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Abstract

Hepatocellular Carcinoma (HCC) is the primary malignancy of the liver, which is typically associated with underlying chronic liver
diseases, such as cirrhosis, hepatitis B, or hepatitis C infections. Inflammation is a prevailing concern for liver disorders with docu-
mented impacts on the tumorigenic and metastatic propensities of individuals afflicted with HCC. Portal vein tumor thrombus
(PVTT) is a widespread problem among patients with HCC, manifesting in approximately 50% of cases. A comprehensive under-
standing of the PVTT mechanism is imperative to comprehend and address the challenges associated with HCC progression. The
intricate nature of the mechanism underlying PVTT formation and its influence on metastasis progression remains to be fully eluci-
dated. Given that the portal venous system's microenvironment is conducive to tumor cells' survival and further metastasis, a criti-
cal exploration of the associations and parallels among metastasis, epithelial-mesenchymal transition (EMT), and PVTT becomes
paramount. Signaling pathways play diverse roles in the progression of various diseases, with particular significance attributed
to their role in HCC advancement, which highlights the necessity for precise determination of their effects in the context of HCC
and PVTT. We highlight the significance of understanding the interplay between EMT, inflammation, and PVTT in the HCC context.
Furthermore, we revisit the signaling pathways impacting this interconnected network, providing useful perspectives to support
research initiatives. This review aims to guide research studies toward promising outcomes in exploring HCC complexities by defin-
ing the possible association between PVTT and EMT, thus identifying potential target areas for advanced therapeutics.
Keywords: Hepatocellular carcinoma, portal vein tumor thrombus, Inflammation, Epithelial to mesenchymal transition, signaling
pathway.
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in patients with localized, 10% in patients with regional,
and 2% in with metastatic disease.”? At an early stage of
HCC, surgical resection, liver transplant, and local ablation

H epatocellular carcinoma (HCC) stands as the predomi-
nant liver cancer globally, representing approximately
90% of liver cancer cases. The prognosis of HCC is closely

tied to the tumor stage, with early diagnosis over 70% sur-
vival rates at five years, contrasting starkly with less than
20% for advanced stages within the same timeframe.l" Life
expectancy for HCC patients hinges on the cancer diag-
nosis and stage, prevalent survival is poor, 5-year relative
survival rate is 18.4%. The 5-year survival rates reach 33%
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can increase the survival of the patients, whereas at an ad-
vanced stage, chemotherapy has no satisfactory effect, and
this situation leads to a poor prognosis.® One of the most
popular treatment methods for patients with intermedi-
ate-stage, well-preserved liver function, and unresectable
multinodular lesions, who lack vascular invasion or extra-
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hepatic spread is Transarterial chemoembolization (TACE).
However, TACE is not recommended for advanced-stage
HCC patients. Immune checkpoint inhibition (ICl) has been
successful in treating cancer patients, including those with
HCC, by improving efficacy and safety and enhancing long-
term survival outcomes. A combination of two ICls target-
ing different immune checkpoint pathways is considered
in clinical trials.®! The etiology of HCC is primarily linked
to environmental, dietary, or lifestyle factors, with the in-
terplay between these factors and genetic elements giv-
ing rise to its development. Significant risk factors include
liver cirrhosis, hepatitis B virus (HBV) and hepatitis C virus
(HCV) infection, excessive alcohol consumption, aflatoxin
B1 ingestion, nonalcoholic steatohepatitis (NASH), perina-
tal transmission and maternal viral load.® HCC exhibits as-
sociations with various parameters and occasionally arises
on a previously compromised liver, often in the context of
chronic hepatopathy or cirrhosis. Additionally, hereditary
diseases such as hemochromatosis, Wilson's disease, and
a-1-antitrypsin deficiency may influence the HCC process.®!

Inflammation and HCC

Infection typically elicits inflammation as a well-known re-
sponse; however, this immune reaction does not always
confer complete protection. In certain instances, such as in
the context of cancer, infections can result in non-resolv-

Journal of Inonu Liver Transplantation Institute

ing inflammation due to the host's defense mechanisms.
The progression of various cancer types is profoundly in-
fluenced by the tumor microenvironment, orchestrated
through signaling pathways crucial for proliferation and
survival.®? Within the domain of liver diseases, inflamma-
tion is a significant concern, notably amplifying the tumori-
genic and metastatic capabilities of HCC patients. Since
HCC is the predominant type of liver cancer and is signifi-
cantly impacted by inflammation, it is categorized as an
inflammation-linked cancer, primarily manifesting in situ-
ations of inflammation or hepatic injury.®!

Numerous studies revealed that deregulated microenvi-
ronments substantially impact tumorigenesis.”! Liver in-
flammation ensues upon exposure to various substances,
inducing microenvironmental changes and triggering in-
flammatory cascades. Factors such as HBV, HCV, diabetes,
obesity, excessive alcohol consumption, and metabolic
diseases are principal contributors to inflammation. These
factors predominantly lead to fibrosis and cirrhosis, conse-
quently propelling the progression of HCC (Fig. 1).©

EMT and Metastasis in HCC Progression

Epithelial-mesenchymal transition (EMT) is a cellular pro-
cess during which epithelial cells acquire mesenchymal
characteristics, achieved by the upregulation of mesen-
chymal related markers and the downregulation of epi-

Figure 1. Microenvironmental changes lead to inflammation, fibrosis, and cirrhosis, consequently triggering the progression of HCC.
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thelial markers. A bona-fide EMT is characterized by the
well-known cadherin switch, where the down regulation of
E-cadherin is compensated by the upregulation of N-cad-
herin."This is associated with apparent changes in cellular
phenotypes of epithelial cells, such as loss of apical-basal
polarity, modulation of the cytoskeleton, and decrease in
cell-cell adhesive properties. During the EMT process, cells
may either individually or collectively gain mesenchymal
characteristics and increase the ability of invasion and mo-
tility. The accumulated loss or gain of epithelial/mesenchy-
mal (E/M) characteristics drives a cell toward diverse inter-
mediate states in a fluid and reversible manner between
a complete epithelial and a complete mesenchymal state
usually referred to as epithelial mesenchymal plasticity
(EMP).0M

Throughout the evolution of multicellular organisms, vari-
ous phenomena have shaped their development, includ-
ing the emergence of specialized cell types and the di-
versification of cellular phenotypes. EMT is central to this
divergence of cell phenotypes, a critical process observed
in early development and normal cell differentiation. EMT
is the primary mechanism facilitating the organization of
highly specialized tissues and organ systems in diverse
organisms. Given its significant roles in organismal devel-
opment, several key components of molecular pathways
associated with the EMT process have been identified, in-
cluding Zeb1/2, Snail/Slug, Twist, Six1, Cripto, and TGFp.
021 EMT is vital in various physiological and pathological
processes such as embryogenesis, inflammation, fibrosis,
wound healing, and cancer development, and is classified
into three EMT-types accordingly. Recent studies have un-
derscored the impact of EMT on the progression of metas-
tasis in carcinogenic tumors.'> EMT, a highly conserved
program in developmental contexts, assumes a dual role
in cancer. While its reactivation enables cancer cells to
acquire malignant traits such as mobility, resistance to
apoptotic stimuli, invasiveness, increased tumor stemness,
and heightened resistance to chemotherapy and immu-
notherapy, it fundamentally contributes to the metastasis
process.l'

In the context of cancer progression, the description of hy-
brid E/M states have gained wide attention. This fluid state
is largely observed in circulating tumor cells (CTCs) asso-
ciated with various types of cancers and their metastases.
This is clearly a manifestation of the complexity of the in-
terplay between tumor biology, its microenvironment, and
EMP. Which can be considered as a major cause of tumor
heterogeneity.'®'” The phenotypic heterogeneity of these
various hybrid E/M states depends on the tissue of origin of
the tumor cell, specific combinations of expressed EMT-TFs,
and chromatin modifications.

The development and progression of HCC involve intricate
processes encompassing chronic inflammation, tissue re-
modeling, genetic changes, and modifications in cellular
signaling. Within this complex scenario, microenvironmen-
tal factors play a pivotal role in modulating these crucial
processes, with inflammatory components emerging as
the foremost contributors to tumor proliferation, angio-
genesis, and metastasis.'® Metastasis poses the most formi-
dable challenge in cancer treatment, constituting a com-
plex process involving diverse pathways and cascades. The
intricacy of metastasis extends beyond the intrinsic char-
acteristics of tumor cells, encompassing the microenviron-
ment as a critical driver of key factors. The involvement of
infiltrated immune cells is crucial in the metastatic process,
with their secreted cytokines, chemokines, and growth fac-
tors playing decisive roles in conferring metastatic and in-
vasive properties to cancer cells.'®'1 HCC tends to invade
vascular structures. Macrovascular invasion refers to the
macroscopically observable tumor in the vein, however mi-
crovascular invasion (MVI) refers to the presence of tumor
cells inside portal or hepatic venous systems.?” In addition
to the macrometastasis process, patients with advanced
stages of HCC have high tumor recurrence rates after re-
section or orthotopic liver transplantation. This can be con-
sidered as a consequence of the tumor in other parts of the
liver, positive resection margins, tumor invasion of the he-
patic vasculature, and microscopic metastasis, collectively
leading to the consideration of HCC as a micrometastatic
disease.l?!

In the metastatic process, the EMT program can induce
cancer cells to generate proinflammatory factors. Tumori-
genesis involves the production of various matrix metallo-
proteinases (MMPs), cytokines, and chemokines. This pro-
duction cascade is initiated to provoke a response against
danger signals emanating from the tumor. The production
process involves different cell types, including cancer, den-
dritic, cancer-associated fibroblasts, and endothelial cells.
In the progression of HCC, the transcription factors Snail,
Slug, Twist, and Zeb are upregulated, significantly promot-
ing EMT. Previous research has highlighted the involvement
of EMT-related exosomes, microRNAs, long non-coding
RNAs, and regulatory signaling pathways in HCC progres-
sion. The associations between EMT-related mechanisms
and HCC progression underline the role of EMT and point
to a promising new avenue for targeted therapy.?*-24

Portal Vein Tumor Thrombus (PVTT): Understand-
ing its Impact on HCC Progression

In HCC patients, PVTT poses a significant challenge for HCC
treatment, occurring in approximately 50% of cases.?” This
complication is significantly linked to poor liver function,



aggressive tumor biology, elevated tumor number and
size, and heightened levels of serum markers such as AFP.
261 The portal venous system plays a pivotal role in HCC pro-
gression; when the primary tumor infiltrates this system,
HCC can extend into portal vein branches, leading to in-
conspicuous intrahepatic metastasis within neighboring
liver sections. This mechanism notably impacts the early
intrahepatic recurrence. The prognosis of HCC patients
exhibits considerable variation and experiences a drastic
decline with the presence of PVTT. Without PVTT, a 5-year
survival rate of around 18%, while in the presence of PVTT,
it diminishes to a mere 2.7 to 4 months.228

Consequently, PVTT demonstrates diverse associations
with cancer progression, potentially playing an essential
role in inflammation and metastasis. A specific study fo-
cused on inflammatory biomarkers and the presence of
PVTT revealed significant increases in inflammation mark-
ers, including the neutrophil-to-lymphocyte ratio (NLR),
platelet count-to-lymphocyte ratio (PLR), erythrocyte
sedimentation rate (ESR), and gamma-glutamyl transpep-
tidase (GGTP) in patients with PVTT compared to those
without.” Another study delving into inflammatory cells
and metastasis highlighted the facilitative role of inflam-
matory cells and their mediators in tumor cell invasion,
extravasation, and metastatic outgrowth.B’ A noteworthy
finding in patients with cirrhosis revealed that markers of
systemic inflammation, specifically IL-6 and lymphopenia,
predict PVTT independently of markers of portal hyperten-
sion, shedding light on a previously overlooked factor (IL-
6) in the pathogenesis of portal vein thrombosis (PVT).B"
Furthermore, research has emphasized the pivotal role of
systemic inflammation in portal vein thrombosis, with in-
terleukin 6, a significant inflammatory cytokine, indepen-
dently associated with this complication. The correlation
between interleukin-6 levels and PVT necessitates further
examination.B?

Major Signaling Pathways in EMT and PVTT:
Unraveling Cellular Associations

Signaling pathways play a central role in preserving diverse
cellular contexts. Beyond their fundamental functions,
they serve as conduits that elucidate intricate cellular as-
sociations, enabling the definition of interactions and their
consequences. Key signaling pathways implicated in EMT
include TGF3, Wnt, Notch, and Hedgehog.53!

TGF Signaling Pathway: Bridging EMT and PVTT

TGFp is a cytokine secreted with significant roles, including
regulating cell proliferation, migration, and differentiation
across various cell types. In cancer progression, the late
stage undergoes substantial changes thatimpact function-
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al pathways. Cancer cells maintain responsiveness to TGF3
but develop resistance to its cytostatic effects, making
TGFB a key promoter of tumorigenesis by inducing EMT.
BATGFR is a potent EMT inducer linked to crucial signaling
pathways, such as the Wnt/p-catenin signaling pathway. It
has been extensively studied in the context of metastasis
and EMT, and its role in cancer-related inflammation needs
precise definition.?>*¢ The TGFP pathway impacts metasta-
sis and EMT in the cancer scenario and is essential to in-
flammation, particularly for HCC. Studies indicate that HBV
infection and the activity of the TGF3-miR-34a-CCL22 axis
act as potent etiological factors predisposing HCC patients
to develop PVTT.E” Another research study delineated the
effect of the TGFP pathway on PVTT, associating the imbal-
ance of TGF31/BMP-7 pathways with large tumor size, mi-
crovascular invasion, PVTT, and poor differentiation.B®

Wnt/B-catenin Signaling Pathway: Orchestrating EMT
and PVTT

The Wnt/-catenin signaling pathway is crucial in various
cellular functions, including proliferation, development,
differentiation, and disease progression. Research studies
illustrate the involvement of the Wnt/(3-catenin signaling
pathway in the EMT process. The Wnt/B-catenin pathway
has a dual role in mediating EMT. It was shown to induce
EMT via miR-300.5% In contrast, inhibition of Wnt signaling
through siRNAs targeting the long non-coding RNA UCA1
was shown to inhibit EMT.#%

Additionally, studies have indicated that microRNA-136
serves as an activator of both Wnt signaling and EMT, es-
tablishing a clear association between the Wnt/B-catenin
signaling pathway and EMT."*" In various human malignan-
cies, the upregulation of different microRNAs (miRNAs) has
been observed, and these miRNAs are closely linked to crit-
ical functions such as cell proliferation, differentiation, mi-
gration, invasion, and apoptosis.*? Generally, PVTT is con-
sidered a distinct type of metastasis in HCC. In this context,
altered miRNAs may contribute to PVTT development by
mediating the genes involved in tumor metastasis. Recent
studies on PVTT have established a connection between
the Wnt/B-catenin pathway and PVTT formation through
specific microRNAs. The upregulation of miR-517b-3p re-
cently activated the Wnt/B-catenin signaling pathway,
increasing cell proliferation, migration, and invasion, thus
promoting PVTT.1 344

Notch Signaling Pathway: Balancing Proliferation and
Apoptosis in HCC

The Notch signaling pathway, a conserved mechanism
maintaining a delicate equilibrium between cell prolifera-
tion and apoptosis, plays a crucial role in developing and
progressing various malignancies.™ Its significance ex-
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tends to HCC progression, influencing neoplastic growth,
invasion capability, and stem-like properties. Despite this, a
comprehensive understanding of the deregulated expres-
sion of individual Notch receptors and ligands and resulting
phenotypic changes still need to be improved in the HCC.
sl The Notch coactivator MAML1 has been identified as a
contributor to the aggressiveness of different cancer types,
including HCC.#” Recent studies have highlighted the as-
sociation between aberrant Notch1 expression and HCC
metastatic disease through the Notch1-Snail1-E-cadherin
pathway. Notably, the knockdown of Notch1 reversed HCC
tumor metastasis in a mouse model.*®

Furthermore, investigations revealed that the CD90 bio-
marker was exclusively detected in HCC patient samples,
indicating a correlation of this biomarker with poor prog-
nosis. Isolated CD90+ populations from HCC cell lines ex-
hibited increased tumorigenicity, chemoresistance, tumor
invasion, and metastasis through Notch signaling activa-
tion.® The literature on HCC lacks a comprehensive expla-
nation for the association between Notch signaling and
PVTT, yet assuming an association between Notch sig-
naling and EMT leading to PVTT is plausible. An in-depth
understanding of the critical role of EMT or similarities in
PVTT formation and a better comprehension of mechanis-
tic regulation opens new avenues for developing potential
therapeutic targets of clinical importance.

Hedgehog Signaling Pathway: Navigating EMT and PVTT
Complexity

The hedgehog (Hh) signaling pathway, a foundational and
conserved route, is pivotal in governing embryonic devel-
opment and tissue repair. Its activation during develop-
ment regulates the EMT process. Aberrant activation of
the Hh signaling pathway assumes various roles, including
malignant transformation, progression, drug resistance,
and metastatic processes in several solid tumors, includ-
ing HCC.® Overexpression of Hh protein markers in liver
tumor tissues correlates with aggressive features and poor
survival. Multiple studies have demonstrated that the Hh
pathway sustains tumor growth, metastasis, and a mesen-
chymal phenotype.?'*2 In HCC patients, the predominant
cause of death is local invasion and metastasis in other or-
gans. Research indicates that mRNA levels of the receptor
(PTCH1) and GLI1, both Hh components, indicate recur-
rence after resection.®® Given that PVTT is considered an
HCC-specific metastasis, the Hh signaling pathway may
exhibit a complex association with the PVTT mechanism,
akin to EMT.

While various signal transduction or molecular pathways
associated with PVTT have been identified, the precise
mechanisms of PVTT remain largely unknown [78]. Analy-

ses of dysregulated genes between HCC and PVTT suggest
that extracellular matrix receptor interaction correlates
with HCC Field venous metastases.’>??! Other factors pro-
posed to contribute to PVTT development include vascu-
lar endothelial cells, immune cells in the tumor microen-
vironment, genomic irregularities, sequential alterations
of mRNA expression, DNA methylation of differentially
expressed genes, cancer stem cells, dysregulation of ex-
tracellular matrix organization, and focal adhesion.">
The complete mechanisms of PVTT formation have mostly
remained unidentified. Traditionally, it was believed that
PVTT forms following the direct invasion of a liver tumor,
resulting in a hepatic artery-portal vein fistula and portal
vein countercurrent. However, recent studies have detect-
ed a distinct PVTT (dPVTT), a noteworthy type of PVTT dis-
tant from the liver tumor nodule. Comparative proteomics
studies revealed that dPVTT-owned molecular signatures
are different from those of liver tumors, suggesting that the
mechanism of PVTT formation is more complex than previ-
ously thought.>45

Conclusion

In conclusion, HCC poses a significant global health burden,
representing the majority of liver cancer cases with vary-
ing prognoses dependent on tumor stage. Early detection
significantly improves survival rates, emphasizing the criti-
cal role of timely intervention. The multifaceted etiology of
HCC involves intricate interplays between environmental,
dietary, lifestyle factors, and genetic elements. Inflamma-
tion is pivotal in HCC progression, amplifying tumorigenic
and metastatic capabilities. The complex processes of me-
tastasis, particularly the EMT, underscore the complexity of
HCC development.

Of notable concern is the common occurrence of PVTT in
HCC patients, linked to poor liver function and aggressive
tumor biology. PVTT profoundly impacts patient progno-
sis, with a substantial decline in survival rates. Inflamma-
tory markers, such as the neutrophil-to-lymphocyte ratio
and interleukin-6, exhibit significant associations with
PVTT, shedding light on their potential role as predictive
indicators. The involvement of major signaling pathways,
including TGF, Wnt/B-catenin, Notch, and Hedgehog, fur-
ther complicates the intricate network governing EMT and
PVTT.

While substantial progress has been made in understand-
ing the roles of these signaling pathways in HCC progres-
sion, their precise implications in PVTT formation still need
to be discovered. The complexity of PVTT mechanisms,
involving factors such as extracellular matrix interactions,
immune cells, genomic irregularities, and cancer stem cells,



poses a challenge for comprehensive elucidation. Recent
studies challenging traditional beliefs about PVTT forma-
tion highlight the need for further exploration into the
distinct molecular signatures of PVTT, paving the way for
more targeted therapeutic approaches.

Unraveling the enigma surrounding PVTT is crucial in ad-
vancing our understanding of liver cancer progression.
Continued research into the specific contributions of in-
flammatory markers and signaling pathways to PVTT for-
mation promises to reveal new therapeutic avenues, ulti-
mately improving the diagnosis and treatment of HCC.
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