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Circulating hematopoietic stem cells, endothelial progenitor cells and cancer
stem cells in hepatocellular carcinoma patients: contribution to diagnosis
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ABSTRACT
Background and aim: Circulating hematopoietic stem cells (HSCs), circulating endothelial progenitor
cells (EPCs) and cancer stem cells (CSCs) contribute to tumor development and progression and can
predict patient outcome. The aim of this study was to investigate the frequency of circulating HSCs,
EPCs and CSCs in the peripheral blood of patients with hepatocellular carcinoma (HCC) and to explore
their potential prognostic significance for HCC patients.
Methods: The study included 30 HCC patients and 20 healthy controls. The HSCs and EPCs were
enumerated with CD45, CD34, CD133, CD144 markers, while CSCs were enumerated with CD45, CD44,
CD133 markers using flow cytometry.
Results: The mean percentages of circulating HSCs were significantly lower in HCC patients than the
controls (p¼ .001), whereas the mean percentages of EPCs within the HSCs subpopulation were signifi-
cantly higher in the HCC patients than the controls (p¼ .002). The absolute count of CSCs within
100,000 peripheral blood mononuclear cells was 23.5 ± 3.4 in the HCC patients. Also, the mean percen-
tages of circulating HSCs, EPCs and the number of CSCs were significantly increased in patients with
multiple hepatic focal lesions than in patients with a single hepatic focal lesion. Both circulating HSCs
and EPCs showed significant positive correlation with the level of AFP and with the numbers of CSCs.
In the meantime, the numbers of CSCs revealed significant direct correlation with ALT, AST and AFP
levels. The one-year overall survival (OS) of the patients was 77.5%. High levels of CSCs, HSCs and
EPCs at diagnosis were all associated with worse outcome for the HCC patients.
Conclusions: Significant changes in the levels of the circulating HSCs, EPCs and CSCs occur in HCC.
These changes help the diagnosis and the prediction of HCC outcome, as higher levels of these cells
are associated with worse OS.

Abbreviations: HCC: hepatocellular carcinoma; EPCs: endothelial progenitor cells; CSCs: cancer stem
cells; CD: cluster of differentiation; AST: aspartate transferase; ALT: alanine transferase; AFP: alpha-feto-
protein; OS: overall survival
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Introduction

Hepatocellular carcinoma (HCC) is one of the main health
problems in the world. It ranks the sixth most common type
of cancer and the second main cause of malignancy-related
mortality worldwide [1–4]. Despite advances in curative treat-
ment modalities for HCC including surgical resection, liver
transplantation and radiofrequency ablation [5–8], high
recurrence rates still limit overall patients’ survival [9].
Therefore, understanding the fundamental biological changes
in HCC responsible for its rapid growth and metastasis is
essential to guide the development of new therapeutic
options [10–12].

The role of angiogenesis and vasculogenesis in solid
tumor expansion and the importance of newly formed
pathological arterial perfusion in the advancement of the
malignancy had been confirmed [13,14]. The cell fractions
coming from hematopoietic, endothelial or even the tumor
cells themselves, have been implicated in originating tumor
angiogenesis [15,16].

Previously, it was believed that the endothelial cells in the
neighboring normal tissues were the original source of the
recruitment of endothelial cells [17]. However, further studies
have demonstrated that endothelial progenitor cells (EPCs)
are mobilized from the bone marrow to the peripheral blood
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by cytokines, and contribute to tumor neovasculariza-
tion [18,19].

Some studies have reported that the levels of circulating
hematopoietic stem cells (HSCs) and EPCs in the peripheral
blood rise with advancing tumor stage [20–22]. They also
correlate with tumor staging, distant metastasis and recur-
rence after surgical treatment [23,24]. Thus, they could be
important biomarkers for the clinical evaluation of patients
with HCC, selection of treatment options and for prediction
of the treatment outcome [25,26].

Cancer stem cells (CSCs) are a small population, constitut-
ing about 2.5% of circulating tumor cells [27,28]. Although
the origin of CSCs is still indistinct, CSCs in HCC probably ori-
ginate from de-differentiation of normal liver cells [29]. Due
to their stem cell-like characteristics, CSCs are capable of ini-
tiating tumor growth, maintaining self-renewal and are
responsible for the distant metastasis and or tumor recur-
rence. They are also involved in the resistance to chemother-
apy and radiotherapy [29]. Therefore, elevation of circulating
CSCs in the blood may be related to poor prognosis for the
cancer patients [30].

The use of specific surface markers for the detection of
CSCs signifies their possible usefulness as molecular thera-
peutic targets aiming precisely towards CSCs for treatment
of HCC [31].

The current study was conducted to investigate the fre-
quency of circulating HSCs, EPCs and CSCs in the peripheral
blood of patients with HCC and to explore their potential
prognostic significance for patients with HCC.

Patients and methods

The study included 30 patients who presented with unresect-
able HCC to South Egypt Cancer Institute and Assiut
University Hospital. Twenty healthy volunteers of matched
sex and age were also enrolled as controls. The study proto-
col conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by our Institutional
Review Board, Assiut University College of Medicine (IRB no.
17300237). An informed oral consent was taken from all par-
ticipants. Study subjects’ privacy and confidentiality were

considered during collection of the data. Participants had the
right to withdraw from the study at any time and without
any rational.

The diagnosis and assessment of the patients was based
on clinical examination and laboratory investigations includ-
ing complete blood picture (Ruby Cell Dyn fully automated
blood counters, Santa Clara, CA, USA). Serum levels of albu-
min, total and direct bilirubin, alanine transaminase (ALT),
aspartate transaminase (AST) were detected by Cobas
IntegraVR 400 Plus, Roche Diagnostics (Mannheim, Germany).
Also serum level of alpha-fetoprotein (AFP) was detected by
Access 2 immunoassay system, Beckman Coulter (Brea, CA,
USA). Liver dynamic (multiple phase) computed tomography
or magnetic resonance imaging studies for the diagnosis and
evaluation of the tumor extent inside the liver were per-
formed for these patients. We did our investigations on naive
HCC patients before the patients were treated with transarte-
rial chemoembolization with drug-eluting beads (DEBs)
loaded with 50mg doxorubicin and 3D-conformal external
beam radiotherapy (3D-CRT).

Flow cytometric detection of the circulating
hematopoietic stem cell, and the circulating endothelial
progenitor cells

Freshly placed, flushed venous cannulas were used to obtain
blood samples (Figure 1). One hundred microliters of blood
sample were incubated for 15minutes with 10mL of each of
fluorescein isothiocyanate (FITC) labeled CD45 (Becton
Dickinson (BD) Biosciences, San Jose, CA, USA), phycoerythrin
(PE) conjugated CD133 (AC133) (MiltenyiBiotec GmbH,
Bergisch Gladbach, Germany), peridinium-chlorophyll-protein
(Per-CP)-conjugated CD34 (BD Biosciences, San Jose, CA,
USA) and allophycocyanin (APC)-conjugated CD144 (BD
Biosciences, San Jose, CA, USA). After incubation, lysis and
washing of red blood cells (RBCs) were done. The cells were
suspended in phosphate buffer saline (PBS) and analyzed by
FACSCalibur flow cytometry with Cell Quest software (BD
Biosciences, San Jose, CA, USA). Fifty thousand events were
acquired, and anti-human IgG as an isotype-matched nega-
tive control was used with each sample. The circulating HSCs

Figure 1. Flow cytometric detection of the circulating hematopoietic stem cell (HSCs), and the circulating endothelial progenitor cells (EPCs). (A) The analysis gate
(R1) included CD45� cells. (B) The expression of CD34 and CD133 was assessed on CD45� cells to detect hematopoietic stem cells (HSCs). (C) Then, the expression
of CD144 on hematopoietic stem cells (HSCs) was assessed to detect endothelial progenitor cells (EPCs).
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were defined by the phenotype of CD34þ CD133þ CD45-

and quantified as a percentage of the total white blood cells
population (%HSCs/WBCs). The EPCs were defined by the
phenotype of CD144þ CD34þ CD133þ CD45–, and quantified
as percentage from the HSCs subpopulation (% EPCs/
HSCs) [13,32,33].

Flow cytometric detection of circulating cancer
stem cells

Each patient’s peripheral blood mononuclear cells (PBMCs)
were separated by Ficoll density gradient centrifugation
(Biochrom GmbH, Berlin, Germany) (Figure 2). After the cen-
trifugation, the buffy coat layer containing mononuclear cells
was transferred to a new tube to be washed by PBS. Red
blood cell lysis solution was added to deplete the RBCs. They
were mixed and incubated for threeminutes, and then
washed by PBS.

The isolated PBMCs were incubated with PE-labeled-
CD133, FITC labeled CD45 and APC-labeled CD44 (BD
Biosciences, San Jose, CA, USA) for 30minutes at 4 �C. After
PBS washing, about 100,000 cells were acquired by
FACSCalibur flow cytometer with CellQuest software. CD45
and a side scatter histogram were used to select the CD45–

cells. Subsequently, the expression of CD133 and CD44 on
CD45� cells was detected. CSCs are the cells with CD44þ

CD133þ CD45– [34–39]. They are expressed as an absolute
count of CSCs within 100,000 PBMCs.

Statistical analysis

The statistical analysis was performed using Statistical
Package for Social Sciences, version 17 (IBM SPSS, Armonk,
NY, USA). Results were expressed as mean± standard error.
Continuous variables and categorical variables were com-
pared by Student’s t-test and chi-square test, respectively.
Pearson’s correlation coefficient was used to examine associ-
ations between the different studied variables. p Value <.05

was considered significant. Receiver operating characteristic
(ROC) analysis was used to find cutoff values to designate
high and low blood cell levels. Overall survival (OS) was
defined as the time from diagnosis to the time of death. The
Kaplan–Meier survival analysis was performed and the curves
were compared by the log-rank test.

Results

Laboratory features of HCC patients and controls

The mean values of platelet count and hemoglobin concen-
trations were markedly reduced in HCC patients compared
to the controls with highly statistically significant difference
(p< .0001) (Table 1). The total WBC count was also reduced
in the patients’ group, but the difference was not significant
(p¼ .7). The effect on liver function was marked in HCC
patients. The serum levels of ALT, AST, total and direct biliru-
bin were significantly elevated in HCC patients compared to
the control group. The albumin concentration was signifi-
cantly reduced in the patients’ group. The mean AFP level
reached 5.8� 103 ± 1.3� 103 among the HCC patients.

Percentages of circulating hematopoietic stem cells,
endothelial progenitor cells and cancer stem cells in
HCC patients and the controls

Significant changes in the percentages of circulating HSCs
and the circulating EPCs were detected in the HCC patients
compared to the healthy controls (Table 1). The mean per-
centages of circulating HSCs within the WBCs population
(%HSCs/WBCs) were significantly lower in the HCC patients
than the controls (p¼ .001), whereas the mean percentages
of EPCs within the HSCs subpopulation (% EPCs/HSCs) were
significantly higher in the HCC patients than the controls
(p¼ .002). The absolute count of CSCs within 100,000 PBMCs
was established to be 23.5 ± 3.4 in the HCC patients.

Figure 2. Flow cytometric detection of circulating cancer stem cells. (A) The CD45� cells (R1) were selected. (B) The expression of CD44 and CD133 was assessed
on CD45� cells to detect the circulating cancer stem cells (CSCs).

ACTA ONCOLOGICA 35



Laboratory features of patients groups based on
hepatic focal lesions

Imaging enabled the classification of the 30 HCC patients
according to the number of hepatic focal lesions into two
groups: patients with a single hepatic focal lesion (group 1)
and patients with multiple hepatic focal lesions (group 2)
(Table 2). Comparison of the laboratory parameters between
the two patients groups is presented in Table 2. The mean
values of ALT, AST, AFP, total and direct bilirubin were higher
in patients with multiple hepatic focal lesions (group 2) than
in patients with single hepatic focal lesion (group1).

However, the mean values of total WBCs count, platelet
count, hemoglobin concentration and albumin concentration
were lower in group 2 than in group 1. Only differences in
platelet count and AFP levels were statistically significant
(p¼ .04 and p¼ .01, respectively).

Also, the mean percentages of circulating HSCs, EPCs and
the number of CSCs were significantly increased in patients
with multiple hepatic focal lesions (group 2) than in patients
with a single hepatic focal lesion (group 1), with a p value of
.046, .03 and <.0001, respectively.

Correlation between circulating HSCs, EPCs and CSCs in
hepatocellular carcinoma patients and
laboratory parameters

Both circulating HSCs and EPCs showed significant positive
correlation with the level of AFP (r¼ 0.4, p¼ .01) and highly
significant positive correlation with the numbers of CSCs
(r¼ 0.6, p< .0001) (Table 3). The percentages of EPCs showed
significant direct correlation with AST levels, but inverse cor-
relation with platelet count (r¼ 0.4, p¼ .003 and r¼–0.4,
p¼ .005, respectively). In the meantime, the numbers of CSCs
revealed significant direct correlation with ALT, AST and AFP
levels (r¼–0.4, p¼ .01, r¼ 0.5, p¼ .003 and r¼–0.6, p¼ .001,
respectively).

The one-year OS of the patients was 77.5%. High levels of
CSCs, HSCs and EPCs at diagnosis were all associated with
worse outcome for the HCC patients. A cutoff level of 18/
50,000 cells and 2/50,000 cells were used to define high and
low levels of HSCs and EPCs, respectively; while the cutoff
for CSCs was 18/100,000 cells. A significant difference in OS
was found according to HSCs and to EPCs levels,
Supplementary Figure 3 (p¼ .04) and Supplementary Figure
4 (p¼ .01), respectively. Similarly, high CSCs levels were asso-
ciated with significantly worse OS, Supplementary Figure
5 (p¼ .002).

Discussion

Hepatocellular carcinoma is one of the main health problems
and the second main cause of malignancy-related mortality
worldwide [40,41]. The current study on circulating HSCs,

Table 1. Laboratory features, percentages of circulating hematopoietic stem
cells, endothelial progenitor cells and cancer stem cells in HCC patients
and controlsa.

HCC patients (n¼ 30) Controls (n¼ 20) p Value

Hemoglobin (g/dL) 8.6 ± 0.4 11.5 ± 0.3 <.0001
WBCs (103/mL) 6.9 ± 0.3 7.2 ± 0.4 .7
Platelets (103/mL) 76.9 ± 5.9 2.5� 102±13.4 <.0001
AST (units/L) 1.02� 102±10.5 15.6 ± 0.5 <.0001
ALT (units/L) 90.6 ± 12.5 15.1 ± 0.6 <.0001
Albumin (g/dL) 3.2 ± 0.2 4.3 ± 0.1 <.0001
Total bilirubin (mg/dL) 2 ± 0.4 0.9 ± 0.1 .003
Direct bilirubin (mg/dL) 1.7 ± 0.4 0.4 ± 0.1 <.0001
AFP (ng/mL) 5.8� 103±1.3� 103 ND ND
% HSCs/WBCs 0.03 ± 0.01 0.09 ± 0.03 .001
HSCs (absolute) 31.6 ± 6.1 94.5 ± 27.8 .001
% EPCs/HSCs 9.8 ± 0.372 7.5 ± 0.6 .002
EPCs (absolute) 3.2 ± 0.6 5.9 ± 1.5 .012
CSCs (absolute) 23.5 ± 3.4 ND ND

HCC: hepatocellular carcinoma; HSCs: hematopoietic stem cells; EPCs: endothe-
lial progenitor cells; CSCs: cancer stem cells; AST: aspartate transferase; ALT:
alanine transferase; AFP: alpha-fetoprotein; ND: not determined.
Normal ranges: hemoglobin male 3.5–5.0 g/dL, female 12.0–16.0 g/dL, WBCs
3.5–12� 103/mm3, platelets 150–400� 103/mm3, AST 10–40 units/L, ALT
7–56 units/L, serum albumin 3.5–5.0 g/dL, total bilirubin 0.2–1.3mg/dL, direct
bilirubin (conjugated) 0–0.3mg/dL. HSCs and EPCs absolute counts are quanti-
fied within 50,000 PBMCs; CSCs absolute count is calculated within
100,000 PBMCs.
aIndependent sample t test. Data represented as means ± SE. p<.05 is
significant.

Table 2. Laboratory features of patients groups based on hepatic
focal lesionsa.

Group 1
(single hepatic
focal lesion)

N¼ 11

Group 2
(multiple hepatic
focal lesions)

N¼ 19 p Value

% HSCs/WBCs 0.02 ± 0.003 0.04 ± 0.01 .046
HSCs (absolute) 18.7 ± 3.5 38.4 ± 8.8 .049
% EPCs/HSCs 8.6 ± 0.5 10.5 ± 0.4 .03
EPCs (absolute) 1.8 ± 0.4 3.9 ± 4 .04
CSCs (absolute) 9.7 ± 2.4 32.5 ± 4.1 <.0001
Hemoglobin (g/dl) 8.2 ± 0.5 7.8 ± 0.5 .5
WBCs (103/mL) 7.±0. 6 6.7 ± 0.4 .6
Platelets (103/mL) 85.9 ± 6.9 61.9 ± 8.6 .04
AST (units/L) 83.8 ± 18.8 1.1� 102 ± 11.5 .15
ALT (units/L) 71.3 ± 22.5 1.03� 102 ± 13.8 .21
Albumin (g/dL) 3.4 ± 0.2 2.9 ± 0.2 .1
Total bilirubin (mg/dL) 1.3 ± 1 1.7 ± 0.3 .3
Direct bilirubin (mg/dL) 1.5 ± 0.2 2.2 ± 0.9 .3
AFP (ng/mL) 1.3� 103 ± 1.2� 103 7.7� 103 ± 1.7� 103 .01

HSCs: hematopoietic stem cells; EPCs: endothelial progenitor cells; CSCs: can-
cer stem cells; AST: aspartate transferase; ALT: alanine transferase; AFP: alpha-
fetoprotein.
aIndependent sample t test. Data represented as means ± SE. p<.05 is
significant.

Table 3. Correlations between circulating HSCs, EPCs and CSCs in hepatocellu-
lar carcinoma patients and some laboratory parametersa.

HSCs EPCs CSCs

CSCs r¼ 0.6, p<.0001 r¼ 0.4, p¼.04 1
Hemoglobin (g/dL) r¼ 0.3, p¼.07 r¼–0.3, p¼.04 r¼ 0.3, p¼.2
WBCs (103/mL) r¼–0.03, p¼.8 r¼ 0.2, p¼.2 r¼–0.02, p¼.9
Platelets (103/mL) r¼ 0.3, p¼.02 r¼–0.4, p¼.005 r¼ 0.2, p¼.2
AST (units/L) r¼–0.2, p¼.3 r¼ 0.4, p¼.003 r¼ 0.5, p¼.003
ALT (units/L) r¼–0.1, p¼.5 r¼ 0.3, p¼.05 r¼ 0.4, p¼.01
Albumin (g/dL) r¼ 0.2, p¼.1 r¼–0.2, p¼.08 r¼ 0.2, p¼.5
Total bilirubin (mg/dL) r¼–0.2, p¼.2 r¼ 0.1, p¼.5 r¼ 0.1, p¼.7
Direct bilirubin (mg/dL) r¼–0.2, p¼.09 r¼ 0.2, p¼.2 r¼ 0.1, p¼.8
AFP (ng/mL) r¼ 0.4, p¼.01 r¼ 0.1, p¼.4 r¼ 0.6, p¼.001

HSCs: hematopoietic stem cells; EPCs: endothelial progenitor cells; CSCs: can-
cer stem cells; AST: aspartate transferase; ALT: alanine transferase; AFP: alpha-
fetoprotein.
aSpearman’s correlation. r correlation coefficient. p<.05 is significant.

36 A. M. ZAHRAN ETAL.

https://doi.org/10.1080/0284186X.2019.1657940
https://doi.org/10.1080/0284186X.2019.1657940
https://doi.org/10.1080/0284186X.2019.1657940
https://doi.org/10.1080/0284186X.2019.1657940
https://doi.org/10.1080/0284186X.2019.1657940


EPCs and CSCs in HCC investigates the clinical significance of
the evaluation of these cells for patients with HCC.

In this study, there were significant differences in the per-
centages of circulating HSCs and the circulating EPCs
detected in the HCC patients compared to the healthy con-
trols. The mean percentages of circulating HSCs (%HSCs/
WBCs) were significantly reduced in the HCC patients,
whereas the mean percentages of circulating EPCs within the
HSCs subpopulation (% EPCs/HSCs) were significantly
increased in the HCC patients compared to the controls. Our
finding appears to be keeping with results published by Otto
et al. [32] who demonstrated that for a normal liver, high
rate of HSCs together with low rate of EPCs is the standard.
Yet, the occurrence of severe pathologic process within the
liver, such as cirrhosis and particularly malignancy, inverses
the relations between these cells leading to declining rates
of hematopoietic cells and expanding rates of EPCs. Also, Ho
et al. [13] and Yang and Poon [15] showed that HCC patients
had significantly higher level of circulating EPCs than cir-
rhotic patients and healthy controls.

The mean percentages of circulating HSCs and EPCs
increased significantly in patients with multiple hepatic focal
lesions compared to patients with single hepatic focal lesion.
These findings are consistent with other clinical studies that
revealed significant increase in the levels of circulating EPCs
in patients with advanced stage of HCC compared to
patients with early stage of HCC [13,15,32].

Currently, serum AFP is the most commonly used sero-
logic marker for diagnosis of HCC [42,43]. Also, elevated
serum levels of liver enzymes, mainly ALT and AST, are a
good indicator of major hepatocellular affection [44]. In this
study, the percentage of circulating HSCs showed significant
direct correlation with AFP level. Our observations were com-
parable to those reported by Ho et al. [13]. On the other
hand, Otto et al. found no correlation between the levels of
HSCs and EPCs and the high level of serum AFP. Moreover,
the percentages of HSCs and EPCs showed significant direct
correlation with the number of CSCs, thus influence their
relation to tumor angiogenesis and their role in detection of
cancer. Also, the percentage of EPCs in this study showed
significant direct relation with AST levels and inverse relation
with platelet count, which supports the role of these cells in
diagnosis of liver disorders. Supporting previous reports
[19,45], these findings influence the importance of detection
of HSCs and EPCs levels to help the diagnosis and point to
staging of HCC, thus can help evaluation of disease and pre-
diction of outcome.

The mean number of CSCs (expressing CD133 and CD44)
within 100,000 PBMCs was established to be 23.5 ± 3.4 in our
HCC patients, and showed significant increase in patients
with multiple hepatic focal lesions than in patients with sin-
gle hepatic focal lesion. Consistent with these results, Zhu
et al. reported that tumor cells expressing both CD133 and
CD44 have more stem cell properties and have the ability to
initiate tumor growth with very small numbers of cells com-
pared to CD133þ CD44� cancer cells [34]. Also, Mansour
et al. [35] postulated that CD133þ CSCs are commonly pre-
sent in HCC and the high expression of CD133 correlates

with advanced tumor stage and poor prognosis for HCC
patients. Furthermore, earlier studies have shown that high
expression of CD133 in HCC patients is an important risk fac-
tor for tumor recurrence and OS [36–38], while CD44 is inde-
pendent prognostic factor for extrahepatic metastasis and
short-term survival [39]. In addition, over expression of both
markers helps in classification of HCC patients with a high
risk of tumor relapse after surgical resection [45] and pro-
poses an indicative value of CSC markers for poorly differen-
tiated HCC [46].

The numbers of CSCs in this study showed significantly
positive correlation with the levels of AFP, as well as, AST
and ALT. Consistent with our results, Vilchez et al. [47] found
that CD133þ tumor cells were independently related to high
AFP levels, on multivariate analysis. Meanwhile, Mansour
et al. [35] reported that the correlation between CD133þ

cells and the level of AFP was moderately positive but not
statistically significant (r¼ 0.55, p¼ .23). The potential correla-
tions between the CSCs and the HCC pathological serum
markers as ALT, AST and AFP support the assumption that
expression of CSCs markers is linked to HCC carcinogen-
esis [48].

In addition to the clinical and pathological features, it was
necessary to evaluate the correlation between levels of circu-
lating HSCs, EPCs and CSCs and the OS of HCC patients by
calculating the Kaplan–Meier survival curves. Preliminary
studies performed by Guo et al. [49] showed that the survival
rate was higher in patients who were negative for CSCs
markers. Chan et al. [50] showed that immunohistochemical
expression of CD133 in surgical specimens was a highly
effective prognostic factor for OS in early stage HCC patients.
In the current study, high levels of circulating CSCs, HSCs
and EPCs expressing CD133 were associated with worse OS,
as well.

Conclusions and future recommendations

Significant changes in the levels of the circulating HSCs, EPCs
and CSCs occur in HCC. These changes help the diagnosis
and the prediction of HCC outcome, as higher levels of these
cells are associated with worse OS. Future studies should aim
to explore the role of HSCs, EPCs and CSCs in early detection
of HCC, monitoring of treatment and follow-up for timely
recognition of relapse after treatment in those patients.
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