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Peribiliary glands (PBGs) are located in the large intrahepatic and extrahepatic bile ducts. Although they were described many
years ago, their functions have been elucidated only in the last couple of years when our group demonstrated that PBGs are
niches of multipotent stem/progenitor cells of endodermal origin. These cells express genes of multipotency and can be rapidly
differentiated in vitro into hepatocytes, cholangiocytes, and endocrine pancreatic cells. PBGs share common features, in terms
of stem/progenitor cell niches, with pancreatic duct glands and colon crypts, glandular structures representing in the adult life
the endodermal remnants of fetal life. PBG stem/progenitor cells participate in the renewal of surface biliary epithelium and are
active players in chronic pathologies of the biliary tree as well as in cholangiocarcinomas (CCA). Specifically, a large amount of
recent evidence indicates that the pure mucin-CCA originates from PBGs; this could explain the similarities with pancreatic ductal
adenocarcinoma and colorectal cancer, which also originate from transformed gland cells. In this paper, we summarized our recent
findings concerning structure and functions of PBGs with the implications for liver pathophysiology and, specifically, for cancers
of the biliary tree.

1. Introduction

Although peribiliary glands (PBGs) have been described
for many years, their functions were clarified only a couple
of years ago when our group demonstrated that niches of
multipotent stem/progenitor cells of endodermal origin are
located at the bottoms of these glands. This observation
and subsequent research from our group are highlighting a
relevant role of PBGs in liver pathophysiologywith important
implications for the renewal of biliary epithelium and liver
parenchyma as well as for the pathogenesis of chronic liver
diseases and liver cancers. In this paper we summarize our
recent findings in the area of PBGs with a specific focus

on the implications for the origin and pathogenesis of cho-
langiocarcinoma (CCA).

2. Anatomy and Physiology of
Peribiliary Glands

The biliary tree is composed of intrahepatic (IH) and
extrahepatic (EH) bile ducts lined by epithelial cells called
cholangiocytes. For many years, in humans and in other
animal species [1] (mouse, rat, pig, monkey, dog, pig, cow,
sheep, and rabbit) glandular elements along the biliary tree
have been described and named peribiliary glands (PBGs)
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[2] (Figure 1). PBGs are tubular-alveolar structures composed
of serous and mucinous acini located in the EH and large
IH bile ducts [3] (Figure 1). We recently performed a careful
morphological and morphometric analysis of PBG in adult
and fetal human biliary tree [4–6] (Figure 2). PBGs are
located in the deeper tissue of the bile duct walls with some
lobules found outside the bile duct walls (Figure 1).The PBGs
communicate with the lumen through ducts that open into
the diverticula [3]. In the intrahepatic bile ducts (IHBDs),
PBGs start at the level of septal bile ducts where PBGs can be
observed occasionally as small evaginations of the bile duct
epithelium, with the interlobular bile ducts being devoid of
such glands [4] (Figure 3). PBGs become significantly more
dense at the level of the large (area and segmental) IH ducts.
In the EH biliary tree, PBGs are present along the entire
lenght of the bile ducts, including the hepato-pancreatic
common duct (Figure 3). In large IHBDs and EH bile ducts
(EHBDs) two types of glands were observed: intramural and
extramural PBGs.The intramural PBGs are positioned inside
the duct wall and appear as shallow evaginations of the bile
duct epithelium. Extramural PBGs are located outside the
wall and are composed of PAS-negative cells.

The quantitative morphometric analyses have demon-
strated how, in the human adult biliary tree, PBGs are in
high numbers in branching points such as the cystic duct
and perihilar and periampullary regions [5]. Gallbladder is
devoid of PBGs, whereas the cystic duct wall has the same
histological features found elsewhere in the EHBDs [2–5].

For many years the functions of PBGs remained vir-
tually unknown. Glandular epithelial cells play a role in
the mechanisms of bile concentration by reabsorbing bile
constituents that are then drained by surrounding vessels
and lymphatics [2, 3]. These glands show some secretory
activities including secretion of mucinous substances and
are also positive for pancreatic digestive enzymes [7]. For
many years, studies in some invertebrate fish have indicated
a functional heterogeneity of biliary tree cells including a role
as putative pancreatic cells controlling glucidic homeostasis
[8].

2.1. Stem/Progenitor Cells in Human PBGs. Compelling evi-
dences, such as the presence of pancreatic markers, both in
the embryo and adult [9, 10], suggest that PBGs contain pre-
cursor populations that are remnants of endodermal stem cell
proliferation at the porta hepatis and give rise to the devel-
oping hepato-biliopancreatic bud. Indeed, the extrahepatic
PBGs arise as a few small saccular evaginations that branch
into the surrounding mesenchyma from the forming EHBDs
[11, 12]. Postnatally, the PBGs are dispersed throughout the
thickness of the bile duct. With maturation to adulthood,
the bile ducts lengthen resulting in location of the PBGs in
discrete clusters especially at the branching points of the ducts
[5, 13, 14].The number of glandular acini reaches a maximum
within the first year of life, thereafter remaining remarkably
constant in adult life. The common bile duct is functionally
active with respect to the bile flow starting from the 12th
week of gestation [12]. In the adult, we investigated different
portions of the biliary tree obtained from donor livers, donor
pancreata, or tissues discharged from major liver surgery

H&E stain of human bile ducts

Figure 1: Peribiliary gland histology. Hematoxylin and eosin stain
(H&E stain) demonstrating the presence of PBGs within the wall
of the common bile duct of normal adult liver. PBGs (arrows)
are tubular-alveolar structures composed of serous and mucinous
acini located in the extrahepatic and large intrahepatic bile ducts.
PBGs are located in the deeper tissue of the bile duct walls near
fibromuscular layers (arrow heads) with some lobules found outside
the bile duct walls.The PBGs communicate with the lumen through
ducts that open into the diverticula. Magnification (M) 10x.

PDX1 (red) and EpCAM (green) in bile duct

Figure 2: Biliopancreatic stem/progenitors in peribiliary glands
of adult liver. The immunofluorescence demonstrated stem cells
deeper inside of the wall, co-expressing endodermal nuclear tran-
scription factors essential for liver and pancreas formation (e.g.,
PDX1 in red) together with endodermal stem cell markers (e.g.,
EpCAM in green) (arrows).

[2, 4]. Multipotent stem/progenitor cells of endodermal
origins have been found in PBGs throughout bile ducts
and shown able to differentiate toward hepatocytes, cholan-
giocytes, or pancreatic islet cells. We have yet to assess if
these stem cells can give rise to pancreatic acinar cells. The
cells have been named human biliary tree stem/progenitor
cells (hBTSCs). Our data suggest that they are precursors
of stem/progenitors cells located in ductal plates of fetal
and neonatal livers and in canals of Hering of pediatric and
adult livers. Therefore, the stem/progenitors cells located in
PBGs represent an extant trace of the common embryolog-
ical origins of liver, biliary tree, and pancreas. Although
pancreatic committed progenitors located within pancreatic
duct glands have long been known [15–17], the biliary tree
stem cell populations include the first pancreatic stem cell
subpopulations identified postnatally and persisting into
adulthood [2, 4, 5, 18] (Figure 2). Particularly high numbers
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Figure 3: Liver stem cell niches and cholangiocarcinoma classification based on cells of origin. Hepatic stem cell niches containing human
hepatic stem cells (hHpSCs) (red stars) are located in adult liver, within the canals of Hering or in activated interlobular bile ducts. Biliary
tree stem cell niches containing human biliary tree stem/progenitor cells (hBTSCs) (blue stars) are located in peribiliary glands (PBGs). PBGs
start at the level of septal intrahepatic bile ducts where glands can be observed occasionally as small evaginations of the bile duct epithelium,
with the interlobular bile ducts being devoid of glands. In the extrahepatic biliary tree, PBGs are present along the entire bile ducts, including
the hepato-pancreatic common duct. Gallbladder is devoid of PBGs, while cystic duct wall has the same histological features of the other
extrahepatic bile ducts. The existence of two different stem cell compartments and the associated cell lineages may result in multiple cells of
origin of cholangiocarcinoma (CCA). Mixed-CCA could be considered the CCA subtype originating from hHpSC-derived lineages. Mucin
IH-CCA, perihilar CCA, and distal EH-CCA could be considered the CCA subtypes originating from hBTSC derived lineages. The figure is
a modification (with permission) of a figure prepared by Ms. Gemma Mendel for the review article referenced as [44].

of the pancreatic stem cell subpopulations are found within
the hepato-pancreatic common duct near to the duodenum.

Due to the shortage of organ donors, the potential of
hBTSCs to differentiate into hepatocytes or functional 𝛽
cells makes them an ideal source for regenerative medicine
of midgut endodermal derived organs, including liver and
pancreas [15–17]. Since portions of the extrahepatic biliary
tree (e.g., cystic ducts, periampullary region) are easily avail-
able from donor livers and donor pancreata as well as from
surgical resections, a new source of multipotent stem cells
is available to be investigated for regenerative medicine of
liver and pancreas. We also assume that these niches are the
sources of cells for tissue turnover as well as sites vulnerable
to oncogenic transformation [4–6]. Further details emerging
from the careful phenotypic trait analyses of PBG cells,
within the wall of bile ducts, support the interpretation of
maturational lineages. Indeed, the biliary tree stem cells
deep within the bile duct walls, near fibromuscular layers,
co-express endodermal transcription factors essential for
liver and pancreas formation (e.g., SOX9, SOX17, and PDX1)
[4] (Figure 2). Moreover, they express pluripotency genes

(NANOG,OCT4, SOX2, KLF4, BMi-1, and Trop-2), stem cell
surface markers (CD133, CXCR4, and CD44), and markers
of self-replication (SALL4) and proliferation (e.g., Ki67),
whereas markers of mature cells are negative including
insulin and albumin [4]. PBGs closer to the bile duct lumens
(but not at the luminal surface) have stem cells that still
express many of these endodermal transcription factors,
pluripotency genes, and stem cell surface markers but they
now also express LGR5 (leucine-rich repeat-containing G
protein coupled receptor 5) and EpCAM (epithelial cell
adhesion molecule); the in situ studies have been clarified by
findings from other studies (e.g., findings from cultures) to
indicate that LGR5 and EpCAM are intermediate markers in
thematurational process. Subsequent stages involve retention
of key endodermal transcription factors (e.g., PDX1 or SOX17,
but not both) in the nucleus (Figure 2). In the proximity of
bile duct lumens and also in proximity of liver parenchyma
or pancreas, the expression of pluripotency genes fades away;
other stem cell traits are progressively lost (e.g., LGR5 or
CD133 or SALL4); and mature markers appear and increase
(e.g., albumin or insulin).These observations from our group
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have been recently confirmed by a lineage tracing study by
Huch et al. [19], where LGR5 expression on hepatic stem cells
has been confirmed as a marker identifying cells capable of
reconstituting liver when transplanted into hosts.

3. PBGs and Cholangiocarcinoma

Cholangiocarcinoma (CCA) is the second most frequent
primitive liver malignancy representing approximately 7–
10% of the total liver malignancies. CCA may arise in any
portion of the biliary tree. Currently, CCA is divided into
intrahepatic (IH-CCA) and extrahepatic (EH-CCA), the
latter comprising the perihilar and distal forms [20–27].
Gallbladder cancer and ampullar cancers are not considered
part of theCCA classification.The IH-CCAmay emerge from
the smallest portion of the intrahepatic biliary tree up to
the second order bile ducts, while, as far as the EH-CCA is
concerned, the separation point between perihilar (Klatskin
tumour) and distal EH-CCA is located at the insertion of
the cystic duct (Figure 3), according to WHO classification
[28]. CCA is a very heterogeneous cancer, from any point of
view, including its epidemiology, risk factors, morphology,
pathology, molecular pathology, modalities of growth, and
clinical features [27, 29–36]. The heterogeneity involves even
more of the IH- and EH- forms that are two completely
different cancers from any point of view. Despite the his-
tologic heterogeneity, recent studies have demonstrated IH-
CCA is represented essentially by two main forms [37]. One
form, called mucin-CCA, is entirely constituted by mucin-
secreting adenocarcinomas and, from a pathologic point
of view, is indistinguishable from the EH-CCA. A second
form, called mixed-CCA, is peripherally located inside the
liver and is composed of neoplastic ductular proliferation
consisting of smallmonotonous and/or anastomosing glands,
strongly positive for K7 and K19, with tumor boundary
characterized byHCC-like trabecular area and, in some cases,
small areas of adenocarcinoma with scarce mucin produc-
tion [37–40]. The mixed type of IH-CCA shares common
features with cholangiolocellular carcinoma (CLC), almost
entirely constituted by neoplastic ductular proliferation, and
with CK19+ hepatocellular carcinoma [37–42]. Taking into
consideration the morphology, immunohistochemistry, and
molecular analyses, the mixed-CCA likely originates from
cholangiocytes located in the interlobular bile ducts and
stem/progenitor located in the canals of Hering, while the
mucin-CCA from mucin secreting epithelial cells lining
large intrahepatic or extrahepatic ducts. Importantly, this
cell-of-origin based distinction between mucin- and mixed-
CCA reflects completely different clinical, pathological, and
radiological findings. Thus, the cell-of-origin based CCA
classification appears to be more clinically relevant than the
current anatomical based CCA classification [27, 29–31, 38,
42] (Figure 3). The emerging distinctions between mixed
and pure mucin IH-CCA reflects the heterogeneity of biliary
epithelium lining bile ducts of different size. Our recent find-
ings on PBGs shed a new light on this heterogeneity. Indeed,
the two stem cells compartments, the canals of Hering, and
PBGs, which sustain the development of separate lineages
within the hepatic parenchyma, indicate separate candidate

cells of origin for CCA subtypes [29]. Indeed, a number
of recent observations suggest that mucin- and mixed-CCA
may arise from these different stem cell compartments in
the liver [30, 40–42]. In detail, the first type of stem cell
niche is located in the canal of Hering and is primarily
comprised of bipotential stem cells (hHpSCs) and their
descendants, hepatoblasts (hHBs), and both are able to give
rise to lineages of hepatocytes and cholangiocytes [43, 44]
(Figure 3). Analyses of hHpSCs and hHBs suggest that, under
known culture conditions, the hHpSCs, but not the hHBs,
are able to self-replicate; consequently, we hypothesize that
the hHBs are the liver’s equivalent of transit amplifying cells
that in many tissues are the acute responders to various
regenerative demands. Apart frommixed-CCA, liver cancers
originating from hHpSC-derived lineages also comprise the
combined hepatocellular-cholangiocarcinoma (HCC-CCA)
and CLC [30, 40–42, 45]. Pathologic differences between
these different cancers depend on the lineage stage that is
malignantly transformed; the phenotypic traits of the cells are
lineage dependent changing stepwise with the differentiation
of the cell of origin towardsmature hepatocytes or cholangio-
cytes.

A second stem cell niche is located at the bottom of PBGs
[2, 4, 5] (Figure 3) and is composed of multipotent endo-
dermal stem/progenitor cells (hBTSCs). Similarities exist
between PBGs, pancreatic ductal glands (PDGs), and colon
crypts in terms of cell components and stem/progenitors cells
and this is justified by the common embryologic origins.
Therefore, at the bottomof these three types of glands, similar
niches of stem/progenitor cells exist as remnants of fetal life.
The similarities of these niches may explain the existence
of pathologies contemporary involving these organs (ulcer-
ative colitis (UC), primary sclerosing cholangitis (PSC), and
autoimmune pancreatitis) or the similarities between cancers
involving pancreas, the biliary tree, and the colon. There
are a number of recent observations suggesting that PBGs
are involved in the emergence of mucin-CCAs including the
following: (1) the density of PBGs in the biliary tree is the
highest in the typical sites of CCA emergency that include
the hilus, the branching points, and periampullary region; (2)
PBGs that are activated undergo hyperplasia and mucinous
metaplasia in pathologies at risk for CCA development,
including PSC [46]; (3) cancer stem cells (CSCs) identified
in human mucin-CCAs and expressing markers, such as
LGR5 [47], on stem/progenitor cells exclusively located at the
bottoms of PBGs [2, 4, 5]. Therefore, it is becoming evident
that mucin-CCA is a cancer of glandular origin, and this
could explain the similarities with ductal adenocarcinoma
of the pancreas and colorectal cancer. Indeed, similar to
mucin-CCA, pancreatic cancer may arise in the context of
an intraductal papillary mucinous cystic neoplasm (IPMN),
a lesion originating in the peripancreatic glands within the
pancreatic ducts, the counterpart of the IPNB in bile ducts
[45, 48–51]. As far as intestine is concerned, the involvement
of colon crypts in the origin of colorectal cancer is largely doc-
umented. PBGs undergo hyperplasia andmucinousmetapla-
sia in chronic inflammatory pathologies of the biliary tree
including PSC, IgG4-associated sclerosing cholangitis, and
intrahepatic lithiasis [46, 52]. In PSC the degree of PBG
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involvement in terms of proliferation and inflammation cor-
relates with the degree of inflammation in the bile duct wall.
The same occurs for pancreatic duct glands that are activated,
proliferate, and undergo metaplastic changes in pathologies
at risk for pancreatic cancer such us diabetes and pancreatitis
[51]. Mucin-CCA, ductal pancreatic adenocarcinoma, and
colorectal cancer could have origins from a common stem
cell located at the bottom of PBGs, PDGs, and colon crypts,
respectively. Many efforts by researchers worldwide have
been focused on the candidate cells of origin of cancer. The
general opinion is that the cell of origin of different cancers
possesses properties of a stem/progenitor cell [45]. As far as
CCA is concerned, this topic has been scarcely explored, and
this is also because of the rarity of this cancer and its biological
heterogeneity. However, the recent discovery of different
stem cell compartments in the human biliary tree represents
a consistent advance also for understanding CCA origins.
Epithelial cell-adhesion molecule (EpCAM), expressed by
the intermediate cell compartment in biliary tree stem cell
niches, has been considered recently as a marker of the CCA
cell of origin [47, 53–59] (Figure 2). EpCAM/Tacstd is a
single transmembrane glycoprotein originally identified as a
marker of epithelial-derived carcinomas. It was proposed to
be a homophilic cell-cell adhesion molecule in early studies
[53, 54] and has recently been implicated in proliferation, dif-
ferentiation, cell migration, and metastasis [55–57]. A recent
paper by Lu et al. illustrated how an EpCAM-dependent
mechanism confers to endodermal cells the competence to
respond to the liver-inductive Wnt2bb signal [58]. These
results demonstrated that EpCAM directly binds to Kre-
men1, disrupting the interaction between Dickkopf2 (Dkk2)
and Kremen1, thereby stabilizing the low-density lipopro-
tein receptor-related protein 6 (Lrp6) on the cell surface.
This allows formation of active Lrp6-signalosomes and thus
enables derepressing and cooperatively activating Wnt sig-
naling stimulated bymesenchymal-endodermal interactions.
Notably, EpCAM positive hHpSCs in adult life are driven
by macrophage derived Wnt to specify hepatic progenitor
cell fate in chronic liver diseases [56]. Moreover, Wnt/𝛽-
catenin signaling has been involved in liver carcinogenesis
since it enhances hypoxia-induced epithelial-mesenchymal
transitions. Thus, a cross-talk between EpCAM+ stem cells
and mesenchyma could sustain a Wnt-induced carcinogen-
esis in the diseased liver. As far as hBTSCs are concerned,
EpCAM expression is acquired after that of LGR5 in the
intermediate stages of the differentiative pathways and is
lost upon completion of biliary differentiation [4]. The
differentiative arrest that characterizes the carcinogenetic
process could follow the expansion and proliferation of
these intermediate, EpCAM+ biliary stem/progenitor cell
subpopulations. In agreement with this hypothesis, EpCAM
expression has a strong negative prognostic impact in human
CCA (unspecified morphology), in HCCs expressing stem
cell features (CK19+ HCC), and in combined HCC-CCA [24,
41, 59]. We have recently observed [47] that mucin-positive
established CCA cell lines are almost entirely constituted by
EpCAM+ cells which are virtually absent in mucin-negative
CCA cell lines.This further supports the concept that mucin-
and mixed human CCA display different cells of origin and

that an EpCAM+ cell could represent a candidate cell for
mucin-CCA. Going back to the similarities between CCA,
ductal pancreatic adenocarcinoma, and colorectal cancer,
EpCAM overexpression has been correlated with malignant
potential of IPMNs [60] and a novel genetic disorder of Lynch
syndrome characterized by EpCAM gene deletion has been
recently described [61]. These observations further support
the hypothesis of a common cell of origin of these cancers
(EpCAM+ cell) located in the glands of the original tissues
(Figure 2). Lgr5 (leucine-rich repeat-containing G protein
coupled receptor 5) is another candidate stem cell marker
that could be involved in CCA pathogenesis [19, 62–64]. Lgr5
is a Wnt target gene that marks actively dividing stem cells
in Wnt-driven, self-renewing tissues such as small intestine,
colon, stomach, and hair follicles [19]. In our studies, Lgr5
also marks a subset of the stem/progenitors located in the
bottom of PBGs [2, 4, 5]. Lgr5 is a functional intestinal
stem cell marker and a selective marker for human colorectal
CSCs [62]. Recently a subclass of the Lgr5 positive intestinal
stem cell compartment has been identified as a potential
specific CSC in colon neoplasia [62]. These Lgr5+ CSCs
expressed specifically doublecortin-like kinase 1 (Dclk1) and
continuously produced tumor progeny in the polyps of
ApcMin/+ mice. Specific ablation of Dclk1-positive CSCs
resulted in a marked regression of polyps without apparent
damage to the normal intestine. Thus Lgr5/DclK1 + cells
represent a potential target in endodermal derived cancers
[62].

Using a lineage tracingmethod, it has been demonstrated
recently that Lgr5-lacZ is not expressed in healthy adult liver.
However, small cells that are Lgr5-LacZ1 positive appear near
bile ducts upon damage, coinciding with robust activation
of Wnt signaling [19]. A role of Lgr5+ cells as CSC has
been recently suggested in undifferentiated liver cancers [63,
64]. We have recently described [47] how Lgr5 positivity
predominated in mucin-CCA with respect to mixed-CCA.
This evidence supports our previous hypothesis, based on
clinical, pathological, and epidemiological observations, that
puremucin-CCA represents a cancer originating from PBGs,
making this cancer very similar biologically to colon cancer;
Lgr5+ cells in glandular crypts have been considered to
play a carcinogenetic role in such cancers. Consistent with
the origin of mucin-CCA from PBGs, Sato et al. recently
described a privileged spreading of hilar CCA via the PBG
network [65].

The discovery of hBTSCs within PBGs also leads to the
recent observation that the biliary tree-derived stem cells
and their connections to pancreatic committed progenitors
constitute a biological framework for life-long pancreatic
organogenesis [2]. On a pathophysiologic level, this connec-
tion is sustained by much evidence, which finally leads to
the existence of common stem/progenitor cells for pancreas
and biliary tree from fetal life and persisting into adulthood.
PDGs have been described recently as a new compartment
of the major pancreatic duct in humans and mice [51]. As for
PBGs, the cells of the PDGs are sites of increased vulnerability
to diseases, especially in response to the injury of mature
cells or to chronic inflammatory stimuli which represent
the initial step of the oncogenic process [51, 65]. In this
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regard, it is noteworthy that sonic hedgehog (Shh), a pivotal
signaling pathway involved in biliopancreatic development,
is also involved in pathologies of biliary tree and pancreatic
ducts where it sustains cell proliferation. In particular, it
is emerging that Shh-mediated mucin-metaplasia of PDGs
and/or of PBGs is associated with chronic injury [66]. Thus,
emerging evidence supports similarities between biliary and
pancreatic carcinogenesis in terms of both cells of origin
and underlying molecular pathways. In the same direction,
pathologies considered risk factors for mucin-CCA and
pancreatic cancer are characterized by the activation of
the respective stem cell compartment in PBGs or PDGs
[27, 29]. This includes diabetes and chronic pancreatitis for
pancreatic cancer and PSC for mucin-CCA [27, 29, 66].
PSC is frequently associated with chronic pancreatitis where
both PBG and PDG cells proliferate as a consequence of
chronic inflammation [27, 29, 51, 66]. Diabetes and insulin
resistance (obesity) are recognized risk factors for CCA
and pancreatic adenocarcinoma [27, 29]. How diabetes (and
insulin resistance) predisposes to such cancers remained a
speculation for years. However, in obese and type II diabetic
mice, proliferation of stem/progenitor cells within PDGs has
been observed in association with the appearance of distinct
tumor markers (Muc5ac, S100P, regenerating islet derived 3b,
14-3-3 s, and prostate stem cell antigen) [66]. Collectively,
the evidence concerning involvement of PBG and PDG in
pathologies at risk for cancer development suggests that CCA
and pancreatic tumors might originate from PBGs or PDGs,
respectively.

Similarities between CCA, pancreatic adenocarcinoma,
and colorectal cancer also concern molecular pathways
underlying oncogenesis. For example, a pivotal carcino-
genetic pathway involves K-RAS mutations largely docu-
mented in colorectal and pancreatic cancers. Ras proteins
(Kras, Nras, Hras, and Braf), responsible for signal trans-
duction downstream to growth factor receptors, have been
investigated largely in CCA. In this regard, KRAS-activating
mutations represent one of the most frequent genetic alter-
ations (up to 75% of CCA cases) [67]. When classified by
tumor site, only 17% of peripheral-type CCAs (mixed-CCAs)
were positive for KRAS mutations, whereas this occurs in
more than 50% of the hilar-type CCA, that is, typically
a mucin-CCA [67]. Thus, also molecular profiles underlie
the similarities between mucin-producing cancers of the
colon, pancreas, and biliary tree. The specific glands within
the tissues (intestinal crypts, PDGs, and PBGs) contain
stem/progenitor cells which are candidate cancer cells of ori-
gin, share common morphological and phenotype features,
and could represent a major determinant of the molecular
and biological similarities of these adenocarcinomas.

In substance, evidence is emerging that PBGs could be
involved in the pathogenesis of mucin-CCA. It could be
argued that biliary dysplasia, themost commonpremalignant
condition of large-duct CCA [20], usually occurs in the bile
duct surface epithelium. However, PBGs play a role in the
renewal of surface epithelium [2, 4, 5] and in most CCA
risk factors (PSC, liver flukes, and hepatolithiasis) damage of
biliary epithelium reasonably leads to its enhanced turnover,
as indicated by enhanced proliferation of surface epithelium

and PBGs [46, 68, 69]. Therefore, a possible involvement
of PBGs also in biliary dysplasia should merit extensive
research.

4. PBG Are Activated in Pathologies at
Risk of CCA

A number of risk factors have been described for CCA with
large racial and geographic differences [33]. The more robust
risk factor for CCA in Western countries is PSC, while liver
flukes and intrahepatic lithiasis are risk factors in the eastern
world [33]. PSC is a disease affecting both intrahepatic and
extrahepatic bile ducts and, indeed, it represents the strongest
independent risk factor for both IH-CCA and EH-CCA with
a cumulative risk of 1–5% at 10 years [27, 33]. Inflammatory
bowel diseases possibly associated with PSC may further
increase CCA risk, cumulative risk of 10–15% at 10 years
[27, 33]. Recent studies indicate how PBGs are activated in
the course of PSC and IgG4-related PSC [46, 52]. Specifically,
Terasaki et al. examined the histological changes of the PBGs
in seven PSC patients and showed how these glands display
proliferation, nonspecific inflammation with lymphoplasma-
cytic infiltration, fibrosis, and destruction [46]. In addition,
there were cystic lesions around the bile ducts, and they were
considered to reflect dilatation of the PBGs. These changes
were found around the intrahepatic and extrahepatic bile
ducts. It is of interest that changes in the PBGs tended to
correlate with the inflammatory changes of the bile ducts.
These findings suggest that the PBGs are targets of damage
in PSC. Stem cell niches with the PBGs recapitulate the
intestinal model, in the sense that stem cell niches reside deep
within the glandular elements (Lieberkuhn’s crypts in the
intestine), and differentiate toward distinct fates, maturing
in an upward direction (crypt-villus axis in the intestine,
radial axis in bile ducts) [2, 4]. The development of PSC and
UC appears to precede dysplasia of the biliary and colonic
mucosa, respectively, and represents a marker of patients
at risk of cancer [27]. The common embryologic origins of
biliary tree and intestine and the similarities in the stem cell
niches residing in the two organs lead to the suggestion that
the inflammatory immune-mediated processes underlining
PSC and UC could target cells originating from biliary and
intestinal lineages similarly and indistinguishably.This opens
new perspectives on current knowledge of these pathologies.

The evidence for a possible association between liver
flukes and CCA has been evaluated by the International
Agency for Research on Cancer (IARC) since 1994 [70].
Opisthorchis viverrini and Clonorchis sinensis infections
inhabit mainly in the IH and EHBDs and, more rarely,
in the gallbladder and pancreatic ducts. The infection is
associated with a number of hepatobiliary diseases, including
cholangitis, cholecystitis, and hepatolithiasis and with several
pathological changes in the liver, gallbladder, and EHBDs
[71–73].Microscopically, the intrahepatic lesions are confined
to the biliary tree, particularly to the large andmedium-sized
bile ducts where the flukes are harboured [70–75]. During
liver fluke infection, inflammation, periductal fibrosis, and
hyperplastic and dysplastic responses of PBGs and surface
bile duct epithelium may represent predisposing lesions that
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enhance the susceptibility of DNA to carcinogens including
several 𝑁-nitroso compounds and their precursors [74, 75].
Liver fluke-associated CCAs display distinct features with
respect to sporadic CCAs [68]. Indeed, it has been observed
that live fluke-associated CCAs display intestinal goblet cell
phenotype and p53 overexpression much more frequently
than sporadic CCAs, indicating differences in the oncogenic
processes [68].

5. Conclusions

Stem cells and progenitors in PBGs within the biliary tree
provide functions similar to that of stem cells and progenitors
in intestinal crypts and of committed progenitors found in
PDGs within pancreatic ducts. These glandular structures,
containing stem cells and/or committed progenitor cells of
endodermal origin, are all involved in the renewal of surface
epithelium and are the target of damage in inflammatory
processes or neoplastic diseases of the respective tissues.
As far as the biliary tree is concerned, many different
observations are highlighting a relevant role of PBGs in
the pathogenesis of PSC and CCA. Accumulating evidence,
in fact, suggests that the pure mucin-CCA, emerging from
large sized intrahepatic or extrahepatic bile ducts, is a
cancer originating from the hBTSCs located in the PBGs.
This evidence could explain the molecular and biological
similarities between mucin-CCA, pancreatic ductal adeno-
carcinomas originating from stem cells within PBGs of the
hepato-pancreatic common duct near the duodenumor from
committed progenitors within PDGs, and colorectal cancers
originating from stem/progenitors within colon crypts. In
this regard, ongoing research investigations are investigating
possible CSCs that are shared in common by these three types
of cancers. Findings regarding this should have enormous
clinical and therapeutic implications.
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