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Abstract

Although portal vein thrombosis (PVT) commonly occurs in patients with hepatocellular carcinoma (HCC), the hypercoa-
gulability mechanism in patients with HCC is not entirely clear. Recently, tumor-induced formation of neutrophil extracellular
traps (NET) has been shown to trigger contact system activation, and contact system activation has been shown to be a new
mechanism of thrombosis. Therefore, we investigated whether contact system activation and NET formation occurred in
relation to PVT in HCC patients. The circulating levels of NET formation markers (DNA-histone complex, double-stranded
DNA, neutrophil elastase) and contact system activation markers (factor Xlla and high-molecular-weight kininogen) were
measured in 177 patients who had been diagnosed with HCC and 48 healthy controls. Presence of PVT was confirmed in 77
HCC patients. The levels of NET formation and contact system activation markers were significantly higher in patients than in
healthy controls and they increased significantly with the increase in the model for end-stage liver disease (MELD) scores. Of
note, these markers were significantly higher in HCC patients with PVT than in those without PVT. These NET formation
markers and the contact system activation markers were significant thrombotic risk factors in HCC patients. The well-known
liver injury markers (alanine transaminase, prothrombin time) significantly contributed to factor Xlla level. Contact system
activation and NET formation are well correlated with liver disease severity and the markers of these can be used as
thrombotic risk factors in HCC patients. In addition, therapeutics inhibiting the contact system can be potentially used to
manage PVT in HCC patients.
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Introduction inflammatory or other stimuli and release intranuclear contents
(DNA-histone complex, double-stranded DNA [dsDNA], and
neutrophil elastase), called neutrophil extracellular traps
(NET), into the extracellular space.” The negatively charged

Liver cirrhosis is characterized by hemostatic imbalance with
decreased production of coagulant and anticoagulant factors,
which induces bleeding and thrombotic tendencies.' Among
thrombosis, portal vein thrombosis (PVT) is common in
pgtients with liver CirthSiS' When liver cirrhosis is combined " Department of Laboratory Medicine and Cancer Research Institute, Seoul
with hepat.ocellular carcinoma (HCC), tlzle fr.quency of PVT National University College of Medicine, Seoul, Korea ,
markedly increases from <10% to 35%.” This is because not 2 Department of Internal Medicine and Liver Research Institute, Seoul National
only HCC by itself can induce a hypercoagulable state but also  University College of Medicine, Seoul, Korea
tumor cell invasion into the portal vein can increase the PVT
3

fre(}iirgl};iy contact system activation has emerged as a new Hyun Kyung Kim, Seoul Nationa! University College of Medicine, 101, Daehangno

e .4 : : Jongno-gu, Seoul 03080, Republic of Korea.
mechanism of thrombosis.” Neutrophils are activated by  Email: lukekhk@snu.ac.kr

Corresponding Author:

@ ® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-7449-7978
https://orcid.org/0000-0001-7449-7978
mailto:lukekhk@snu.ac.kr
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1076029618825310
http://journals.sagepub.com/home/cat
http://www.creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Clinical and Applied Thrombosis/Hemostasis

histone-DNA complex can activate coagulation factor XII,
which initiates contact system activation. The contact system
consists of 4 plasma proteins (factor XII, factor XI, prekallik-
rein, high-molecular-weight kininogen [HMWK]) that assem-
ble when factor XII comes in contact with negatively charged
surfaces.® Activated factor XII (XIIa) then activates factor XI
and the downstream intrinsic coagulation pathway.” In addi-
tion, factor XlIla converts prekallikrein to a-kallikrein, which
cleaves HMWK to yield bradykinin. Factor XII activation
plays an essential role in thrombosis and the inhibition of factor
XII activation can block thrombosis in animals and humans.>”~’
Although contact system activation has been suggested as a new
mechanism of thrombosis,* there have been no reports on
whether the contact system is activated in patients with liver
cirrhosis with HCC.

In this study, we measured the circulating levels of NET
formation markers (DNA-histone complex, dSDNA, neutrophil
elastase) and contact system activation markers (factor XIla
and HMWK) in patients with liver cirrhosis with HCC to inves-
tigate whether NET formation and contact system activation
occurs in relation to PVT.

Methods
Patient Population

A total of 177 patients who had been diagnosed with HCC at
Seoul National University Hospital were enrolled. This study
was approved by the institutional review board of Seoul
National University College of Medicine. The diagnosis of
HCC was confirmed by clinical correlation using histologic
features taken from liver biopsy as determined by a pathologist,
and findings from image studies including ultrasound, com-
puted tomography, and MRI, verified by a radiologist. Patients
who had active variceal bleeding, anticoagulant or antineoplas-
tic treatments, and hematological diseases were excluded. The
cancer stage was scored by using the AJCC Cancer Staging
Manual,'® based on the time point when the sample was taken.
The severity of liver disease was scored in accordance with the
model for end-stage liver disease (MELD) score'' on the basis
of the results of clinical chemistry test and functional coagula-
tion test. The severity was divided into 3 subgroups (MELD
score <10, 10-20, and >20). The presence of PVT was con-
firmed by medical record review and all the recorded events
were confirmed by a radiologist using imaging studies, ultra-
sound, contrast-enhanced, or MR. A total of 48 healthy controls
who showed normal liver function test results and no evidence
of liver disease were also recruited.

Blood Sampling and Routine Laboratory Testing

Peripheral venous blood samples were collected in 0.109 mol/L
sodium citrate (Becton Dickinson, San Jose, California), and
plasma was separated by centrifugation of whole blood at
1550g for 15 minutes. Aliquots were stored at —80°C. Fibrino-
gen was measured on an automated coagulation analyzer (ACL
TOP; Beckman Coulter, Fullerton, California) using the

HemosIL Fibrinogen-C XL reagent (Instrumentation Labora-
tory SpA, Milan, Italy).

Markers of NET Formation (Histone—DNA Complex,
dsDNA, and Neutrophil Elastase)

The plasma level of the histone—DNA complex was quantified
with a Cell Death Detection ELISA kit (Roche Diagnostics,
Indianapolis, Indiana). The dsDNA level was measured using
the Quant-iT PicoGreen dsDNA reagent (Molecular Probes,
Eugene, Oregon) and a microplate fluorometer (Fluoroskan
Ascent, Thermo Fisher Scientific Inc., Waltham, Massachu-
setts). The level of neutrophil elastase was measured using a
Human Neutrophil Elastase Platinum ELISA kit (eBioscience,
Vienna, Austria).

Markers of Contact System Activation
(Factor Xlla and HMWK)

Factor XIla activity was measured by using a chromogenic
method with a CoaChrom Factor XIla test kit (CoaChrom
Diagnostica, Maria Enzersdorf, Austria). High-molecular-
weight kininogen was measured with ELISA kits from
Cloud-Clone Corp (Houston, Texas).

Statistical Analysis

Data were compared using y? test for categorical variables, and
Mann-Whitney U test and Kruskal-Wallis test for continuous
variables. To assess the prediction power of test variables for
thrombosis, logistic regression analyses were performed by
using the cutoff points of test variables that produced the best
discriminative power on receiver operating characteristic
(ROC) curves. The ROC curves were drawn for every variable
to determine the cutoff for the best separation of thrombosis
risk, and the patients were divided into 2 subgroups for each
single factor (value above or below the established cutoff). To
assess the variables contributing to factor XIla level, multivari-
able linear regression analyses were performed. All analyses
were carried out using the SPSS version 23.0 (SPSS Inc, Chi-
cago, Illinois) and MedCalc version 14.8.1 (MedCalc Software,
Ostend, Belgium).

Results

Elevation of NET Formation and Contact System
Activation in Patients With HCC

Clinical and demographic characteristics of the study popula-
tion are shown in Table 1. Compared to healthy controls,
patients with HCC were older and the male proportion was
higher. The plasma levels of fibrinogen were not different
between healthy controls and patients with HCC. However, the
plasma levels of NET formation markers (DNA-histone com-
plex, dsDNA, neutrophil elastase) and a contact system marker
(factor XIIa) were significantly higher in patients with HCC
than in healthy controls, whereas the HMWK level was tended
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Table 1. Clinical and Laboratory Characteristics of the Study Population.”
Healthy controls Patients With Hepatocellular Carcinoma
MELD < 10 MELD 10-20 MELD > 20
Total (n = 48) Total (n = 177) (n = 65) (n = 85) (n=127) P Value®

Age (years) 37 (32-51) 61 (36-89)° 64 (36-89) 61 (37-87) 59 (47-80) 290
Male/female (n) 25/23 140/37¢ 47/18 70/15 23/4 229
Child-Pugh (n)

Child-Pugh A NA 67 (37.8) 51 (78.5) 16 (18.8) 0 (0) <.001

Child-Pugh B NA 64 (36.2) 14 (21.5) 45 (53.0) 5(18.5)

Child-Pugh C NA 46 (26.0) 0 (0) 24 (28.2) 22 (81.5)
AJCC stage (n)

Stage |, Il NA 69 (39.0) 36 (52.2) 16 (23.2) 17 (24.6) 0l6

Stage Il NA 45 (25.4) 14 31.1) 18 (40.0) 13 (28.9)

Stage IV NA 63 (35.6) 17 (27.0) 30 (47.6) 16 (25.4)
PVT (n) NA 77 (43.5) 15 (23.1) 46 (54.1) 16 (59.3) <.001
WBC (x 10°/L) NA 6.08 (1.42-20.06)  5.85 (1.42-20.06) 5.94 (1.58-19.28)  7.63 (1.81-14.18) .181
Platelets (x 107/L) NA 112 (16-578) 141 (36-418) 100 (16-578) 97 (30-264) .001
AST (IU/L) NA 55 (I15-1164) 36 (15-351) 76 (22-1164) 88 (23-695) <0.001
ALT (IU/L) NA 38 (5-1694) 29 (8-327) 47 (5-1694) 38 (9-632) 0.010
ALP (IU/L) NA 127 (37-811) 107 (62-811) 154 (37-677) 112 (55-293) <.001
Bilirubin (mg/dL) NA 1.7 (0.3-43.5) 0.8 (0.3-2.2) 2.3 (0.4-17.6) 10.2 (1.3-43.5) <.001
Albumin (g/L) NA 3.0 (0.2-4.8) 3.6 (0.4-4.7) 2.8 (0.3-4.8) 2.5 (0.2-3.7) <.001
PT (seconds) NA 13.3 (9.7-37.7) 12.1 (9.8-14.3) 14.0 (9.7-23.3) 18.3 (13.0-37.7) <.001
aPTT (seconds) NA 33.9 (24.2-88.1) 31.7 (24.2-40.9)  33.9 (27.7-44.9) 43.7 (27.5-88.1) <.001
Fibrinogen (mg/dL) 257 (167-450) 277 (64-626) 288 (119-558) 298 (96-626) 139 (64-431) .003
DNA-histone complex (AU) 30 (7-252) I 15¢ (0-1650) 54 (3-1547) 139 (0-1650) 177 (45-929) <.0001
dsDNA (ng/mL) 75.7 (57.7-102.6) 133.4° (73.2-456.9) 109.4 (73.2-364.4) 143.1 (78.5-456.9) 1443 (115.7-384.2) <.00I
Neutrophil elastase (ng/mL) 22.0 (9.0-301.0)  62.7° (12.0-1190.6) 41.9 (13.0-360.8) 68.8 (12.0-1190.6) 8I.I (22.5-600.8) 014
Factor Xlla (U/l) 253 (14.7-39.7)  30.4° (22.8-228.2)  27.2 (22.8-62.7)  33.0 (23.3-115.9)  72.6 (27.6-228.2) 014
HMWK (ng/mL) 3.93 (0.01-9.61) 3.43 (0.86-7.84) 3.74 (0.86-6.15)  3.15 (0.95-7.84) 2.23 (1.34-3.60) <.001

Abbreviations: AJCC, American Joint Committee on Cancer; ALP, alkaline phosphatase; ALT, alanine transaminase; aPTT, activated partial thromboplastin time;
AST, aspartate transaminase; dsDNA, double-stranded DNA,; Factor Xlla, activated factor Xll; HMWK, high-molecular-weight kininogen; MELD, model for end-
stage liver disease; NA, not assessed; PT, prothrombin time; PVT, portal vein thrombosis; WBC, white blood cell.

?Data are shown as the median (range) for continuous variables or number (percentage) for categorical variables unless otherwise indicated.

PP values were calculated by  test for categorical variables and Kruskal-Wallis test for continuous variables among 3 groups of hepatocellular carcinomas.

€P < .05 versus healthy controls, calculated by Mann-Whitney U test.

to be lower in patients than in healthy controls though statisti-
cally not significant.

Correlation of NET Formation and Contact System
Activation With Liver Disease Severity

The numbers of patients with MELD scores of <10, 10 to 20,
and >20 were 65, 85, and 27, respectively (Table 1). There
were no statistically significant differences in age, sex, or white
blood cell count among the 3 MELD score subgroups. As the
MELD score increased, the proportion of Child-Pugh class C
patients gradually increased and PVT frequency also increased.
The levels of aspartate transaminase, alanine aminotransferase
(ALT), alkaline phosphatase, and bilirubin were significantly
increased in high-MELD-score subgroups as well. The pro-
thrombin time (PT) and activated partial thromboplastin time
values gradually increased with increasing MELD score. Of
note, the levels of all 3 NET formation markers and factor XIla
significantly increased, whereas the HMWK level gradually
decreased as MELD scores increased.

Association of NET Formation and Contact
System Activation With PVT

Among all patients with HCC, 77 (43.5%) patients had previous
or present history of PVT, either bland thrombus or tumor
thrombus. There was no significant difference in ALT (median;
43 vs 36 IU/L, P = .832) between patients with and without PVT
(Figure 1). Interestingly, the levels of PT (13.7 vs 13.0 seconds,
P = .011), histone-DNA complex (159 vs 83 arbitrary units
[AU], P = .022), dsDNA (142.1 vs 127.0 ng/mL, P <.001), and
factor XIla (34.4 vs 29.1 U/I, P = .028) were significantly higher
in patients with PVT than in those without PVT. Conversely, the
HMWK level was lower in patients with PVT than in those
without PVT (3.08 vs 3.70 ng/mL, P = .001).

To investigate the thrombotic risks of NET formation and
contact system markers, we performed logistic binary regres-
sion analysis (Table 2). In univariable logistic analysis, patients
with higher PT values (>13.0 seconds) showed a significant
odds ratio compared to the patients with lower PT values
(<13.0 seconds), indicating that PT was significant thrombotic
risk factors. Interestingly, the NET formation and contact
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Figure |. Median values of (A) alanine transaminase (ALT), (B) prothrombin time (PT), (C) histone-DNA complex, (D) double-stranded DNA
(dsDNA), (E) neutrophil elastase, (F) activated factor XlI (FXlla), and (G) high-molecular-weight kininogen (HMWK). P values were calculated by
Mann-Whitney U test between patients with and without portal vein thrombosis. Outliers were excluded by applying Tukey method once. ©
Outliers within the outer boundary of Tukey method after applying Tukey method once. V Outliers not included in the outer boundary of the
Tukey’s method after applying Tukey’s method once.

Table 2. Univariable and Multivariable Logistic Regression Analysis for the Assessment of Thrombotic Risk Factors.

Univariable Multivariable
Variable OR 95% Cl P Value OR 95% Cl P Value
ALT (>31 vs <31 IU/L) 1.61 0.87-2.97 .132 0.87 0.40-1.88 J17
PT (>13.0 vs <13.0 seconds) 2.30 1.24-4.28 .009 0.88 0.40-1.98 .765
Histone-DNA complex (>62 vs <62 AU) 3.03 1.50-6.14 .002 2.07 0.84-5.13 116
dsDNA (>129.44 vs <129.44 ng/mL) 2.45 1.31-4.57 .005 1.25 0.56-2.81 .588
Neutrophil elastase (>46.67 vs <46.67 ng/mL) 1.97 1.04-3.72 .037 1.03 0.45-2.37 .952
Factor Xlla (>31.12 vs <31.12 U/l) 3.14 1.68-5.88 <.001 2.19 1.02-4.67 .043
HMWAK (<34.7 vs >34.7 ng/mL) 3.27 1.73-6.17 <.001 2.55 1.23-5.27 012

Abbreviations: ALT, alanine transaminase; dsDNA, double-stranded DNA; Factor Xlla, activated factor Xll; HMWK, high-molecular-weight kininogen; PT,
prothrombin time.
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Table 3. Univariable and Multivariable Linear Regression Analysis for the Assessment of Variables Contributing to Factor Xlla Level.

Univariable Multivariable
Variable B 95% ClI P value B 95% ClI P value
ALT 0.024 0.000 to 0.048 .054 0.028 0.004 to 0.053 .022
PT 2.640 1.678 to 3.602 <.001 2.396 1.281 to 3.511 <.001
Histone-DNA complex 0.001 —0.012t0 0.014 912 —0.003 —0.016 to 0.011 691
dsDNA 0.050 —0.025 to 0.125 191 0.025 —0.051 to 0.101 .101
Neutrophil elastase 0.005 —0.027 to 0.037 744 -0.010 —0.044 to 0.024 .547
HMWK —0.533 —0.890 to —0.205 .004 —0.183 —0.580 to 0.213 .362

Abbreviations: ALT, alanine transaminase; B, unstandardized regression coefficient; dsSDNA, double-stranded DNA; HMWK, high-molecular-weight kininogen;

PT, prothrombin time.

system markers showed significant odds ratios for thrombosis
prediction. In multivariable logistic analysis, the contact sys-
tem markers, factor XIla, and HMWK remained as indepen-
dent significant thrombotic risk factors.

Variables Contributing to Factor Xlla Level

To identify variables contributing to factor XIla level, we per-
formed linear regression analysis of the factor XIla level with
other variables (Table 3). In univariable regression analysis,
ALT and PT the liver injury markers, and HMWK the contact
system markers were significant variables contributing to fac-
tor XIIa level. In multivariable regression analysis, ALT and
PT were significant contributing variables.

Discussion

This study demonstrated that the contact system was signifi-
cantly more activated in patients with HCC than in healthy
controls and that its activation was well correlated with liver
disease severity, by comparing the concentration of NET for-
mation markers (DNA-histone complex, dsDNA, and neutro-
phil elastase) and contact system activation markers (XIla and
HMWK), between healthy control and patients with HCC with
diverse MELD score. Moreover, patients with PVT showed
significantly higher contact system activation than those with-
out PVT, and the markers of contact system activation, ele-
vated factor XIla and decreased HMWK which have the odds
ratio larger than 1.00 in multivariable analysis for PVT, were
revealed as independent risk factors of thrombosis. To the best
of our knowledge, this is the first demonstration of contact
system activation in patients with HCC with PVT. Since factor
XII-driven contact activation contributes to thrombosis,*” our
data suggest that it plays a role in thrombotic events in patients
with HCC.

The pathophysiology of PVT in liver cirrhosis generally
includes reduced portal blood flow, hypercoagulability, and
vascular endothelial injury.” Since PVT in liver cirrhosis com-
monly occurs in association with HCC, HCC as such is con-
sidered to promote PVT through direct tumor cell invasion and
induction of a hypercoagulable state.'*'* The hypercoagul-
able state in HCC has been suggested to be caused by breaking

of the precarious balance of procoagulant and anticoagulant
protein levels.'> However, which factor initiates the coagula-
tion cascade is not yet entirely clear. Our demonstration of a
strong association of contact system activation with PVT sug-
gests that factor Xll-initiated coagulation activation initiates
the coagulation cascade in PVT.

In the contact system, factor XII is activated by negatively
charged surfaces. Although it can be activated in vitro by a
negatively charged artificial surface such as kaolin,® the sur-
faces that activate factor XII in vivo have not been identified.
Recent studies have suggested that NET components released
from neutrophils and polyphosphates released from activated
platelets could provide negatively charged surfaces for contact
system activation.*>'* Our results that NET formation markers
were elevated in patients with HCC with PVT suggest that the
NET components could indeed provide negatively charged sur-
faces for factor XII activation.

Cancer cells'® and cancer-derived exosomes'® can induce
NET formation, which could accelerate thrombosis. Therefore,
it is likely that HCC spreads within the liver and the spreading
tumor cells induce NET formation and accelerate PVT.

Since factor XIla converts prekallikrein to o-kallikrein,
which cleaves HMWK to produce bradykinin,* the circulating
factor XIla level increases and the HMWK level decreases
upon contact system activation. As expected, the level of factor
Xlla gradually increased and that of HMWK decreased as the
MELD score increased in our study, suggesting that the contact
system is activated as the severity of liver disease increases.
Furthermore, ALT and PT, well-known markers of liver dis-
ease severity, were revealed as variables contributing to factor
XllIa level, by showing statistically significant regression coef-
ficient in multivariable linear regression analysis. Though these
markers could be affected by many other clinical factors, there-
fore, it does not mean that these can be readily used as direct
predictor for thrombosis risk assessment; however, these find-
ings provide evidence of contact system activation in liver
disease.

Portal vein thrombosis is considered as a poor prognostic
factor in HCC.? Prediction of PVT can be useful for manage-
ment and prevention of HCC. Interestingly, our data showed
that factor XIla and HMWK were independent thrombotic risk
factors. Considering that the hypercoagulable state should be
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actively investigated in liver cirrhosis,? these markers of con-
tact system activation can be suggested as predictors of throm-
botic risk in patients with HCC.

Several therapeutics that inhibit contact system activation
have been suggested as thrombosis inhibitors.'” Inhibiting anti-
bodies and antisense oligonucleotides targeting factor XII or
factor XI prevent thrombosis in animal and human studies.”'”
These therapeutics are not only effective for thrombosis man-
agement but also minimize bleeding risk because the contact
system is involved only in thrombosis but not in hemostasis.
Our results showing an association of contact system activation
with PVT suggest that therapeutics inhibiting contact system
activation can be potentially used to manage PVT in patients
with HCC.

Our study has however several limitations. First, it was
designed retrospectively. Therefore, the risk factors of PVT
could be assumed only by logistic regression analysis. In the
future, a prospectively designed study will be necessary to
validate our results. Second, contact system components are
enzymes that act for a short time and are then rapidly down-
regulated by plasma inhibitors such as C1 esterase inhibitor.'®
Measurement of factor XIIa-C1 esterase inhibitor may increase
the sensitivity of contact system activation detection. However,
measuring the levels of factor XIla and HMWK was enough to
reflect contact system activation in our study.

In summary, this study demonstrated that, in patients with
HCC, the contact system was gradually activated along with
NET formation as the MELD score increased. Alanine amino-
transferase and PT, well-known markers of liver disease, were
significant variable contributing to factor XIla level, suggest-
ing a positive association between contact system activation
and liver disease severity. Interestingly, the contact system
activation markers were revealed as significant thrombotic risk
factors in patients with HCC.

In conclusion, contact system activation and NET formation
are well correlated with liver disease severity, and a marker of
contact system activation and markers of NET formation can be
used as thrombotic risk factors in patients with HCC. Our find-
ings also suggest that therapeutics inhibiting the contact system
can be potentially used to manage PVT in patients with HCC.
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