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Aberrant expression of cancer stem cell
markers (CD44, CD90, and CD133) contributes
to disease progression and reduced survival in
hepatoblastoma patients: 4-year survival data
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Hepatoblastoma (HB) is an embryonal tumor of the liver in children. Prognosis and
response to treatment in HB are highly variable. Cancer stem cells (CSCs) constitute
a population of cells, which contribute to the development and progression of many
tumors. However, their role in HB is not well defined yet. We assessed the prognostic
and predictive values of some CSC markers in HB patients. Protein and messenger
RNA expressions of the CSC markers CD133, CD90, and CD44 were assessed in 43
HB patients and 20 normal hepatic tissues using immunohistochemistry and quanti-
tative real-time polymerase chain reaction. The expression levels of these markers
were correlated to standard prognostic factors, patients’ response to treatment,
overall survival (OS), and disease-free survival (DFS). CD44, CD90, and CD133 pro-
teins were detected in 48.8%, 32.6%, and 48.8% compared with 46.5%, 41.7%, and
58.1% RNA, respectively (concordance, 77.8%–96%). None of the normal tissue sam-
ples was positive for any of the markers. Significant correlations were reported
between a-fetoprotein and both CD44 and CD133 (P 5 0.02) as well as between
tumor types CD90 and CD133 (P 5 0.009). Reduced OS correlated with CD44,
CD90, and CD133 expressions (P , 0.001), advanced stage (P , 0.001), response
to treatment (P , 0.001), and total excision of the tumor. Reduced DFS correlated
with CD44 and CD133 expressions (P , 0.001) only. In conclusion, CD133, CD44,
andCD90could be usedas prognostic andpredictivemarkers in HB. High expression
of these markers is significantly associated with poor response to treatment and
reduced survival. Moreover, complete surgical resection and systemic chemo-
therapy are essential to achieve good response and prolonged survival, especially
in early stage patients. (Translational Research 2014;-:1–11)
Abbreviations:ABC¼ATP-bindingcassette; AFP¼Alpha fetoprotein; COG¼ClinicalOncology
Group; CR¼Complete response; CSCs¼Cancer stem cells; CT ¼Computerized tomography;
DFS ¼ Disease free survival; DP ¼ Disease progression; GPI ¼ Glysyl-phosphatidyl-inosital;
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HB ¼ Hepatoblastoma; Hep293TT ¼ HB cell line; IHC ¼ Immunohistochemistry; MDR ¼Multidrug
resistance; OS ¼ Overall survival; PCR ¼ Polymerase chain reaction; PR ¼ Partial response;
qPCR ¼ Quantitative real time PCR; RECIST ¼ Response Evaluation Criteria in Solid Tumors;
SD ¼ Stable disease; SIOPEL ¼ Soci�et�e Internationale d’Oncologie P�ediatrique
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INTRODUCTION

Hepatoblastoma (HB) is the most frequent pediatric
liver cancer as it constitutes approximately 79% of all
primary malignant hepatic tumors in children aged
,3 years. However, a worldwide incidence rate of HB
is difficult to evaluate because of important differences
across various ethnicities. In Egypt, HB represented
10.24% of all hepatic malignancies according to the
National Cancer Institute (NCI) registry, 2007.1,2

A birth weight ,1000 g is usually associated with a
strongly increased risk of HB, whereas a moderately
increased risk is associated with younger maternal
age, presumptive use of infertility treatment, maternal
smoking, and higher maternal prepregnancy body
mass index.3 Moreover, 90% of HB patients have high
serum a-fetoprotein (AFP) levels, which contribute to
disease activity. Therefore, AFP level at diagnosis and
the changes in this level during treatment should be
compared with the corresponding age-adjusted values.4

Complete surgical resection and cisplatin-containing
chemotherapy are crucial for achieving cure in HB. In
addition, excellent outcome was achieved in patients
with stage I-un-favorable histology and stage II and in
subsets of patients with stage III disease.5,6

Several histologic subtypes of HB are known,
including the epithelial tumors, with pure fetal and
mixed fetal/embryonal histology, the mixed epithelial
and mesenchymal tumors, and several types of tran-
sitional, small, and large cell undifferentiated tumors.
This heterogeneity reflects the distinct patterns of hepat-
ic embryogenesis, explains the varied clinical behavior,
and suggests a cancer stem cell (CSC) origin.7,8

The CSCs are newly identified subpopulations, which
were isolated from several adult and some pediatric
solid and hematologic tumors. They possess stem cell
properties and can differentiate into heterogeneous
progenies of malignant cells. Thus, they are probably
the progenitor cells that undergo unknown genetic muta-
tions and lose potential for tissue repair, but retain stem
cell characteristics including self-renewal and plasticity
to differentiate into different cell types.8 CSCs are also
responsible for tumor development, resistance to treat-
ment, metastasis, and relapse. Therefore, a better under-
standing of CSC pathobiology may aid in developing
novel directed therapies against these cells.9,10

Threemajor CSCmarkers are commonly expressed in
different tumor types including CD44, which is a cell
surface adhesion molecule mediating multiple signaling
pathways. CD44 was used as a CSC marker in several
tumors including breast and hepatocellular carcinoma.
Other CSC markers include CD133, which stains
the proliferative cells in multiple organs, and CD90
(Thy-1), which is a glycosylphosphatidylinositol-
anchored glycoprotein expressed in bone marrow–
derived mesenchymal stem cell and hepatic stem cell
progenitors.11-14

Till now, data regarding the role of CSCs in HB
are still preliminary with only few studies on human
samples. Using the HB cell line (Hep293TT), which
was obtained from an aggressive case of HB, CD133
overexpression was reported in HB cells and it was
reduced on treatment with bortezomib and sorafenib.15

On the other hand, Cairo et al16 demonstrated that HB
exhibits different types of stem cells, which play spe-
cific role(s) during CSC-dependent tumorigenesis. The
expression levels of CSC markers efficiently catego-
rized HB into 2 main classes: (1) the poorly differen-
tiated types, which express fewer SC markers and (2)
the well-differentiated types, which were positive for
most of the SC markers. Interestingly, these markers
were expressed in the neoplastic cells only, whereas
the adjacent normal liver tissues were totally negative
for these proteins.
Therefore, we sought to assess the possible prognostic

and predictive values of the CSC markers (CD133,
CD90, and CD44) in a well-characterized group of
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HB patients. This was achieved by measuring the
expression levels of these markers (protein and RNA)
in relation to the standard prognostic factors for HB,
patients’ response to treatment, and survival rates.

METHODS

Patients. The study included 43 HB patients whowere
recruited from the Pediatric Oncology Clinics, NCI,
Cairo University, and the Children Oncology Hospital.
Only cases with full clinical, radiologic, and pathologic
data and ample amount of representative tumor samples
permitting genetic analysis were included in the study.
All patients were children aged ,18 years, newly diag-
nosed (clinically and histologically) as HB of any stage
and none was previously treated. Also included were 20
normal hepatic tissue samples, which were obtained
from the non-neoplastic tissues adjacent to resected
tumors and confirmed histopathologically by examina-
tion of hematoxylin and eosin–stained slides whenever
possible. The study conformed to the ethical guide-
lines for human and animal research and the Instituti-
onal Review Board of the NCI approved the protocol,
which was in accordance with the 2007 declaration of
Helsinki.

Clinical and laboratory workup. Clinical, histopatho-
logic, and survival data of the patients under study
were systematically reviewed and verified. Full history,
clinical examination, and laboratory tests were done
including complete blood picture, liver and kidney func-
tion tests, and AFP. Abdominal ultrasound and enhan-
ced computerized tomography of the abdomen and
pelvis were essentially done as baseline for all patients
to determine the extent of involved parenchyma, and the
presence or absence of macrovascular compression,
displacement, or invasion. The radiographic appearance
of the tumor at diagnosis was used to assign the pretreat-
ment extent of the tumor ‘‘PRETEXT’’ and for patients
received preoperative chemotherapy ‘‘POST-TEXT.’’
All patients had baseline computerized tomography

chest and bone scan as a part of their Children’s Onco-
logy Group–based disease staging.17 Evaluation of
response was reviewed using Response Evaluation Cri-
teria in Solid Tumors.18 AFP level and imaging studies
were carried out at the main checkpoints of therapy:
postinduction treatment after surgery by the end of
treatment and at regular intervals during follow-up or
as elsewhere required for evaluating a suspected event
at any other point of time (progression and/or recur-
rence).

Treatment. Therapeutic approach included primary
tumor surgical resection and combined adjuvant/neoad-
juvant chemotherapy (cisplatin, 5-fluorouracil, doxo-
rubicin, and vincristine) according to the Children’s
Oncology Group guidelines.17 Twenty-one patients had
upfront tumor resection (20 stage I and 1 stage II),
whereas all stage III/IV (n 5 20) and 2 stage I patients
received neoadjuvant chemotherapy. Surgical resection
was feasible in 5 initially inoperable stage III patients
after 4 cycles of chemotherapy and 2 stage I patients
after 2 cycles. Adjuvant postoperative chemotherapy
was given to 10 stage I patients other than those with
purely fetal and low mitotic index histology and to a
single stage II patient.

Immunohistochemistry. Themost representative paraf-
fin blocks were identified by examination of hemato-
xylin and eosin–stained slides. Determination of a
tumor-to-normal ratio was done for each case and only
samples including $75% neoplastic cells in the sec-
tions were included in the study. From each tumor
block, 4-mm-thick sections (3 sections) were cut and
transferred onto positive charged slides and used for
immunohistochemistry. Another 5, 5-mm-thick sections
(3 sections from tumor and normal tissue samples)
were cut and transferred into an Eppendorf tube for
molecular studies. Slides were deparaffinized in xylene
followed by a series of graded ethanol. Antigen retrie-
val was performed by 2 minutes of pressure cooking in
citrate buffer (pH6.0). Endogenous peroxidases were
blocked with 0.3% H2O2. Nonspecific binding was
blocked with normal goat serum and cells were reacted
with the primary antibody to CD133 (mouse anti-
human CD133, 1:500), CD90 (mouse anti-human
CD90, 1:100), and CD44 (mouse anti-human CD44,
1:50) (all from Abcam, MA, USA) for 24 hours at 4�C
and then with the secondary antibody (EnVision
System/HRP, Dako, Tokyo, Japan) for 1 hour. Sections
were washed with phosphate-buffered saline, colored
with diaminobenzidine, counterstained with hematoxy-
lin, and examined microscopically. A negative control
was obtained by omitting the primary antibodies. Cases
of breast and hepatocellular carcinomas were used as
positive controls. The staining intensity was noted but
not factored, as differing age of blocks and variation in
fixation methods can affect staining intensity. A case
was considered positive, if a brown membranous and/
or cytoplasmic immunostaining was detected in .10%
of the cells.13,14

RNA extraction and quantitative real-time polymerase
chain reaction. Total RNA was extracted from tumor
and normal tissue sections using the RNeasy Mini
Kit (Qiagen, Milan, Italy) and retrotranscribed using
iScriptTM complementary DNA Synthesis Kit (Bio-
Rad, Milano, Italy) according to the manufacturer’s
instructions. Extracted RNA was dissolved in diethyl-
pyrocarbonate-treated water containing 10 mmol/L of
MgCl2 and incubated with 100 mg/mL of RNase-free
DNase I for 30 minutes at 37�C to eliminate contami-
nated DNA. The reaction was stopped by heating at
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Table I. Clinicopathologic features of the studied

patients

Variable Number (%)

Age
#24 months 22 (51.2)
.24 months 21 (48.8)

Gender
Male 26 (60.5)
Female 17 (39.5)

AFP
,78546.5 ng/mL 25 (58.14%)
$78546.5 ng/mL 18 (41.86)

Laterality
Right 31 (72.1)
Left 7 (16.3)
Multifocal 5 (11.6)

Tumor size
,5 cm 25
$5 cm 19

Histology subtype
Epithelial (fetal and embryonal) 30 (69.8)
Mixed 13 (30.2)

Lymph nodes
Positive 8 (18.6)
Negative 35 (81.4)

Stage
I 22 (51.2)
II 1 (2.3)
III 16 (37.2)
IV 4 (9.3)

Response to treatment
CR 20 (46.5%)
Non-CR 23 (53.5%)
Partial response 7 (30.4)*
Stationary disease 11 (47.8)*
Disease progression 5 (21.7)*

Status at the end of study
Alive 28 (65.1)
Dead 15 (34.9)

Abbreviations: AFP, a-fetoprotein; CR, complete response.

*The percentagewas calculated of 23 number of patients who did
not achieve CR.
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95�C for 5 minutes after the addition of EDTA to a final
concentration 30 mmol/L. Quantitative real-time
polymerase chain reaction (qRT-PCR) analysis was
performed in a final volume of 25 mL with a SYBR
Green PCR Master Mix using 1 mL of complementary
DNA, 400 nM of each primer for the respective genes
according to the manufacturer’s instructions (Applied
Biosystems, Inc, Foster City, CA) in stratagene
MAX3000P. The primer sequences used were as fol-
lows: CD133 (F: 50-GCTTTGCAATCTCCCTGTTG-
30; R: 50-TTGATCCGGGTTCTTACCTG-30), CD44
(F: 50- CGGACACCATGGACAAGTTT-30; R: 50-CAC
GTGGAATACACCTGCAA-30), CD90 (F: 50-ATGAA
CCTGGCCATCAGTCT-30; R: 50-CACGTGCTTCTTT
GTCTCA-30), and b-actin (F: 50-ACAGAGCCTCGC
CTTTGC-30; R: 50-GCGGCGATA TCATCATCC-30).
Cycling conditions were 50�C for 2 minutes and 95�C
for 10 minutes, followed by 40 cycles at 95�C for
15 seconds and 60�C for 1 minute. RT-PCR assays
were carried out in triplicate and the mean threshold
cycle (Ct) was calculated and used to determine the
DCt for this sample as follows: DCt 5 Ct for the gene
of interest 2 Ct of the internal control gene (b-actin).
Then, the DDCt was calculated as follows: DDCt 5
([Ct for the gene of interest 2 Ct of the internal con-
trol gene (b-actin) for sample A] 2 [Ct for the gene
of interest 2 Ct of the internal control gene (b-actin)
for sample B]), where sample B is the calibrator. For
the statistical analysis, the DDCt and not the raw Ct
data were used and then the data were expressed as
relative expression units.19,20

Statistical methods. The SPSS win statistical package
version 17 (SPSS Inc, Chicago, IL) was used. Numeri-
cal data were expressed as the mean and standard devi-
ation or median and range as appropriate. Qualitative
data were expressed as frequency and percentage.
Chi-square test (Fisher’s exact test) was used to exa-
mine the relation between qualitative variables. For
quantitative data, comparison between 2 groups was
done using the Mann-Whitney test. Overall survival
(OS) was defined to be the interval from the date of
diagnosis till death, whereas disease-free survival
(DFS) from the first date showing objective response
(complete response and partial response [CR and PR])
till relapse or the progression of disease. Survival
analysis was done using the Kaplan-Meier method,
and comparison between 2 survival curves was done
using the log-rank test. Cox regression method was
used to test survival for numeric variables. A P value
,0.05 was considered significant.

RESULTS

The present study included 26 males and 17 females
(1.5:1) with a median age of 24months (range, 2 months
to 11 years). A high AFP level ($78546.5 ng/mL) was
reported in 18 cases (41.86%) and a low AFP level
(,78546.5 ng/mL) was reported in 25 cases (58.14%).
Twenty-six cases were of the fetal histology (60.5%)
and 9 cases were mixed fetal and embryonal (20.9%),
whereas the embryonal and the mixed epithelial and
mesenchymal types represented 9.3% of the cases
each (Table I).
By the end of treatment (initial surgery and chemo-

therapy), 20 patients attained CR (46.5%), all of them
were stage I, and 23 did not achieve CR (53.5%).
Most patients who did not achieve CR (11/23 represent-
ing 47.8%) had stable disease, all of them were stage III.
Seven patients had PR: 4 of them were stage III, 2 were
stage I, and 1 case was stage II with positive surgical
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Fig 1. Cases of HB showing positive membranocytoplasmic immunostaining for (A) CD44, (B) CD90, (C)

CD133, and (D) a negative control. (E) Real-time polymerase chain reaction analysis of CD44, CD90, and

CD133 with GAPDH as a housekeeping gene. Lane numbers 1–6 are tested HB cases, lane number 7 is a negative

control, and lane number 8 is a positive control. (F) Quantitative real-time polymerase chain reaction for CD44,

CD90, and CD133 expressions by comparative threshold cycle (Ct) method. Relative expressions of the 3 tested

genes in HB and NC samples are shown by 22DDCt value. Messenger RNA levels in cancer cells were related

to their respective levels in normal control tissues and were normalized to GAPDH. (——) modify. GAPDH,

glyceraldehyde-3-phosphate dehydrogenase; HB, hepatoblastoma; NC, normal control.

Table II. The correlation between all studied markers (CD90, CD44, and CD133) in hepatoblastoma patients

The marker accessed CD90 CD44 CD133

CD90 (P value) 1 0.413 (0.006) 0.612 (,0.001)
CD44 (P value) 0.413 (0.006) 1 0.721 (,0.001)
CD133 (P value) 0.612 (,0.001) 0.721 (,0.001) 1

The P values in bold means that the relationship between variables and markers are statistically significant.
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margins. Five patients showed disease progression
(DP): 4 of them were stage IV and a single case was
stage III (Table I).

Markers expression. CD44 protein and RNAwere ex-
pressed in 21 (48.8%) and 20 (46.5%) patients, respec-
tively, with 85.7% concordance,CD90 protein and RNA
were expressed in 14 (32.6%) and 18 patients (41.7%),
respectively, with 77.8% concordance, whereas CD133
protein and RNAwere expressed in 21 (48.8%) and 25
(58.1%) patients, respectively, with 96% concordance
(Fig 1). There were significant positive correlations bet-
ween CD90 and both CD44 (P 5 0.006) and CD133
(P , 0.001) as well as between CD44 and CD133
(P , 0.001) (Table II).

Clinicopathologic correlations. Increased expression
of all studied markers (CD44, CD90, and CD133) was
significantly correlated with advanced disease stage (III
and IV vs I/II;P, 0.001) and poor response to treatment
(PR, stable disease, DP vs CR; P, 0.001). On the other
hand, there was a statistically significant correlation
between AFP level and the expression of both CD44
and CD133 proteins and RNA (P 5 0.02) but not
CD90 (P 5 0.33). In cases with a high AFP level
($78546.5), 60% of the patients overexpressed CD44
and CD133 compared with 40% who had normal
CD44 and CD133 expressions. On the other hand,
22.2% of the patients with a low AFP level (,78546.5)
showed high CD44 and CD133 expressions compared
with 77.8% with normal CD44 and CD133 expressions
(P 5 0.02) (Table III).
We also found a statistically significant correlation

between the histologic type of the tumor and the expres-
sion level ofCD90 andCD133 (P5 0.02). In the epithe-
lial variant (21 cases), 71.43% of the patients were
CD133 negative and 28.57% were positive, whereas in
the fetal variant (12 cases), 75% of the patients were
positive and 25% were negative. In the mixed variant
(9 cases), 66.67% of the patients were CD133 positive
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Table III. The correlation between the 3 studied genes and relevant clinicopathologic features of the patients

Patients

CD90

P value

CD44

P value

CD133

P valuePositive (14) Negative (29) Positive (21) Negative (22) Positive (21) Negative (22)

Sex 0.09 0.42 0.15
Male (26) 11 (42.3%) 15 (57.7%) 14 (53.8%) 12 (46.2%) 15 (57.7%) 11 (42.3%)
Female (17) 3 (17.65%) 14 (82.35%) 7 (41.2%) 10 (58.8%) 6 (35.29%) 11 (64.71%)

Histology 0.009 0.27 0.02
Fetal (12) 8 (66.67%) 4 (33.33%) 8 (66.7%) 4 (33.3%) 9 (75%) 3 (25%)
Epithelial (21) 3 (14.29%) 18 (85.71%) 8 (38.1%) 13 (61.9%) 6 (28.6%) 15 (71.4%)
Mixed (10) 3 (33.33%) 7 (66.67%) 6 (60%) 4 (40%) 6 (66.7%) 4 (33.3%)

AFP 0.04 0.001 0.009
,78546.5 (24) 11 (45.83%) 13 (54.17%) 17 (70.83%) 7 (29.17%) 16 (66.67%) 8 (33.33%)
$78546.5 (19) 3 (15.79%) 16 (84.21%) 4 (21.05%) 15 (78.95%) 5 (26.32%) 14 (73.68%)

Lymph nodes 0.6 0.1 0.94
Positive (8) 2 (25%) 6 (75%) 6 (75%) 2 (25%) 4 (50%) 4 (50%)
Negative (35) 12 (34.29%) 23 (65.71%) 15 (42.85%) 20 (57.14%) 17 (48.6%) 18 (51.4%)

Metastasis 0.73 0.27 0.96
Negative (39) 13 (33.3%) 26 (66. 7%) 18 (46.2%) 21 (53.8%) 19 (48.7%) 10 (51.3%)
Positive (4) 1 (25%) 3 (75%) 3 (75%) 1 (25%) 2 (50%) 2 (50%)

Stage 0.002 0.002 0.002
I/II (23) 2 (8.7%) 21 (91.3%) 5 (21.7%) 18 (78.3%) 5 (21.7%) 18 (78.3%)
III/IV (20) 12 (60%) 8 (40%) 16 (60%) 4 (20%) 16 (60%) 4 (20%)

Relapse 0.001 0.07 0.35
No (27) 2 (7.4%) 25 (92.6%) 12 (44.4%) 15 (55. 6%) 12 (44.4%) 15 (55.6%)
Yes (16) 12 (75%) 4 (25%) 9 (56.25%) 7 (43.75%) 9 (56.25%) 7 (34.75%)

Treatment response ,0.001 ,0.001 ,0.001
CR/PR (27) 2 (7.4%) 25 (92.6%) 7 (25.93%) 20 (74.07%) 6 (22.22%) 21 (77.78%)
SD/PD (16) 12 (75%) 4 (25%) 14 (87.5%) 2 (12.5%) 15 (93.75%) 6 (6.25%)

Abbreviations: AFP, a-fetoprotein; CR, complete response; PD, Progressive disease; PR, partial response; SD, stable disease.
The P values in bold means that the relationship between variables and markers are statistically significant.

Fig 2. Kaplan-Meier analysis of (A) overall survival and (B) disease-free survival for the whole studied group.
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and 33.3% were negative. As for CD90, 66.67% of the
patients with fetal histology expressedCD90 and 33.3%
were negative. In patients with epithelial variant, 14.3%
wereCD90 positive and 85.71%were negative, whereas
in the mixed variant; 33.3% were CD90 positive and
66.67% were negative (P 5 0.009) (Table III).
Survival correlations. With a median follow-up
duration of 26 months (range, 12–72.1 months), the
4-year OS and DFS for all patients were 58.2% and
82.4%, respectively (Fig 2, Table IV). The OS sig-
nificantly correlated with disease stage (P , 0.001)
and tumor size (P , 0.01) as well as with total
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Table IV. Four-year survival of the studied

hepatoblastoma patients in relation to the

clinicopathologic features and cancer stem cell

markers

Variables

Overall
survival

Disease-free
survival

No. % P value No. % P value

Age 0.23 0.93
#24 months 22 48.6 13 81.8
.24 months 21 75.1 14 82.5

Gender 0.49 0.73
Male 26 61.3 14 85.1
Female 17 49.1 13 78.7

Stage ,0.001 0.58
Stages I and II 23 81.9 21 83.5
Stages III and IV 20 30.0 6 75.0

Histology 68.7 0.46 0.48
Fetal 26 41.8 16 85.7
Other subtypes 17 11 77.8

Complete surgical
resection

25.2 ,0.001 0.33

No 19 83.8 5 *
Yes 24 22 84.4

Chemotherapy * ,0.001
No 10 76.3 0 †

Yes 33 27 82.4
Lymph nodes 56.1 0.56

Negative 35 65.6 21 89.1
Positive 8 6 * 0.04

Initial response 100 ,0.001 ‡

CR 20 41.6
PR 7 16.1
SD/PD 16

CD 90 79.3 ,0.001 §

Negative 29 10.7 25 85.2
Positive 14 2 50.0

CD133 ,0.001 0.03
Negative 22 95.4 21 88.8
Positive 21 0 6 53.3

CD44 79.5 ,0.001 ,0.001
Negative 22 * 20 94.1
Positive 21 7 *

Abbreviations: CR, complete response; PD, Progressive disease;
PR, partial response; SD, stable disease.
The P values in boldmeans that the relationship between variables

and markers are statistically significant.
*No patients were available at the predicted time interval.
†No comparison (all patients attained CR or PR who received
chemotherapy).
‡No relation could be made as response is a base of entry for
disease-free survival.
§Small number of patients in subgroups.
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surgical tumor resection, which was achievable in
24 patients compared with incomplete or no resection
(P , 0.001). Patients who received chemotherapy
showed better OS compared with those who did not
(P , 0.001) and patients with positive CD90, CD133,
and CD44 expressions (each or all) showed a sig-
nificantly lower OS than those who were negative for
these CSC markers (P , 0.001). On the other hand,
reduced DFS was significantly associated with posi-
tive lymph nodes (P 5 0.04) and with CD133/CD44
overexpression (P 5 0.03 and P , 0.001, respecti-
vely). In multivariate analysis, only complete surgical
resection and CD90 expression were independent
predictors of OS (odds ratio [OR], 7.9 and 11.8,
respectively), whereas CD44 was an independent pre-
dictor of DFS (OR, 15.8) (Table IV, Figs 3 and 4).
DISCUSSION

HB is a childhood liver cancer with several prognostic
and predictive factors including the histologic subtype
and disease stage. However, there is an increasing
demand to identify more sensitive biomarkers that could
be used to predict DP, patients’ response to treatment.
Recent studies have identified CSCs in several adult

tumors and highlighted their role in the initiation
and progression of these tumors as well as in the devel-
opment of resistance to conventional chemotherapy or
radiotherapy. Therefore, therapies targeted to CSC
markers and their mechanisms of resistance represent
an area of extensive research. The cell surface proteins
CD44, CD133, and CD90 were mentioned as CSC
markers in liver tumors including HCC and HB. Early
in vitro and experimental animal studies supported the
involvement of CSC markers in the development and
progression of these tumors. A side population (SP)
from an HB cell line was able to form tumors in mice,
whereas in the non-SP inoculated mice, no tumors
were formed.11,21 Similarly, the few available studies
performed on human samples supported the involve-
ment of CSCs in the development and progression of
HB. An SP was successfully isolated from Asian
children with liver cancers that exhibited CSC fea-
tures.11,22 Moreover, Lingala et al13 were able to detect
CD44, CD133, and CD90 expressions in 1 of 4 HB
cases assessed, whereas the other 3 cases were negative.
Moreover, thesemarkers were expressed in the encapsu-
lated HB cells only, whereas the surrounding non-
neoplastic liver tissues were completely negative. This
supports the CSC theory in the development of HB;
however, no solid conclusion could be obtained from
this study because of the very small sample size.
The present study is the first to confirm, on a relatively

large sample size (43 cases), the role of CSCs in HB and
their contribution to the acquisition of an aggressive
tumor phenotype. We found that CD44, CD90, and
CD133 proteins and RNA were highly expressed in
HB cases compared with normal control samples, which
were negative for all markers, and they significantly
correlated to each other with high concordance between

http://dx.doi.org/10.1016/j.trsl.2014.07.009
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RNA and protein expressions. In addition, the expres-
sion levels of these markers significantly correlated
with poorly differentiated tumors, advanced disease
stage, higher incidence of relapse, and poor response
to treatment. In a previous study, Cairo et al16 demon-
strated that CSC markers’ expression and their molecu-
lar signatures can successfully classify HB patients into
2 main classes: the poorly differentiated types, with
fewer stem cell markers, and the well-differentiated
stem cell markers that exhibit positivity for most of
these markers.
Several mechanisms were mentioned to explain the

CSC-associated chemoresistance including (1) resis-
tance to DNA damage and apoptosis, and (2) the ability
to induce epithelial to mesenchymal transition. In most
cases, tumors that recurred after an initial response to
chemotherapeutic agents became resistant to these
drugs because of the effect of multidrug resistance
(MDR) genes. In CSCs, overexpression of the ade-
nosine triphosphate-binding cassette transporter pro-
teins is the most important protective mechanisms.23

It has been shown that patients with multifocal HB usu-
ally have MDR1 gene upregulation and protein overex-
pression, which could be detected from presurgery to
the second cycle of postsurgery cisplatin and doxoru-
bicin chemotherapy.24 Thus, it was proposed that
in vitro and in vivo modulation of MDR gene and pro-
tein improves response to chemotherapy in HB.25

Upregulation of MDR in HB could result as a conse-
quence of a regulatory network, which is associated
with the expression of other genes or proteins, or
because of clonal selection. Therefore, in HB, MDR ab-
errations may be associated with the presence of well-
differentiated tumor cells or specific immature cells,
such as the CSCs.26 Accordingly, 2 models were pro-
posed to explain the CSC-inducedMDR in HB. The first
assumes that after exposure to the chemotherapy, only
the CSCs expressing adenosine triphosphate-binding
cassette transporters are able to repopulate the tumor
by asymmetrical cell division with newly formed
CSCs, and the second shows that the CSCs are the
only surviving cells after exposure to chemotherapy
because of the acquisition of additional mutations,
which facilitates the growth of more aggressive and
potentially metastatic tumors.21

In the present study, we are still unable to answer some
important questions regarding the mechanism(s) of
resistance in HB including (1) whether the MDR gene

http://dx.doi.org/10.1016/j.trsl.2014.07.009


Fig 4. Kaplan-Meier analysis of disease-free survival in relation to CD44, CD90, and CD133 gene expressions.
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is involved in chemotherapy resistance, to what extent,
and at which stage; (2) what are the other possible path-
ways that cooperate or interact with MDR gene to
induce resistance; and (3) what are other possible mech-
anism(s) of resistance in this tumor type.
In this context, there are ongoing studies in some lab-

oratories, including ours, aiming at determination of
the genetic profile(s) of tumors with high and with
low or no CSC markers’ expression and correlation of
these profiles to acquired resistance in HB patients.
There are also other studies trying to assess the efficacy
of concomitant targeting of multiple key transcription
factors governing the stemness of CSCs to provide a
new approach to cancer therapy through elimination
of CSC-like phenotypes.21,27,28

As previously reported, we found that complete surgi-
cal excision followed by chemotherapy was associated
with prolonged OS, but not event free survival. The
German Group of Pediatric Oncology and Hematology
recommended primary resection in small liver tumors
only. However, initial surgical resection, followed
by adjuvant chemotherapy to minimize exposure and
toxicity was preferred by the Japanese. This is explain-
able because a localized disease usually has good
prognosis with an OS up to 90%. It was found that the
long-term survival in those patients usually ranges
from 30% to 60%.5,29,30

On the other hand, the Childhood Liver Tumors
Strategy Group Soci�et�e Internationale d’Oncologie
P�ediatrique (SIOPEL) recommended delayed surgery
after initial chemotherapy to make the tumor smaller,
less prone to bleed, and thus more likely to be
completely removed.6 Our data are comparable with
these studies because patients with a localized disease
(stages I/II) had a significantly better OS than patients
with more advanced stages (III/IV).
Survival rates are also affected by the treatment pro-

tocol(s). Thus, recent reports show that OS increased
in HB patients from 35% to 70% by the 1990s and
has further increased to nearly 80% in most recent
trials.5,6,31 Comparable figures were reported in the
present study with a 66.5% OS for the whole study
group at 24 months with different stages compared
with 87.2% for patients who received chemotherapy
(Fig 1). However, at a longer follow-up (48 months),
the OS dropped to 28.3% and 76.3%, respectively.
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Moreover, in multivariate analysis, complete surgical
resection followed by chemotherapy and CD90 expres-
sion was the only independent predictor of OS (OR, 7.9
and 11.8, respectively), whereas for DFS, CD44was the
only independent predictor. Our data regarding the cor-
relation among CD133, CD90, and CD44 expressions
(as CSC markers) could not be discussed further
because there are no other studies, in the literature, in
this area yet especially in HB.

CONCLUSIONS

Several questions are still open regarding the contri-
bution(s) of CSCs to the development and progression
of HB and to determine the exact mechanisms that regu-
late their functions. However, the high expression of the
CSC markers (CD133, CD44, and CD90) reported in
the present study and their association with aggressive
tumor phenotype indicates that (1) CSCs play an impor-
tant role in HB aggression and progression and (2) these
markers could be used as surrogate markers to predict
survival and response to treatment in HB patients. How-
ever, further studies are still needed to confirm their
prognostic and predictive role and their potential value
as therapeutic targets. Moreover, complete surgical
resection and systemic chemotherapy in a localized dis-
ease are still mandatory for improved survival in HB
patients.
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