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Abstract: The primary epithelial tumors of the liver (PETL) are composed of a series of
heterogeneous tumors. Although the classification of PETLs has been updated several times
by the World Health Organization, the cellular origins of some tumors in this family remain
to be precisely depicted. In addition, certain tumors in different categories have similar
histology, molecular phenotypes and biological characteristics, suggesting that they may
have the same cellular origin. In this work, a narrative review method was adopted to review
the relevant papers. By comparing the expression profiles of biomarkers of liver epithelium
at different lineages and stages of differentiation, the cells-of-origin of some major members
of the PETL family were reassessed. We propose that 1) hepatic adenomas, hepatocellular
carcinomas (HCCs) and pure fetal hepatoblastomas (HBs) share the same spectrum in their
cellular origin including the hepatocytic-committed progenitors (HCP) and their differen-
tiated descendants. 2) Bile duct adenomas, peribiliary cysts and intrahepatic cholangiocel-
lular carcinomas (ICCs) can share the same spectrum in their cellular origin including the
cholangiocytic-committed progenitors (CCP) and their differentiated descendants. 3) The
cells-of-origin of embryonal HBs include liver stem cells (LSCs), hepatoblasts, and transi-
tional cells between them. Embryonal HB with small cell element, small cell undifferentiated
HB and small cell neuroendocrine carcinoma of the liver can have the same or similar cells-
of-origin from LSC. Embryonal HB lacking the small cell component of the LSC phenotype
and presenting both hepatocytic and bile duct/ductule components may originate from actual
hepatoblasts/hepatic progenitor cells (HPCs) as the combined HCC-ICC does. 4) Teratoid
hepatoblastoma and mixed epithelial/mesenchymal HBs can be derived from the LSCs or
even less committed extrahepatic pluripotent stem cell. 5) Many members of the PETLs
family, including those derived from LSCs, hepatoblasts/HPCs, early HCPs and CCPs, have
neuroendocrine potentiality. Except for those primary hepatic neuroendocrine tumor
(PHNET) exhibit hepatocytic and/or cholangiocytic phenotypes, other PHNETs subtype
may be derived from the descendants of LSC that differentiate towards the upper digestive
tract, pancreas or other lineages.

Keywords: HCC, tumor-initiating cell, hepatic progenitor, neuroendocrine tumors,
hepatoblastoma

Introduction

Most tumors are unicellular in origin. That is, a normal cell acquires the advantage
of clonal proliferation and becomes a tumor-initiating cell (TIC). This normal cell is
defined as the normal origin cell (NOC) of TIC. All the parenchymal cells that
constitute the tumor mass are the offspring of TIC. The formation of TIC was
initially understood to be the result of dedifferentiation of mature cells. Nowadays,
it has been realized that as long as adequate mutations are accumulated,
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proliferating cell at any differentiation stage can become
a TIC. Moreover, evidence of multi-lineage origin has
been piled up in tumors of multiple systems.'

There is a regularity that tumors derived from less-
differentiated NOCs are usually more aggressive, which
was first observed in lymphohematopoietic malignancies.
For example, patients with lymphoblastoma and lympho-
blastic leukemia usually have worse clinical outcomes
than patients with non-lymphoblastic leukemia and lym-
phoma. The biological behavior of lymphoma/leukemia
derived from a mature cell type, such as B-cell chronic
lymphocytic leukemia/small lymphocytic lymphoma,
mantle cell lymphoma and follicular lymphoma are rela-
tively inert. Later, this phenomenon was found in somatic
tumors.' Although genetic and epigenetic aberrant has
been considered to be the root causes of the malignant
phenotype of tumors, the influence of the cellular origin on
the biological behavior of tumors suggests that cellular
origin can be a variable independent of genetic- or epige-
netic-abnormalities that contribute to the aggressive biol-
ogy of TICs. Therefore, tracing the cellular origin of
tumors more precisely will enable us to establish
a classification closer to the clinic.

The primary epithelial tumors of the liver (PETL) are
composed of a series of heterogeneous tumors, including
hepatoblastoma (HB), hepatocellular carcinoma (HCC),
intrahepatic cholangiocellular carcinoma (ICC), combined
HCC-ICC, neuroendocrine tumor, hepatic adenoma, bile
duct adenoma, etc.* Although the classification of PETLs
has been updated several times by the World Health
Organization (WHO), the cellular origins of some tumors
or their subtypes of this family remain ambiguous. In
addition, some tumor entities in different categories have
similar morphological and molecular characteristics and
clinical manifestation suggesting that they may be the
same tumor entity. In this work, some major members of
PETLs in pediatric and adult were included in the same
system for analysis. By referring to the histology and
differentiation-related biomarkers of the normal liver par-
enchyma cells, cellular origins of these tumors were reas-
sessed, which may enable us to move towards a precise
classification and individualized treatment scheme in
future.

Methods

There are two standard types of literature reviews: sys-
tematic reviews and narrative reviews. Unlike systematic
reviews, which benefit from guidelines such as PRISMA

(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses), narrative reviews have no restrictive
rules and acknowledged guidelines. However,
a narrative review is irreplaceable to track the develop-
ment of a scientific principle or clinical concept. As the
focus of this paper is to discuss the cellular origin of
almost all primary hepatic epithelial tumors and propose
a conceptual framework for the future classification of
PETL, a narrative review method was adopted to review
the relevant papers. We also combined the consensus of
pathologists with 20-30 years of diagnostic experience
from three different hospitals to form this manuscript.
Although subjectivity in literature selection and clinical
experience may potentially leads to biases, we still
believe it needed to present our conceptions and arouse
researchers’ interest to think and discuss the related
issues. This review covers the cellular origins of almost
all major members of the PETL family. By comparing
the expression profiles of biomarkers of liver epithelium
at different lineages and stages of differentiation, the
cells-of-origin of the tumors or their subtypes was reas-
sessed. All sections used for case presentation in this
paper were re-stained with hematoxylin and eosin,
D-PAS, and immunohistochemical staining. Antibodies
used are listed in Table 1. All slides were assessed
independently and blindly by the pathologists involved
in this work. A consensus was reached by careful dis-
cussion in case of any disagreement among the

evaluators.

Main
Lineage Relationship and Molecular
Phenotypes of Parenchymal Cells in

Developmental Liver

Our knowledge of somatic cell types comes from embryo-
nic development and organogenesis. During liver develop-
ment, a complex program of gene expression, which is
determined by epigenetic modulation changes dynami-
cally. Parallel to this, all products of gene expression,
such as cytokeratins, fetal proteins and adhesion mole-
cules, etc must be coordinated. Although the understand-
ing and definition of hepatic parenchymal cells in early
research has limitations and even contradictions, the com-
bination of the expression pattern of biomarkers and cell
differentiation capabilities enables us to identify different
types of parenchymal cells in liver today.
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Table 1 Monoclonal Antibodies Used in This Study
Antibody Dilution Clone Company Place of Production Catalog No.
Mouse anti-human CK19 1:100 BAI7 Zeta Corp. Sierra Madre, CA, USA Z2134
Mouse anti-human GPC3 1:200 1G12 Zeta Corp. Sierra Madre, CA, USA 72103
Mouse anti-human CK7 Ready-to-use UMABI6I ZSGB-BIO Beijing, China ZM-0071
Mouse anti-human EpCAM Ready-to-use UMABI 3| ZSGB-BIO Beijing, China ZM-0359
Mouse anti-human NCAM 1:200 123C3.D5 Zeta Corp. Sierra Madre, CA, USA 72038
Rabbit anti-human AFP Ready-to-use EP209 ZSGB-BIO Beijing, China ZA-0612
Mouse anti-human CK8/18 Ready-to-use B22.1 and 23.1 ZSGB-BIO Beijing, China ZM-0315
Mouse anti-human HepPar-1 Ready-To-Use OCHIES ZSGB-BIO Beijing, China ZM-0131
Mouse anti-human Glutamine synthetase Ready-to-use D-6 ZSGB-BIO Beijing, China ZM-0125
Mouse anti-human Chromogranin Ready-to-use LK2HI10 ZSGB-BIO Beijing, China ZM-0076
Rabbit anti-human Synaptophysin Ready-to-use EP158 ZSGB-BIO Beijing, China ZA-0506
Mouse anti-human CAI[9-9 Ready-to-use C241:5:1:4 ZSGB-BIO Beijing, China ZM-0021
Mouse anti-human B-catenin Ready-to-use UMABI5 ZSGB-BIO Beijing, China ZM-0442
Mouse anti-human LFABP 1:100 L2BI0 OriGene Tech. Rockville, MA, USA AM26273PU-N
Rabbit anti-human CD133 1:100 EMKO08 OriGene Tech. Rockville, MA, USA TA350943

In Table 2, the molecular phenotypes of different par-
enchymal cells in developmental liver were summarized. In
the third to fourth week of gestation, the liver bud arises from
the foregut. Liver bud cells are multipotential with CK8
+/CK18+/CK7-/CK19-/AFP- expression profile. They can
be the most primitive stem cell type of the liver (LSCs).”®
With further differentiation, a stem cell population with CKS8
+/CK18+/CK7+/CK19+/AFP- expression emerge. These
cells retain the multi-potency and are therefore still regarded
as LSCs.”!" Hepatoblasts are derived from LSCs and are
positive for CK8, CK18, CK7 and CK19. However, hepato-
blasts can express fetal protein AFP and GPC3, which dis-
tinguishes them from LSCs.*'*'*!* In human fetal liver,
both LSCs and hepatoblasts can express EpCAM.*141
Most studies reported that neuroendocrine markers NCAM
and chromogranin were positive for hepatoblasts and LSCs,
but their expressions were not detected in certain subsets of
hepatoblasts and LSCs.**'%14

Hepatoblasts have bi-potential to differentiate into hepato-
cytic or cholangiocytic lineage cells. When hepatoblasts are
committed to hepatocytic lineage, early hepatic cord cells
(early HCP) can still express CK19, CK7, EpCAM, AFP,
GPC3, NCAM and chromogranin. With further differentia-
tion, their expression is gradually decreased, till approaching
to maturity, disappeared.””'>!>1"2% Alternatively, when
hepatoblasts are committed to cholangiocytic lineage, the
early CCPs can still express NCAM and EpCAM. With
further differentiation, their expression is lost &8--12:16 CK7,
CK19, CK8 and CK18 are expressed in all epithelia of the
cholangiocytic lineage, while AFP and GPC3 are not."”

Studies on the fetal liver of different gestational ages have
found that the development of the intrahepatic bile duct begins
with the ductal plate (DP), a double-layered cylindrical struc-
ture located in the interface between hepatoblasts and portal
mesenchyme. The DP undergoes remodeling and remodeled
DP stages, and finally forms mature intrahepatic bile duct.®
The development of the intrahepatic bile duct can reflect the
differentiation and maturation lineage of the cholangiocytic
epithelia. Evidence from different literature suggests that cells
that make up DP have a molecular phenotype and bipotential
similar to that of hepatoblasts.*** DP cells express CKS8,
CK18, CK7, CK19, EpCAM and AFP.%"%!%!161¥ They also
express neuroendocrine markers, chromogranin, synaptophy-
sin and NCAM. EpCAM, chromogranin, synaptophysin and
NCAM are expressed in the remodeling DP cells and then
disappear with further differentiation.®'* Still, multipotential
stem cell in DP was uncovered suggesting that DP is also
niche for LSCs.%?"?? Terada identified a subset of more “pri-
mitive hepatoblast” that were positive for CK8 and CK18, but
negative for CK7, CK19 and neuroendocrine biomarkers,
chromogranin, synaptophysin, CD56 and NSE.® The molecu-
lar phenotype of these cells is consistent with that of LSC in

fetal and adult liver described by other scholars. >4

Lineage Relationship and Molecular
Phenotypes of Parenchymal Cells in Adult

Liver

In normal conditions, adult liver cells have very little
proliferative activity. However, in the context of liver
injury, both mature and stem cells can proliferate. In
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response to acute injury, liver is repaired primarily by
mitosis of mature hepatocytes. In the case of extensive
liver injury, hepatic progenitor cells (HPCs) are activated
to compensate for cell loss.*** In Table 3, the molecular
phenotypes of different parenchymal cells in adult liver
were summarized. In adult liver, the canals of Hering are
thought to be the niche of HPCs. HPCs have almost the
same molecular phenotype and bipotential as hepatoblasts,
suggesting that HPCs are the counterparts of hepatoblasts
in adult liver."">*"’

Being committed towards hepatocytic or cholangiocytic
lineage, HPC will undergo transitional stages of differentia-
tion before it matures. When differentiating towards the
hepatocytic lineage, CK19, CK7, NACAM, GPC3, AFP,
chromogranin and synaptophysin can be expressed in early
HCPs,

hepatocytes.

then reduced, In  mature

17,23-26

and finally absent
Alternatively, when differentiating
towards the cholangiocytic lineage, the early CCPs are
cuboidal and do not produce mucin.?® The early CCPs can
express NCAM, EpCAM and CD44, but not tumor-
associated mucin proteins.**%° Later, they gradually lost
the expression of the stem cell markers and start to express
markers of mature cholangiocytes such as secretin
receptor.**! Mature cholangiocytes are cylindrical and con-
stitute the extrahepatic and intrahepatic large bile ducts.

In adult liver, HPCs have long been considered as the
only stem cell type. Past decade, LSCs in the peribiliary
glands of the neonatal and adult liver were identified. The
molecular phenotype and differentiation potential of these
LSCs are almost the same as those of LSCs in embryonic
development.'*'*2%222% Placed in appropriate media, LSCs
can differentiate into intestinal and pancreatic epithelial cells
and fat, bone, cartilage, and endothelial cells."!

In short, the lineage relationships of parenchymal cells
and the molecular phenotypes of the corresponding cells
between developing and adult livers are almost identical.
Although there is overlapping biomarker expression
between adjacent cell types in a differentiation lineage,
different parenchymal cell types are often distinguishable
by morphological and subtly different immunohistochem-

ical expression patterns.

In General, Tumor-Initiating Cells Can Be
Mapped to Different Differentiation

Hierarchies of Normal Stem Cells
Tracing the histological or cellular origin of tumors has
always been the core content of tumor pathology. In

practice, pathologists usually determine the cellular origin
of various tumors by comparing the expression patterns of
tumor cell markers with those of their normal counterpart
cells. Obviously, this method is based on a hypothesis, that
is, after transformation, tumor-initiating cells will be
mapped to different differentiation hierarchies of normal
stem cells. It is just based on this hypothesis that the
classification standards and guidelines for tumors of var-
ious systems have been developed and are widely used in
clinical practice today. In spite of this, many studies sug-
gested that de-differentiation or trans-differentiation can
exist during the liver injury and regeneration process,
thereby promoting the development of tumors.

In liver, the de-differentiation hypothesis suggests that
mature hepatocytes or cholangiocytes can becomes less
differentiated stem cells, and trans-differentiation refers
to hepatocyte and cholangiocyte could change into each
other. Liver cell injury and regeneration induced by carbon
tetrachloride (CCl4), dimethylnitrosamine (DMN), hepa-
tectomy or partial devascularization are the main experi-
mental models, by which stem cells, mostly, HPCs were
enriched. Huch et al reported that isolated EpCAM+ bile
duct cells from the human liver can be induced to trans-
differentiate into hepatocytes.** Nishikawa reported that
HNF-40+/CK8+/CK19- hepatocytes can transdifferentiate
into CK19+ bile duct-like cells.*®> Doffou reported that
HNF-40+ hepatocyte can transdifferentiate to biliary
epithelial cells in vitro.®* In recent years, studies have
found that in addition to biliary epithelial cells, EpCAM
+ and CK19 can also be expressed in HPC. In addition,
Hnf-4a can be expressed not only in mature hepatocytes
but also in HPC.*®> These evidence suggests that the pre-
vious studies on transdifferentiation between hepatocytes
and cholangiocytes can have systemic flaws. Font-Burgada
et al described periportal hepatocytes with Sox9+ expres-
sion can transdifferentiate into ductal cells after DDC diet—
induced liver injury.’® Today, we know that SOX9 is
a pan-stem cell marker. In the hepatobiliary system,
SOX9 can be expressed in HPCs, ductal plate cells and
small but not large bile ducts after birth.*”

Tarlow BD reported that isolated fumarylacetoacetate
hydrolase (FAH) positive hepatocytes can be dedifferen-
tiated into bipotential adult liver progenitors with SOX9
expression.”® Although FAH has long been regarded as the
biomarker of mature hepatocytes, recent literatures
revealed that FAH can be expressed in human fetal
liver,® induced pluripotent stem cells (iPSC), early and
late iPSC-hepatocyte-like cells,*” In fetal and mature liver,
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similar levels of FAH expression was observed.*' Lin et al
reported that subset of Lgr5+/FAHLOW liver cells possess
bi-potential.** These evidences imply that the FAH+
mature hepatocytes previously isolated by Tarlow BD?*
may be mixed with dual-potential HPCs. Sekiya reported,
albumin+/CK19- hepatocytes residing in the portal areas
can give rise to the majority of the biliary lineage cells that
form primitive ductules in DDC-induced chronically
injured liver.* Today, we know that liver stem cells have

>810.1444 which led us to

albumin+/CK19- phenotype.
speculate that Sekiya S’s experimental model may repre-
sent the differentiation of hepatic stem cells rather than
dedifferentiation of hepatocytes.

In 2020, Chao et al reviewed the molecular mechan-
isms of putative dedifferentiation in the development of
HCC.*> The authors summarized many signaling path-
ways, such as Wnt/B-catenin, TGF-B1/Smad/Snaill,
PI3K/AKT and Hedgehog of normal stem cells were acti-
vated in HCC, thus inferring that dedifferentiation may be
involved in the development of tumorigenesis. Mutations
can indeed alter signaling pathways and give tumor-
initiating cells a stemness, but it cannot be ruled out that
HCC with a stem cell phenotype can directly inherit the
epigenetic status of the above-mentioned signaling path-
ways from the normal corresponding initial stem cells. In
addition, although somatic cells can be reprogrammed into
pluripotent ES-like cells by ectopic expression of tran-
scription factors such as Oct4, Sox2, KIf4, and C-MyC
(OSKM),*® whether “dedifferentiation” can promote indi-
vidual tumorigenesis without any additional manipulation
needs to be supported by reliable evidence.

As long as adequate mutations are accumulated, pro-
liferating cell at any differentiation stage can be trans-
formed. Just based on this generally accepted principles,
experienced pathologists can identify the histological or
cytological origin of almost all tumors and their subtypes,
although in a very small number of tumor cases significant
phenotypic changes can be observed, making the exact
origin difficult to trace. Therefore, de-differentiation or
trans-differentiation mechanisms may contribute to tumor-
igenesis, but not dominant. In general, tumor-initiating
cells can be mapped to different differentiation hierarchies
of normal stem cells.

Re-Evaluate the Cellular Origin of PETLs
Hepatic Adenomas (HCAs)

HCAs are benign clonal proliferations and also precancer-
ous lesions of HCCs. Classical HCAs are characterized by

appearance of monotonous sheets of well-differentiated
hepatocytes, which closely resemble structure of the nor-
mal hepatic plates. Tumor cells of the classical HCAs
express CKS8, CK18 and HepPar-1, and normal levels of
serum AFP. The morphological and molecular manifesta-
tions imply that the classical HCAs can originate from the
mature hepatocytes. Still, some other studies showed that
scattered CK 19+ or CK7+ cells could be detected in nearly
50% of HCAs (Figure 1, magnification x 100), and differ-
entiation hierarchies of tumor cells (CK7+/CK19+, CK7
+/CK19- and CK7-/CK19- tumor cells) in these HCAs
were observed.*” Some scholars have proposed that these
CK19 or CK7 expression HCAs could be derived from
HPC.*"*® Given the fairly uniform hepatic plate-like struc-
ture, these CK19 or CK7 expression HCAs should be
considered as the origin of the unipotential cells, rather
than HPCs.

The discovery of somatic mutations in HCAs has
prompted a molecular-pathologic classification for this
tumor by WHO [4]: 1) H-HCA, characterized by hepatic
nuclear factor la (HNF1a) inactivation, is considered to
be the least likely to undergo malignant transformation; 2)
Inflammatory HCA (IHCA), characterized by the presence
of inflammatory cell infiltration. A somatic activating
mutation of gpl30 led to the constitutive activation of
the JAK/STAT pathway in IHCA was identified, which
could explain the inflammatory phenotype. Ten percent
of IHCAs have activation of B-catenin and are therefore
nominated as B-IHCAs. Given the risk of malignant trans-
formation, B-IHCA was merged with the next category in
WHO classification system; 3) B-catenin-activated HCA
(B-HCA) and B-IHCA: This subtype is characterized by
CTNNBI gene alterations and highly correlated with the
malignant transformation. This classification system high-
lights the relationship between genetic alterations, but not
cellular origins, and oncogenesis of HCAs.

In activated LSCs and HPCs, the Wnt/B-catenin path-
way is enhanced.***° Interestingly, HCAs with the expres-
sion of stem cell biomarker, such as CK7 can be observed
in multiple HCA subtypes, mostly in p-IHCAs,' p-HCAs,
and non-mutated, non-inflammatory HCAs, except for
H-HCA.>*>* Although activation of Wnt/p-catenin path-
way through genetic mutations has been widely reported,
the possibility of enhancement of this pathway in f-HCA
or B-IHCA via epigenetic inheritance from the normal
origin stem cells cannot be ruled out. This raises the
question of whether HCAs derived from stem cells carries
a higher risk of malignant potential. In-depth research on
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this issue may be of great significance for understanding In brief, HCA can originate from a variety of hepato-
the impact of epigenetics on tumor biology, tumor pro-  cytic lineage cells of different differentiation, which does
gression, and future clinical management of HCA. not include HPC.
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Figure | Example case of a hepatic adenoma (HCA) originated from the later HCP. A 65-year-old male patient with 4.5 cm sized tumor in the right lobe of the liver. His
preoperative serum AFP was 4.8 ng/mL. There was no tumor recurrence or extrahepatic metastasis in the 4-year follow-up after surgical resection. H&E staining shows that
the tumor cells are arranged in sheet-like structure lacking portal tracts. Steatotic tumor cells are present throughout the field of vision. Tumor cells do not express
neuroendocrine marks NCAM, chromogranin and synaptophysin, as well as stem cell marker CK19 and EpCAM. However, they can patchily express CK7. B-Catenin is
expressed in the cell membrane and cytoplasm of tumor cells. The molecular profile of the HCA is consistent with that of the later HCP, suggesting these CK7+ cells might
be at the top of the differentiation hierarchy of tumor cells. The tumor lacks the expression of LFABP and SAA, suggesting it is H-HCA.
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HCCs

Histological manifestations of HCC vary greatly. Several
architectures, including thin or thick trabeculae, pseudog-
lands, acinus, and compact patterns have been described
previously. Its cytological variants include pleomorphic
cells, clear cell, chromophobe cell, spindle cell, etc.*

For a long time, HCCs have been considered to be
derived from the mature hepatocytes due to genetic muta-
tion. Later, the disclosure of HPCs in adult liver and the
discovery of HCC with the expression of stem cell mar-
kers CK19, CK7, EpCAM, NCAM, GPC3 or AFP have
led oncologists to speculate that HPCs could represent the
origins of HCCs or certain subtypes of HCCs.>* > Strictly
speaking, co-expression of the stem cell markers EpCAM
and NCAM, as well as the so-called cholangiocytic mar-
kers CK19 and CK7, cannot be used as absolute evidence
to determine the HPC-origin for these tumors, because this
molecular profile can be shared by normal HCPs, CCPs,
and hepatoblasts/HPCs, indicating that morphological
clues are crucial for judging the cellular origin of this
tumor.

The presence of striped or antler-like structures with
the expression of CK19 and CK7 can be the pitfall for
HCC’s HPC-origin hypothesis. These
usually present in the invasive front or periphery of

structures are

tumor nests. In addition, in the entire tumor, only typical
HCC morphology (eg, sheet, trabecular, acinar, or solid
patterns) is present, and typical neoplastic tubule structure
is absent. The evidence suggests that the HCCs expressing
stem cell markers can originate from uni-potential cells,
rather than HPCs.

It is worth noting that stem cell markers can only be
detected in some, but not all, HCC cases. For example, CK7
or CK19 positive HCC cases account for approximately
40% and 10% of all HCC, respectively.”*>¢ Well-
differentiated HCCs usually appeared in acinar and/or thin
trabecular patterns (1-3 cells-thick), which mimicked the
normal hepatic plates. Well-differentiated HCC usually does
not express stem cell markers, such as CK19, NCAM,
EpCAM and chromogranin (Figure 2, magnification x
100). Their serum AFP levels are usually very low.”*>°
Most studies showed that fetal protein GPC3 was negative
or weak expressed in well-differentiated HCCs. Yamauchi
et al observed that these well-differentiated HCCs with
GPC3 positive staining usually in a pattern of prominent
adjacent to canaliculi, as in the developing hepatic plate and
nodule. More stem cell

regenerative importantly,

transcription factors, such as NANOG, OCT4, Sox2 and
¢-MYC are generally not expressed in well-differentiated
HCCs.”” With the histological and molecular evidence, it
supports that well-differentiated HCCs can originate from
the mature or near-mature hepatocytes.

Scirrhous HCC (SHCC) (Figure 3, H&E staining, mag-
nification x 200; Other staining, magnification x 100) and
(FLHCC)
(Figure 4, magnification X 100) are two rare variants of

fibrolamellar ~ hepatocellular ~ carcinoma
HCC that are morphologically similar due to their abun-
dant fibrosis and cellular features. SHCC is characterized
by small oval cells arranged in nests or trabeculae sur-
rounded by diffuse fibrous stroma.’® Our previous study
has showed that majority of SHCCs in our cohort showed
CK19+/GPC3+ expression.” Other literature also demon-
strated that SHCCs can express other stem cell markers,
such as NCAM, EpCAM and ATP-binding cassette trans-
porter G2, in addition to CK19 and GPC3.>® The histolo-
gical and molecular characteristics suggest that SHCC
may originate from early HCPs rather than HPCs.
FLHCC is featured by polygonal cells with large nucleoli
and copious eosinophilic cytoplasm and the presence of
thick fibrous collagen bands. Previous studies have
reported that 95% of FLHCC patients carry a specific
DNAJB1-PRKACA fusion gene. Initially, FLHCC was
found to stain strongly for CK7, CK8/18, HepPar-1, but
negative for CK19, suggesting this tumor can originate
from the later HCPs.** Subsequently, expression of
CK19, EpCAM, and CD44 was observed in FLHCC,
indicating that this tumor could have a wider spectrum of
cells of origin, including early or later HCPs. Over-
expression of TGF-f3 may account for the lamellar pattern
characteristics of FLHCC. Controversy exists regarding
whether SHCC or FLHCC have a better prognosis than
classical HCC. Several studies had described them as more
indolent and associated with a better outcome, but subse-
quent studies reported that the prognosis of patients with
SHCC or FLHCC was similar with that of patients with
classical HCC.

In general, morphological classification and histological
grading have certain value in judging the prognosis of HCC
patients, but only highlight the good outcomes of patients
with well-differentiated (thin trabecular) HCC.>>*%° In
recent years, the relationship between the cellular origin of
HCCs and prognosis has been confirmed, and several classi-
fication systems have been proposed.”® We have sub-
classified HCCs into CK19+/GPC3+ (Figure 5, magnifica-
tion x 100), CK19-/GPC3+ (Figure 6, magnification x 100),

Journal of Hepatocellular Carcinoma 2021:8

1545

Dove:


https://www.dovepress.com
https://www.dovepress.com

Feng et al

Dove

CK19 x100

CD56 x100
CK7 x100

Synapt_ophysin x100 '
_ GPC3 100

Chromogranin A x100

[

EpCAM x100

GS x100

AFP x100

W"’"W Py -,x'””'(:" F]
AT | ors®
R s o Al

SN o o

‘.,
3 o g7 ¥
W

»

g
S

“ "

B-catenin x100
s

Figure 2 Example case of a well-differentiated HCC with CK19-/GPC3- expression originated from the mature or near-mature hepatocyte. A 59-year-old male patient with
12 cm sized tumor in the right lobe of the liver. The patient has chronic hepatitis B infection. His preoperative serum AFP was 21.07 ng/mL. Four months after radical
hepatectomy, intrahepatic tumor recurrence was found, and lung metastasis was found | month later. Tumor cells are arranged in an antler-like or thin trabecular structures.
They do not express stem cell markers EpCAM, CK19 and CK?7, fetal protein GPC3 and AFP, and neuroendocrine marks NCAM, chromogranin and synaptophysin, but
express HepParl. B-Catenin is expressed in the cell membrane and cytoplasm. The molecular profile is consistent with that of the normal mature or near-mature

hepatocytes.

and CK19-/GPC3- (Figure 2, magnification x 100) pheno-
types, which roughly corresponded to HCC subtype derived
from the early, later HCPs and mature hepatocyte, respec-
tively. Our results showed that from CK19+/GPC3+ to
CK19-/GPC3+, and finally CK19-/GPC3- HCC, the risk of
microvascular invasion, regional lymph node involvement,
intrahepatic and distant metastases were successively
decreased.®' With the aid of this CK19/GPC3 classification
system, our subsequent researches showed effective recur-
rence risk stratification of HCC patients after liver

transplantation®® and surgical resection.®” This work sup-
ports that HCC classification based on cellular origins is of
great significance in optimizing treatment strategies.

Taken together, we provide here evidence that HCCs
are heterogeneous tumors that can originate from a variety
of parenchymal cells of the hepatocytic lineage, but not
HPCs. Although many driver mutations related to the
development of HCC have been identified, it is unclear
whether these mutations have a preferential distribution in
HCC subtypes of different origin. A comprehensive study
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Figure 3 Example case of a scirrhous HCC originated from the early HCP. 66-year-old female patient with 5.0 cm sized tumor in the right lobe of the liver. Her preoperative
serum AFP was 4.92 ng/mL. Six months after radical hepatectomy, intrahepatic tumor recurrence was found. H&E and Masson staining show that tumor cell nests are
separated by fibrous cords of varying thickness. Tumor cells express stem cell markers EpCAM, CK19 and GPC3, but not biomarker of the cholangiocarcinoma CA9-9.
Although the expression of chromogranin and synaptophysin were not detected, the expression of NCAM suggested that this tumor might have neuroendocrine potential.

The molecular profile of this case is generally consistent with that of the early HCPs.

of HCCs that integrates genetic aberrant and cellular origin
may help accurately depict the essential characteristics of
this tumor in future.

Combined HCC-ICCs

By definition, a typical combined HCC-ICC is composed
of three components. The cells of the first component
have stem cell characteristics, also referred to as “transi-
tional area cells.” These cells are usually arranged in
cord, ribbons or nest patterns and express stem cell
markers NCAM, EpCAM, OV-6 or chromogranin, in
addition to CK8/18, CK7, CK19, GPC3, AFP, GS, and

HepPar-1, which is consistent with that of HPCs and
hepatoblasts.®>%* The other two components, including
those with typical HCC and ICC characteristics, are
indispensable. Although the transitional area cells can
be observed in quite a few studies, in some cases, they
can be poorly defined (Figure 7, magnification % 100).
The initial theory regarding the combined HCC-ICC was
that it was a collision tumor. Given the bidirectional
phenotype, the tumor is more likely to be an actual
malignant counterpart of HPC in adults. Sometimes,
fairly homogeneous undifferentiated small cells can be
observed in the transitional area of some HCC-ICC
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Figure 4 Example case of a fibrolamellar HCC originated from the later HCP. A 19-year-old female patient with 10.2 cm sized tumor in the left lobe of the liver. Her
preoperative serum AFP was 118.6 ng/mL. There was no recurrence in the first month after operation. Subsequently, the patient was lost to follow-up. H&E and Masson
staining show large polygonal tumor cells with copious eosinophilic cytoplasm and abundant fibrous stroma arranged in parallel lamellae around the tumor cells. Tumor cells
do not express NCAM, chromogranin, synaptophysin, CK19 and CA19-9, but express CK7 and EpCAM, and hepatocytic lineage markers, GPC3, arginase-| and HepParl,

suggesting that the tumor can originate from the later HCP.

cases, suggesting that this variant can be derived from
the less committed stem cell of the liver prior to HPC.
In the 2019 WHO classification of tumors of the diges-
tive system, an intermediate cell carcinoma that between
HCC and ICC was mentioned.* This variant is character-
ized by the presence of neoplastic cords, strands, and small
trabeculae surrounded by fibrous stroma. Tumor cells co-
express hepatocytic and cholangiocytic biomarkers
(HepPar-1+/AFP+/CK19+/CEA+). In terms of molecular
phenotype, this pattern is consistent with that of HPCs/
hepatoblasts and early HCPs. If typical tubular structures
are present, it should be considered to have originated
from HPC, and therefore a diagnosis of combined HCC-

ICC may be appropriate. In the absence of morphological
clues to ICC, histological and molecular manifestations
can only support the early HCP-origin of this variant.
Then, it should be classified as HCC.

In general, patients with combined HCC-ICC have
worse clinical prognosis than patients with pure HCC.

ICCs

Cholangiocarcinoma is the second most common PETL
with increasing diagnostic challenges. Anatomically, this
tumor is divided into two types: ICC and extrahepatic bile
duct carcinoma. ICC was further divided into mucin-
producing and non-mucin-producing variants, which are
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Figure 5 Example case of a CK19+/GPC3+ HCC originated from the early HCP. A 5|-year-old male patient with 4.5 cm sized tumor in the right lobe of the liver. The
patient has chronic hepatitis B infection. His preoperative serum AFP was 32.54 ng/mL. Extrahepatic metastasis was found at |13 months after liver transplantation. In CK19
+/GPC3+ HCCs, the histology of tumor trabeculae or nests surrounded by fibrous stroma is very common. If tumors are composed of a large proportion of fibrous stroma,
they may be classified as SHCC. In this case, tumor cells can express CK19 and GPC3, glutamine synthetase (GS) and HepPar|. They also express neuroendocrine marks,
NCAM and synaptophysin (weak). Unlike the typical combined HCC-ICC, no ICC component was present in this subtype of HCC, and cholangiocarcinoma CA19-9 was

negative.

thought to correspond to anatomically large bile ducts and
ductules, respectively. Tumor-associated mucins were only
detectable in mucin-producing ICCs, whereas CK7 and
CK19 were detected in both of the common variants. In
terms of cellular origin, ICCs should be considered to be
derived from the intrahepatic cholangiocytes of different
differentiation stages.

ICC variant expressing stem cell markers once made
classification of ICC controversial (Figure 8, D-PAS staining,
magnification x 200; Other staining, magnification x 100).

Histologically, this variant usually presents as tubular, striped
and antler-like structures with the positive expression of
NCAM, EpCAM, CK7 and CK19, whereas not HepPar-1
and GPC3.* Compared with conventional ICC (Figure 9,
D-PAS staining, magnification x 200; Other staining, magni-
fication x 100), this ICC variant has higher aggressiveness
and worse clinical prognosis.® In the 2019 WHO classifica-
tion, this variant was classified as small duct-ICC category.
More precisely, this ICC subtype may have originated from
the early intermediate cholangiocytes (CCPs) due to
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Figure 6 Example case of a CK19-/GPC3+ HCC originated from the later HCP. A 42-year-old male patient with 1.5 cm sized tumor in the caudate lobe of the liver. The
patient has chronic hepatitis B infection. His preoperative serum AFP was 57.13 ng/mL. No tumor recurrence or extrahepatic metastasis occurred within 3 years after
radical hepatectomy. Although the H&E staining showed a compact form of HCC, the CD34 immunohistochemical staining clearly outlined the trabecular structure. Tumor
cells uniformly express hepatocytic lineage markers GPC3, CK8/18 and HepParl, but not neuroendocrine marks NCAM, chromogranin and synaptophysin. In addition,
CK19 expression was not detected in tumor tissues. However, in the cells of the periphery of the tumor nest or the front of infiltration, CK7 expression was detected,
which was very similar to that of regenerating nodules in liver cirrhosis. These evidences suggested that this HCC case can originate from the later HCPs.

their  similarities and molecular

characteristics.

in  morphological

Benign intrahepatic bile duct lesions, such as bile
duct adenoma and peribiliary cyst are well-known pre-
cursor lesions of cholangiocarcinoma. Recent studies
reported that stem cell biomarkers can present in some
of the benign tumors,®> suggesting that the benign intra-
hepatic bile duct tumors also have a pattern of multiple
cells-of-origin. The malignant potential of these precur-
sor lesions of cholangiocarcinoma need to be further
explored.

Hepatoblastomas (HBs)

HBs are liver malignancies that preferentially develop in
children. According to the 2019 WHO classification of
tumors of the digestive system, HBs are classified as
wholly epithelial and mixed epithelial/mesenchymal.
Epithelial HBs are further divided into pure fetal, embry-
onal, macrotrabecular and small-cell undifferentiated. HBs
have epithelial components similar to embryonal or fetal
liver cells, and can also manifest as the histological and
clinical features of HCCs. In recent years, reports of adult
HBs have increased. The similarity of cell differentiation
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Figure 7 Example case of a combined HCC-CCA that can originate from the HPC. A 56-year-old male patient with 1.8 cm sized tumor in the right lobe of the liver. The
patient has chronic hepatitis B infection. His preoperative serum AFP was 5.07 ng/mL. No tumor recurrence or extrahepatic metastasis was found within I3 months of
follow-up after liver transplantation. Above the dotted line is the ICC element, which is composed of small neoplastic lumens and cord-like structures that express CK19,
CK7, NCAM, EpCAM, and CA19-9. Below the dotted line is the HCC element which is composed of neoplastic trabecular or nests that express GPC3, HepPar| and CK7
(weak). In this case, the presence of two distinct HCC and ICC components suggests that the tumor originated from a bipotent HPC, although the transitional area cells

between ICC and HCC elements is not well defined.

hierarchies and cell types between developing and regen-
erating liver prompts us to rethink the cellular origin
of HBs.

Typical pure fetal HBs consist of homogeneous cells
that grow as thin trabeculae or in sheets. The tumor
cells of this subtype are smaller than normal hepatocytes
in adults. Their cytoplasm can be clear or finely gran-
ular, reflecting variable amounts of glycogen and lipids,
thus presenting a characteristic “light and dark” pattern.
The histological features are similar to that of the devel-
oping fetal liver, which makes some scholars suspect
that pure fetal HB may be derived from fetal stem
cells.®

Immunohistochemically, typical pure fetal HBs
were usually negative for stem cell biomarkers C-kit,
Thy-1 and NCAM, and with low or moderately serum
AFP level.®”° Beta-catenin is usually expressed on
cell membranes in the same pattern as it is expressed
in mature hepatocytes.® In some cases, GPC3 can be
expressed in neoplastic trabeculae and distributed along
the bile canaliculus-like structure. This pattern is simi-
lar to the expression of GPC3 in the developing hepatic
plates of regenerative cirrhotic nodules and fetal livers,
as well as in the neoplastic trabeculae of some well-
differentiated HCC (usually with low serum AFP
level). The evidence suggests that the typical pure
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Figure 8 Example case of an ICC originated from the early CCP. A 72-year-old female patient with 4.0 cm sized tumor in the right lobe of the liver. The patient has chronic
hepatitis B infection. The preoperative serum AFP and CA[9-9 levels were 3.17 ng/mL and 25.63 ng/mL, respectively. Tumor recurrence was found at the end of the second
month after right hemihepatectomy. Tumor cells are arranged in tubular, striped and antler-like structures with the positive expression of EpCAM, CK19, CK7, CA19-9 and
NCAM (scattered). Hepatocytic lineage markers GPC3 and HepParl, and neuroendocrine marks chromogranin and synaptophysin are not detected. Intracytoplasmic mucin
was not found by D-PAS staining, indicating its ductule origin (non-mucin-producing ICC variant).

fetal HBs can originate from the near-mature or mature
hepatocytes. In the case of similar morphology,
EpCAM, CK19 and/or CK7 can be scattered expressed
in some pure fetal HB, suggesting that HCPs may be
the origin cells of these cases®® (Figure 10, magnifica-
tion x 100).

Based on the above evidence, we can conclude that
pure fetal HBs and HCCs share the same spectrum of
cells-of-origin (hepatocytic lineage cells). Compared
with fetal HBs, HCCs usually have greater histological
and cytological pleomorphism, which may be the result of
regulatory confusion caused by the accumulation of more

genetic and epigenetic variation during the long-term
transformation of HCCs. However, most morphological
features, such as solid sheets, “light and dark” pattern,
trabecular structure, clear cell or chromophobe cell, etc
can be shared by pure fetal HBs and HCCs, indicating that
the former may closely resemble the latter. Except for the
patients’ ages of onset, the boundaries in morphology and
cellular origin between the two may not be distinct.
Comparing the genetic- and epigenetic-variation between
pure fetal HB and the corresponding HCC that derived
from the same differentiation hierarchy may help to
further reveal the differences between them. At present,
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Figure 9 Example case of an ICC originated from the later CCP. A 69-year-old male patient with 4.4 cm sized tumor in the right lobe of the liver. The preoperative serum
AFP and CA19-9 levels were 5.4 ng/mL and 36.57 ng/mL, respectively. Fourteen months after radical hepatectomy, intrahepatic tumor recurrence was found. Tumor cells are
arranged in a striped pattern or tubular-like structure. D-PAS staining showed notable mucus secretion in the cytoplasm of tumor cells, indicating its large bile duct origin
(mucin-producing ICC variant). In this case, tumor cells can express EpCAM, CA19-9, CK7 and CKI9, whereas not neuroendocrine marks NCAM, chromogranin and
synaptophysin, and hepatocytic lineage markers GPC3 and HepParl, which is generally consistent with that of the later CCP.

the influence of the cellular origin on the biological beha-
vior and clinical outcomes of pure fetal HBs have not been
systematically investigated. Sub-classification of pure
fetal HB at the molecular level may be of great signifi-
cance for individualized treatment of this tumor in the
future.

Embryonal HBs were also nominated as mixed embry-
onal and fetal HBs because both embryonal and fetal
components mostly co-exist in this subtype (Figure 11,
H&E staining, magnification x 400; AFP IHC staining,
magnification x 200; Other staining, magnification x 100).
The morphological and molecular characteristics of fetal

component are similar to those of pure fetal HBs. Since
the transition between embryonal and fetal components is
often observed, the former is considered to be the precur-
sor of the latter.®” The histology of embryonal component
varies greatly. Less-differentiated tumor cells can be
arranged in loosely cohesive sheets that mimic the struc-
tures of the developing hepatic plate. The pseudorosettes/
acinar patterns around a central lumen can mimic the
ductal
Immunohistochemically, these embryonal components
usually show a CK7+/CK19+/CK8+/CK18+/EpCAM
+/GPC3+/AFP+ pattern, just like that of hepatoblasts,

structures of the  developing plate.”®
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Figure 10 Example case of a pure fetal HB originated from the HCP. A |-year-old female patient with || cm sized tumor in the right lobe of the liver. The preoperative
serum AFP level >1210 ng/mL. Lung metastasis was found at |8 months after extended right hemihepatectomy. Homogeneous tumor cells are arranged in trabecular or
acinar patterns, which closely resemble an HCC. Tumor cells express CK8/18, GPC3, B-catenin (cell membrane) and CKI9 (scattered), but not NCAM, chromogranin,
synaptophysin, CK7, and HepParl. EpCAM is negatively stained in the typical thin trabecular structure, while it is expressed in the cell membrane in the adjacent small cell
crowded area. Glutamine synthetase is expressed dispersedly. This immunohistochemical profile is consistent with that of the HCP, whereas not hepatoblast or HPC.

HPC, and early HCPs.”'"7® The presence of tubular struc-
ture indicates that these cases may closely resemble the
combined HCC-ICC.” In some patients, undifferentiated
small cell component with a molecular profile similar to
that of LSC can appear, suggesting that these cases may
originate from the less committed stem cells prior to
hepatoblasts/HPCs, which will be further discussed in the
following small cell undifferentiated HBs section.
Macrotrabecular HB is characterized by five or more
cells-thick trabeculae.”” Since the presence of the macro-
trabecular structure is always associated with the epithelial
HBs, this HB wvariant is currently considered to be
a growth pattern rather than a subtype of HB. Except for
the number of cell layers that constitute the tumor trabe-
cula, there is no clear morphological difference between

the macrotrabecular structure of HB and the thick trabe-
cular structure of HCC. Zimmermann reported that the
cells constituting the macrotrabeculae were intertumor
heterogeneous. They may be fetal, embryonal, or
pleomorphic.”® At present, there is little reliable informa-
tion about the clinical outcomes of this HB variant.
Typical small cell undifferentiated HBs (SCUHBSs)
(Figure 12, magnification x 100) are composed of
a fairly uniform small cells that lack evidence of epithelial
or stromal differentiation by hematoxylin—eosin staining.
The existing literature shows that most SCUHBs do not
express HepPar-1, GPC3, CK19 and CK7, but variably
express the neuroendocrine markers NCAM, chromogra-
nin, or the mesenchymal marker vimentin. Almost all

cases showed positive expression of CK8/18.7""7"7° The
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Figure Il Example case of an embryonal HBs. A 7-month-old male patient with 8.0 cm sized tumor in the right anterior lobe of the liver. The preoperative serum AFP
level> 10,000 ng/mL. Tumor recurrence was found 3 months after wedge resection. H&E staining revealed three distinct morphologic regions. Tumor cells of zone A are
arranged in trabecular pattern with positive expression of GPC3, glutamine synthetase, HepParl, CK8/18 and EpCAM (weak), but not CK19, CK7 and neuroendocrine
biomarkers, which is manifested as histological and molecular features of a fetal HB. Tumor cells of zone B are arranged in cords, acinar or pseudorosettes structures with
the expression of CK19, EpCAM and hepatocytic biomarkers, indicating that they are embryonal component. Tumor cells of zone C are composed of almost all small cells
that were arranged in loosely cohesive sheets (small cell element). They do not express almost all of the biomarkers tested, except for CK8/18 (diffusely) and CK19 (focally).
The phenotype of the small cells is consistent with that of the LSCs. Of note, there are transition between zone B and C, suggesting that cells of zone C can be the precursor

of zone B.

serum AFP levels in SCUHBs are usually normal or only
slightly elevated.®> This molecular profile is almost the
same as that of LSCs. In addition, there are reports show-
ing that some SCUHBs express CK19, suggesting that
they can originate from transitional cells between LSCs
and hepatoblasts. Adult SCUHBs have also been reported,
and their molecular phenotype is similar to that of chil-
dren, indicating that LSCs reside in children or adults may
be their common cells-of-origin. The picture of the uni-
form composition of small cells and the lack of other
epithelial component in SCUHBs may be due to differen-
tiation arrest. Notably, small cells can be a component of
some embryonal HBs, and transitions between the small-

cell undifferentiated areas and the epithelia areas can be
observed, suggesting that small cells may be precursors of
other components.”® The existence of teratoid hepatoblas-
toma and mixed epithelial/mesenchymal HBs can be
a manifestation of multiple differentiation potential of
TICs derived from the LSCs or even less committed extra-
hepatic pluripotent stem cell, as hematopoietic stem cells
and mesenchymal stem cells are reported to contribute to
liver regeneration.”®

HBs can originate from a variety of cells and be mapped
to the different differentiation hierarchies of normal liver
parenchymal cells. Although nominated as hepatoblastoma,
some of its subtypes do not originate from actual

Journal of Hepatocellular Carcinoma 2021:8

https://doi.org/10.2147/JHC.S334935

1555

DovePress


https://www.dovepress.com
https://www.dovepress.com

Feng et al Dove
SFLIRER .
,'- ‘i"' o
g e ¢
g g s e
X X8 x
= e [
2 2 < >
2 ® > ;
o =
-
(=2}
= &
3 z
Z ]
[
S
X
= S z
7 X =
= 0 X
=3 O 0
2 B g O
= o
] !
g,
%)
=
-
X
« =
£ X
g w
3 £
5 c».n '}'
: a:ﬁ‘ﬁémm"ﬁ xn»'{ﬁ

Figure 12 Example case of a typical small cell undifferentiated HBs. A 16-year-old female patient with multiple nodules in the right lobe of the liver. The diameter of the
larger nodule was 8.0 cm. Only one nodule with a diameter of 2 cm was excised for pathological examination. The preoperative serum AFP and CA19-9 levels were 2.34 ng/
mL and 39.23 ng/mL, respectively. Tumor cells looked like lymphocytes, but clustered and were somewhat larger that are separated by fibrous stroma. This histological
appearance is very similar to that of small cell carcinoma of the lung. Tumor cells express NCAM (preferentially distributed in the front of infiltration), EpCAM, CK8/18 and
glutamine synthetase (scattered), but not chromogranin, synaptophysin, CK19, CK7, GPC3 and HepPar |, which is consistent with that of the LSCs.

hepatoblast. In children, some subsets of HBs have the
similar histological and molecular characteristics as that in
adult liver epithelial malignancies. Thus, the boundaries
between HBs and other epithelial malignancies of the liver
are not distinct. The histological classification of HBs is
associated with the patient’s outcome. It is reported that
some well-differentiated fetal HBs is surgically curable,
much like that of well-differentiated HCCs. The prognosis
of the other subtypes of HBs is unfavorable.

Primary Hepatic Neuroendocrine Tumors
(PHNETS)

Neuroendocrine neoplasms are heterogeneous group of neo-
plasm have been thought to originate from neuroendocrine

cells located throughout the body. The majority of neuroendo-
crine tumors (NETs) are gastrointestinal or respiratory in
origin. PHNETSs are a rarity and represents about 0.3% of all
neuroendocrine tumors (Figure 13, magnification x 100). It
was previously thought that PHNETs may originate from
hepatic stellate cells, ectopic pancreatic or adrenal tissue, or
be the dedifferentiation products of parenchymal cells in liver.
Over the past few years, new discoveries have led to the idea
that PHNETS’ cellular origin may be HPCs.>*** As shown in
Tables 2 and 3, many types of liver parenchymal cells, includ-
ing LSCs, hepatoblasts/HPCs and early HCPs and early CCPs
have neuroendocrine characteristics. So, we speculated that
tumors derived from these cells could have sustained neu-
roendocrine potentiality through epigenetic inheritance.
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Figure 13 Example case of a primary hepatic neuroendocrine carcinoma. A 40-year-old female patient. Contrast-enhanced CT scan showed multiple nodules with clear
boundaries in the lateral left lobe and anterior right lobe of the liver. The diameter of the larger nodule was 3.1 cm. The preoperative serum AFP and CA19-9 levels were
1.01 ng/mL and 7.19 ng/mL, respectively. Tumor recurrence was found at 9 months after extended left hemihepatectomy. Tumor cells are round, oval or polygonal, small in
size, eosinophilic in cytoplasm, and increased in nuclear-to-cytoplasmic ratio, arranged in acini, cords, trabeculae, or pseudorosettes. Tumor cells can express chromogranin,
synaptophysin, NCAM, EpCAM, CK8/18, CK7 and CK 9, but not hepatocytic lineage markers, GPC3, AFP, glutamine synthetase, arginase-| and HepParl, and cholangiocytic

marker CA19-9.

The 2019 WHO classification of tumors of the digestive
system divides PHNET into NETSs, neuroendocrine carci-
(NECs)
neuroendocrine neoplasms (MiNEN) three categories.” So
far, most of the reports on NECs are small cell NECs. The
morphology and molecular phenotype of this small cell
NEC is almost the same as that of SCUHB,*** suggesting
that LSC may be the cellular origin of these tumors. In the

nomas and mixed neuroendocrine-non-

previously reported hepatic NETs, multiple architectures,
such as trabecular, insular/nests, cords, ribbons, pseudopa-
pillary or acinar patterns were observed. Despite the varia-
tion, these architectures with cytological features of
neuroendocrine can also be found in HCCs and HBs, indi-
cating that these hepatic NETs can overlap with certain
subtypes of HCCs and HBs. In addition, some hepatic
NETs with the similar histological and molecular character-
istics to the well-differentiated NETs of the upper digestive
tract and pancreas were reported. Given the multipotential
of LSC, we suspect that these tumors can be transformed
from the descendants of LSCs that differentiate towards the
upper digestive tract or pancreas lineages.

Chromogranin and synaptophysin are universal mar-
kers of neuroendocrine cells, so their expression has been
used as important diagnostic evidence for neuroendocrine
tumors. However, their expression is variable in multiple
PETLs, including PHNETSs, which once puzzled us. Some
previous studies have shown that chromogranin was more
inclined to be detected in the PETLs that are rich in fibrous
stroma, such as FLHCC (CK7+), SHCC (CK19+), com-
bined HCC-ICC, and hepatoblastoma, in addition to ordin-
ary HCC.**® A research from Tania Roskams showed
that the co-existence of basement membrane components
collagen type IV and matrix heparan sulfate proteoglycan
(HSPG) perlecan is essential for the expression of chro-
mogranin in HPC. When cultured on a medium containing
collagen type IV and HSPG perlecan, chromogranin can be
induced to be expressed in two bile ductular epithelial cell
lines A16 and H1.%* Their results suggested that even with
neuroendocrine potentiality, cells still need stromal com-
ponents to induce chromogranin expression, which may
explain why chromogranin tends to be detected in PETLs

rich in fibrous mesenchyme. Still, another neuroendocrine
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marker NCAM can be detected in a variety tumor of PETL
family, including PHNETS, indicating its significant role in
judging the cellular origin of these tumors.’® Hepatic
MINEN found in adults is usually composed of small
cell NEC and HCC, which is reminiscent of the HCC
components present in small cell HBs.”® According to
the molecular expression profile, the NEC component in
MiNEN is most likely precursor of HCC component.

In brief, almost all PETLs family members with
stem cell characteristics can have neuroendocrine
NECs of the
SCUHBs may have the same or similar cellular origin

potentiality. Small cell liver and
from LSCs that can be characterized by the expression
of CK8/18 and NCAM. Other primary hepatic NETs or
NECs can variably overlap with other PETLs that
transformed from the different differentiation stages
cells with neuroendocrine

and lineages epithelial

characteristics.

Discussion and Perspective

In this work, cellular origins of some major members of PETL
family in pediatric and adult were re-evaluated. As summar-
ized in Figure 14, our results suggest that, 1) HCAs, HCCs and
pure fetal HBs share the same spectrum in their cellular origin
including the HCPs and their differentiated descendants. 2)
Bile duct adenomas, peribiliary cysts and ICCs can share the
same spectrum in their cellular origin including the CCPs and
their differentiated descendants. 3) The cells-of-origin of
embryonal HBs include LSCs, hepatoblasts, and transitional
cells between them. Embryonal HB with small cell element,
SCUHB and small cell NEC of the liver can have the same or
similar cells-of-origin from LSC. Embryonal HB lacking the
small cell component of the LSC phenotype and presenting
both hepatocytic and bile duct/ductule components may origi-
nate from actual hepatoblasts/HPCs as the combined HCC-
ICC does. 4) Teratoid hepatoblastoma and mixed epithelial/
mesenchymal HBs can be derived from the LSCs or even less

PHNETs similar to NETs in the upper digestive
tract and pancreas:

Cytokeratin;
Chromogranin;
Synaptophysin;
NCAM ; NSE;
Gastrin

Non-mucin-producing
ICC with stem cell
phenotype

Tumors derived from the cholangiocytic lineage:

Cartilage cell
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/N
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/18+/AFP- /18+/AFP- / CKS/18+/AFP+
LsC LsC

Hepatoblast/HPC

Tumors derived from the LSC, hepatoblast or HPC:

Small cell PHNET;
Embryonal HB with

small cell element; Mixed

epithelial/mesenchymal HB;
SCUHB; Teratoma

HCC-ICC;
Embryonal HB

CK19+/CK7+/
CD56+/EpCAM+/
CK8/18+/GPC3-/
AFP-

Later CCP

Early CCP
Cholangiocytic committed progenitors (CCP)

Mature cholangiocyte

Mucin-producing

(Non-mucin-producing) cholangiocyte

CK19+/GPC3+/ CK19-/GPC3+/
CDS6+EpCAM+/ o CD36-/EpCAM-/ —_—
CK8/18+/AFP+ CK8/18+/AFP+

Early HCP Later HCP

Mature hepatocyte
Hepatocytic committed progenitors (HCP)

Tumors derived from the hepatocytic lineage:

CK19+/GPC3+ CK19-/GPC3+
HCC; SHCC; HCC; SHCC;
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Figure 14 The cellular origins and the lineage relationships of the primary liver epithelial tumors. In liver, the heterogeneity of the cellular origin of tumors is not chaotic. By
referring to histopathological features and differentiation lineages- and stages-related biomarkers, cellular origins of the vast majority of tumors or their subtypes can be

traced.
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committed extrahepatic pluripotent stem cell. 5) Many mem-
bers of the PETLs family, including those derived from LSCs,
hepatoblasts/HPCs, early HCPs and early CCPs have neuroen-
docrine potentiality. Except for those PHNET exhibit hepato-
cytic and/or cholangiocytic phenotypes, other PHNETSs
subtype may be derived from the descendants of LSC that
differentiate towards the upper digestive tract, pancreas or
other lineages.

The significance of tracing the cell origin of tumors goes
beyond classification, as more and more studies in recent years
have shown that signaling pathways or molecules associated
with normal tissue development and cell differentiation in
tumors are potential therapeutic targets. For example, many
pivotal signaling pathways, such as the Notch, Hedgehog,
Wnt/B-catenin pathways, as well as genes, such as HMGAZ2,
Bcl-2, Bmi-1, Ras, C-myc, and HIF1-0, that regulate normal
stem cell self-renewal, differentiation, and survival are con-
nected with tumor stem cell.*** In different systems, the
expression of some tumor associated molecules, such as his-
tone deacetylase, DNA methyltransferases, vascular endothe-
lial growth factor receptors and PD1/PD-L1,%> !
to the cellular origin of tumors. Scattered literature implies that

are related

the invasiveness of tumor stem cells may be related to the
innate state of key signaling pathways or genes from normal
counterpart origin cells through epigenetic memory during the

1027194 1 symmetrical division of normal cells,

transformation.
accurate parental histone recycling preserves positional infor-
mation and allows post-translational modifications transmis-
sion to daughter cells.'® Just like normal cell self-renewal,
cell division is also a way for tumor-initiating cells to be
transformed. Although enough driver gene mutations can
initiate transformation, they may not cause a disruptive change
in tumor epigenetics. Therefore, epigenetic memory in trans-
formation may be one of the important mechanisms by which
tumor-initiating cells maintain biological characteristics of
their corresponding normal origin cells.

Traditionally, we have traced the origin of tumors based on
the limited lineage and stage-related markers of normal tissues
or cells. Recent few years, advances in new technology, such
as high-density single-cell mRNA sequencing, have made it
possible to demonstrate cellular origin and helps detect known
oncogenic drivers of liver malignancies.'®'% In future, an in-
depth understanding of the epigenetic landscapes underlining
global patterns of gene expression in different kind of liver
parenchymal cells will enable us to accurately depict the
essential characteristics of tumors, which is expected to open
a new path for tumor classification, prognosis assessment and
new target discovery.

There are some limitations to this work. Firstly, genetic
and epigenetic determinants are likely to interact in shaping
the hallmarks of tumors. Future work should focus on the
extent to which genetic and epigenetic determinants syner-
gistically confer aggressive biology on tumors. Second, due
to the lack of relevant information, some orphan types of
PETLs were not included in this work. The international
cooperation will facilitate the integration of new parameters
and will promote us to move towards a precise classification
and individualized treatment scheme in the future.
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