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Abstract

Background: Tumor grading and architectural growth patterns
impact the results, but the unfavorable tumor biology is revealed no
sooner than on explant examination. Thus, they are not concerned
in preoperative calculations.

Aim of study: To evaluate the correlation between circulating
EPCS, soluble angiogenesis factors and architectural growth
patterns of HCC in surgical patients.

Methods: The study reported on 159 patients treated for HCC in
2009/2013; 58 were suitable for surgery, 55 for liver transplantation
and 46 for palliation. The rate of circulating EPCs was assessed by
the flow cytometer; the serum VEGF concentration was measured
by ELISA. The tissue samples were examined for tumor grading
and architectural growth patterns of HCC, and for the expression of
VGEF/VEGFR-2 by immunohistochemical staining. The data were
analyzed statistically.

Results: There were 58 trabecular, 43 tubular, and 58 solid tumors
of HCC. There were significant differences in the rate of circulating
HSCs and EPCs in the blood of their possessors (Chisq=5.8, p<0.05
and Chisq=7.14, p<0.02, respectively). The rate of circulating EPCs
correlated with the concentration of VEGFR-2 within the tumor tissue
according to the grade of HCC differentiation (r=0.5 p<0.02, r=-0.24,
p<0.01, r=-0.5, p<0.004, for Grade I, Il, and lll, respectively).

Conclusion: Angiogenesis capability of the tumor corresponds
to its histologic features. The results indicate a benefit from the
evaluation of angiogenesis factors in the course of patients’
selection to the treatment options.

Introduction

Hepatocellular carcinoma is a systemic process, developing in
the majority of patients upon post-inflammatory or alcohol-induced
liver cirrhosis. The only potentially curative options are surgical
resection and liver transplantation. The relevant clinical scoring
systems provide criteria for the eligibility of patients as concerns liver
sufficiency and tumor development. Many reports indicate that up to
40% of patients have tumor recurrence and stress that a significant
percentage of them is revealed within the first year of follow-up,
however [1-6]. Certainly, such clinical experience indicates the need
for criteria that would be based to a larger extent on tumor biology
[7,8].

Some new hopes for a more effective system of clinical evaluation
concern the mechanism of angiogenesis that is fundamental for
the HCC growth. The tumor stimulates the process of angiogenesis
by shifting the balance between stimulators and inhibitors of
angiogenesis towards pro-angiogenesis factors [9-11]. Tumor-derived
cytokines, especially the vascular endothelial growth factor (VEGF),
foster the population of stem and progenitor cells in peripheral blood
circulation. The increase of circulating progenitor cells and the serum
VEGF concentration were found in several studies to be associated
with a more aggressive propriety of HCC. It is assumed that the
evaluation of the preoperative level of angiogenesis factors may
indicate unfavorable tumor biology prior to the decision concerning
the treatment option. The patient selection for the procedure could
thus be more judicious and predictive [12-15].

The purpose of the study was to assess the correlation between
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the level of soluble angiogenesis factors in the peripheral blood
circulation, the expression of angiogenesis factors in on-explant HCC
tumor tissue and the histologic characteristics of HCC, including
tumor vascular invasion, grading and architectural growth pattern,
in surgical patients.

Material

General considerations

The study was carried out prospectively on 159 patients with
hepatocellular carcinoma treated from 2009 to 2013 at the Department
of General, Transplant and Liver Surgery, in cooperation with The
Laboratory of Cytometer, Department of Oncology, Hematology
and Internal Medicine, and the Department of Pathology, The
Central Teaching Hospital, Medical University of Warsaw, Banacha
la, Warsaw, Poland. The study constitutes part of research projects
granted by the National Science Centre (Grant No. NN 403 177940
[E 154] of the National Science Centre, Poland). The study protocol
was approved by the Bioethics Committee of Medical University of
Warsaw, and an informed consent was obtained from all patients
undergoing the procedure.

Including criteria - group of patients

The study covered patients with HCC selected to the appropriate
treatment procedure according to the TNM classification, the
BCLC (Barcelona Clinic Liver Cancer) score system, the Child-
Pugh classification and the Milan criteria. None of them had been
pretreated for HCC.

Group A - Liver resection: Fifty eight patients (36 males, 22
females, median age 56 years)presented with a single tumor at the
I-1I clinical stage (T1/T2,N0,M0), A1-A4 BCLC classification, with
proper liver function (healthy liver or cirrhotic liver in the Child-Pugh
class A), and were selected for liver resection. In 29 HCC developed
in a healthy liver, in 29 due to liver cirrhosis caused by viral hepatitis
(HBV/HCV), with the component of alcoholic liver disease (ALD)
present in 9 of them. No evidence of gross vascular invasion and no
regional nodes or distant metastases were present. The median serum
alpha-fetoprotein (AFP) for all 58 patients was 13.50ng/ml, SD+/-
14557. There were no significant post-operative complications related
to the procedure in the reported group.

Group B - Liver transplantation: Fifty five patients (38 males,
17 females, median age 51 years) presented with liver cirrhosis caused
by viral hepatitis (HBV/HCV), with the component of alcoholic
disease (ALD) confirmed in 10 of them. They were diagnosed with
a single tumor of <5cm or 3 tumors with a total diameter of <3cm
(all fulfilling the Milan criteria), at the clinical stage I-IITNM, Al-
A4BCLC, and with liver cirrhosis of Class A-B according to the Child-
Pugh classification. They were qualified for liver transplantation, and
successfully transplanted in 2009/2010. No evidence of gross vascular
invasion and no regional nodes or distant metastases were present.
The median serum alpha-fetoprotein (AFP) for all 55 patients was
43.35ng/mL, SD+/-3444.47. There were no significant post-operative
complications related to the procedure of liver transplantation in the
reported group.

Group C - Palliative non-surgical treatment: Forty six patients
(26 males, 20 females, median age 63 years) presented with advanced
HCC. The stage of cancer development disqualified them from
the operation, and they were indicated for palliative treatment. In
38 patients liver cirrhosis developed due to viral hepatitis (HBV/
HCV), with the component of alcoholic disease confirmed in 10 of
them. In 8 patients the tumor developed in a healthy liver. In 35%
of them evidence of gross vascular invasion was present, in 15% the
regional lymphnodes were invaded, in 12% distant metastases were
present, as well. None of them had been pretreated for HCC but 62%
presented with a history of treatment for liver dysfunction and portal
hypertension; 9 patients were clinically evaluated as belonging to
Class A, 25 to Class B, and 12 to Class C, according to the Child-Pugh
classification. The median serum alpha-fetoprotein (AFP) for all 46

patients was 59.05ng/ml, SD+/-17048. All patients underwent USG
guided biopsy of the tumor prior to the treatment.

Excluding criteria

The excluding criteria were age>80, diagnosed coexistence
of coronary heart disease, past history of myocardial infarction,
extensive burns, ischemic legs against vascular inflammation and
atherosclerosis, extra hepatic pathology precluding surgery, past
history of angiogenesis-inhibiting chemotherapy, statins’ therapy or
gene therapy.

Methods
Clinical considerations

The clinical diagnosis and assessment of liver function and cancer
staging in patients with hepatocellular carcinoma were based on the
clinical view, laboratory tests - blood morphology, levels of albumin,
bilirubin, transaminases’ activities (ASTAT, ALAT), alkaline
phosphatase (AFP), coagulation factors (INR, platelet count-PLT),
the level of alpha-fetoprotein (AFP) in the serum and the screening
tests - ultrasound (ultrasound and Doppler ultrasound), computed
tomography (CT) and magnetic resonance imaging (MRI).

Flow cytometer measurements

The identification of the desired cell fraction was achieved by
the standard enumeration of human endothelial progenitor cells by
surface markers expression according to the procedure approved
by MiltenyiBiotec, Germany. Samples of 2 ml of fresh peripheral
venous blood were collected from each patient into a tube containing
K3EDTA, and processed within 1 hour. Seven test tubes containing
100puL of fresh blood each + 40uL EPC Staining Cocktail composed
of surface antibodies (10uL CD34 FITC BD Biosciences, 10uL
CD133 PE MiltenyiBiotec, 10uL CD45 Per CP BD Biosciences
and 10pL CD309 APC MiltenyiBiotec) constituted the measured
sample; 3 test tubes containing 100uL of fresh blood each + 40uL
EPC Cocktail (10uL CD34 FITC BD Biosciences, 10uL CD133 PE
MiltenyiBiotec, 10 uL CD45 Per CP BD Biosciences but 10uL Isotype
ControlMiltenyiBiotec) constituted the control. After 20 minutes
of incubation, red cells were lysed with FACS Lysing Solution (BD
Biosciences), incubated again for 10 minutes, rinsed in CellWash (BD
Sciences) and pooled.

Then the samples were consecutively analyzed with the flow
cytometer FACS CANTO II (BD Biosciences). The data were
analyzed by using the multiparametric cells gating strategy approved
by the International Society of Hematology and Graft Engineering
(ISHAGE). The circulating hematopoietic stem cells were defined
by the phenotype of CD34+, CD133+, CD45dim and quantified as
percentage within the white blood cells population (%HSCs/WBC).
The endothelial progenitor stem cells were defined by the phenotype
of CD34+, CD133+, CD45dim, CD309+, and quantified as percentage
within the hematopoietic stem cells subpopulation (% EPCs/HSCs).

Serologic evaluation

Serum samples for the evaluation of the vascular endothelial
growth factor (VEGF) were collected from the patients simultaneously
with the blood collection. They were drawn into a serum separator
and centrifuged at 3,000rpm for 10 minutes, then stored at -80°C. The
VEGF levels were measured with an enzyme-linked immunosorbent
assay kit designed to measure human serum VEGF concentration
(Quantikine Human VEGF Immunoassay; R&D  Systems,
Minneapolis, MN, USA); 100uL recombinant human VEGF standard
and serum sample were serially diluted and pipetted onto a microtiter
plate coated with murine monoclonal antibody specific for human
VEGF and incubated for 2 hours at room temperature. After washing,
a horseradish peroxidase-linked polyclonal antibody specific for
VGEF was added, and after further washing tetramethylbenzidine was
added. The sensitivity of the assay was 9pg/mL, and the coefficients
of variation of intra-assay and inter-assay determination were in the
range of 4.4-6.7% and 6.2-8.8%, as indicated by the producer. The
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Table 1: Results of pathologic investigation indicating the number of tumors in relation to the grade of development, growth patterns and vessel invasion in 159 HCC

patients.

Liver Resection

) Trabecular 12 27
Architectural growth Acinar 15 14
pattern

Solid 31 14

Gl 7 11

Grade of differentiation Gl 39 38

Gl 12 7

. ’ . No 36 40
Microvascular invasion

Yes 22 15

Liver Transplant.

Palliative Treatment Total Statistics
19 58
14 43 Chisq=13.44, p< 0.01
13 58
3 21
34 111 N.S.
9 28
22 98 )
Chisq=9.43, p< 0.01
26 63

Table 2: The different angiogenesis potential of the patient treated with liver resection, liver transplantation and palliatively for HCC.

Liver Resection

Liver Transplant.

Palliative Treatment Kruskal-Wallis Test

Mean SD Mean SD Mean SD Chisq p-value

Hematopoietic stem cells (%HSCs/WBC) 0.017 0.01 0.011 0.04 0.019 0.01 6.64 p<0.03
Endothelial progenitor cells (n.EPCs/1mL) 2415 18.1 18.95 19.15 19.8 12.8 8.8 p<0.01
Serum VEGF concentrations (pg/mL) 274.0 200.7 284.64 242.9 210.5 331.6 5.45 p<0.06

Tumor VEGF 73.5 17.9 80.1 6.7 83.5 13.5 18.5 p<0.001

Tumor VEGFR-2 45.6 12.6 451 7.7 59.9 15.5 44 p<0.01

VEGF concentration in each sample was measured in duplicate by an
investigator blinded to the clinical information.

Pathologic study

On explant analysis: The explanted tissues (livers or parts of
tumor-containing tissue) from the 113 resected and transplanted
patients as well as thick needle tissue samples biopsied from the
46 patients undergoing palliative treatment were examined by
an expert pathologist with experience in liver cirrhosis and HCC
pathology. The pathologist was unaware of the pre-operative rates of
circulating HSCs and EPCs enumeration, and levels of serum VEGF
concentrations. Surgical specimens were fixed in 10% formalin and
embedded in paraffin. 4um-thick sections were cut from blocks and
stained with hematoxylin and eosin to study the features of HCC, and
the tumor surrounding liver tissue. Advances in liver cirrhosis were
evaluated, and the absence of microsatellite lesions corresponding
to intrahepatic metastases was confirmed. Serial sections on the
explanted livers were performed to confirm the tumor stage within the
Milan criteria. Then each tumor was also graded as moderately and
poorly differentiated according to the WHO system of classification
(modified Edmondson-Steiner system), tumor architectural growth
pattern, and presence of microvascular invasion.

Immunohistochemical evaluation: Representative regions
of blocks were identified and prepared for immunohistochemical
staining; sections were deparaffinized in xylene, rehydrated through
graded series of ethanol, and treated with 3% hydrogen peroxidase
to block endogenous peroxidase. Then, they were incubated with the
10% goat serum to reduce non-specific binding and with primary
antibodies over night at 4°C. Immunohistochemical detection
of VEGF and VEGFR-2 (CD309+) was performed with rabbit
polyclonal antibodies (Millipore), and anti-rabbit ImmPress System
(Vector Laboratories). The surrounding liver tissue on the side of the
tumor served as an internal positive control. The negative control was
obtained by replacing the polyclonal antibody with non-immunized
rabbit serum. The sections were examined by two independent
pathologists without the knowledge of the clinic-pathological data.
For each section, five random areas were selected in x400 fields, and
the number of cells with positively stained cytoplasm was counted.
The rate of positive cells was calculated by averaging the five counts,
and graded as: low < 25%, moderate 25 - 50 %, and high > 50%.

Statistical analysis

A descriptive analysis was computed for all variables. The data
for clinical settings prior to the treatment were collected in each
group. Pathologic investigations concerning the type of cirrhosis,
number of lesions, tumor grading, tumor architectural growth
pattern, and tumor microvascular invasion were carried out on the

explants obtained from patients who underwent surgery and on
tissue specimens biopsied from patients who received non-surgical
palliative treatment. The quantitative data of pre-transplant rates
of HSCs and EPCs enumeration, the serum VEGF, and the rates of
VEGF/VEGEFR-2 expression within the tumor tissue were expressed
as median, and mean +/- SD. A univariate analysis was performed
to assess the relationships between the angiogenesis factors and the
rates of circulating hematopoietic stem cells (%HSCs/WBC), the
rates of endothelial progenitor cells (%EPCs/HSCs),the serum VEGF
concentration, the expression of VEGF and VEGFR-2 in the tumor
tissue, by using Chi-square tests, Kruskal-Wallis analysis, and Test U
Mann-Whitney. The correlation between the variables was estimated
with the Spearman correlation coefficient. Results with a p-value of
less than 0.05 were considered as statistically significant.

Results

Clinical settlements

The patients from the groups qualified to particular treatment
options (liver resection - Group A, liver transplantation- Group B,
palliative treatment- Group C), differed in terms of the history of the
disease, the clinical status, and the picture at the time of presentation.
Mean values of platelet count (PLT) were 160 x109/L (SD +/-74000) in
Group A, 75 x 109/L (SD +/-46000) in Group B, and 123 x 109/L (SD
+/-82000) in Group C (Chisq=50.32, p<0.001); mean values of INR
were 1.06 (SD +/-0.14) in Group A, 1.21 (SD +/-0.17) in Group B, and
1.13 (SD +/-0.13) in Group C (Chisq=31.13, p<0.001); mean values
of alpha-fetoprotein (AFP) level were 15.5ng/mL (SD +/-14557) in
Group A, 43.35ng/mL (SD =/-3444) in Group B, and 59.05ng/mL (SD
+/-17048) in Group C (Chisq=6.2, p<0.04).

Pathologic findings and tumor angiogenesis potential

Pathologic evaluation confirmed that all patients had a
hepatocellular carcinoma. There were not microsatellites nodules
corresponding to intrahepatic metastases found in any of the patients
who underwent hepatectomy, or additional tumors that were
unrecognized prior to the operation in those who underwent partial
liver resection. Pathologic examination showed that the patients
selected to particular treatment options by the standard systems
of clinical classification differed significantly by the tumor growth
pattern and by the presence of the tumor microvascular invasion.
The differences in the grade of tumor differentiation appeared to be
not significant, however. The data related to pathologic findings are
presented in Table 1. Certainly, the patients presented with a different
angiogenesis potential of the tumor as exhibited by the significant
differences of the level and the expression of all angiogenesis factors
evaluated in the study. The values and the results of statistical analysis
are presented in Table 2.
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Figure 1: The rates of circulating hematopoietic stem cells within the WBC (%HSCs/WBC) and endothelial progenitor cells within the HSCs (%EPCs/HSCs)
in trabecular, acinar and solid tumor growth patterns in 159 surgical patients treated for HCC.
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Figure 2: The levels of serum VEGF concentration and tumor tissue VEGFR-2 expression in trabecular, acinar and solid tumor growth patterns in 159 surgical

patients treated for HCC.
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Figure 3: The rates of circulating hematopoietic stem cells within the WBC (%HSCs/WBC) and endothelial progenitor cells within the HSCs (%EPCs/HSCs) in

Grade | — Grade Il tumors in 159 surgical patients treated for HCC.
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Tumor angiogenesis propriety and tumor growth pattern

The mean rates of the circulating hematopoietic stem cells within the
WBC (%HSCs/WBC) gradually increased from 0.012 % (SD +/-0.009)
in the trabecular,0.0143 % (SD +/-0.0079) in the acinar, to 0.0181 % (SD
+/-0.008) in the solid tumors (Chisq=>5.8, p<0.05) whereas the rates of
the circulating endothelial progenitor cells within the hematopoietic

stem cells population (%EPCs/HSCs) gradually decreased from 3.43 (SD
+/-2.1) in the trabecular, 3.14% (SD +/-6.1 in the acinar, to 2.91% (SD
+/-4.5) in the solid tumors (Chisq=7.14, p<0.02) (Figure 1). The changes
found in the rates of the circulating hematopoietic and endothelial
progenitor cells were accompanied by significant changes in the mean
levels of serum VEGF concentration that ranged from 231.25pg/mL
(SD +/-230) in the trabecular, 358.83 pg/mL (SD +/-107) in the acinar,
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to 240.20 pg/mL (SD +/-168) in the solid tumors (Chisq=6.3, p<0.05),
and in the mean levels of VEGFR-2expression within the tumor tissue,
that were established at 47.2 % (SD +/-12.1) in the trabecular, 44.0 %
(SD +/-6.1) in the acinar, and 49.1 % (SD +/-14.5) in the solid tumors
(Chisq=7.24, p<0.02) (Figure 2).

Tumor angiogenesis propriety and tumor grade of
differentiation

The mean rates of the circulating hematopoietic stem cells within
WBC (%HSCs/WBC) gradually increased from 0.0091 % (SD +/-
0.007) in Grade I, 0.0151 % (SD +/-0.007) in Grade II, to 0.0165 %
(SD +/-0.008) in Grade III tumors ( Chisq=>5.82, p<0.05) whereas the
mean rates of the circulating endothelial progenitor cells within the
hematopoietic stem cells (%EPCs/HSCs) gradually decreased from
6.71 % (SD +/- 4.36) in Grade I, by 2,61 % (SD +/- 4.81) in Grade II,

and 2.60 % (SD +/-4.55) in Grade III tumors (Chisq=8.24, p< 0.02),
respectively (Figure 3). The changes in the rates of the studied cells
populations were accompanied by significant changes in the mean
levels of serum VEGF concentration, that was 215.36pg/mL (SD +/-
136) in Grade I, 306.23 pg/mL (SD +/-277) in Grade II, and 277.77pg/
mL (SD +/-258) in Grade III tumors (Chisq=7.20, p<0.02), and in the
levels of VEGFR-2 expression within the tumor tissue, that was 44.3%
(SD +/-10.5) in Grade I, 45.6% (SD +/-10.5) in Grade II, 45.5% (SD
+/-12.3) in Grade III (Chisq=8.26, p<0.001), respectively (Figure 4).

Tumor angiogenesis potential and tumor histology
correlations

The study showed some interesting correlations between the
variables and indicates the increment of angiogenesis potential
according to the tumor grading, its architectural growth pattern,
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Figure 4: The levels of serum VEGF concentration and tumor tissue VEGFR-2 expression in Grade | — Grade Il tumors in 159 surgical patients treated for HCC.
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Figure 5: The correlations between the rates of hematiopoietic stem cells within WBC (%HSCs/WBC) and tumor tissue VEGFR-2 expression in
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expression and the serum VEGF concentration in surgical patients treated for HCC.
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and the presence of the microvascular invasion to the surrounding
liver tissue. The rates of the circulating hematopoietic stem cells
within WBC (%HSCs/WBC) were found to correlate with the tumor
tissue expression of VEGFR-2 within Grade II tumors (r=0.26,
p<0.005),within Grade III tumors (r=0.44, p<0.01), and within the
solid tumors (r=0.41, p<0.001), (Figure 5). On the other hand, the rates
of the circulating endothelial progenitor cells within the hematopoietic
stem cells population (%EPCs/HSCs) were found to correlate with the
level of serum VEGF concentration within the Grade III tumors (r=
- 0.5, p<0.004) (Figure 6). The rates of the circulating hematopoietic
stem cells (%HSCs/WBC) and endothelial progenitor cells (%EPCs/
HSCs) were found to correlate with the tumor tissue VEGFR-2
expression within the tumors revealing the microvascular invasion to
the surrounding liver: r=0.44, p<0.001 for HSCs/WBC, and r=- 0.3,
p<0.02 for EPCs/HSCs, respectively (Figure 7).

Discussion

There are approximately 150-175 patients undergoing treatment
forhepatocellular carcinomaat the Department of General, Transplant
& Liver Surgery, Medical University of Warsaw every year. More than
seven hundred fifty of these patients were considered and evaluated for
treatment in the years 2009-2013. Almost 80% of them presented with
liver cirrhosis, and approximately 75% of them were found suitable
only for palliative non-surgical treatment, unfortunately. Radical
treatment by liver resection or liver transplantation was indicated to

a mere 25 - 30 % of patients. According to the generally accepted
staging systems that are used as a standard at our Department for the
evaluation of patients with HCC, these with preserved liver function
were indicated for liver resection, those with poor hepatic function
due to liver cirrhosis were qualified for liver transplantation. The rate
of 5-year overall survival approximated up to 82%, and the tumor
relapse at the 5-year follow-up did not exceed 25%. The experience
we have gained so far indicates the need for new selection criteria that
would be based, to a larger extent, on tumor biology [7,16,17].

The systems of clinical classification that are currently used for
the selection of patients with hepatocellular carcinoma allow to
estimate the grade of liver function, stage of tumor development, and
provide the rationale for the treatment option. Unfortunately, none
of them involves the correlation of the tumor stage and the tumor
aggressive proprieties with the treatment outcome, in general. Thus,
the prognosis remains partially unpredictable due to the unique
biology of the tumor [14,18,19]. As it was shown in our study, the
patients for liver resection were characterized by single, different in
size, non-advanced tumors, and normal liver function; those for liver
transplantation also had non-advanced, single or multifocal lesions
that fulfilled the Milan criteria, and liver failure; those selected for the
palliative treatment had extremely advanced pathological changes.
Although, the presentation and the status of each patient qualified
to the most suitable option of treatment seemed to be uniform
from the clinical point of view, the patients differed significantly by
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the variations of the tumor histologic architectural growth pattern,
the stage of tumor differentiation, and other biological proprieties,
as indicated by an explant histologic analysis. Thus, even within
the same group, the patients presented with different levels of
tumor angiogenesis potential, as it was shown in our study by the
significantly different values and levels of the soluble angiogenesis
factors. Undoubtedly, the reference criteria on which we based the
selection of patients may seem to be very deceptive. This is stressed in
many studies reporting the importance of the unique tumor biology
[5,8,14,18].

A previous study from our group reported an effective
identification in the peripheral circulation of HCC patients of
Hematopoietic Stem Cells (HSCs) and Endothelial Progenitor Cells
(EPCs). The study conducted on 133 patients with HCC showed that
the rates of hematopoietic stem cells, as well as the rates of endothelial
progenitor cells, increase in the peripheral blood circulation of
patients with liver cirrhosis, reaching the highest level in patients with
HCC, in comparison to the volunteers with a healthy liver. Moreover,
it was shown that the rate of hematopoietic stem cells within the
white blood cells (%HSCs/WBC) gradually increases whereas the rate
of Endothelial Progenitor Cells within the fraction of Hematopoietic
Stem Cells (%EPCs/HSCs) gradually decreases depending on the
stage of clinical tumor development [19,20]. Both cell fractions
are known as the timber for tumor angiogenesis. According to
many reports, the positive reaction with the monoclonal antibodies
CD34, CD133, and CD309 is the characteristic and most restrictive
form of determining their phenotype sand recognizing them in the
population of white blood cells [11,21,22]. As indicated by other
researchers, increased rates of progenitor cells were found in the
peripheral circulation of HCC patients in contrast to healthy subjects
and to non-tumor patients with liver cirrhosis. Gradual changes of
both these biomarkers are also observed in Child’s B and C patients
with liver cirrhosis as compared to those in Child’s A. The results
confirmed the suggestions of the potential clinical utility encouraged
by the others [10,12,20,22].

The important finding of the present study is that the rates of
cells participating in tumor angiogenesis vary inpatients selected
to the same treatment option by the standard and well established
systems of classification. Certainly, such results should not surprise
since patients present with different kinds of tumors. Despite the
similarities in the clinical settings and the parallel status of the
patients at the time of the presentation that lead to the appropriate
treatment modality, patients differ from one another very much by
the type of the tumor architectural growth pattern and the presence
of microvascular invasion to the surrounding liver tissue. Thus, the
variation in the rates of hematopoietic stem cells and endothelial
progenitor cells seems to indicate the principal importance of the
tumor biology for the angiogenesis potential of HCC, this means
for the course of the disease and the ultimate treatment outcome.
The suggestion is strongly supported by the findings indicating
significant divergence in the levels of the laboratory data (INR,
platelet counts, and alpha-fetoprotein) as well as in the values and
levels of angiogenesis fostering agents varying according to the tumor
biology. The differences in the levels of both cell fractions (HSCs
and EPCs), that are known to be the timber for new vessels creation,
seemed to be dependent upon the tumor architectural growth pattern
and the grading of the tumor dissimilarity. A similar and significant
interdependence occurred between the tumor tissue expressions of
the VEGFR-2and the rates of circulating progenitor cells. The rates
of hematopoietic stem cells (HSCs) and endothelial progenitor cells
(EPCs) correlated significantly with the expression of the VEGFR-2
in the tumor tissue, and with the level of the serum VEGF cytokine
concentration in the peripheral blood circulation. Nevertheless the
suggestions indicating gradual changes in the level of the circulating
hematopoietic stem cells and the endothelial progenitor cells from
the tumor angiogenesis proprieties should yet be verified.

The potential prognostic implications of the present findings
correspond to the results reported by others in the field of non-

invasive measuring tumor parameters [10-12,22]. The biologic
characteristics of the tumor were shown to be critical in determining
the invasiveness and prognosis of HCC [2,8,18]. Beerepoot et al. [19]
reported a functional analysis indicating an increase in circulating
endothelial cells in patients with progressive disease, and showed that
the cell level could be modulated by chemiotherapy. Baocun Sun et al.
[8] reported an association of the endothelial cells and vasculogenic
mimicry with the high tumor grade. The mechanisms of endothelial
progenitor cell recruitment into the new vessels in HCC as well as
the mechanisms of the capilarization that occurred according to
the tumor growth, development and differentiation were described
[2,9,18-24].

A reliable classification of the HCC patients and a responsible
outcome prediction, especially concerning the surgical modalities
of treatment, are still under discussion. The question is whether
the measuring of the circulating angiogenesis biomarkers will be
advantageous to other non-invasive methods for the purpose of the
prognostic stratification. It is technically simple, easily accessible, and
may provide information that could be available prior to the decision
time. Being aware of the study limitations, and the ambiguous
interpretation of the results, we would tend to support this approach.

Conclusions

The study supports the concept of mutual and positive
relationship between the activity of progenitor cells and the progress
of cancer. Thus, the identification of cells such as HSCs and EPCs in
the peripheral blood of patients with HCC could assist in assessing
the prognosis and the decision process of choosing the treatment
method.
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