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1  |  INTRODUC TION

Hepatocellular carcinoma (HCC) is one of the most common and 
fatal malignancies worldwide.1 Despite advances in the diagnostic 
and treatment strategies for different HCC stages, the five- year sur-
vival remains extremely low.2 The presence of portal vein tumour 

thrombus (PVTT), which is not uncommon, has been identified as 
one of the most significant factors for poor prognosis in HCC. If 
left treatment, the median survival time for patients with PVTT is 
2.7–4 months, compared with 10–24 months for patients without
PVTT.3,4 The great efforts have been performed to prolong the sur-
vival time of HCC patients with PVTT in the past several decades. 
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common and aggressive human 
malignancies worldwide. Portal vein tumour thrombus (PVTT) is considered one of 
most fearful complications of HCC and is strongly associated with a poor prognosis. 
Clarification of the mechanisms underlying the formation and development of PVTT 
iscrucialfordevelopingnoveltherapeuticstrategiesforHCCpatients.Severalstud-
ies have been made to uncover that tumour microenvironment, stem cells, abnor-
malgeneexpressionandnon-codingRNAsderegulationareassociatedwithPVTTin
patients with HCC in the last decade. However, the exact molecular mechanisms of 
PVTT in patients with HCC are still largely unknown. In the present review, we briefly 
summarized the molecular mechanisms underlying the formation and development of 
PVTT in HCC.
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Unfortunately, the survivalbenefitof thevarious treatment strat-
egies is still extremely limited.5– 7Molecular-targeted cancer ther-
apy, which is ascribed to the increasing understanding of molecular 
mechanisms for cancer initiation and progression, is considered as a 
breakthrough for cancer therapy. However, sorafenib and lenvatinib, 
as molecular- targeted agents recommended for the advanced HCC, 
are only able to slightly prolong overall survival compared to placebo 
in HCC patients with PVTT.8– 13 Therefore, clarification of the mech-
anisms underlying the formation and development of PVTT is crucial 
for developing novel therapeutic strategies for HCC patients.

Multiplemechanismsunderlyingtheformationanddevelopment
of PVTT in HCC have been reported recently. It is well- accepted that 
PVTT could originate from HCC primary nodules by metastasis, and 
evidence from several studies showed that gene expression profiles 
of PVTT tissues (PVTTs) were nearly identical to the correspond-
ing primary HCC tissues (HCCs).14– 18 However, previous studies also 
showed different gene profiles between PVTTs and HCCs, suggest-
ing that PVTTs do not always have clonal origin from their paired 
HCCs. Furthermore, tumour microenvironment (including hepatitis 
B virus (HBV)- associated microenvironment, hypoxia, and extracel-
lularmatrix (ECM)), cancer stem cells and non-coding RNAs have
been found to contribute to PVTT development.19– 25 It is notewor-
thy that the mechanism of PVTT formation and development is far 
more complicated than previously thought and further great efforts 
need to be performed. Thus, in this review, we summarize the cur-
rent state of knowledge and highlight the mechanisms underlying 
the formation and development of PVTT (Figure 1 and Table 1).

2  |  ORIGINS OF PV T T

PVTTcommonlyoccursinpatientswithHCC.Approximately10%–
40%ofHCCisaccompaniedbyPVTTwhentheyarefirstdiagnosed,26 
whileupto44.0%–62.2%atautopsy.27 Considering such a relatively 
high prevalence of PVTT among HCC patients, it has been usually 
considered as a special type of HCC intrahepatic metastasis in the 
past several decades. Evidence from several studies also identified 

PVTT originating from HCC primary nodules by metastasis. Direct 
evidence from our previous study showed that a PVTT- originated 
HCCcellline(CSQT-2),establishedbyourgroup,wasabletogener-
ate PVTT in nude mice after orthotropic inoculation, indicating that 
PVTT could be formed by HCC cells disseminating from the primary 
tumour site.28 Genomic analysis of the paired tumour tissues from 
HCC patients would uncover whether PVTT originate from the pri-
mary HCC tissues. Ye et al.14 compared the gene expression profiles 
of 67 primary and metastatic (including PVTTs) HCCs samples from 
40patientsusingcDNAmicroarraytechnology,anduncoveredthat
the gene expression signature of primary HCCs was very similar to 
that of their paired metastatic HCC samples. Lin et al.29 also found 
that there were not many differentially expressed genes between 
HCC and paired PVTT tissues. Huang et al. compared the genetic 
alterations of HCCs from 10 patients with that of paired PVTTs, and 
thenvalidatedbytargetedsequencinginalargersetof100paired
samples. They found that somatic mutations in 347 genes were 
identified intheHCCsand/orPVTTs,andmorethan94%somatic
mutations were shared by HCCs and paired PVTTs. Wong et al.
analysed theMicroRNA (miRNA)expressionsprofiles amongnon-
tumorous livers, primary HCCs and PVTTs in the same livers from 
20HCCpatientsbyTaqManlow-densityarray.Theyfoundthatthe
miRNAexpressionprofilesofPVTTswerenearly identical totheir
corresponding primary HCCs.18Moreover,thetranscriptomicsigna-
tures ofHCCwith PVTT patients have been explored using RNA
sequencing.The results from this study also identified thePVTTs
transcriptomic were similar to their paired HCCs.16Allofthesestud-
ies supported a viewpoint that PVTT derived from malignant cells 
within the primary tumours. Nevertheless, different evidence from 
recent studies indicated that PVTTs may have a different clonal ori-
ginthanthatofthecorrespondingHCCs.Someresearchersfound
few differentially expressed genes between PVTTs and their cor-
respondingHCCs.Wangetal.collectedmatchedadjacentnormal,
primary tumour and PVTT samples from 19 HCC patients, and in-
vestigated the molecular alterations in these matched samples. They 
used an individualized expression analysis to identify the differen-
tially expressed genes between PVTTs and corresponding HCCs for 

F I G U R E  1 Schematicillustrationofthe
molecular mechanism in the formation 
and development of PVTT. dPVTT, 
distinctPVTT;ECM,extracellularmatrix;
EMT,epithelial-mesenchymaltransition;
HBV, hepatitis B virus; PVTT, portal vein 
tumour thrombus.
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each patient. The results showed that 8 of out 19 patients had nearly 
identical gene expression between PVTTs and corresponding HCCs, 
andfivepatientsacquiredevidentialprogressivealterationsofgene
expressions (more than 1000 differentially expressed genes were 
identified in each patient).15Basedontheresults,Wangetal.specu-
lated that most patients had few differentially expressed genes, 
indicating that PVTTs may be formed by the accumulation of ran-
domly fallen cancer cells from primary HCC tissues. They also con-
sidered that PVTTs might be formed by highly invasive sub- clones or 
therandomlyfallencancercellsacquiredadaptivechangesforthe
portal vein microenvironment in those patients with evidential pro-
gressive alterations of gene expressions. Indeed, tumour microen-
vironments, especially hypoxia microenvironment, played a crucial 
role in regulating genes expression in tumour patients.30 However, 
the number of evidential progressive alterations was larger than that 
of tumour microenvironment- related genes reported previously.31,32 
Hence, this possibility that PVTTs may have different clonal origins 
from their corresponding HCCs in those patients with evidential 
progressivealterationscannotberuledout.Moreover,inaprevious
study from our group, the clonal relationship of PVTTs with corre-
sponding HCCs was analysed using datasets deposited in a public 
database.Wefoundthatoneoutof19PVTTswasidentifiedtohave
an independent clonal origin from its corresponding HCCs, and the 
PVTTs with independent clonal origin showed different gene ex-
pression and enrichment in biological processes from the primary 
HCCs.33 Furthermore, a distinct PVTT (dPVTT), distant from or 
without liver parenchyma tumour nodules, has been observed in 
some patients.34– 36 To identify the biological features of dPVTT in 
HCC patients, we collected the matched tumour tissues from 5 HCC 

patients accompanied by dPVTT in our library, and two- dimensional 
electrophoresis has been performed to compare the proteome of 
dPVTT tissues with that of corresponding HCCs. The differentially 
expressed proteins were identified in dPVTT tissues and HCCs, and 
protein expression levels with differences of more than threefold 
were found in at least80%of thepatients. Importantly,wedem-
onstrated that dPVTT showed a more malignant phenotype by de-
tecting the expression of C- Kit.34 This finding further indicated that 
some PVTTs did not have the same origin as the paired tumours. 
On a more serious note, several studies also identified PVTTs from 
different HCC patients showed very different gene expression pro-
files,15,17,33 implying that the mechanism of PVTT formation is far 
more complicated than previously thought, and great efforts need 
to be performed to clarify these inferences further.

3  |  HBV INFEC TION AND PV T T

AmountainofevidencehasshownthatHBVinfectionwasstrongly
associated with HCC formation and development, and more than 
50%ofHCCcasesmaybecausedbypersistentHBVinfection.37,38 
The potential correlation between HBV infection and the formation 
and development of PVTT also has been investigated for HCC pa-
tients in the last decades. In a nationwide study involving 11,950 
patients with HCC, the clinicopathological features were compared 
among HBV- related HCC, hepatitis C virus (HCV)- related HCC and 
Non- B Non- C HCC patients. The results showed that the incidence 
ofPVTTinHBV-relatedHCCpatients(31%)washigherthanthatin
HCV-relatedHCCpatients (22%)andNon-BNon-CHCCpatients

TA B L E  1 MechanismintheformationanddevelopmentofPVTTinpatientswithHCC.

Evidence Evidence

HBV and PVTT ECMandPVTT

Features ImpactofHBVinfectionandAVTon
PVTT40– 45

Features ECM-mediatedtransformationin
tumour microenvironment and 
PVTT16,25,73,74

Molecularmechanisms HBV- TGF- β- miR- 34a- CCL22- Tregs21

HBV-MTA1/FoxM1pathways46– 48
Molecular

mechanisms
ECMremoulding,16,75,76EMT,78 

and transformed vascular 
endothelial cell83

Hypoxia and PVTT CTCs and PVTT

Features Intense correlation of HIF- 1α signalling 
pathways and PVTT59,60

Features StemcellandEMTtraits90

Molecularmechanisms Hypoxia/14– 3- 3ζ/HIF- 1α/EMTpathway,19 
Hypoxia/HIF- 1α /CCL20/IDO axis20

Molecular
mechanisms

Interaction between portal vein 
endothelial cells and CTCs91– 93

CSCsandPVTT Non-codingRNAsandPVTT

Features BiomarkersincludedCD133,CD90,EpCAM,
CD44 and CD2422,67,68

Features Varied expression levels of 
non-codingRNAsinvenous
metastases tissue17

Molecularmechanisms RMP-P65/RPB5-IL6interaction;ICR-
ICAM-122; wtMerlinandΔ2– 4Merlin-
mediated regulation70

Molecular
mechanisms

FoxM1-miRNA-135a-MTSS124; 
HBV- TGF- β- miR- 34a- CCL22- 
Tregs21

Abbreviations:AVT,antiviraltreatment;CSC,cancerstemcells;CTC,circulatingtumourcell;ECM,extracellularmatrix;EMT,epithelial-mesenchymal
transition; HBV, hepatitis B virus; HIF- 1α, hypoxia- inducible factor alpha; IDO, indoleamine 2,3- dioxygenase; PVTT, portal vein tumour thrombus.
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(29%).39 The similar results from other clinical studies also uncov-
ered that those patients with HBV- related HCC were more likely to 
developPVTTormicrovascularinvasion(MVI,alsonamedasmicro-
scopic PVTT) than patients with HCC with other aetiologies. The ev-
idence from several other clinical studies uncovered that the status 
of HBV infection was associated with the development of vascular 
invasion(includingPVTTandMVI),andpreoperativeantiviraltreat-
ment (AVT)woulddecrease the riskofvascular invasion.40– 42 In a 
MVIriskestimationnomogram,ahighseralHBVDNAload(>104 IU/
mL) has been reported as an independent factor predicting the pres-
enceofMVI(OR = 2.33).ToidentifywhetherpreoperativeAVTcan
affecttheincidenceofMVIinHBV-relatedHCC,alargercohortof
HCC patients (n = 2362)wasanalysedbyLi et al., revealing that a
higherpreoperativeHBVDNAlevel (≥2000 IU/mL)wasassociated
with an increased risk ofMVI (OR = 1.399) in those non-AVT pa-
tients.Importantly,alowerincidenceofMVIhasbeenfoundinAVT
patientsthanthatinnon-AVTpatients(38.7%vs.48.6%,p = 0.001),
and AVT has been demonstrated as a protective factor of MVI
(OR = 0.758) and early tumour recurrence (OR = 0.732). The other
two studies further showed the similar conclusions that HBV repli-
cationwasanindependentriskofvascularinvasionandAVThadan
inhibitory effect on vascular invasion formation.43,44 In addition, in a 
retrospective study that included 486 patients, we reported that the 
serum HBV levels might be associated with the extent of vascular 
invasion,andAVTcouldsuppressthedevelopmentofvascularinva-
sion in patients with HBV- related HCC.45

AlthoughthoseclinicalstudiesidentifiedtheassociationofHBV
infection and PVTT formation, the molecular mechanisms are still 
extremely unclear. Therefore, to explore the molecular mechanisms 
underlying the association between HBV infection and PVTT for-
mation in HCC patients, we participated into a study conducted by 
researchers at Duke University.21 Among 288 HCC patients, we
found a strong correlation between HBV status and the presence 
of PVTT, concomitant with elevated TGF- βactivity.Whenscreen-
ingmicroRNAsrelatedtometastasis,wefoundthatareducedlevel
of miR- 34a, a tumour suppressor, was directly linked to high TGF- β 
activity.Moreover,thechemokinegeneCCL22hasbeenidentified
as a primary targetmiR-34a in PVTT-originated HCC cells. Using
in vitro assays and mouse models of liver or lung metastasis, we 
demonstrated that TGF- β signalling, via miR- 34a suppression and 
consequentelevationofCCL22,enhancedrecruitmentof immune
suppressive CD4+CD25+ T regulatory (Tregs) cells to create an 
immune suppressive microenvironment, thereby promoting me-
tastasis. These findings revealed a novel and important molecular 
mechanism underlying PVTT development by HBV- TGF- β- miR- 34a- 
CCL22-Tregspathway.Moreover,HBVXprotein (HBX),akeyreg-
ulatory multifunctional protein of the virus, may contribute to the 
vascularinvasionofHCC.Metastatictumourantigen1(MTA1),up-
regulatedbyHBX,46– 48 has been reported to be strongly correlated 
withMVI and early recurrence in patientswithHCC.49 HBX also
involved in elevated expression of Forkhead box M1 (FoxM1),50 
which has been identified to play an important role in promoting the 
development of vascular invasion.24,50Althoughthesefindings,toa

certain extent, explained how HBV infection promoted the forma-
tion and development of PVTT in patients with HCC, we believe that 
some issues remain unclear or unanswered and we are seeing only 
the tip of iceberg.

4  |  HYPOXIA AND PV T T

Hypoxia, one of the hallmarks of tumours, is common in tumours 
including HCC. Hypoxia can potentially regulate every aspect of cel-
lular function including growth, proliferation, apoptosis, metastasis, 
immunity, metabolic reprogramming, self- renewal and others.51,52 
Hypoxia is associated with resistance to chemotherapy and radio-
therapy, and is closely related to poor prognosis of HCC. In HCC, 
hypoxia results from a shortage of blood circulation caused by liver 
cirrhosisandtherapidgrowthoftumourcells.Unsurprisingly,liver
cirrhosis and tumour size (>8 cm)areboth independentpredictors
of PVTT in HCC.53 In addition, expression of protein disulfide- 
isomeraseA6 (PDIA6), apolipoprotein A-I (APO A-I) and CXC
chemokinereceptor4(CXCR4)hasbeenidentifiedtocorrelatewith
the presence of PVTT,54,55 and can also be induced by hypoxia.56– 58 
Importantly, elevated hypoxia- inducible factor alpha (HIF- 1α), an 
important transcription factor involved in the hypoxic response of 
cells, has been found to closely relate to PVTT and poor prognosis in 
HCC patients.59,60 Based on these findings, the association between 
hypoxia and PVTT formation aroused our interests, and some re-
latedresearcheshavebeenperformedinourlaboratory.Among143
patients with HCC, we uncovered a causative link between intratu-
moral hypoxia and PVTT formation. In an analysis of HIF- 1α targeted 
proteins related to HCC progression, we found elevated levels of 
14– 3- 3ζ were induced by hypoxia and correlated with PVTT forma-
tion inHCCpatients.We then found14–3-3ζ upregulated HIF- 1α 
expressionbyrecruitingHDAC4,whichpreventedHIF-1α acetyla-
tion, thereby stabilizing the protein. This pro- survival role of 14– 3- 3ζ 
in stabilizing HIF- 1α was necessary for hypoxia- induced expression 
of genes, including those indicative of epithelial- mesenchymal tran-
sition (EMT),which led to tumourmetastasis.19 Our results estab-
lished the hypoxia/14– 3- 3ζ/HIF- 1α/EMTpathway,andwebelieve
it plays an important role in HCC metastasis and PVTT formation. 
Furthermore, in the development of PVTT, a link between hy-
poxia and immunosuppressive tumour microenvironment has been 
identified in a previous study.20 This study demonstrated that the 
hypoxia-inducedEMTof cancercellshelped toeducatenewly re-
cruited monocytes by secreting CCL22, which led to indoleamine 
2,3- dioxygenase (IDO) upregulation in the monocytes, and IDO+ 
monocyte- derived macrophages exerted an immunosuppressive 
effect on T cells, which thus created a tumour immunosuppressive 
microenvironmentandpromotedtumourmetastasis.Among90pa-
tients with HCC, high HIF- 1α expression strongly correlated with the 
presence of PVTT and poor prognosis, concomitant with elevated 
CCL22 expression, indicating that hypoxia/HIF- 1α/CCL20/IDO axis 
in HCC was important for promoting metastasis through inducing 
EMT and establishing an immunosuppressive microenvironment.
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Invasion of ECM is an early and essential step of the metastatic
cascade. Hypoxia triggered invadopodia-mediated ECM degrada-
tion may play an important role in HCC metastasis. Experiments in 
HCCcellsbyKaietal.uncoveredthatTIMP2,atissue inhibitorof
metalloproteinases, was suppressed through a regulatory feedback 
circuit consisting of HIF- 1α/miRNA-210/HIF-3α under hypoxic en-
vironment. Importantly, the decreased incidence of venous inva-
sion was observed in a vivo orthotopic tumour cell injection model, 
whichisinjectedintoHCCcellswithectopicexpressionofTIMP2.61 
These findings further support the standpoint that hypoxia plays a 
crucial role in the progression of HCC, including PVTT formation or 
development.

Up to date, newly developed agents targeted at hypoxia-
signalling pathways have been attempted in clinical trials for HCC,62 
whichcouldbefurtherusedforPVTTpatients.SincetargetingHIFs
or their signalling pathways would disrupt the cancer hallmarks, the 
novel inhibitors have shown promising effects in pre- clinical and 
clinical trials for HCC management.63 RO7070179 is an antisense 
oligonucleotide that targets HIF- 1α in a synthetic locked nucleic acid 
form. Pre- clinical studies showed a remarkable decrease in HIF- 1α 
mRNA level in HCC patients taking the RO7070179.64 Besides, a 
recent phase- 1b study demonstrated that HCC patients could get 
favourable response treated with RO7070179, indicating its great 
potential in HCC therapy.64Anothernotablesignallingpathwayin-
hibitorofhypoxia isCT-707,apotentYes-associatedprotein(YAP)
signalling inhibitor.65Aphase-1clinical trialconfirmedCT-707dis-
turbedtheIGF1R-YAPaxisunderhypoxiaHCCmicroenvironment,
which might be applied as an effective therapeutic alternative for 
HCC with PVTT.65

5  |  C ANCER STEM CELL S (C SC s)  AND 
PV T T

CSCs, a subpopulationof cancer cellswithin a tumour, have typi-
calcharacteristicsrelatedtostemcells.Agrowingbodyofevidence
showed that CSCs were closely related to initiation, metastasis,
relapse and chemoresistance in HCC, because of their capacity to 
self- renew and pluripotency.66 Various surface molecules, such as 
CD133,CD90,epithelialcelladhesionmolecule(EpCAM),CD44and
CD24,havebeenidentifiedascandidatemarkersofCSCsforHCC.
Previously,higherexpressionofEpCAMandCD24hasbeenfound
in the clinical PVTT tissues.22 In HCC, identification of EpCAM
was associated with higher frequency of PVTT and significantly
shorter survival.67 In a meta- analysis, Zhong et al. found that CD133 
overexpression was significantly associated with vascular invasion 
(OR = 2.06) and vascular thrombosis (OR = 1.47).68 CD90 also has 
been found to positively correlated with clinicopathologic charac-
teristic, including pathological grade, satellite lesions and PVTT. 
Furthermore, we found almost the whole population of CSQT-2
come from PVTT in cell line was EpCAM positive.28 All of these
results indicatedthatCSCsmaybe involved inPVTTformation in
HCC.Afewresearchersalsoattemptedtoexplorethemechanisms

underlying the relationship between CSCs and PVTT. As known,
a study by Zhang et al. firstly uncovered a causative link between 
CSCsandPVTTformation.Mechanistically,RMPcouldinteractwith
P65 and RPB5 in HCC cells, enhanced production of IL- 6, which 
resulted in maintaining of stemness and metastasis capacity, and 
thus promoting PVTT formation.22 In our study, intercellular adhe-
sionmolecule1(ICAM-1)hasbeenidentifiedasanovelmarkerfor
HCC stem cells.69 Importantly, we further demonstrated ICAM-1
involving in PVTT formation in HCC patients in another study. In a 
screenofpairedlongnon-codingRNAs(lncRNAs)-mRNAsrelatedto
PVTT,wefoundthatelevatedlevelsofICAM-1wereregulatedby
ICAM-1-relatednon-codingRNA(ICR).WealsouncoveredthatICR
modulated theCSCpropertiesofHCCcellsby regulating ICAM-1
expression, and ICR was regulated by Nanog, which played a pivotal 
roleinCSCmaintenance.Inaddition,bothofICAM-1andICRwere
significantly elevated in PVTT tissues and were associated with poor 
prognosis in patients with PVTT.23Wepreviously reported that a
splicing variant of moesin-ezrin-radixin-like protein (Merlin), a tu-
mour suppressor protein, promoted HCC metastasis and PVTT for-
mation by interfering with the tumour suppression role of wtMerlin.
Anovel splicingvariantofMerlin, lacking the sequencesencoded
by exons 2, 3 and 4, has been designated as Δ2– 4Merlin,andclosely
correlated with PVTT formation in HCC patients.We found that
wtMerlincouldbindtoβ-cateninandERM,butΔ2– 4Merlin lostthis
binding capacity, and Δ2– 4MerlininducedEMTbyupregulatingTwist
expression. Δ2– 4Merlin elevation could increase self-renew shown
by more and bigger spheroids, potentially by upregulating the ex-
pression of β- catenin and the nuclear accumulation and activities of 
otherstemnessgenes(Sox2,OCT4,Klf4,C-mycandNanog).70

Atpresent,numerousclinicalstudiesofCSC-basedtherapyfor
HCC have been explored and achieved encouraging results.71 The 
CSC-basedtherapyconsistsofagentstargetingCSCsurfacemark-
ers, targeting CSC-intrinsic/−extrinsic regulators, as well as CSC-
directed immunotherapy.71Amongthem,severalmolecularagents
are involved in the targets of PVTT formation and development. For 
instance, ANXA3-neutralizing monoclonal antibodies eradicated
liverCSCsubsets thatexpressedCD24,CD133andEpCAM.72As
such, they could inhibit the growth and self- renewal of HCC and be 
sensitive to the treatment of cisplatin and sorafenib, which exhibited 
great potential in the prevention and treatment of PVTT.

6  |  ECM- MEDIATED TR ANSFORMATION 
IN MICRO ENV IRO NMENT AND PV T T

From the molecular and histopathological perspectives, ECM-
mediated transformation in tumour microenvironment is of para-
mount in the formation and development of PVTT.16,25,73,74 This 
process is initiatedby the remouldingofECMwithECM-receptor
interaction.16,75,76 For protein digestion and absorption, cancer- 
associatedfibroblasts(CAFs)andmacrophagetype2cellsintheECM
releasedlargeamountsofmatrixmetalloproteinases(MMPs).Then,
MMPs transformed theECM-receptor interactionand stiffnessof
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theECM,whichwasassociatedwithanincreasedriskofmetasta-
sis.74Subsequently,increasedmatrixstiffnessreinforcedthepolari-
zationofM2macrophagesandtheirsecretionof lysyloxidase-like
2 (LOXL2), furtherproducing increasedfibronectinandfacilitating
the metastasis.77Assuch,thedegradationandremouldingofECM
participated in the dynamic formation of PVTT.

BesidestheremouldingofECM,theEMTandtransformationof
vascular endothelial cell also play a critical role in the whole meta-
static process from primary foci to portal vein.78 It has been con-
firmed thatEMTparticipated in tumourprogressionbyenhancing
motility and invasive activity. Currently, there is no direct histo-
pathologicalevidencetoconfirmtherelationshipbetweenEMTand
PVTT formation. However, at the level of molecular mechanism, the 
high expression of Cycle- G1 in PVTT and the promotion of Cycle- G1 
inEMTbyPI3K/Akt/GSK-3/Snailpathwaymightsuggesttheirpo-
tential correlation.79

In the transformation of vascular endothelial cell, latest basic re-
searchesobservedhighexpressionofreceptortyrosinekinase(AXL)
in tumour- derived endothelial cells (TECs), which was positively cor-
related with CD- 31 expression in vitro and in vivo.80 By activating 
thePI3K/Akt/SOX2/DKK-1 axis,AXL stimulatedproliferation and
migrationofTECs.Therefore,overexpressionofAXLinTECsaccel-
erated vascular metastasis of HCC.81Additionally,vascularendothe-
lialcellsalsoinvolvedintheEMTduringHCCprogression.82 In the 
processofclassicalEMT,N-cadherinasamesenchymalmarkerwere
increased, whereas E- cadherin (one of epithelial markers) were re-
duced.Withenhancedmotilityandinvasiveactivity,thesevariations
by vascular endothelial cells were considered to contribute to the 
formation and development of PVTT.83

7  |  CIRCUL ATING TUMOUR CELL S AND 
PV T T

CTCs are cancer cells in circulation dissociated from primary tu-
mours. CTCs can be used as a biomarker to noninvasively moni-
tor cancer progression and guide therapy.84 There is increasing 
evidence revealing that CTCs are closely related to recurrence and 
shorter recurrence- free survival of HCC.85– 89 Previous studies dem-
onstrated that CTCs can be detected in blood sample from a consid-
erable number of patients with early- stage HCC or even in a small 
fraction of patients with HBV infection before small HCC detected 
byCT/MRI.Theseresultssuggestedthattumourdisseminationmay
be anearly event inHCCpathogenesis.Moreover,CTCs are con-
sidered to be an active source of metastases due to their potential 
stemcellfeaturesandEMTtraits,whichallowthemtodisseminate
effectively. From the perspective of tumour microenvironment, 
thegenerationofCTCisapartofthetransformationofECMand
EMT.90 Researchers have noticed that CTCs obtained mesenchymal 
featuresviaEMT,andtheninfiltratedtheECMbyreleasingproteo-
lytic degradation enzymes and crossing the basement membrane. 
Eventually, they passed into the circulation and extravasated to 
form secondary micro- metastasis.91,92 However, whether PVTT 

originates from CTCs, and upon their entry into the bloodstream, 
how CTCs survive in portal vein and thereby formulate PVTT re-
main largely unknown. Based on the latest theory and researches, 
we speculate that the crosstalk between portal vein endothelial cells 
and CTCs may contribute to PVTT formation. In a recent study, the 
conditioned medium of vascular endothelial cells was used to culture 
HCC cells, finding that vascular endothelial cells can affect the cell 
adherence ability and viability of HCC cells, which was important for 
PVTT formation.93 The great efforts are needed to be focused on 
the molecular mechanisms of CTCs- induced PVTT, which will pro-
vide more knowledge about PVTT formation.

GiventhesignificantcorrelationbetweenCTCandEMT,theCTC
markers have been assessed in clinical studies as effective biomark-
ers of HCC.94A recent studyhighlighted thatmesenchymal-CTCs
gainedmesenchymalfeaturesviaEMTandpromotedHCCmetasta-
sis.94 They could not only represented the progression and state of 
HCC, but also serve as a prognostic marker for long- term survivals.

8  |  NON-  CODING RNA S AND PV T T

Non-coding RNAs including miRNAs and lncRNAs are pivotal
participants and regulators in the development and progression 
of HCC.95 The role ofmiRNAs and lncRNAs in PVTT formation
also has been investigated in the last decade.17,18,21,24,88 One study 
uncovered amarked global reduction ofmiRNA expression lev-
els in venous metastases tissue (including PVTT and hepatic vein 
tumoral thrombus), as compared with primary HCC tissue, and 
thoseglobalmiRNAshavebeenfoundtohaveprofoundfunctions
in regulating HCC metastasis. In a previous research conducted 
byour group,we found thatmiRNA-135awasoverexpressed in
PVTT tissues and associated with the prognosis and survival of 
HCC patients with PVTT. Importantly, we demonstrated a novel 
regulatorypathway(FoxM1-miRNA-135a-MTSS1)thatcouldcon-
tribute to PVTT formation.24 Especially, as mentioned in the part 
of HBV-relatedmechanism of PVTT, miRNA-34a could regulate
the HBV- initiated formation of PVTT via mediating modified mi-
croenvironment by HBV- TGF- β- miR- 34a- CCL22- Tregs pathway.21 
MiRNA-210 also has been identified to contribute to PVTT for-
mation.Moreover, inapreviousstudy,theexpressionprofilesof
lncRNAshavebeen investigated inHCCtissuesandtheirpaired
PVTT tissues.17AlthoughtheoveralllncRNAexpressionpatterns
of PVTT were indistinguishable from those of their matched HCC 
tissues, approximately 100 lncRNAs were significantly deregu-
lated in PVTT tissues in comparison with their expression levels 
in paired HCC tissues. In addition, those deregulated lncRNAs
have been found to be correlated with cell adhesion, immune 
response and metabolic process. Ten lncRNA candidates have
beenselectedinthosederegulatedlncRNAsandfunctionassays
havebeenperformed,theresultsshowedthecandidatelncRNAs
played essential roles in metastasis, indicating the deregulated 
lncRNAs have roles in PVTT formation.17We found an ICR can
regulateCSCpropertiesofHCCcellsandICRcontributestoPVTT



    |  2109LI et al.

development.23 Thus, we believe non-coding RNAs play an im-
portantroleinPVTTformationanddevelopment.Uptonow,the
regulatory effect of non-codingRNA in theprogressionofHCC
and PVTT has still been under experimental study, further investi-
gationsarerequiredtopavethewayforclinicaltranslation.

9  |  CONCLUSIONS

Clearly, PVTT is common and it worsens prognosis of HCC. 
AlthoughamountainofevidenceuncoveredPVTToriginatedfrom
the primary HCC tissues, several studies also identified that PVTT 
may have different clonal origins from their corresponding HCC. 
MolecularmechanismsintheformationanddevelopmentofPVTT
constituted a complicated regulatory network, including HBV infec-
tion,hypoxiamicroenvironment,CSCs,ECM,CTCsandderegulated
non-codingRNAs.However,theknowledgeofthemechanismsun-
derlying PVTT formation and development is only the tip of the ice-
berg, and it need to be further investigated and mined for optimizing 
therapeutic options for HCC, which may offer new approaches to 
improve the prognosis of HCC.
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