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Abstract

Background and Purpose: Although the prevalence of nonalcoholic steatohepatitis (NASH) is rapidly increasing, effective

therapy is lacking. Tenofovir alafenamide (TAF) is a widely used antiviral drug for hepatitis B. In this study, we investigated

the potential pharmacological effects of TAF on NASH. Experimental Approach: Two different NASH mouse models were

established: 1) by subcutaneous injection of streptozotocin (0.2 mg) and feeding the mice a high-fat, high-cholesterol (HFHC)

diet, and 2) feeding the mice a choline-deficient, L-amino acid-defined, high-fat (CDAHF) diet. Key Results: Serum alanine

aminotransferase and triglyceride levels in TAF-treated NASH mice were significantly lower than those in the mock-treated

ones. The livers from the TAF-treated NASH mice showed attenuated mononuclear phagocyte (MP) infiltration compared to

those from the mock-treated ones. TAF-treated NASH mice exhibited decreased liver infiltration of activated MPs (IAIE+/PD-

L1+/MerTK+). In ex vivo experiments using sorted human CD14+ monocytes treated with lipopolysaccharide (LPS) and/or

TAF, we confirmed the decreased level of phosphorylated AKT in TAF-treated LPS-stimulated monocytes compared to that

in the mock-treated ones. Mouse liver immunoblotting showed that phosphorylation levels of AKT were significantly lower in

the TAF-treated NASH group than in the mock-treated group. Conclusion and Implications: TAF exerts anti-inflammatory

effects in NASH livers by attenuating AKT phosphorylation in intrahepatic activated MPs. Therefore, TAF may serve as a

new therapeutic option for NASH.

Introduction

Non-alcoholic steatohepatitis (NASH) is characterized by hepatic steatosis, hepatocellular damage, and liver
inflammation, progressing to more severe stages, including cirrhosis or hepatocellular carcinoma (Abdel-
malek, 2021; Huby & Gautier, 2021). Although NASH is highly prevalent, there are currently no effective
treatments for this disease (Raza, Rajak, Upadhyay, Tewari, & Anthony Sinha, 2021). NASH treatments
are currently being developed for various targets, and several clinical trials are underway. Only few drugs
are in phase III trials, whereas others remain in phase I or II trials (Yoo et al., 2019). The US Food and
Drug Administration has not yet approved any specific drug for NASH treatment; therefore, developing new
and improved therapeutic drugs is essential (Kang et al., 2021).

Complex crosstalk between hepatocytes, hepatic stellate cells (HSCs), and diverse immune cells is activated
during NASH progression (Huby & Gautier, 2021; H. L. Lee et al., 2022). During the process, inflammatory
signals increase the mononuclear phagocyte (MP) pool size in the liver. Single-cell RNA sequencing of NASH
mice liver showed increased size of MP clusters compared with normal mice liver (Xiong et al., 2019). Recent
studies have focused on the diversity of MP in NASH mouse models (Remmerie et al., 2020; Seidman et
al., 2020; Tran et al., 2020). Intrahepatic MPs are traditionally classified into two populations, Kupffer
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cells (KCs) and monocyte-derived macrophages (MoMFs). KCs are liver-resident phagocytes; MoMFs are
recruited from the circulation to the hepatic injury site (Krenkel et al., 2018). Monocytes infiltrate the liver,
and recruited monocytes differentiate into intrahepatic MPs, promoting HSC activation in the chronically
inflamed liver (Sung, 2021; P. S. Sung et al., 2022). A recent single cell analysis also demonstrated that
the recruited and intrahepatic MPs exhibit distinct inflammatory phenotypes during nonalcoholic fatty liver
disease (NAFLD) progression (Krenkel et al., 2020).

Two tenofovir prodrugs are currently available for treating human immunodeficiency and hepatitis B virus in-
fections. Tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF) are commonly used antiviral
agents with potent antiviral activity, causing liver fibrosis regression (S. W. Lee et al., 2021; Zhao et al., 2020).
Another report demonstrated that TDF regulates liver fibrosis by downregulating the PI3K/Akt/mTOR sig-
naling pathway, leading to the activation of HSC apoptosis (S. W. Lee et al., 2021). TAF treatment also
resulted in liver fibrosis regression, similar to TDF effects in a fibrosis mouse model (Zhao et al., 2020).
However, there are currently no reports showing the effects of TAF treatment on NASH regression. This
study investigated the potential therapeutic effects of TAF on NASH in two different in vivo NASH models.
Moreover, we examined the effect of TAF on the PI3K/Akt/mTOR signaling pathway in intrahepatic MPs.

Experimental Procedures

Isolation of peripheral human CD14+monocytes and in vitro experiments

Peripheral blood mononuclear cells were isolated from a healthy adult donor using Ficoll–Hypaque density
gradient centrifugation. CD14+ monocytes (anti-CD14 microbeads, MACS, Miltenyi Biotec, Bergisch Glad-
bach, Germany) were separated from the peripheral blood mononuclear cells using the OctoMACS separator
and starting kits (MACS, Miltenyi Biotec) (Park et al., 2020). Separated human CD14+ monocytes were
plated in 90 × 20-mm cell culture dishes (SPL Life Sciences, Pochon, Korea) at a density of 1 × 106 cells/mL
in serum-free Roswell Park Memorial Institute 1640 medium. The medium was pre-treated with TAF for 6
h. The control group was treated with an equal volume of dimethyl sulfoxide (DMSO). The medium was re-
freshed with 1 μg/mL LPS or mock for 24 h. The cells were then incubated at 37 °C with 5% CO2. We then
performed fluorescence staining (AKT, CD45, human leukocyte antigen-DR isotype [HLA-DR], phospho-
AKT, programmed death-ligand 1 [PD-L1], and LIVE/DEAD dye). The research protocol conformed to
the Declaration of Helsinki; the institutional review board of St. Mary’s Hospital in Seoul (KC20TISI0817)
approved the study. Informed consent was obtained from all the participants.

Establishment of in vivo streptozotocin (STZ)-injected, high-fat, high-cholesterol (HFHC)-fed NASH mouse
model

Sixteen days pregnant female C57BL/6J mice were purchased from the Jackson Laboratory (Japan). STZ
(0.2 mg; Sigma-Aldrich, St. Louis, MO, USA) was injected subcutaneously into 3-day-old male C57BL/6J
mice. STZ was dissolved in 0.1 M sodium citrate buffer (pH 4.5) before administration. One month later,
the male mice were randomly divided into four groups: normal, STZ-injected normal carbohydrate (Teklad
Global 18% Protein Rodent Diet; TD 2018C, Envigo, Indianapolis, IN, USA) diet, STZ-injected HFHC
(Western Diet; D12079B, 41 kcal% fat, 43 kcal% carbohydrates; Research Diets, New Brunswick, NJ, USA)
diet-fed, and STZ-injected TAF-treated HFHC diet-fed groups (TAF, 5 mg/kg; Gilead Sciences, Foster City,
CA, USA). TAF was administered daily for 4 weeks. Blood was collected from the orbital venous plexus
every 2 weeks, and random glucose levels were analysed. Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and triglyceride (TRIG) levels were measured using a chemical analyser according
to the manufacturer’s protocol (Vettest 8008 Chemistry Analyzer; IDEXX Laboratories, Westbrook, ME,
USA). Mice were intraperitoneally anesthetized with Rompun (10 mg/kg) and Zoletil (40 mg/kg), and
their livers were removed. Mice livers were dissociated using a dissociation kit (MACS, Miltenyi Biotec)
and gentleMACS Dissociator (MACS, Miltenyi Biotec). Fluorescence staining was then performed (CD11b,
F4/80, CD45, Ly6G, PD-L1, IAIE, MerTK, and LIVE/DEAD dyes).

The Korea Excellence Animal Laboratory Facility at the Korea Food and Drug Administration was accredited
in 2007 by the Institutional Animal Care and Use Committee (IACUC) and the Department of Laboratory
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Animals (DOLA) at the Catholic University of Korea, Songeui Campus, and acquired full Assessment and
Accreditation by the Laboratory Animal Care International accreditation in 2018. All animal care and
experimental procedures were conducted according to the Institutional Animal Care and Use Committee
and were approved by the Center for Medical Science of the Catholic University of Korea (2021-0329-02).

Statistical analysis

All statistical analyses were performed using GraphPad Prism version 7 (GraphPad, Inc., San Diego, CA,
USA). Continuous variables were assessed using independent t -tests. The relationships between the two
parameters were examined using Pearson’s correlation tests. Statistical significance was set at p <0.05.

Additional methods are presented in the supplementary information.

RESULTS

TAF treatment ameliorates liver injury in the NASH mouse model

We established a NASH mouse model using STZ and HFHC diets to evaluate the effects of TAF on NASH
(Fig 1A). Liver function tests were performed by measuring the serum ALT, AST, and triglyceride (TRIG)
levels to confirm the NASH model and TAF effects. ALT, AST, and TRIG levels were lower in the TAF-
treated HFHC diet-fed group than in the mock-treated ones (Fig 1B). Body weight and random glucose
levels were measured for 2 weeks. The total liver weight of the TAF-treated HFHC diet-fed mice was lower
than that of the mock-treated ones. (Supplementary Fig S1A). Haematoxylin and eosin (H&E) staining of
paraffin-embedded liver sections showed that hepatocyte necrosis and sinusoidal congestion were significantly
reduced in the livers of the TAF-treated HFHC diet-fed group than in those of the mock-treated ones. Sirius
red staining showed that the collagen deposition area was decreased in the livers of the TAF-treated HFHC
diet-fed group compared to those of the mock-treated one. Moreover, the IHC results showed that the
percentages of LPS- and toll-like receptor 4 (TLR4)-positive cells were higher in the mock-treated HFHC
diet group than in the TAF-treated group (Fig 1C). The TLR4- or LPS-positive cell frequency was lower
in the TAF-treated HFHC diet group than in the mock-treated one. The area ratio of stained collagen was
lower in the TAF-treated HFHC diet group than in the mock-treated one. NASH Activity Score (NAS) was
decreased in the livers of the TAF-treated HFHC diet-fed group compared to those of the mock-treated one
(Fig 1D).

We established a NASH mouse model using a choline-deficient, L-amino acid-defined, high-fat (CDAHF)
diet to evaluate TAF’s role in NASH. (Fig 1E). ALT, AST, and TRIG levels were lower in the TAF-treated
CDAHF diet-fed group than in the mock-treated one (Fig 1F). Body weight and random glucose levels were
measured for 2 weeks. The total liver weight of the TAF-treated CDAHF diet-fed group was lower than that
of the mock-treated one (Supplementary Fig S1B). H&E staining of paraffin-embedded liver sections showed
that hepatocyte necrosis and sinusoidal congestion were significantly reduced in the TAF-treated CDAHF
diet-fed group’s livers compared to those of the mock-treated one (Supplementary Fig S1C).

The number of PD-L1+/IAIE+/MerTK+intrahepatic MPs is lower in TAF-treated STZ, HFHC diet-fed
NASH mice.

We performed flow cytometry analysis after mouse liver digestion to confirm the role of intrahepatic MPs
in the NASH mouse model using the livers of STZ and HFHC diet-fed mouse treated with mock or TAF.
A gating strategy for quantifying intrahepatic MPs using flow cytometry is shown in Supplementary Figure
S2A.

A representative gating strategy for intrahepatic recruited (CD11bhigh F4/80low) and resident (CD11blow

F4/80high) MPs is shown in Fig 2A. The TAF-treated HFHC diet-fed group showed significantly decreased in-
trahepatic recruited (CD11bhighF4/80low) MPs than the mock-treated one. However, there were no significant
differences in resident (CD11blow F4/80high) MPs (Fig 2B) between the TAF-treated HFHC diet-fed group
and the mock-treated one. Programmed death ligand 1 (PD-L1), IAIE, MER proto-oncogene, and tyrosine
kinase (MerTK) were used as CD11b+F4/80+ MP activation surface markers. The intrahepatic IAIE+ and

3
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MerTK+ MP mean fluorescence intensity (MFI) values were significantly lower in the TAF-treated HFHC
diet group than in the mock-treated one (Fig 2C). The intrahepatic PD-L1+/IAIE+/MerTK+-positive MP
number was significantly decreased in the TAF-treated HFHC diet group than in the mock-treated one (Fig
2D). Furthermore, the number of CD11b+ F4/80+ MPs per g liver weight was significantly reduced in the
TAF-treated HFHC diet group than in the mock-treated one (Supplementary Fig S2B). Figure 2E shows
that tumour necrosis factor-α, chemokine (C-C motif) ligand 2, and interleukin-1 beta mRNA expression
levels were significantly lower in the TAF-treated HFHC diet group than in the mock-treated one, indicating
reduced inflammation.

The number of PD-L1+/IAIE+/MerTK+intrahepatic MPs is lower in TAF-treated CDAHF diet-fed NASH
mice

We performed flow cytometry analysis after mouse liver digestion to confirm the role of intrahepatic MPs
role in the NASH mouse model using the liver of CDAHF diet-fed mouse treated with mock or TAF.
A representative gating strategy for intrahepatic recruited (CD11bhigh F4/80low) and resident (CD11blow

F4/80high) MPs is shown in Fig 3A. The TAF-treated CDAHF diet-fed group showed considerably de-
creased intrahepatic recruited (CD11bhighF4/80low) MPs than the mock-treated one. However, there were
no significant differences in resident (CD11blow F4/80high) MPs between the TAF-treated CDAHF group
and mock-treated one (Fig 2B). The intrahepatic IAIE+ and MerTK+ MP MFI values were significantly
lower in the TAF-treated CDAHF diet group than in the mock-treated one (Fig 3C). The intrahepatic PD-
L1+/IAIE+/MerTK+-positive MP number was remarkably decreased in the TAF-treated HFHC diet group
(Fig 3D). Furthermore, the number of CD11b+F4/80+ MPs per g liver weight was significantly reduced in
the TAF-treated CDAHF diet group than in the mock-treated one (Supplementary Fig S2C).

Cell surface PD-L1 expression of activated intrahepatic MPs decreased by ex vivo TAF treatment

We established an animal TAA-induced liver injury model to identify theex vivo TAF effects on inflamed
intrahepatic MPs. TAA was injected intraperitoneally for 8 weeks (Fig 4A). H&E staining of paraffin-
embedded liver sections showed that hepatocyte necrosis and sinusoidal congestion were significantly higher
in the TAA-treated group’s livers than in those of the no TAA-treated ones. Sirius red staining showed that
the collagen deposition area was increased in the TAA-treated group’s livers compared to that in the no
TAA-treated group (Fig 4B). The TAA-treated injured livers were perfused with collagenase, and MPs were
isolated using gradient centrifugation. The isolated MPs were treated with different TAF concentrations
(Fig 4C). TAF- or mock-treated MPs were analysed using flow cytometry. The number of PD-L1+ cells
among the total analysed MPs was decreased by TAF in a concentration-dependent manner (Fig 4D). TAF
treatment decreased the MFI of PD-L1 in CD11b+F4/80+ intrahepatic MPs (Fig 4E).

TAF blocks phosphorylation of AKT in MPs

Immunoblotting was performed to determine the signalling pathway blocked by TAF in in vivo STZ, HFHC
diet-fed NASH mouse model treated with mock or TAF. The p-AKT, AKT, p-mTOR, mTOR, and GAPDH
protein levels were detected in the NASH mice livers. p-AKT and p-mTOR levels were decreased in the livers
of the STZ-injected TAF-treated HFHC diet-fed mice compared to those of the STZ-injected mock-treated
HFHC diet-fed mice (Fig 5A).

We investigated TAF’s effects on human monocytes, as monocytes are recruited to damaged livers and
differentiate into MPs. We sorted CD14+ monocytes in the peripheral blood mononuclear cells. Sorted
human CD14+ monocytes were pre-treated with TAF for 6 h and then stimulated with or without LPS for 24
h. The CD14+ monocyte population was determined using flow cytometry. PD-L1+ and human leukocyte
antigen-DR isotype (HLA-DR)+ populations decreased with increasing TAF concentrations compared to
those in the mock group (Fig 5B). The HLA-DR+/PD-L1+ cell number increased after LPS treatment but
decreased in a concentration-dependent manner in the TAF-stimulated group (Fig 5C). Moreover, TAF
treatment decreased HLA-DR and PD-L1 MFI in activated CD14+monocytes compared to that in the
mock group (Fig 5D). Representative AKT and p-AKT level plots in activated human CD14+monocytes
treated with mock or TAF were analysed using flow cytometry. The phosphorylated AKT population was
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significantly reduced following TAF addition to activated human CD14+ monocytes based on p-AKT MFI
values; AKT phosphorylation was blocked by TAF treatment (Fig 5E). A schematic representation of the
effect of TAF on NASH liver is presented in Fig 5F.

Discussion

In this study, we confirmed that TAF alleviated NASH in two different NASH mouse models by decreasing
the activity of recruited and intrahepatic MPs by blocking the AKT pathway. Our results demonstrated that
liver damage and IAIE+/PD-L1+/MerTK+intrahepatic MP number were lower in TAF-treated NASH mice.
Moreover, LPS-stimulated TAF-treated CD14+ human monocytes expressed lower PD-L1+HLA-DR+ levels
than LPS-stimulated mock-treated ones. These results suggest that TAF decreased the numbers of recruited
and intrahepatic MPs in the NASH liver. Moreover, pAKT levels were decreased in TAF-treated NASH mice
livers and isolated peripheral human CD14+ monocytes, suggesting that TAF blocks AKT phosphorylation
in MPs.

During NASH, recruited and intrahepatic MPs differentiate into pro-inflammatory MPs (Sung, 2021). The
single-cell transcriptome analysis of NASH mouse livers showed that genes most specific to MPs were pri-
marily NASH-induced genes (Xiong et al., 2019). Another recent single cell analysis also demonstrated that
the recruited and intrahepatic MPs exhibit distinct inflammatory phenotypes during NAFLD progression
(Krenkel et al., 2020). Other studies also demonstrated that in NASH/ALD livers, CD68+ MP numbers
increased with the progression of fibrosis (Pil Soo Sung et al., 2022), and Trem2+CD9+ MPs derived from
the recruited MPs display a profibrogenic phenotype (Ramachandran et al., 2019). Therefore, it is critical
to investigate the mechanisms that target the activated MPs to treat NASH.

The NASH mouse models show pathological features similar to that of human NASH (Saito et al., 2015).
Therefore, we established a NASH mouse model using a combination of chemical (STZ) and dietary inter-
ventions with HFHC diets. A recent study on human NAFLD livers suggested that gut-derived LPS induces
liver damage by activating MPs via the TLR-4 pathway (Carpino et al., 2020). Our IHC results showed
that LPS and TLR-4 expression was significantly reduced in the TAF-treated HFHC diet-fed mice compared
to the mock-treated ones. A previous study revealed that TAF mitigates ALT levels in chronic hepatitis
B virus infection maybe due to metabolic factors associated with NAFLD (Sripongpun et al., 2022). The
NASH mouse model showed elevated serum ALT, AST, and TRIG levels, indicating severe liver damage.
After TAF administration in the NASH mouse model, serum ALT, AST, and TRIG levels were remark-
ably restored to normal ranges. CD11bhighF4/80low +, used as a recruited MP marker, exhibited a higher
percentage in the mock-treated HFHC diet group and was markedly decreased in the TAF-treated group.
Previous studies have revealed that TDF, an antiviral agent used to treat chronic hepatitis B, has additional
immune-modulatory effects (S. W. Lee et al., 2021; Zhao et al., 2020). To investigate anti-inflammatory
effects of TAF on inflamed intrahepatic MPs, MPs were isolated from a TAA-induced liver injury mouse
model and treated with TAF ex vivo . The activation status of the isolated MPs was significantly reduced
after TAF treatment, suggesting that TAF has anti-inflammatory effects.

Akt is known as a key player in signal transduction and regulation of cellular processes. The PI3K/AKT
pathway regulates MP survival, migration, proliferation, and inflammatory signals and promotes the devel-
opment of inflammation (Linton, Moslehi, & Babaev, 2019). The PI3K/Akt pathway is activated by TLR4
or other cytokines, chemokines, and Fc receptors. TLR activation ultimately affects the activation state of
macrophages (Lopez-Pelaez, Soria-Castro, Bosca, Fernandez, & Alemany, 2011). Moreover, LPS increases
the phosphorylation of Akt (S. J. Lee, Seo, & Kim, 2015). Our data demonstrated that AKT phosphoryla-
tion was inhibited by TAF administration in a NASH mouse model. Moreover, pAKT levels were decreased
in TAF-treated activated peripheral human CD14+ monocytes, suggesting that TAF blocks AKT phospho-
rylation in MPs. Further human studies are necessary to discover the safe and effective anti-inflammatory
dose of TAF in patients with NASH.

Conclusion

We demonstrated that TAF alleviates NASH in the liver by downregulating the AKT signalling pathway,
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resulting in MP inactivation. Therefore, TAF may be an effective therapeutic agent for treating NASH.
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FIGURE LEGENDS

Figure 1. Tenofovir alafenamide (TAF) treatment ameliorates liver injury in the nonalcoholic
steatohepatitis (NASH) mouse model.(A) Experimental schedule for the NASH mouse model using
streptozotocin (STZ) injection and high-fat, high-cholesterol (HFHC) diet. C57BL/6J mice were injected
with 0.2 mg STZ and fed HFHC diet or carbohydrate (CHO) diet and treated with mock or TAF. NASH
resulted from the HFHC diet after STZ subcutaneous injection for 4 weeks (n = 6-10). (B) Serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and triglyceride (TRIG) levels in STZ-injected,
HFHC-fed NASH experimental animals treated with mock or TAF. (C) Representative histological analyses
of liver sections stained with haematoxylin and eosin, Sirius red, anti-lipopolysaccharide (LPS) and anti-
toll-like receptor 4 (TLR4) expression in STZ-injected mock-treated HFHC diet-fed and STZ-injected TAF-
treated HFHC diet-fed mice livers. Original magnification: 50×. (D) Comparison of the frequency of LPS- or
TLR4-positive cells between STZ-injected, HFHC diet-fed NASH experimental animals treated with mock or
TAF. Morphometric analysis of Sirius Red-stained liver section was performed from 5 fields of 5 liver sections
per group. Comparison of NASH Activity Score (NAS) from mouse liver specimens among each treatment
group. (E) Experimental schedule for the NASH mouse model using choline-deficient, L-amino acid-defined,
high-fat (CDAHF) diet-fed mock or TAF. C57BL/6J mice were fed a CDAHF or CHO diet for 6 weeks (n
= 7-10). (F) Serum ALT, AST, and TRIG levels in CDAHF diet-fed NASH experimental animals treated
with mock or TAF. *p<0.05, **p <0.001, ***p<0.001.

Figure 2. TAF decreases the number of activated mononuclear phagocytes (MPs) in the
STZ-injected, HFHC diet-fed NASH mouse liver.(A) Representative dot plot describing the pro-
portions of recruited/resident MPs. Data are representative of five independent experiments. (B) Recrui-
ted (CD11bhighF4/80low) and resident (CD11blowF4/80high) MP cell number per g liver weight and cell
percentage in the mock or TAF-treated STZ-injected, HFHC diet-fed NASH mouse model was counted
using flow cytometry. (C) Mean fluorescence intensity (MFI) of programmed death ligand 1 (PD-L1), IAIE
and MER proto-oncogene, and tyrosine kinase (MerTK) in CD11b+F4/80+ cells. (D) Frequency of PD-
L1+/IAIE+/MerTK+intrahepatic MP cells in the STZ-injected, HFHC diet-fed NASH mouse model treated
with mock or TAF. (E) Relative mRNA expression of inflammatory genes in mock or TAF-treated NASH
mouse liver. *p<0.05, **p <0.001, ***p<0.001.

Figure 3. TAF decreases the number of activated MPs in the choline-deficient, L-amino acid-
defined, high-fat (CDAHF) diet-fed NASH mouse liver. (A) Representative dot plot describing the
proportions of recruited/resident MPs. Data are representative of five independent experiments. (B) Re-
cruited (CD11bhighF4/80low) and resident (CD11blowF4/80high) MP cell number per g liver weight and
cell percentage in the mock or TAF-treated CDAHF diet-fed NASH mouse model was counted using
flow cytometry. (C) MFI of PD-L1, IAIE and MerTK in CD11b+ F4/80+ cells. (D) Frequency of PD-
L1+/IAIE+/MerTK+intrahepatic MP cells in the CDAHF diet-fed NASH mouse model treated with mock
or TAF. *p <0.05, **p<0.001, ***p <0.001.

Figure 4. Ex vivo effect of TAF on MPs isolated from the livers of the thioacetamide (TAA)-
induced liver injury mouse model. (A) The liver injury mouse model experimental schedule using
TAA injection (n = 5). Mice were intraperitoneally injected with 100 or 150 mg/kg TAA three times a
week. (B) Representative histological analyses of liver sections stained with H&E, Sirius red in TAA-treated
mouse liver. Original magnification: 50×. Morphometric analysis of Sirius Red-stained liver section was done
from 5 fields of 5 liver sections per group. (C)Ex vivo experimental scheme of MPs isolated from the liver
injury mouse model treated with mock or TAF. The mice livers were perfused, and MPs were isolated using
gradient centrifugation. (D) Frequency of PD-L1+ cells among isolated CD11b+F4/80+ cells after treatment
with mock or TAF. (E) MFI of PD-L1 in isolated CD11b+F4/80+ cells after mock or TAF treatment. *p
<0.05, **p <0.01, ***p <0.001.

Figure 5. TAF blocks the phosphorylation of AKT in monocytes/MPs.
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(A) The expression of AKT and mTOR in mock or TAF-treated STZ-injected, HFHC diet-fed NASH mice
liver tissues were analysed using western blotting. The relative expression of phosphorylated proteins was
normalised to total protein expression. Data are representative of three independent experiments. The graph
in the right panel shows the quantitative densitometry immunoblotting analysis results. (B) Experimental
scheme of isolated peripheral CD14+monocytes. Cells were pre-treated with TAF (1, 5 μM) for 6 h and
stimulated with 1 μg/mL LPS for 24 h. Dot plots of surface human leukocyte antigen-DR isotype (HLA-
DR) and PD-L1 levels in stimulated monocytes treated with mock or TAF. Data are representative of five
independent experiments. (C) Frequency of PD-L1+/HLA-DR+ cells in activated CD14+ monocyte cells
treated with mock or TAF. (D) MFIs of PD-L1 and HLA-DR in activated CD14+ monocyte cells after mock
or TAF treatment. (E) Representative dot plots of AKT and pAKT expression in mock or TAF-treated
activated peripheral CD14+ monocytes analysed using flow cytometry. MFI of pAKT in mock- or TAF-
treated activated peripheral CD14+ monocytes, analysed using flow cytometry. (F) Schematic representation
of the TAF role in NASH liver. *p<0.05, **p <0.001, ***p<0.001.
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