in the control group (P < 0.05). The mRNA ex-
pression of the inflammatory cytokines IL6 and IL1B in the liver 
was also suppressed in the TU-100 group compared with that in 

the control group (P < 0.05). Furthermore, the mRNA expression 
of CLDN1 in the colon, which is a component of intestinal tight 
junctions, was maintained in the TU-100 group compared with 
that in the control group (P < 0.05). In contrast, ACTA2, IL6, and 
IL1B mRNA expression in the liver showed no significant differ-
ence between the two groups at 48 weeks (Figure 1B). 

Table 1.　Body weight and blood sugar in the control group and TU-
100 group

Control (n = 8) TU-100 (n = 8) P value

Body weight (g)

8 weeks 58.8 ± 4.5 58.1 ± 3.6 0.52

16 weeks 61.2 ± 4.7 61.4 ± 3.7 0.54

24 weeks 65.7 ± 5.5 66.5 ± 3.9 0.32

48 weeks 66.5 ± 5.9 65.2 ± 7.8 0.59

Blood sugar (mg / dl)

8 weeks 207 ± 43 198 ± 39 0.43

16 weeks 269 ± 45 290 ± 51 0.56

24 weeks 345 ± 129 399 ± 159 0.20

48 weeks 239 ± 115 256 ± 136 0.71

All data are shown as the mean ± standard deviation and com-
pared with Student’s t test.

Table 2.　Serum AST and ALT levels in the control group and TU-
100 group

Control (n = 7) TU-100 (n = 7) P value

AST (U / L)

24 weeks 196 ± 120 163 ± 72 0.52

48 weeks 671 ± 478 390 ± 188 0.17

ALT (U / L)

24 weeks 104 ± 51 100 ± 33 0.86

48 weeks 162 ± 31 111 ± 44 0.03

All data are shown as the mean ± standard deviation and com-
pared with Student’s t test. AST : aspartate aminotransferase, 
ALT : alanine aminotransferase

Fig 1.　Cytokine expression (IL-6, IL-1β, α-SMA : non-cancerous 
liver tissue ; claudin-1 : colonic wall) in control and TU-100 groups at 
24 (A) and 48 weeks (B). Expression of the cytokines IL-6, IL-1β, and 
α-SMA was significantly lower in the TU-100 group compared with 
that in the control group. Claudin-1 expression was maintained in the 
TU-100 group. In contrast, IL-6, IL-1β, and α-SMA expressions in the 
liver showed no significant difference between the two groups. 
Unpaired Mann–Whitney U test was used.
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Evaluation of steatosis, fibrosis, and hepatic tumors
Figure 2A shows the representative cases of H&E staining at 

24 and 48 weeks. At 24 weeks, the rate of lobular inflammation 
(main finding of NASH) was significantly higher in the control 
group than in the TU-100 group (75% vs 13%, P < 0.01) (Fig. 2B). 
At 48 weeks, control cases showed the typical findings of NASH, 
including steatosis, lobular inflammation, and ballooning. These 
features of NASH were suppressed by TU-100 administration. 
At 48 weeks, although there was no significant difference, TU-
100 tended to prevent the progression of NASH, with a lower 
rate of NASH in the TU-100 group than in the control group 
(71% vs 28%, P  =  0.1) (Fig. 2C). Regarding hepatocarcinogenesis 
in NASH livers, there were no hepatic tumors at 24 weeks (n = 8 
for each group), and all mice showed tumors in the liver at 48 
weeks (n = 7 for each group). There was no significant difference 
in tumor number between the two groups. However, the maxi-
mum diameter of tumors was significantly smaller in the TU-
100 group compared with that in the control group (P < 0.05) (Fig. 
2D). In the TU-100 group, GS (-) HCA-like tumors were mainly 
observed in one case (Fig. 2D). 

Microbiome analysis
Meta 16S rRNA gene sequencing analysis of the fecal microbi-

ota revealed no dramatic changes in phyla and genera following 
TU-100 administration at any time point (Fig 3). However, there 
were several gut microbiome species that showed a significant 
difference between the two groups. Blautia and Ruminococcus 
were increased in the TU-100 group (P < 0.05) (Fig 4A), and the 
genus Dorea and an unknown genus of the family Erysipelotricha-
ceae were decreased in the TU-100 group (P < 0.05) (Fig. 4B).

 

DISCUSSION

In our study, we identified that TU-100 regulated the intes-
tinal microbiome and suppressed subsequent HSC activation, 
NASH progression, and tumor development in a NASH model. 
The mRNA expression of ACTA2, IL6, and IL1B in the liver was 
suppressed, whereas CLDN1 mRNA in the colon was maintained 
in the TU-100 group. TU-100 tended to suppress the formation 
of NASH, and tumor diameters in the liver in the TU-100 group 
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Fig 2A.　Representative images of the liver at 24 and 48 weeks. 
The liver in the control group showed typical NASH findings, such as 
steatosis, lobular inflammation, and ballooning. These findings were 
suppressed in the liver from the TU-100 group. Arrowhead : lobular 
inflammation, arrow: ballooning Black scale bar : 100μm Blue : 50μm

Fig 2B.　The rate of lobular inflammation at 24 weeks, the main 
finding of NASH, was significantly higher in the control group than in 
the TU-100 group (P < 0.01). There was no significant difference at 48 
weeks. Chi-squared test was used.

Fig 2C.　The rate of NASH by the FLIP algorithm showed no 
significant difference at 24 weeks. It tended to be lower in the TU-100 
group compared with that in the control group (P = 0.1) at 48 weeks. 
Chi-squared test was used.

Fig 2D.　Pictures of the liver at 48 weeks, tumor number, and 
maximum tumor diameter in control and TU-100 groups. Although 
tumor number showed no significant difference between the two 
groups, the maximum tumor diameter in the TU-100 group was 
significantly smaller than that in the control group (P < 0.05). 
Unpaired Mann–Whitney U test was used. GS-positive tumors were 
defined as HCC-like tumors, and GS-negative tumors were classified 
as HCA-like tumors. Scale bar: 100 µm
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were significantly smaller compared with those in the control 
group. Regarding the microbiome analysis, the genera Blautia 
and Ruminococcus were increased, and the genus Dorea and an 
unknown genus of the family Erysipelotrichaceae were decreased 
in the TU-100 group.

Although long-term infection with hepatitis B or C virus is a 

common risk factor for HCC, obesity-related NAFL and NASH 
have recently been reported as important causes of HCC (25). 
Because of the increased incidence of obesity-related HCC, the 
mechanisms involved in this disease and its prevention should 
be investigated. HSCs have been reported to play pivotal roles in 
HCC development via the secretion of inflammatory cytokines 
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Fig 3.　Meta 16S rRNA gene sequencing analysis of the fecal microbiota at 0, 1, 4, 12, and 24 
weeks. Color bands in graphs indicate types of phyla and genera. Phyla and genera did not show 
dramatic changes after TU-100 administration at any time point.

Fig 4.　Relative abundance of the microbiome at 0, 1, 4, 12, and 24 weeks. (A) Firmicutes, Blautia, and 
Ruminococcus were significantly increased in the TU-100 group compared with those in the control 
group (P < 0.05). (B) Firmicutes, Drea, and Erysipelotrichaceae were significantly decreased in the TU-
100 group compared with those in the control group (P < 0.05).
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(26), and these cytokines are influenced by gut microbial metab-
olites through portal flow (6). In physiologically normal condi-
tions, HSCs exist in the space of Disse in a quiescent state and 
display a myofibroblast phenotype once activated (27). Activated 
HSCs secrete α-SMA and are the primary contributors to patho-
genic extracellular matrix production in hepatic fibrosis (28).

Regarding the mouse model of NASH and hepatocarcinogene-
sis, we used TSOD mice in this study. This model spontaneously 
develops lobular inflammation and hepatocellular ballooning at 
6 months and HCC at 12 months without any treatment because 
of obesity and type 2 diabetes (10). Takahashi et al. revealed that 
tumors in TSOD mice histologically reflect well-differentiated 
HCC in humans by the immunohistochemical staining of GS 
and β-catenin (24). 

Inflammatory cytokines, including IL-6 and IL-1β, have 
cell-nonautonomous functions associated with inflammation 
and tumorigenesis promotion. IL-6 has been reported to in-
crease NASH and cancer risk in obese individuals (29). IL-6 
is a multifunctional cytokine with important functions in pro-
liferation, apoptosis, cell survival, and immune responses (30). 
IL-6 produced in the liver microenvironment activates STAT-3 
signaling in hepatocytes and is related to hepatocarcinogenesis 
(31), whereas elevated IL-6 levels have been shown to be related 
to HCC in human samples (32). More recently, IL-6 signaling 
has been identified as a pivotal pathway accelerating the expan-
sion of liver cancer progenitors and / or cancer stem cells (33, 34). 
IL-1β is a pro-inflammatory cytokine and has been reported to 
influence the progression of NASH, similar to IL-6 (35). IL-1β 
was shown to be related to elevated β-catenin and its target 
gene MYC and to play a potential role in hepatocarcinogenesis. 
It has been also reported that inflammasome activation and 
subsequent IL-1β maturation acted as an upstream regulator 
of the induction of other inflammatory cytokines in HSCs (6). 
In our study, α-SMA and these inflammatory cytokines showed 
no significant differences between TU-100 and control groups 
at 48 weeks. Generally, traditional herbal medicine shows mild 
effects, and TU-100 appeared to have an effect at the beginning 
of NASH development.   

The gut microbiota affects the balance between pro- and an-
ti-inflammatory effectors in the liver and impacts NAFLD and 
its progression to NASH (36). Furthermore, intestinal dysbiosis 
promotes hepatocarcinogenesis by driving cancer-promoting 
liver inflammation, fibrosis, and genotoxicity (37). Intestinal 
dysbiosis is induced by chronic inflammation, and the bacterial 
diversity in non-inflammatory controls is significantly higher 
than that in Crohn’s disease (21). We previously reported that 
TU-100 decreased inflammatory cytokines in the large intestine 
in a CPT-11 induced colitis model (38). Blautia and Ruminococ-
cus, which were increased in the TU-100 group, are known to 
produce the short-chain fatty acid (SCFA) butyrate. SCFAs 
suppress inflammation through the regulation of immune and 
inflammatory cytokines (39). TU-100 was also reported to in-
crease Bifidobacterium, which produces butyrate and contributes 
to beneficial effects on the human colon (40). Furthermore, 
Hasebe et al. showed that long-term administration of TU-100 
increases the abundance of bacteria that produce SCFAs (41). 
In the current study, TU-100 also showed a long-term effect on 
Dorea and Ruminococcus. Blautia was associated with reduced 
inflammatory complications after ileal pouch-anal anastomosis 
(42), and butyrate ameliorated colitis development through the 
induction of regulatory T cell differentiation (43). Furthermore, 
butyrate is known as a histone deacetylase inhibitor and has 
been investigated as a new anticancer agent. Epigenetics, includ-
ing histone deacetylation and DNA demethylation, is associated 
with carcinogenesis and enhanced malignant behavior (44). It 
was reported that the abundance of Brautia decreased with aging 

and was correlated with DNA methylation status (45). Dorea, 
which was decreased in the TU-100 group, has been reported to 
be elevated in NAFLD / NASH children, adolescents, and adult 
subjects (46). In post-menopausal obese women, Dorea has been 
shown to be related to inflammation and insulin resistance (47). 
These studies suggest a relationship between inflammation, 
obesity, and elevated Dorea. Erysipelotrichaceae, which was also 
decreased in the TU-100 group, has been demonstrated to be in-
creased in high caloric diet-fed mice (48) and identified as a risk 
indicator of HCC in a mouse model (49). From these reports, the 
regulation of the microbiome by TU-100 administration may be 
related to the inhibition of inflammation, progression of NASH, 
and hepatocarcinogenesis.

We focused on the effect of TU-100 in clinical and experi-
mental settings. We previously reported that TU-100 prevents 
BT in the fasting rat (19) and maintains the diversity of the 
gut microbiome (21). Erysipelotrichaceae was increased in this 
fasting model and the current study but decreased after TU-
100 administration. Chikakiyo et al. (20) and Takasu et al. (38) 
reported that TU-100 suppressed the adverse effects associated 
with CPT-11, decreased inflammatory cytokines, improved the 
function of tight junctions, promoted the expression of claudin-1, 
and prevented BT. Furthermore, Yada et al. (22) reported that 
TU-100 decreased intestinal mucosa atrophy, BT, liver injury, 
hepatic fibrosis, and hepatic expression of α-SMA and TLR4 in a 
biliary atresia rat model. Furthermore, in an in vitro model, TU-
100 inhibited the expression of α-SMA in HSCs. The inhibition 
of HSC activation appears to be mainly due to the reduced stim-
ulation of TLR4 signaling through the prevention of BT. How-
ever, TU-100 also has direct suppressive effects on HSCs. These 
studies suggest that TU-100 influences intestinal inflammation, 
microbiome dysbiosis, and BT. HSC activation and subsequent 
hepatic fibrosis were also suppressed by TU-100. IL-6 and IL-1β 
were secreted from HSC (50), and these cytokines seemed to be 
decreased by suppression of HSC using TU-100. Furthermore, 
in the present study, we discovered that TU-100 might suppress 
NASH progression and subsequent hepatocarcinogenesis. To our 
knowledge, this is the first report on the relationship among TU-
100, NASH, and hepatocarcinogenesis.

The present study has several limitations. First, the TSOD 
mouse model has individual differences in NASH formation 
because it is a model of spontaneous NASH, and some mice 
did not show apparent NASH in this study. A different mouse 
model, such as one representing the Western diet, should be 
investigated (51). Second, only the mRNA levels of inflammatory 
cytokines were measured, not their protein levels. Third, only 
the intestinal microbiome was investigated as the mechanism 
underlying the suppression of NASH and hepatocarcinogenesis 
by TU-100. Other detailed mechanisms should be elucidated in 
future studies. 

In conclusion, TU-100 may suppress the progression of NASH 
and subsequent hepatocarcinogenesis by regulating the intesti-
nal microbiome and HSC activation in a NASH model.
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