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Simple Summary: Portal vein thrombosis (PVT) is a serious complication that can occur in patients with
hepatocellular carcinoma (HCC), resulting in negative impacts on prognosis and limited therapeutic options.
The aim of our cross-sectional study was to assess the potential added value of measuring blood concentrations
of High Mobility Group Box-1 (HMGB-1), a critical mediator of thrombosis, among HCC patients. We
confirmed that serum HMGB-1 concentration was significantly higher in HCC patients compared to healthy
controls. Interestingly, we found higher concentrations of serum HMGB-1 in HCC patients without PVT
compared to both healthy subjects and HCC patients with PVT. Our results strengthen the basis for further
studies aimed at verifying the hypothesis that a reduction of HMGB-1 serum levels may be an indicator of the
development of PVT.

Abstract. Background High Mobility Group Box-1 (HMGB-1) is implicated in the pathogenesis of thrombosis
and cancer. In the present study, we aimed to evaluate its potential role as a diagnostic biomarker of portal
vein thrombosis (PVT) among patients with hepatocellular carcinoma (HCC). Methods The study population
included N=100 prospectively recruited patients with a novel diagnosis of HCC. We compared circulating
HMGB-1 levels between 34 healthy controls, HCC patients with PVT (N=22), and HCC patients without PVT
(N=78). Results HCC patients without PVT showed significantly higher median HMGB-1 serum levels (8.2
[5.5-13.1] ng/ml) than those observed in the case of HCC with PVT (5.5 [4.4-8.5] ng/ml; p=0.012) and in healthy
controls (4.1 [3.1-8.2] ng/ml; p<0.001). Among HCC patients, at univariate analysis, the presence of PVT was
associated with higher median age (p=0.036), larger major cancer node diameter (p<0.001), and lower HMGB-
1 serum level (p=0.012). At multivariate analysis, the presence of PVT maintained a positive association with
major node diameter p=0.001) and an inverse association with serum HMGB-1 levels (p=0.003). Conclusions
These findings indicate that serum HMGB-1 bears an inverse association with PVT complicating HCC at the
time of diagnosis and suggest that serum HMGB-1 depletion may mark PVT development in cirrhotic patients
with HCC.

Keywords: High Mobility Group Box-1 (HMGB-1); portal vein thrombosis (PVT); hepatocellular
carcinoma (HCC)

1. Introduction

Portal vein thrombosis (PVT) is a common complication of hepatocellular carcinoma (HCC),
occurring in approximately 23-31% of patients at the time of diagnosis [1][2] and in 44% of them at
autopsy [3]. The occurrence of PVT negatively impacts patients’ prognosis, largely because it limits
their therapeutic options: indeed, in the Barcelona Clinic Liver Cancer (BCLC) Staging System, HCC
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complicated by PVT is classified as stage C (advanced), no more suitable to surgical resection because
of the high rate of tumor recurrence [4][5].

Several risk factors are associated with the development of PVT in HCC (advanced stage, major
vessel involvement, higher Child-Pugh class, higher MELD score, low serum albumin, high serum
bilirubin, elevated INR, and high a-fetoprotein)[2], but to date no diagnostic biomarker has been
identified to facilitate early diagnosis.

HMGB-1 (High Mobility Group Box-1) is a non-histone DNA-binding protein expressed in all
nucleated cells and in platelets[6]. Following platelet activation, HMGB-1 is initially exposed on the
cell membrane, and then released into the extracellular space, becoming crucial in thrombus
formation and neutrophil activation [7]. In an animal model of venous thrombosis, disulfide HMGB-
1 released by platelets promotes neutrophil recruitment and formation of Neutrophil Extracellular
Traps (NET), thus contributing to venous thrombosis as a central mediator of the sterile inflammation
process [8]. In addition to platelet activation and NET formation, HMGB-1 exerts a prothrombotic
effect by upregulating tissue factor (TF) expression in monocytes, inhibiting protein C activation, and
inducing the formation of plasminogen activator inhibitor-1/tissue plasminogen activator (PAI-
1/tPA) complexes [9][10]. Several studies suggest the important role of HMGB-1 in many thrombosis-
related disorders [11], such as acute coronary syndrome [12], ischemic stroke [13], peripheral arterial
disease[14] and disseminated intravascular coagulation [15][16].

HMGB-1 is also known to be implicated in the pathogenesis of cancer, enhancing the
mechanisms of cell proliferation and migration, and promoting angiogenesis [17]. HMGB-1 is
overexpressed in many types of cancer, among which HCC [18], and in clinical studies HMGB-1
correlates with clinical outcome and prognosis of patients with HCC [19].

Despite these premises, to date no study has investigated the role of HMGB-1 in PVT
complicating HCC. Based on the pathobiological background outlined above, we aimed to explore
the hypothesis that HMGB-1 could qualify as a candidate biomarker of PVT in HCC.

2. Materials and Methods

2.1. Patients.

We performed a cross-sectional study based on prospectively recruited patients who attended
the liver clinic of two academic hospitals in northern Italy from March 2021 to March 2022. The study
protocol was approved by the institutional ethical committee (Ethics Committee of A.O.U. Citta della
Salute e della Scienza di Torino - A.O. Ordine Mauriziano - A.S.L. Citta di Torino, approval code:
2CEI-452) and was conducted in strict accordance with the principles of the Declaration of Helsinki;
all patients gave an informed consent in writing to their participation to the study. We included 100
consecutive patients willing to participate, with a new diagnosis of HCC of any etiology (HBV, HCV,
alcoholic, dysmetabolic, autoimmune), in any stage of BCLC classification. Data collected included
sex, age, body mass index (BMI), liver disease etiology (categorized as due to hepatitis B, HBV,
hepatitis C, HCV, alcoholic, dysmetabolic, and other), anti-HCV therapy, follow-up time, Child
Pugh-Turcotte (CPT) and model-for-endstage-liver disease (MELD) score, cirrhosis, Eastern
Cooperative Oncology Group (ECOG) score, tumor burden, presence or absence of PVT, and BCLC
staging. The laboratory data included complete blood count, albumin, total bilirubin, INR, creatinine,
as well as plasma and serum HMGB-1 levels. The latter values were compared to those of a group of
34 healthy control subjects.

2.2. Laboratory studies.
Serum HMGB-1 concentration was measured using the kit HMGB-1 ELISA IBL International
GmbH (Hamburg, Germany).

2.3. Statistical analysis.

Statistical analysis was conducted using the Stata statistical software package, version 13.1
(StataCorp LP, College Station, TX, USA). Continuous variables are presented as medians
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(interquartile ranges) and categorical variables as frequencies (percentages). For the continuous
variables the differences between the groups were analyzed with the Wilcoxon signed rank test, the
Mann-Whitney test, and the Kruskal-Wallis test. For post-hoc comparison, the Dunn test was used,
while the analysis of the trend to increase / decrease of a continuous variable as a function of
belonging to groups listed in an ordinal manner was performed using the variant of the Wilcoxon
test proposed by Cuzick. In the case of categorical variables, the existence of a significant association
was explored with Fisher’s exact test or Pearson’s chi-square test, as appropriate. Finally, to identify
independent predictors of portal thrombosis, a logistic regression model was built. For all the tests
used, the value chosen to indicate the statistical significance threshold was 0.05 (two-tailed).

3. Results

3.1. HMGB-1 levels and PVT.

Table 1 presents the main features of the study population, as well as the comparison between
HCC patients with and without PVT.

Table 1. Main features of the studied population and differences related to the presence of PVT.
Continuous variables are shown as medians (IQR); categorical variables are shown as frequencies (%).
Abbreviations: BMI, Body Mass Index; HCV, Hepatitis C Virus; HBV, Hepatitis B Virus; CPT, Child-
Pugh-Turcotte class; PS ECOG, Performance Status Eastern Cooperative Oncology Group; HMGB-1,
High Mobility Group Box-1.

Variables Entire HCC population HCC without PVT HCC with PVT.
(N=100) (N=78) (N=22)
Age (years) 65 (57-72) 66 (59-74) 57 (54-67) 0.036
Male sex 82 (82) 63 (81) 19 (86) 0.756
BMI > 25 kg/m? 54 (54) 41 (53) 13 (59) 0.635
Positive HCV serology 56 (56) 41 (53) 15 (68) 0.230
Positive HBV serology 15 (15) 12 (15) 3 (14) 1.000
Abuse of alcohol 42 (42) 31 (41) 11 (50) 0.466
CPT-A 78 (78) 62 (79) 16 (73) 0.563
PSECOG =1 22 (22) 16 (21) 6(27) 0.563
Major node diameter <
(mm) 30 (20-45) 26 (18-35) 53 (42-93) 0.001
N. of HCC nodes
1 61 (61) 47 (60) 14 (64)
2-3 16 (16) 14 (18) 2(9)
>3 23 (23) 17 (22) 6(27) 0.578
Platelet count, x10°/L 126 (78-163) 119 (75-163) 140 (106-163) 0.237
HMGB-1, ng/ml 7.8 (4.8-10.5) 8.2 (5.5-13.1) 5.5 (4.4-8.5) 0.012

As shown, the presence of PVT is associated with older age (p=0.036), larger major HCC node
diameter (p<0.001), and lower HMGB-1 serum level (p=0.012). On multivariate analysis (Table 2), the
only independent predictors of PVT were major node diameter and serum HMGB-1 level. Only one
out of 22 patients with PVT had a serum HMGB-1 concentration in the highest quartile (210.5 ng/ml),
whereas 7/22 patients with PVT had a major tumor diameter in the highest quartile (45 mm). No
patient with serum HMGB-1 concentration <10.5 ng/ml and major tumor diameter <45 mm had PVT
at presentation.
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Table 2. Multivariate analysis of features associated with PVT. Abbreviations: CPT, Child-Pugh-
Turcotte; HCC, Hepatocellular carcinoma; HMGB-1, High Mobility Group Box-1.

Variables Odds ratio 95% C.I. P
Age 0.94 0.87-1.01 0.102
Sex 0.28 0.03-2.78 0.278
CPT class 0.71 0.19-2.60 0.607
Major node diameter 1.05 1.02-1.07 0.001
N. of HCC nodes 0.98 0.78-1.24 0.591
Platelet count 1.00 0.99-1.01 0.591
HMGB1 serum level 0.75 0.63-0.91 0.003

3.2. Comparison between HCC patients and healthy controls.

To offer a pathophysiological explanation of the inverse association between HMGB-1
concentration and PVT, we compared the following three groups: group A (N=78), patients with HCC
without PVT; group B (N=22), patients with HCC and PVT; group C (N=34), healthy controls.
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% p=0.009
£ 304 n.s.
ﬁ' ]
G 20
=
=
g 10-
Q
wv
0 ‘l 1 .
No PVT PVT  Healthy controls

HCC

Figure 1. Scatterplot of individual serum HMGB-1 levels in the study population, with and without
PVT, compared to healthy controls. The horizontal lines indicate the median values for each group.
Abbreviations: HMGB-1, High Mobility Group Box-1; HCC, Hepatocellular Carcinoma; PVT, Portal
vein thrombosis.

HMGB-1 serum levels were significantly different between group A and groups B-C (p=0.009
and p<0.001 with Dunn’s test, respectively), while there was no statistically significant difference
between group B and group C (p=0.354). Moreover, serum HMGB-1 levels decreased progressively
from group A to group B and C (p<0.001 at Cuzick’s test).

Finally, we compared serum vs. plasma HMGB-1 levels in specimens obtained from N=34
healthy subjects (21 males, 13 females) with a median age of 44 years (30-53). As shown in Figure 2,
plasma HMGB-1 levels were significantly lower than serum HMGB-1 levels (0.65 ng/ml vs 4.09 ng/ml,
p<0.001.
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Figure 2. Scatterplot of HMGB-1 levels on serum and plasma in healthy controls. Data were compared
using the Wilcoxon signed-rank test, as appropriate. Abbreviations: HMGB-1, High Mobility Group
Box 1.

4. Discussion

In the present study, we confirm previous observations showing that serum HMGB-1
concentrations are significantly higher among patients with HCC when compared to healthy subjects;
however, to our knowledge, we are the first to show that among HCC patients with PVT serum
HMGB-1 concentration is lower than that observed among HCC patients without PVT, in fact not
being different from that observed among healthy subjects. Since HMGB-1 is a critical mediator of
thrombosis [7], the inverse association with PVT was somewhat unexpected. We would like to offer
a plausible explanation for these findings, which stems from what is known about the
pathophysiologic role of HMGB-1 in inflammatory thrombosis. By doing so, we hope to stimulate
further research in this area.

The proteins collectively called the “high mobility group” have pleiotropic functions, related to
factors such as cell type, subcellular location, and redox state. Specifically, it has been shown that in
resting platelets, which lack a nucleus, HMGB-1 is located in the cytoplasm [20]. Upon platelet
activation, HMGB-1 is translocated to the cell surface and its disulfide isoform is abundantly released
to coordinate venous thrombosis [8]. In turn, disulfide HMGB-1 facilitates the formation of
prothrombotic NETs. One proposed model of HMGB-1 release into the extracellular space states that
HMGB-1 secretion is mediated by intracellular vesicles (including lysosomes) inside which the
molecule is packaged, been extruded after lysosome fusion with the plasma membrane [21].
Following its release into the extracellular space, HMGB-1 acts as a prototypical damage-associated
molecular pattern (DAMP) signal, promoting NETosis and perpetuating inflammatory responses. As
other soluble mediators of inflammation, HMGB-1 is subjected to regulation to limit its pro-
inflammatory activities. Among the control mechanisms, it is worth mentioning degradation by
thrombomodulin, an anticoagulant whose plasma levels are higher in patients with HCC compared
to those of patients with benign focal liver lesions and normal controls [22]. Interestingly, these
Authors also showed that plasma thrombomodulin levels of patients with single HCC or HCC not
complicated by PVT were significantly higher than those of those patients with multiple HCC or
HCC complicated by PVT [22].

In agreement with others, in the present paper serum HMGB-1 concentrations were significantly
higher in HCC patients than in healthy controls: HMGB-1 expression correlates with peritumoral
macrophage infiltration [23] and appears to predict a poor prognosis for patients with HCC after
durative hepatectomy [24]. Moreover, there is a trend towards increasing HMGB-1 levels from


https://doi.org/10.20944/preprints202311.0389.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 November 2023 doi:10.20944/preprints202311.0389.v1

healthy to chronic hepatitis patients and, among the latter in those with cirrhosis and HCC [19]. In
this sense, our paper adds little to the existing literature. Surprisingly for what has been called the
venous clot coordinator, however, there have been no reports linking HMGB-1 levels to PVT.

To confirm that serum HMGB-1 is overwhelmingly derived from activated platelets, we
compared serum and plasma concentrations of HMGB-1 in samples simultaneously obtained from
healthy donors: the plasma level was on average 6 times lower than the serum one. Indeed, it has
been shown in a transgenic mouse model that platelets are the main source of HMGB-1 in the context
of thrombus [7]. Mice with HMGB-1-deprived platelets have an increased bleeding time, reduced
thrombus formation, platelet aggregation, inflammation, and organ damage in the context of trauma
and hemorrhagic shock [7]. HMGB-1 is believed to be paramount to thrombus formation in humans
[25]. Based on these premises, platelets derived from patients with PVT might be relatively depleted
of HMGB-1, as part of control mechanisms that counter-off the pro-inflammatory effects of this
molecule [26]. Alternatively, a physical phenomenon of local consumption in the portal vein may
lead to the detection of low serum levels of HMGB-1 in peripheral blood. Finally, one could speculate
that this finding might be due to a laboratory interference: a different form of HMGB-1 in the PVT
may not have been recognized by the ELISA test, being complexed with other molecules, like
thrombomodulin and/or proinflammatory molecules. The formation of HMGB-1/IL-1b complexes
has been described by others: for example, the presence of these heterocomplexes in human plasma
has been identified in the context of burn damage[27]. Indeed, via the interaction with cytokines such
as IL-1b, HMGB-1 can enhance its proinflammatory activity [26]. This hypothesis is fully compatible
with the pathophysiology of PVT, a condition associated with increased levels of systemic
inflammatory markers [28]. In any case, given the independent roles of tumor size and serum HMGB-
1 concentration in predicting PVT at multivariate analysis, these two factors could be explored for
use in combination, for example, to guide clinicians in offering PVT prophylaxis with anticoagulants.

The present study has several limitations: first of all, the relatively small sample size. The study
population was typical of HCC in Western countries, made as it was by aged Caucasians with viral
and/or alcoholic liver disease [29], thus these results may not apply to HCC patients in other regions
of the world. Being cross-sectional, the present study is unfit by design to test the mechanism(s)
through which the putative HMGB-1 depletion might occur in patients with HCC complicated by
PVT. We acknowledge that the explanations we offer for this phenomenon remain, at present,
speculative.

5. Conclusions

The present work identifies serum HMGB-1 as a promising candidate biomarker of PVT in HCC
and confirms the involvement of this molecule in the local and systemic tumor-related inflammatory
reaction. Being HMGB-1 overexpressed in advanced liver disease, measuring serum and plasma
HMGB-1 concentrations serially both in animal models and in clinical settings may allow verification
of the hypothesis that serum HMGB-1 depletion may mark PVT development.
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