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Abstract
AIM: To evaluate vascular endothelial growth factor 
(VEGF) and tryptase in hepatocellular cancer (HCC) 
before and after trans-arterial chemoembolization 
(TACE). 

METHODS: VEGF and tryptase serum concentrations 
were assessed from 71 unresectable HCC patients 
before and after hepatic TACE performed by binding 
DC-Beads® to doxorubicin. VEGF levels were examined 
for each serum sample using the Quantikine Human 
VEGF-enzyme-linked immuno-absorbent assay (ELISA), 
whereas tryptase serum concentrations were assessed 
for each serum sample by means of fluoro-enzyme 
immunoassay (FEIA) using the Uni-CAP100 tool. 
Differences between serum VEGF and tryptase values 
before and after TACE were evaluated using Student t  
test. Person's correlation was used to assess the degree 
of association between the two variables. 

RESULTS: VEGF levels and serum tryptase in HCC 

Prospective Study
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patients before TACE had a mean value and standard 
deviation (SD) of 114.31 ± 79.58 pg/mL and 8.13 
± 3.61 μg/L, respectively. The mean levels and SD 
of VEGF levels and serum tryptase in HCC patients 
after TACE were 238.14 ± 109.41 pg/mL and 4.02 ± 
3.03 μg/L. The changes between the mean values of 
concentration of VEGF and tryptase before treatment 
and after treatment was statistically significant (P  < 
0.000231 and P  < 0.00124, by Wilcoxon-Mann-Whitney 
respectively). A significant correlation between VEGF 
levels before and after TACE and between tryptase 
levels before and after TACE was demonstrated (r  = 
0.68, P  = 0.003; r  = 0.84, P  = 0.000 respectively).

CONCLUSION: Our pilot results suggest that the 
higher serum VEGF levels and the lower tryptase levels 
following TACE may be potential biomarkers changing 
in response to therapy.

Key words: Serum levels; Tryptase; Vascular endothelial 
growth factor; Hepatocellular cancer; Chemoembolization

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Experimental data suggest that vascular 
endothelial growth factor (VEGF) and tryptase play a 
role in tumour angiogenesis. This study aims to assess 
VEGF and tryptase serum concentrations from 71 
hepatocellular cancer patients before and after hepatic 
trans-arterial chemoembolization (TACE) by mean of 
enzyme-linked immuno-absorbent assay and fluoro-
enzyme immunoassay methods respectively. Here, we 
demonstrated higher serum VEGF levels and lower 
tryptase levels following TACE as compared to pre-TACE 
levels. We suggest that changes of VEGF and tryptase 
levels may be biomarkers of response to therapy. In 
this context tryptase and VEGF receptor axis inhibitors 
may be evaluated as adjuvant therapies. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a well-estab
lished hypervascular tumour with a high rate of 
angiogenesis[1]. Interestingly, published data suggest 
that the expression levels of classical surrogate 
angiogenic factors such as vascular endothelial growth 
factor (VEGF) or non-classical pro-angiogenic factors, 
such as tryptase, in primary tumour tissue or in 
circulating blood fractions could express the biological 

aggressiveness of malignancies and provide prognostic 
information[2-9].

For what concern VEGF it is a powerful angiogenic 
cytokine that induces proliferation of both endothelial 
cells and tumoural cells[10]. The soluble isoform of VEGF 
is a dimeric glycoprotein of 36-46 kDa, mainly induced 
by hypoxia in tumoural and stromal cells that in turn 
release VEGF. VEGF binds to two specific tyrosine-
kinase receptors so called: VEGF-1 (flt-1) and VEGF-2 
(KDR/flk1) respectively[11]. From a therapeutic point of 
view, the axis VEGF/VEGF-receptors is an important 
anti-angiogenic target for the treatment of HCC 
patients[12]. Several published studies suggest that the 
assessment of VEGF in the serum of HCC patients may 
predict the biological aggressiveness of tumours and 
indicate response to therapy. However, no conclusive 
data are available[13-17].

With special regard to tryptase, it is a neutral 
serine protease stored in the cytoplasmic granules 
of mast cells (MCs). To date, four different forms of 
tryptase have been identified: -γ, -β, -α and -δ[18]. Of 
these, α- and β-tryptase are the two best circulating 
isoforms described and they are released from MCs[19]. 
Interesting experimental studies show tryptase 
is as a potent angiogenic factor able to stimulate 
the neovascularization in both in vitro and in vivo 
laboratory experiments[20-28]. In particular, it induces 
vascular tube formation by either directly acting 
through mitogen action on endothelial cells[29-38]. 
Tryptase acts as an agonist of a receptor activated by 
an endogenous protease, PAR-2, which is expressed on 
endothelial cells and involved in their proliferation[39,40]. 
Interestingly, in several pet and human malignancies 
a correlation has also been demonstrated between 
angiogenesis and MCs positive to tryptase[41-46]. With 
particular reference to HCC cells, recently a possible 
role of tryptase positive MCs in the development of the 
disease has been suggested[47].

This prospective study aimed to assess levels of 
both VEGF and tryptase in HCC serum before and 
after hepatic trans-arterial chemoembolization (TACE) 
treatment to see if the above pro-angiogenic factors 
levels change in response to TACE. In addition the 
correlation between VEGF and tryptase each to other 
and important clinico-pathological features has been 
also analysed. 

MATERIALS AND METHODS
Study population and treatment procedure
Between April 2008 and March 2012, 71 patients 22 
females, 49 males, median age 74 years (range: 47-86 
years) with intermediate grade [stage B according 
to the Barcelona Clinic Liver Cancer (BCLC) staging 
classification] unresectable HCC underwent TACE of 
the liver at the Interventional Radiology Unit with 
Integrated Section of Translational Medical Oncology of 
National Cancer Research Centre "Giovanni Paolo Ⅱ", 
Bari, Italy. All patients were enrolled in this prospective 
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Table 2  Base clinical characteristics of 71 patients with 
hepatocellular carcinoma

study and underwent measurement of serum VEGF 
and tryptase before and after TACE. All participants 
signed a written informed consent. The pre-treatment 
evaluation included: biochemical liver function, 
complete blood count, coagulation profile, dose serum 
alpha-fetoprotein (AFP), chest X-ray, liver ultrasound 
with contrast medium (CEUS), and computed 
tomography (CT) scan of the abdomen. The diagnosis 
of HCC was histologically confirmed by echo-guided 
needle aspiration or, alternatively, on classic imaging 
findings for HCC associated with pathological increase 
of AFP levels higher than the cut-off 200 ng/mL.

The selection criteria for TACE at our institute 
includes: (1) absence of extrahepatic metastases; (2) 
patency of the portal vein; and (3) adequate functional 
reserve of the liver (stage A or B according to Child-
Pugh classification, serum bilirubin ≤ 2.4 mg/dL, 
absence of ascites and hepatic encephalopathy) as 
shown in Table 1.

The baseline clinical data of 71 patients studied are 
listed in Table 2. Fifty-two (73%) patients were positive 
for the hepatitis C antibody, eight (11%) patients were 
positive for the hepatitis B surface antigen (HBsAg), 
seven (10%) patients were affected by alcoholic liver 
disease and four (6%) were affected by nonalcoholic 
steatohepatitis (NASH). The serum AFP median level 

of patients was 79 ng/mL. Forty-eight (67%) patients 
had normal levels (< 20 ng/mL) of AFP, while the other 
twenty-three (33%) had higher levels.

TACE was performed under general anesthesia 
by binding DC-Beads® (Biocompatibles, Farnham, 
GB) to a total dose of doxorubicin of 100 mg/50 mL 
and injecting through the percutaneous insertion of 
a microcatheter into the femoral artery of the patient 
under fluoroscopic guidance (X-ray), corresponding to 
the artery of the liver. When possible, the artery that 
feeds the tumor was cannulated in a superselective 
approach. 

Preparation of samples and biomarker assessment
All subjects avoided aspirin or non-steroidal anti-
inflammatory drug ingestion for 4 wk before blood 
collection. The peripheral blood samples were taken 
between 7:00 am and 9:00 am after overnight fasting 
the day before and one day after TACE treatment. 
They were immediately dispensed in test tubes with 
serum separator tubes without additives (Becton 
Dickinson Vacutainer Systems Hemogard, Plymouth, 
United Kingdom) and left for at least 30 min at room 
temperature to allow for a complete clotting process. 
The samples were then centrifuged at 1500 × g for 
15 min at room temperature and the supernatant 
recovered. Patient sera thus obtained were collected, 
aliquoted and frozen at -80  ℃ until the analysis phase. 

VEGF levels were examined for each serum sample 
using the Quantikine Human VEGF-enzyme-linked 
immuno-absorbent assay (ELISA) (R&D Systems Inc., 
Minneapolis, MN, United States), which recognises 
VEGF-165[3,4] According to the manufacturer, the 
minimum detectable dose of VEGF is typically less than 
9.0 pg/mL. Values below 9.0 pg/mL were considered 
as zero. Tryptase concentrations were assessed for 
each serum sample by means of fluoro-enzyme 
immunoassay (FEIA) using the Uni-CAP100 tool 
(Pharmacia Diagnostics AB, Uppsala, Sweden).

Statistical analysis
Statistical analysis was performed using SPSS software 
(version 17.0). Descriptive statistics of serum VEGF 
and tryptase levels were used to calculate means and 
ranges of distribution (range and standard deviation). 
Differences between serum VEGF and tryptase values 
before and after TACE were evaluated using Wilcoxon-
Mann-Whitney test. Person’s correlation was used 
to assess the degree of association between the 
two variables. A P value of < 0.05 was considered 
significant. 

RESULTS
The levels of VEGF and serum tryptase in patients 
studied at the time of pre-treatment (24 h before 
TACE) had a mean value and standard deviation 
(SD) of 114.31 ± 79.58 pg/mL and 8.13 ± 3.61 μg/L 
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Table 1  Eligibility criteria for treatment with trans-arterial 
chemoembolization

HCC
   Cytohistologically confirmed
   Unresectable (technical reasons, comorbidities, refusal of treatment)
Adequate liver function level
    Child-Pugh class (A) or (B)
    Bilirubin ≤ 2.4 mg/dL
    Absence of ascites
 BCLC intermediate stage (B)
   N1 tumor nodule → diameter > 3.0 cm
    Max N3 tumor nodules → diameter ≤ 3.0 cm 
 ECOG performance status of 0 to 2

TACE: Trans-arterial chemoembolization; HCC: Hepatocellular carcinoma; 
BCLC: Barcelona Clinic Liver Cancer; ECOG: European Cooperative 
Oncology Group.

Age (yr)1 74 (47-87)
Sex (M/F) 42/29
Etiology (HCV/HBV/alcoholic/NASH) 52/8/7/4
Child-Pugh grade (A/B) 45/26
Serum AFP (ng/mL)1      79 (2-5967)
Serum bilirubin (mg/dL)1     1.7 (0.2-2.5)
Serum AST (IU/L)1      53 (18-201)
Serum ALT (IU/L)1 36.4 (8-187)

1Data are expressed as median values (range). HCV: Hepatitis C virus; 
HBV: Hepatitis B virus; NASH: Nonalcoholic steatohepatitis; AFP: 
Alpha-fetoprotein; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; IU: International unit.
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treatment was statistically significant significant (P 
< 0.000231 and P < 0.00124, by Wilcoxon-Mann-
Whitney test respectively (Figure 1A and B; Table 3). 
A significant correlation between VEGF levels before 
and after TACE and between tryptase levels before and 
after TACE was demonstrated (r = 0.68, P = 0.003; r 
= 0.84, P = 0.000 respectively) (Figure 2A and B).

DISCUSSION
HCC is the fifth leading cause of cancer mortality in 
the world. The identification of serum biomarkers 
of easy execution and surrogate of the presence or 
persistence of disease may improve clinical outcome. 
To this end we analyzed VEGF and tryptase serum 
levels in HCC before and after TACE. Our data 
indicated the lack of correlation between serum 
tryptase and VEGF levels before TACE and between 
serum tryptase and VEGF levels after TACE suggesting 
an independent role of tryptase and VEGF in the 
angiogenic process. Interestingly, this data may be 
important from a therapeutic point of view suggesting 
that angiogenesis involved in HCC may be inhibited 
at two different molecular levels. Here, we also 

respectively. No significant correlation between serum 
levels of VEGF and tryptase each to other was shown. 
Again no significant correlation between serum levels 
of VEGF and tryptase and the main clinico-pathological 
features was shown. The mean levels and SD of VEGF 
and tryptase in serum determined at the time of the 
post-treatment (+ 24 h after TACE) were 238.14 ± 
109.41 pg/mL and 4.02 ± 3.03 μg/L. The changes 
between the mean values of concentration of VEGF 
and tryptase before treatment and after locoregional 
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Figure 1  The levels of serum tryptase (A) and vascular endothelial growth factor (B) in patients. A: Shows changes between serum tryptase levels before 
trans-arterial chemoembolization (TACE) (blue line) and serum tryptase levels after TACE (red line). A clear decreased concentration is showed for each patient after 
TACE; B: Shows changes between serum vascular endothelial growth factor (VEGF) levels before TACE (blue line) and serum VEGF levels after TACE (red line). A 
clear increased concentration is showed for each patient after vascular endothelial growth factor.

B

A

Table 3  Serum vascular endothelial growth factor and 
tryptase levels in 71 patients with hepatocellular cancer 
measured 1 d prior and subsequent to treatment with trans-
arterial chemoembolization

Sample collection
time

n Mean concentrations 
of serum VEGF ± SD 

(pg/mL)

Mean concentrations of 
serum tryptase ± SD 

(μg/L)

24 h before TACE 71 114.31 ± 79.58 8.13 ± 3.61
24 h after TACE 71   238.14 ± 109.41 4.02 ± 3.03
P value < 0.000231 < 0.00124

VEGF: Vascular endothelial growth factor; HCC: Hepatocellular car
cinoma; TACE: Trans-arterial chemoembolization; SD: Standard deviation.
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demonstrated that VEGF significantly increased after 
TACE (Figure 1A). Our data agree with results from 
Shim et al[15] and Sergio et al[17]. The first Author’
s group found that VEGF levels were significantly 
higher 1-2 d after TACE performed with Doxorubicin 
plus lipiodol than at baseline. In this study, over-
expression of VEGF was associated with extrahepatic 
metastases. The second Author’s group also found 
that when TACE is not totally effective, it may induce 
a significant neoangiogenic reaction, as suggested 
by an increase in VEGF following treatment; this 
affected patient survival[17]

. Differently to the above 
studies we detected VEGF after TACE performed with 
doxorubicin loaded with microspheres called DC-Bead. 
Although TACE represents the a main treatment for 
stage B HCC patients (BCLC classification), TACE also 
induces hypoxia and stimulates angiogenesis via VEGF 
expression that in turns may help residual cancer cells 
to survival[12,14,48,49]. Due to this VEGF serum rebound 
patients with higher serum VEGF levels post treatment 
may be select to receive an adjuvant therapy with 

sorafenib that inhibits the VEGF/VEGF-receptor axis. 
With particular reference to tryptase, experimental 

data indicate that it plays an important role in tumour 
angiogenesis[37-43,50-54]. Our results show high basal 
levels of serum tryptase as compared to serum 
tryptase levels after TACE. It is therefore likely that the 
levels of serum tryptase may be a surrogate indicator 
of the magnitude of the angiogenic process and of 
the presence of HCC tumor tissue. Substantiating 
this assumption, our results showed that following 
TACE and subsequent tumor tissue necrosis serum 
tryptase levels decrease (Figure 1B), as if due to the 
destruction of MC content in the tumor nodule the 
source production of tryptase itself ceases. Hence, 
these serin-proteases may play a role as a predictive 
factor of response to locoregional treatment in HCC 
patients. In the present study, we measured tryptase 
level 24 h before treatment as a circulating biomarker 
surrogate for the presence of neoplastic disease, and 
again 24 h after treatment to evaluate the reduction 
of the concentration of the same. The rationale for 
assessing levels of tryptase after 24 h lies in the short 
life of tryptase, which is about 4 hours. Therefore, if 
the primary source of tryptase production no longer 
exists, after 24 h you would expect a significant 
reduction in serum concentration. This assumption was 
reflected in the data we obtained, as the difference 
between men pre-and post-treatment concentrations, 
expressed in g/L that was statistically significant. 
Should tryptase levels not fall during post-treatment 
in some patients, this could be indicative of residual 
disease and therefore patients should undergo further 
diagnostic studies and therapies. For these patients 
tryptase inhibitors, such as Nafamostat mesilate or 
Gabexate, may be evaluated in future awaited clinical 
trials. Although preliminary, and therefore worthy of 
further investigation, the results of this pilot study 
suggest a role of both VEGF and tryptase as possible 
biomarkers in HCC patients underwent to TACE able 
to select patients in which an adjuvant anti-angiogenic 
therapy may be recommended. 
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COMMENTS
Background
Hepatocellular carcinoma (HCC) is a hypervascular tumour in which 
angiogenesis has a crucial role in progression, as already demonstrated in 
other tumours. Pro-angiogenic factors, such as vascular endothelial growth 
factor (VEGF) and tryptase, inducing proliferation of both endothelial and 
tumoural cells, may predict the biological aggressiveness of tumours and 
represent important anti-angiogenic targets in HCC. However, there are no 
conclusive data available about the assessment of VEGF serum levels of HCC 
patients. 
Research frontiers
To establish the role of tryptase and VEGF in HCC progression angiogenesis-
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Figure 2  Serum tryptase (A) and trans-arterial chemoembolization (B) 
levels before TACE. A: Shows a strong correlation between serum tryptase 
levels before trans-arterial chemoembolization (TACE) and serum tryptase 
levels after TACE, in that a decreased tryptase levels is always present for each 
patient; B: Shows a good correlation between serum VEGF levels before TACE 
and serum VEGF levels after TACE, in that an increased VEGF levels is always 
present for each patient.
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mediated, by mean the assessment of their serum levels in HCC patients. To 
identificate serum biomarkers of easy execution and surrogate of the presence 
or persistence of disease that may improve clinical outcome. To determine 
if these pro-angiogenic factors may be considerable as possible biomarkers 
able to select patients in which an adjuvant anti-angiogenic therapy may be 
recommended after TACE in HCC patients. 
Innovations and breakthroughs
Several published studies suggest that the assessment of VEGF in the serum 
of HCC patients may predict the biological aggressiveness of tumour, however, 
no conclusive data are available. This is the unique study, in which both serum 
levels of VEGF and tryptase were assessment after hepatic chemoembolization 
with DC-Beads® (DEB-TACE) in HCC patients and that they could be indicative 
of residual disease. 
Applications
In this patients setting tryptase inhibitors (Nafamostat mesilate or Gabexate) 
or anti-VEGF/VEGFR therapy could slow HCC progression, even if these 
therapeutic approaches may be evaluated in future awaited clinical trials in 
HCC patients underwent to DEB-TACE.
Terminology
VEGF is an angiogenic cytokine (induced by hypoxia in tumoral microen
vironment) that binding VEGF receptors-1/2 promotes proliferation of both 
endothelial and tumoural cells; Tryptase is an angiogenic serine protease 
(stored in mast cells) that binding a receptor activated by an endogenous 
protease stimulates proliferation of endothelial cells; TACE means trans-arterial 
chemoembolization (hepatic locoregional treatment used in stage B of HCC 
patients according to Barcelona Clinic Liver Cancer staging classification in 
which the blood supply to the tumor is blocked from chemotherapeutic agent 
(doxorubicin, mitomycin) plus lipiodol; DEB-TACE is TACE with drug-eluting 
beads (DC-Beads®) that combines the drug with the embolization device by 
using microsphere.
Peer-review
This pilot study could be interesting for the reader because provides good 
explanation of the potential benefits of pro-angiogenic factors with possible 
clinical impact in HCC patients undergone to DEB-TACE.
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