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A novel role of hepatic epithelial transforming growth factor-§
signaling in cholangiocarcinogenesis
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Transforming growth factor-f (TGF-B) signaling
regulates a broad range of cellular processes including cell
proliferation, differentiation and apoptosis (1). Based on
the current knowledge, TGF- is the main pro-fibrogenic
cytokine in the liver that induces fibrosis by activating
the hepatic stellate cells (HSCs) (2). However, the role of
TGF-p in hepatocarcinogenesis is not as clear as in hepatic
fibrogenesis because of the dual functions of TGF-p as
both a tumor suppressor and promoter (3). In tumor
microenvironment, many cell types are responsive to TGF-f
signaling leading to complex effects on cancer initiation and
progression. It is now generally accepted that TGF-p acts as
a tumor suppressor at early stage of cancer development by
inhibiting cell cycle progression and inducing malignant cell
apoptosis. However, in late stage, TGF-f acts as a tumor
promoter by increasing tumor invasiveness and metastasis.
The pro-tumorigenic effect of TGF-p is evident by the
induction of a mesenchymal phenotype in epithelial tumor
cells, also known as epithelial-to-mesenchymal transition
(EMT) after prolonged exposure to TGF-p (4). Indeed,
overexpressed TGF-B has been related to increased tumor
progression and poor clinical outcomes in different types
of cancers (5). Given the critical role of TGF-B in tumor
progression, TGF-p has been regarded as a promising
target for cancer therapy (6).

Liver is a multicellular organ composed of diverse cell types,
including epithelial cells (e.g., hepatocytes, cholangiocytes,
etc.) and mesenchymal cells (e.g., HSCs, liver macrophages
(Kupftfer cells), sinusoidal endothelial cells, etc.) (7). Among
these cells, HSCs can be directly stimulated by TGF-B, in
which the TGF-B signaling is propagated by TGF-p receptors,
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Smad2/3/4 and miRNAs, leading to transcriptional changes
for fibrogenic phenotype (8). The resulting fibrosis can
further progress to cirrhosis, and eventually hepatocellular
carcinoma (HCC) (8). Of note, Smad7 is an antagonist of
this TGF-B-Smad pathway through a negative feedback
mechanism (9). In addition to fibrosis, TGF- has also
been implicated in liver cancer development. TGF-f
is an immune regulator that takes part in innate and
adaptive immune response (10). Elevated TGF-B in tumor
microenvironment is widely reported to impair cancer
immune surveillance by induction of M2 macrophage
polarization (11), inhibition of NK cell maturation (12),
impairment of antigen presenting function of dendritic
cells (13), and induction of regulatory T cell (Treg) and
myeloid derived suppressive cell (MDSC) expansion (14),
which all contribute to immune tolerance and promote
tumor immune escape and progression. Despite the diverse
effects of TGF-B, its exact roles in individual hepatocellular
compartments have not been clearly distinguished. To
evaluate the therapeutic values of hepatic TGF-B-targeted
drugs, it is necessary to characterize the TGF- functions in
context- and cell-specific manners.

In a recent issue of Gastroenterology, Mu et al. reported a
comprehensive in vivo study on the functions of TGF-p in
the epithelial compartment of injured liver (15). They first
confirmed the activation of T'GF-p signaling in epithelial
cells (hepatocytes and cholangiocytes) and mesenchymal
cells (HSCs) in both human cirrhotic liver and murine
injured livers [treated with carbon tetrachloride (CCl,),
bile duct ligation (BDL) or Mdr2 knockout]. To dissect the
cell-specific roles of TGF-f, the authors generated double
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transgenic mice devoid of epithelial TGF-p receptor 11
(TBR2") and compared them with controls for liver fibrosis
development. Surprisingly, they found that epithelial TBR2
affected neither liver injury nor fibrosis development in
all three CCl,, BDL and Mdr2 knockout mouse models.
Moreover, expression of epithelial TBR2 is not related
to the formation of diethylnitrosamine (DEN)-induced
HCCs and the associated expression of Afp, Cd133, and
mKi67. These results contradict with a previous finding that
reported the positive regulation of TGF-B on liver fibrosis
and HCC development (16), though in which a different
knockout mouse model deficient in 7zkl (a downstream
mediator of TGF-B) was used and the results might not be
as directly relevant to TGF-B as those from TBR2" mouse
model.

To further investigate the functional role of epithelial
TGF-B signaling in liver carcinogenesis, Mu et al.
generated more knockout models including PTEN* and
TBR2 PTEN™. Both single and double knockout mice
were born normally. Intriguingly, all the TBR2 PTEN"
mice developed cholangiocarcinomas and died around age
5-7 months, whereas PTEN™ mice displayed no tumors or
mortality at the same ages. Consistent with the phenotype,
cholangiocyte- and cholangiocarcinoma-related markers
such as Ebf, Regl and Dmbtl were also up-regulated in
TBR2 PTEN"™ mice compared with PTEN" controls. In
addition, considerable expansion of cholangiocytes was
found in TBR2 PTEN™ mice. These findings suggest
that epithelial TGF-p signaling has a protective role
against cholangiocarcinoma formation, which contrasts
with the previous results from Shuang group that TGF-p
can promote EMT in human cholangiocarcinoma cell
line TFK-1, resulting in the acquisition of cancer stem
cell traits, and increased invasiveness and metastasis of
cholangiocarcinoma (17).

To determine whether the TGF-p signaling in
cholangiocytes and/or hepatocytes contributes to the
cholangiocarcinogenesis in TBR2 PTEN" mice, Mu et al.
generated more mouse models for cholangiocyte-specific
knockout [TBR2 PTEN'“""®""" and TBR2 PTEN"“""*""]
and hepatocyte-specific knockout (TBR2 PTEN""?).
After treatment with DDC diet, rapid development of
cholangiocarcinoma (<20 weeks) was evident in TBR2
PTEN"""®D and TBR2 PTEN"“""® " mice, wherein
cholangiocytes expanded in the absence of TBR2
and PTEN, and were regarded as the major cell type
responsible for cholangiocarcinogenesis. Similar to the
cholangiocyte-specific knockout models, TBR2 PTEN"""
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mice also developed cholangiocarcinoma, but in a
significantly lower rate (>52 weeks), of which tumors
exhibited comparable gene expression patterns to those
of human cholangiocarcinoma. Based on these results,
the authors concluded that TBR2 ablation in hepatocyte-
derived cholangiocytes, rather than hepatocytes, promotes
cholangiocarcinoma development.

TGF-B-dependent pathways are among the most
complex molecular signaling cascades that can exert
pleiotropic effects in a broad range of cell types in multiple
organs. Numerous studies have reported the functional
roles of TGF-B signaling in liver pathogenesis, particularly
fibrogenesis and carcinogenesis. Nevertheless, the consensus
is mainly confined to the pro-fibrogenic role of TGF-f
in HSCs. The recent study by Mu ez al. comprehensively
proved that epithelial TGF-p signaling has insignificant
effects on both liver fibrogenesis and carcinogenesis, but it
can suppress cholangiocarcinoma formation by inhibiting
the proliferation of hepatocyte-derived cholangiocytes.
These results clearly demonstrate the cell-specific and
opposite actions of TGF-p in the liver. However, it should
be noted that all cholangiocarcinoma data in the Mu study
were derived from mouse models that are devoid of not only
TBR2, but also PTEN. It is unclear why the TBR2" group
was omitted in all 7z vivo cholangiocarcinoma experiments,
therefore it is hard to interpret whether the observed
phenotypic changes primarily resulted from the loss of
TBR2, or both TBR2 and PTEN. Another shortcoming of
this study is the lack of mechanistic characterizations and
validations in relevant cell models, particularly those related
to PTEN pathways, which would otherwise help address
the relationship of PTEN and TBR?2 in cholangiocarcinoma
development, and resolve the discrepancies among different
studies. In addition to the liver-residential cells, infiltrating
immunoregulatory cells are also susceptible to TGF-f
actions and can potentially react in different manners.
Moreover, the TGF-B-Smad pathway can be epigenetically
regulated in the gastrointestinal system (18). Continuous
studies of the regulation of TGF-B pathway and its effects
on distinct cell types in the liver will provide more specific
insights on the therapeutic potential and delivery approach
of TGF-p-targeted inhibitors in treating liver diseases.
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