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A B S T R A C T

The aryl hydrocarbon receptor (AHR) is a transcription factor activated by ligands that partici-
pates in many important physiological processes. Although AHR activation is associated with
hepatomegaly, the underlying mechanism remains unclear. This study evaluated the effects of
AHR activation on liver enlargement and regeneration in various transgenic mice and animal
models. Activation of AHR by the non-toxic ligand YH439 significantly induced liver/body weight
ratio in wild-type mice (1.37-fold) and AHRfl/fl.ALB-CreERT2 mice (1.54-fold). However, these ef-
fects not present in AHRΔHep mice. Additionally, the activation of AHR promotes hepatocyte
enlargement (1.43-fold or 1.41-fold) around the central vein (CV) and increases number of Ki67+

cells (42.5-fold or 48.8-fold) around the portal vein (PV) in wild-type mice and AHRfl/fl.ALB-CreERT2

mice. In the 70 % partial hepatectomy (PHx) model, YH439 significantly induced hepatocyte
enlargement (1.40-fold) and increased number of Ki67+ cells (3.97-fold) in AHRfl/fl.ALB-CreERT2

mice. However, these effects were not observed in AHRΔHep mice. Co-immunoprecipitation results
suggested a potential protein-protein interaction between AHR and Yes-associated protein (YAP).
Disruption of the association between YAP and transcription enhancer domain family member
(TEAD) significantly inhibited AHR-induced liver enlargement and regeneration. Furthermore,
AHR failed to induce liver enlargement and regeneration in YAPΔHep mice. Blocking the YAP
signaling pathway effectively eliminated AHR-induced liver enlargement and regeneration. This
study revealed the molecular mechanism of AHR regulation of liver size and regeneration through
the activation of AHR-TEAD signaling pathway, thereby offering novel insights into the physio-
logical role of AHR. These findings provide a theoretical foundation for the prevention and
treatment of disorders associated with liver regeneration.

1. Introduction

The liver has strong regenerative capacity after injury, and various complex signals are involved in regulating this process [1]. The
liver/body weight ratio is consistently regulated during regeneration to maintain a process known as hepatic homeostasis [2]. Many
exogenous substances can induce liver enlargement without causing liver damage [3]. However, the molecular mechanisms governing
liver size and regeneration are complex and remain elusive.

AHR is a ligand-dependent transcription factor that regulates several physiological processes [4]. AHR is not only involved in the
regulation of cytochrome P450 1 (CYP1), an enzyme that metabolizes exogenous compounds [5], but also in many important phys-
iological processes, including cell cycle regulation, cell migration, and cell adhesion [6,7]. AHR exhibits high expression levels in the
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liver and serves as an environmental receptor capable of sensing toxicants and regulating exogenous metabolism [8,9]. 2,3,7,8-Tetra-
chlorodibenzo-p-dioxin (TCDD) is a prototypical exogenous activator of AHR that is widely used to investigate the toxicological effects
associated with this AHR [10]. In hepatotoxicity studies, continuous activation of AHR by TCDD led to cellular hypertrophy, bile duct
hyperplasia, steatosis, inflammatory cell infiltration, and transient liver swelling, however, the precise underlying mechanism remains
unclear [11]. YH439, an atypical activator of AHR, demonstrates protective properties against liver injury when used as an experi-
mental hepatoprotectant [12]. The differential effects observed between exogenous and endogenous AHR ligands may be attributed to
distinct patterns of “sustained” activation by exogenous ligands versus “transient” activation by endogenous ones [8,13].

Fig. 1. Activation of AHR promoted liver enlargement and regeneration in wild-type mice. (A) Wild-type mice were treated with vehicle or YH439
(100 mg/kg/d) for 10 days. (B) The relative liver/body weight ratios (n = 5). (C) Representative liver photos of vehicle or YH439-treated mice. (D)
CTNNB1 staining, H&E staining were performed to measure the cell size around CV area. Quantification of cell size (n = 5). (E)CK19/Ki67 staining
was performed to measure the cell proliferation around PV area. Quantification the number of Ki67þ cells (n = 5). Data are expressed as means ±
SD; *p < 0.05, **p < 0.01 and ***p < 0.001; Student’s t-test. Scale bar = 50 μm.
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YAP plays a pivotal role in the regulation of liver size [14,15]. Dephosphorylated YAP translocates from the cytoplasm to the
nucleus, and together with TEAD family members, regulates the expression of genes related to liver cell growth, proliferation, and
dedifferentiation [16]. The livers of AHR-knockout mice are much smaller than that of wild-type mice [17], suggesting that AHR may
also participate in liver size regulation through the YAP signaling pathway. Activation of YAP can induce proliferation and trans-
differentiation of mature hepatocytes [16,18]. Previous studies have reported that YAP signal is involved in liver enlargement and liver
regeneration induced by the constitutive androstane receptor (CAR), peroxisome proliferators-activated receptorα (PPARα), and
pregnane X receptor (PXR) [19–21]. However, the mechanisms underlying the YAP-induced liver enlargement and regeneration
require further investigation.

Currently, the relationship between AHR and the YAP signaling pathway remains unclear. It has been observed that TCDD pro-
motes the proliferation of rat hepatocytes (WB-F344) and is associated with the activation of YAP/TAZ (with the PDZ binding motif)
transcription targets [22]. In undifferentiated human hepatocytes (HepaRG), TCDD up-regulate the apoptosis suppressor protein

Fig. 2. AHR activation-induced liver enlargement and regeneration is abolished in AhrΔHepmice. (A) Ahr fl/fl.ALB-CreERT2 and AhrΔHep mice were
treated with vehicle or YH439 (100 mg/kg/d) for 10 days. (B) The relative liver/body weight ratios (n = 5). (C) Representative liver photos of
vehicle or YH439-treated mice. (D) CTNNB1 staining, H&E staining were performed to measure the cell size around CV area. Quantification of cell
size (n = 5). (E)CK19/Ki67 staining was performed to measure the cell proliferation around PV area. Quantification the number of Ki67þ cells (n =

5). Data are expressed as means ± SD; *p < 0.05, **p < 0.01 and ***p < 0.001; Student’s t-test. Scale bar = 50 μm.
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(survivin), a target gene of YAP, and promote cell proliferation [23]. The promotion of hepatocyte proliferation by TCDD may be
related to the activation of the YAP signaling pathway. Furthermore, TCDD induced the expression of YAP target gene connective
tissue growth factor (CTGF) in rat liver progenitor cells [24]. However, these findings have not been confirmed in vivo. A study found
that liver progenitor cells located around the portal vein simultaneously express the sex determining region Y-box transcription factor
9 (SOX9) and hepatocyte nuclear factor 4α (HNF4α). Liver progenitor cells (SOX9+ hepatocyte) can proliferate and differentiate into
hepatocytes to repair the liver damage [25]. The in vivo effects of AHR on liver progenitor cells require further investigation.

The objective of this study was to investigate the role of AHR in hepatic hypertrophy and to elucidate its mechanism of action. This
study revealed a novel mechanism by which AHR induces liver enlargement and regeneration through the YAP-TEAD signaling
pathway, offering new insights into the physiological function of AHR and providing a theoretical foundation for the prevention or
treatment of disorders related to liver regeneration.

2. Results

2.1. AHR activation promotes liver enlargement

To investigate the impact of AHR activation on liver enlargement in mice, male C57BL/6 mice were orally administered the AHR-
specific agonist YH439 (100 mg/kg/d) for 10 days (Fig. 1A). Subsequently, an increase in the liver/body weight ratio (1.37-fold versus
vehicle group, P < 0.05) and liver size were observed in YH439-treated mice (Fig. 1B and C). After YH439 treatment, the expression
level of AHR target gene cytochrome P450 1A (Cyp1a1) was increased in liver (Fig. S1A), the expression levels of proliferation-related
genes cyclin A1 (Ccna1) and cyclin D1 (Ccnd1) were increased (Fig. S1A), and the expression levels of YAP downstream target genes
connective tissue growth factor (Ctgf), cysteine-rich angiogenic inducer 61 (Cyr61) and ankyrin repeat domain 1(Ankrd1) were
increased (Fig. S1B). However, the expression of inflammatory genes interleukin (Il-6), interferon (Ifn-γ) and tumor necrosis factor
(Tnfα) did not change (Fig. S1C).These findings suggest that AHR activation promotes hepatocyte proliferation and induces the
activation of the YAP signaling pathway without inducing significant inflammatory damage. Furthermore, biochemical markers
related to liver function, such as alanine aminotransferase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP), were
not significantly altered when compared to the vehicle group (Fig. S1D). This suggests that AHR-induced liver enlargement in mice is
not attributable to liver injury but rather a consequence of liver enlargement.

To investigate the effect of AHR activation on hepatocyte size, immunofluorescence catenin β 1 (CTNNB1) staining and
hematoxylin-eosin (H&E) staining was performed. YH439 significantly induced hepatocyte enlargement around the CV (1.43-fold
versus the vehicle group, P< 0.05; Fig. 1D), whereas the size of the hepatocytes around the PV did not increase after YH439 treatment
(Fig. S2A), indicating distinct zonal differences in YH439-induced hepatocyte enlargement. To further explore the effect of AHR
activation on hepatocyte proliferation, we examined the expression of the cell proliferating nuclear antigen (Ki67) and cytokeratin 19
(CK19) using immunofluorescence. CK19was used to label bile duct cells around PV. Notably, YH439 treatment significantly increased
the number of Ki67+ cells around the PV (42.5-fold versus the vehicle group, P < 0.001; Fig. 1E), However, no Ki67+ cells were
observed around the CV (Fig. S2B).

AHRfl/fl.ALB-CreERT2 and AHRΔHep mice were orally administered YH439 for 10 days (Fig. 2A). YH439 significantly increased the
liver/body weight ratio (1.54-fold versus vehicle group, P < 0.05) and liver size in AHRfl/fl.ALB-CreERT2 mice, whereas no changes were
observed in AHRΔHep mice (Fig. 2B and C). Administration of YH439 induced notable hepatocyte enlargement around the CV (1.41-
fold versus the vehicle group, P< 0.05) and increased the number of Ki67+ cells around the PV (48.8-fold versus the vehicle group, P<

0.001) in AHRfl/fl.ALB-CreERT2 mice (Fig. 2D and E); however, these effects were not observed in AHRΔHep mice (Figs. S3A and S3B).
Furthermore, there was no evident hepatocyte enlargement around the PV or proliferation of hepatocytes around the CV after YH439
treatment in AHRfl/fl.ALB-CreERT2 and AHRΔHep mice. These results show that AHR may promote liver enlargement by facilitating he-
patocyte enlargement specifically around the CV and by promoting hepatocyte proliferation specifically around the PV.

2.2. AHR activation promotes liver regeneration

We demonstrated the crucial role of AHR in liver regeneration following 70 % PHx. To determine the effect of AHR activation on
liver regeneration, the AHRfl/fl.ALB-CreERT2 and AHRΔHep mice were orally administered YH439 for 2 days after 70 % PHx (Fig. 3A).
Hepatocyte size in WTmice was quantified using immunofluorescence CTNNB1 staining and H&E staining. CTNNB1 and H&E staining
revealed an increase in hepatocyte size around the CV (1.40-fold versus the vehicle group, P < 0.05) in AHRfl/fl.ALB-CreERT2 mice after
treatment with YH439, whereas no such effect was observed in AHRΔHep mice (Fig. 3B). YH439 treatment significantly increased the
number of Ki67+ cells around the PV (3.97-fold versus the vehicle group, P < 0.05) in AHRfl/fl.ALB-CreERT2 mice, which was absent in
AHRΔHep mice (Fig. 3C).

Next, we examined specific cell types involved in AHR-induced liver enlargement. Analysis of CK19/Ki67 staining revealed that
treatment with YH439 significantly increased the number of Ki67+ cells around the PV(3.97-fold versus the vehicle group, P< 0.05) in
the AHRfl/fl.ALB-CreERT2 mice; however, no co-staining of CK19 and Ki67 was observed(Fig. 3C), indicating that YH439 did not induce
bile duct cell proliferation. SOX9 is expressed in bile duct cells and SOX9+ hepatocytes. Analysis of SOX9/Ki67 staining showed an
increased number of SOX9/Ki67 positive cells around the PV (58.2-fold versus the vehicle group, P< 0.001) in AHRfl/fl.ALB-CreERT2 mice
treated with YH439, whereas YH439 failed to increase this population in AHRΔHep mice (Fig. 4A). These results suggest that YH439
specifically promotes the proliferation of SOX9+ cells. To further confirm this effect on hepatocytes expressing both SOX9 and HNF4α,
analysis using SOX9/HNF4α staining demonstrated a significant increase in the number of SOX9/HNF4α positive cells around the PV
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(28.5-fold versus the vehicle group, P< 0.001) in AHRfl/fl.ALB-CreERT2 mice following treatment with YH439. However, no such increase
was observed in AHRΔHep mice (Fig. 4B). These results suggest that AHR promotes liver proliferation by inducing the proliferation of
SOX9+ hepatocytes around the PV.

2.3. YAP pathway is involved in AHR activation-induced liver enlargement and regeneration

We examined the effect of AHR activation on the YAP signaling pathway. After YH439 treatment, the expression levels of the AHR
target gene Cyp1a1 and the proliferation-related genes Ccna1 and Ccnd1 increased in the livers of AHRfl/fl.ALB-CreERT2 mice with 70 %
PHx (Fig. 5A), and the expression levels of the downstream YAP target genes Ctgf, Cyr61 and Ankrd1 increased (Fig. 5B). These changes
were not observed in AHRΔHep mice with 70 % PHx. Compared with the vehicle group, ALT, AST, and ALP levels of AHRfl/fl.ALB-CreERT2

and AHRΔHep mice were not significantly altered (Fig. 5C). These findings suggest that during liver enlargement and regeneration
induced by YH439, AHRmay have a similar regulatory effect on the YAP signaling pathway. Colocalization experiments demonstrated
that treatment with YH439 resulted in the translocation of YAP from the cytoplasm to the nucleus (Fig. 5D). Co-immunoprecipitation
experiments confirmed the potential interaction between AHR and YAP (Fig. 5E). These results suggest a protein-protein interaction
between AHR and YAP.

2.4. YAP-TEAD interaction is involved in AHR activation-induced liver enlargement and regeneration

YAP functions as a transcriptional coactivator and primarily interacts with TEAD in the nucleus. We further examined whether AHR
agonists could induce liver enlargement and regeneration by inhibiting the interaction between YAP and TEAD (Fig. 6A). Verteporfin,
an inhibitor of the YAP-TEAD interaction, effectively suppressed the AHR-induced increase in the liver/body weight ratio and liver
enlargement (Fig. 6B and C). Furthermore, Verteporfin significantly inhibited hepatocyte enlargement around the CV and hepatocyte
proliferation around the PV induced by YH439 (Fig. 6D and E), indicating that the YAP-TEAD interaction is essential for AHR
activation-mediated liver enlargement and regeneration.

2.5. AHR-induced liver enlargement and regeneration is YAP dependent

Next, we used YAPfl/fl.ALB-CreERT2 and YAPΔHep mouse models to investigate the role of YAP in AHR-induced liver enlargement and
regeneration (Fig. 7A). YH439 increased the liver/body weight ratio (1.51-fold versus the vehicle group, P < 0.05) and liver size in
YAPfl/fl.ALB-CreERT2 mice, but failed to increase liver/body weight ratio and liver size in YAPΔHep mice (Fig. 7B and C). Administration of
YH439 induced hepatocyte enlargement around the CV (1.41-fold versus the vehicle group, P < 0.05) and increased the number of
Ki67+ cells around the PV(47.8-fold versus vehicle group, P< 0.001) in YAPfl/fl.ALB-CreERT2 mice, but these effects were not observed in
YAPΔHep mice (Fig. 7D and E). Collectively, these findings suggest that both AHR-induced liver enlargement and regeneration are
dependent on the YAP signaling pathway.

3. Discussion

The liver possesses a remarkable regenerative capacity following toxin-induced injury or surgical resection [26]; however, the
molecular mechanisms governing liver size regulation and regeneration remain. Clarifying these mechanisms is of great significance
for the treatment of diseases such as liver regeneration disorders. Our findings demonstrated that the activation of AHR by the
non-toxic ligand YH439 induced liver enlargement and regeneration by promoting hepatocyte enlargement around the CV and he-
patocyte proliferation around the PV. Moreover, the activation of AHR promoted the translocation of YAP from the cytoplasmic
heterotopic region to the nucleus and promoted the activation of YAP downstream target genes. These findings demonstrated that
YH439 activated AHR to promote hepatocyte enlargement around the CV and hepatocyte proliferation around the PV through the
YAP-TEAD signaling pathway, ultimately inducing liver enlargement and regeneration. In vitro and in vivo experiments, showed that
the non-toxic ligand YH439 promoted liver enlargement and regeneration by activating AHR and elucidated its potential molecular
mechanism. This study provides a theoretical basis for the prevention or treatment of diseases such as liver regeneration disorders.

Different ligands can trigger distinct pathological or physiological processes via AHR [27]. TCDD activates the AHR and induces
various forms of liver damage, thereby contributing to the development of liver cancer [28]. Our findings demonstrate that the
non-toxic ligand YH439 activated AHR, promoting hepatocyte enlargement around the CV and hepatocyte proliferation around the
PV, thereby inducing liver enlargement and regeneration. The pathways associated with AHR regulation seem to depend on the
exposure pattern and persistence of the ligand (acute versus chronic activation or persistent versus non-persistent).Future studies
should focus on analyzing the effects of non-toxic endogenous ligands that activate AHR in the liver, while developing non-toxic AHR
agonists that may have a positive impact on preventing or treating diseases related to liver regeneration.

Some studies have reported that TCDD inhibited liver regeneration after partial hepatectomy [29]. We discovered that the

Fig. 3. AHR activation promotes liver regeneration (A) Ahr fl/fl.ALB-CreERT2 and AhrΔHep mice were treated with vehicle or YH439 (100 mg/kg/d) for
2 days following PHx. (B) (B) CTNNB1 staining, H&E staining were performed to measure the cell size around CV area. Quantification of cell size (n
= 5). Scale bar = 50 μm. (C)CK19/Ki67 staining was performed to measure the cell proliferation around PV area. Quantification the number of
Ki67þ cells (n = 5). Scale bar = 20 μm. Data are expressed as means ± SD; *p < 0.05 and **p < 0.01; Student’s t-test.
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non-toxic ligand YH439 promoted hepatocyte enlargement around the CV and proliferation around the PV after partial hepatectomy
through AHR activation, thereby inducing liver enlargement and regeneration. These findings demonstrate that the enlargement of
hepatocytes around the CV cannot be attributed to an inflammatory response. Furthermore, the current results demonstrated that
YH439 did not promote liver regeneration in mice with hepatocellular-specific AHR knockout, suggesting that agonist-induced liver
regeneration is mediated by AHR activation in hepatocytes rather than in non-parenchymal cells. This study revealed that AHR induces
liver enlargement and regeneration, and accelerates the recovery of liver weight after PHx. All the mice used in this study were male.
Further research is required to determine whether the conclusions obtained are sex specific.

The size and quality of the liver are tightly regulated, and multiple types of liver cells are involved in this process. Liver stem cells/
progenitor cells play a crucial role in the generation of hepatocytes and bile duct cells [30]. In the case of persistent and severe liver
injury, some hepatocytes dedifferentiate into liver stem/progenitor cells to promote regeneration [31]. This study demonstrated that
non-toxic YH439 activation of AHR promoted the proliferation of SOX9+ hepatocytes around the PV. There were significant regional
differences in the proliferation and enlargement of the AHR-induced hepatocytes. SOX9+ hepatocytes around the PV possess the ability
to proliferate and differentiate into hepatocytes [32]. Newborn hepatocytes migrate slowly along the PV-CV axis, which may be an
important reason for the hepatocyte regeneration observed around the PV. AHR can be activated by many exogenous compounds [5].
Hepatocytes enlargement shows a zonated distribution responding to specific xenobiotics [33]. In addition, the enzymes involved in
enzymes glycolysis, glycogen synthesis, ketogenesis, lipogenesis, and detoxification are mainly located in the CV region [33]. This may
explain why hepatocytes enlargement caused by AHR activation occurs mainly around the CV.

The YAP signaling pathway plays a crucial role in regulating organ size and tissue growth, as well as promoting hepatocyte pro-
liferation, and dedifferentiation [34,35]. Using YAP-knockout mice in this study, we demonstrated the indispensable role of the YAP
signaling pathway in AHR-induced liver enlargement and regeneration. Furthermore, these findings highlight the importance of
YAP-TEAD interaction in AHR-induced liver enlargement and regeneration. Additionally, we identified that the protein-protein
interaction between AHR and YAP is also pivotal for liver enlargement and regeneration. However, further investigation is
required to precisely determine the specific binding sites and measure the binding affinity between AHR and YAP.

Activation of AHR has a wide range of biological and physiological implications. Therefore, it is crucial to gain a comprehensive
understanding of the biological and physiological characteristics and functions of AHR. In summary, this study provides evidence that
AHR activation promotes hepatocyte enlargement around the CV and hepatocyte proliferation around the PV through the YAP-TEAD
signaling pathway, thereby inducing liver enlargement and regeneration. These results contribute to our understanding of the
physiological role of AHR, while also emphasizing its potential in regulating liver size and promoting liver regeneration. Furthermore,
these findings provide compelling evidence for AHR as a promising therapeutic target for enhancing liver development and facilitating
repair.
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Lead contact. Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead
contact, shenghui liu (1185553260@qq.com).

Fig. 4. AHR activation induces proliferation of SOX9+ hepatocytes. (A)SOX9/Ki67 staining around PV areas. Quantification the number of SOX9/
Ki67þ cells (n = 5). (B) SOX9/HNF4α staining around PV areas. Quantification the number of SOX9/HNF4αþ cells (n = 5). Data are expressed as
means ± SD; *p < 0.05, **p < 0.01 and ***p < 0.001; Student’s t-test. Scale bar = 20 μm.
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Materials availability. This study did not generate new unique materials.
Data and code availability. All data produced or analyzed for this study are included in this published article and its supple-

mentary information files. This paper did not report original code. Any additional information required to reanalyze the data reported
in this paper is available from the lead contact upon request.

Fig. 5. AHR regulates YAP signaling pathway. (A) Qpcr analysis of AHR downstream gene, and proliferation-related genes in PHx mice (n = 5). (B)
Qpcr analysis of YAP downstream gene in PHx mice (n = 5). (C) Serum AST, ALT and ALP levels after YH439 treatment in PHx mice (n = 5). (D)
Immunofluorescence staining of AHR and YAP in Primary Mouse Hepatocytes treated with 5 μM of YH439 for 48 h. Nuclei were counterstained with
DAPI. (E) Co-IP of AHR and YAP to assess their protein-protein interaction in primary hepatocyte extracts. Data are expressed as means ± SD; *p <

0.05 and **p < 0.01; Student’s t-test.

Fig. 6. YAP-TEAD interaction is involved in AHR-induced liver enlargement and regeneration. (A) Corn oil-treated mice and verteporfin-treated
mice were administered vehicle or YH439 (100 mg/kg/d) for 5 days. (B) The relative liver/body weight ratios (n = 5). (C) Representative liver
photos of vehicle or YH439-treated mice. (D) CTNNB1 staining, H&E staining were performed to measure the cell size around CV area. Quanti-
fication of cell size (n = 5). (E)CK19/Ki67 staining were performed to measure the cell proliferation around PV area. Quantification the number of
Ki67þ cells (n = 5). Data are expressed as means ± SD; *p < 0.05, **p < 0.01 and ***p < 0.001; Student’s t-test. Scale bar = 50 μm.
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Experimental model and subject details

Animal studies
The wild-type (WT) mice were obtained from Jinan Pengyue Experimental Animal Breeding Co., Ltd (Jinan, China) and against a

C57BL6/J background. AHRfl/fl mice (B6.129(Cg)-Ahrem1Bra/J, stock number 035734), YAPfl/fl mice(B6.129P2(Cg)-
Yap1tm1.1Dupa/J, stock number 032192) were obtained from the Jackson Laboratory. ALB-CreERT2 mice (B6.129S-Albtm1.1
(CreERT2)Smoc, stock number NM-KI-00002) were obtained from the Shanghai Model Organisms Center, Inc(Shanghai, China).
AHRfl/fl mice or YAPfl/fl mice were crossed with ALB-CreERT2 mice to obtain AHRfl/fl; ALB-CreERT2 heterozygous mice (AHRfl/fl.ALB-

CreERT2 mice) or YAPfl/fl; ALB-CreERT2 heterozygous mice (YAP fl/fl.ALB-CreERT2 mice). These heterozygous mice were intraperitoneally
injected with tamoxifen (Sigma, T5648, 100 mg/kg/d) for three days to obtain hepatocyte-specific AHR-deficient mice (AHRΔHep

Fig. 7. Yap is involved in AHR-induced liver enlargement and regeneration. (A) Yapfl/fl.ALB-CreERT2 and YapΔHep were treated with vehicle or YH439
(100 mg/kg/d) for 10 days. (B) The relative liver/body weight ratios (n = 5). (C) Representative liver photos of vehicle or YH439-treated mice. (D)
CTNNB1 staining, H&E staining were performed to measure the cell size around CV area. Quantification of cell size (n = 5). (E)CK19/Ki67 staining
was performed to measure the cell proliferation around PV area. Quantification the number of Ki67þ cells (n = 5). Data are expressed as means ±
SD; *p < 0.05, **p < 0.01 and ***p < 0.001; Student’s t-test. Scale bar = 50 μm.
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mice) or hepatocyte-specific YAP-deficient mice (YAPΔHep mice). Tamoxifen was dissolved in corn oil. The wild-type (WT) mice, AHR
fl/fl.ALB-CreERT2 mice, AHRΔHep mice, YAP fl/fl.ALB-CreERT2 mice or YAPΔHep were 6–8 week-old in this study (male, n= 5 per group). These
mice were orally treated with Vehicle (Corn Oil 0.1 ml/10g) or YH439 (MCE, HY-100242, 100 mg/kg/d) [36]for ten days. AHRfl/fl.

ALB-CreERT2 mice and AHRΔHep mice after partial hepatectomy orally treated with Vehicle or YH439 for two days. The WT mice were
orally treated with Vehicle, YH439, Verteporfin (MCE, HY-B0146, 100 mg/kg/d) [20] or Verteporfin + YH439 for ten days. We used
the doses of YH439 and Vertepofen based on previous research [20,36]. YAPfl/fl.ALB-CreERT2 mice, YAPΔHep mice were orally treated
with Vehicle, YH439 for ten days. The mice were euthanized under anesthesia (exposed to CO2 gradual fill in a chamber with a
displacement rate of 30 % chamber volume per minute), liver tissue was cryopreserved using liquid nitrogen or fixed in 10 % formalin
buffer solution, followed by embedding in paraffin or OCT compound. Additionally, serum samples were collected. All experimental
procedures were conducted in accordance with the Experimental Animal Ethics Committee of Jining Medical College (Ethics approval
number: JNMC-2023-DW-158). The entire study adhered to the principles of Replacement, Reduction, and Refinement (3Rs) for
animal experiments and was performed under the guidance of respecting the ARRIVE criteria [37].

Isolation of primary mouse hepatocytes
Wild mice were used to isolate primary hepatocytes, the separation procedure described in our previous study [32].

RNA isolation and QRT-PCR
The experimental procedure was described in our previous study [32]. The RNAiso Plus (Takara, Cat#9109) was used to extract

total RNA from the liver. Then PrimeScript RT Reagent Kit with gDNA Eraser (Takara, Cat#RR047A) was used for the synthesis of
cDNA. The ChamQ SYBR Color qPCR Master Mix (Low ROX Premixed) is utilized for real-time PCR analysis. The comparative-Ct
method (2-△△Ct method) was used to calculate the relative level. All sequence of primers was listed in Table S1.

Serum transaminase levels and histological analysis
Plasma ALT, AST and ALP were analyzed with GPT/ALT kit (Nanjing jiancheng, Cat#C009-2)and GOT/AST kit (Nanjing jiancheng,

C010-2) or Alkaline Phosphatase Assay kit (Beyotime, Cat#P0321S),respectively. The handling of liver samples was described in our
previous study [32], and H&E staining kit (Beyotime, Cat#C0105S) was used for H&E staining.

Immunofluorescent analysis
The experimental procedure was described in our previous study [32]. For cell immunofluorescent staining, Anti-YAP (1:100

dilution, Proteintech, Cat# 66900-1-Ig, RRID: AB_2882229), Anti-AHR (1:100 dilution, BOSTER Cat# A00225-4, RRID: AB_3095576)
were used as primary antibody. DyLight 488 Conjugated AffiniPure Goat Anti-mouse IgG (H + L) (1:500 dilution, BOSTER Cat#
BA1126, RRID: AB_2827694) and DyLight 594 Conjugated AffiniPure Goat Anti-rabbit IgG (H + L) (1:500 dilution, BOSTER Cat#
BA1142, RRID: AB_3095580) were used as secondary antibodies. DAPI (Abcam, Cat# ab104139) staining the nucleus. For immu-
nohistochemical staining, Anti-Ki67 (1:100 dilution, BOSTER, Cat# M00254-8, RRID: AB_3081764), Anti-CTNNB1(1:100 dilution
BOSTER, Cat#PA1212, RRID:AB_3082601), Anti-CK19(1:100 dilution BOSTER, Cat#PB9715, RRID:AB_3082234)/Anti- Ki67 (1:100
dilution), CTNNB1(1:100 dilution)/Ki67(1:100 dilution), Anti-Sox9(1:100 dilution BOSTER, Cat#BM4268, RRID: AB_2941988)/Anti-
Ki67 (1:100 dilution), Anti-Sox9(1:100 dilution)/Anti- Ki67 (1:100 dilution), Anti-Sox9(1:100 dilution)/Anti-HNF4α (1:100 dilution,
Santa Cat#sc-374229, RRID:AB_10989766) were used as primary antibody. DyLight 488 Conjugated AffiniPure Goat Anti-mouse IgG
(H + L) (1:500 dilution) and DyLight 594 Conjugated AffiniPure Goat Anti-rabbit IgG (H + L) (1:500 dilution) were used as secondary
antibodies. DAPI (Abcam, Cat# ab104139) staining the nucleus. A laser scanning confocal microscope (LEICA, DMI8) was used to
capture the images.

Co-immunoprecipitation (Co-IP)
Primary mouse hepatocytes treated with YH439 (5 μM, MCE Cat# HY-100242) for 48 h. Co-IP was conducted using Thermo

Scientific Pierce Co-IP kit (Thermo Scientific, Cat# 26149). Experimental product was analyzed by Western blot.

Western blots
The experimental procedure was described in our previous study [32]. Anti-AHR (1:200 dilution), anti-YAP (1:500 dilution) were

used as primary antibody. HRP-conjugated Affinipure Goat Anti-Mouse IgG(H + L) (1:1000 dilution, Proteintech, Cat# SA00001-1,
RRID: AB_2890995) and HRP-conjugated Affinipure Goat Anti-Rabbit IgG(H + L) (1:1000 dilution, Proteintech, Cat# SA00001-2,
RRID: AB_2722564) were used as secondary antibodies.

Software–immunofluorescence staining quantification
Image Pro Plus is used to analyze and quantify data in photomicrographs. For CTNNB1, Ki67, HNF4α/SOX9, Ki67/SOX9 staining

quantification, the experimental procedure was described in previous study [19]. For CTNNB1 staining quantification, the number of
hepatocytes was counted by Image Pro Plus, the edges of the central vein (CV) and CV area was measured by Image Pro Plus, and then
the area of the whole visual field was measured by Image Pro Plus. After that, the CV area was subtracted from whole visual field and
the average area of each hepatocyte was calculated. For, Ki67, HNF4α/SOX9, Ki67/SOX9 staining quantification, the total number of
hepatocytes and the number of Ki67, HNF4α/SOX9, and Ki67/SOX9 cells were counted, respectively. And then, the percentage of Ki67
cells was calculated [19]. The number of mice in each experimental group is 5 (n= 5). Each liver randomly selected 3 areas (around the
portal vein or around the central vein) to obtain images and their average were plotted and analyzed.
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Quantitative and statistical analysis
Statistical analyses were performed using the GraphPad Prism 6 (GraphPad). Data are expressed as means ± SD. Comparisons

between two groups were performed using the two-tailed Student’s t-test. Comparisons betweenmultiple groups were performed using
ordinary one-way ANOVA with the Dunnett’s multiple comparison test. Statistical significance was presented at the level of *p< 0.05,
**p < 0.01, ***p < 0.001.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e37265.
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