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Abstract: Purpose: This study was designated to investigate whether telomerase is reactivated in Ewing’s sarcoma 
and whether it has a prognostic significance. Patients and Methods: Thirty-two patients with localized Ewing's 
sarcoma of bone were treated with four VACA blocks, each block lasted 9 weeks and consisted of three courses of 
treatment each, administered at 3-week intervals. Local therapy was scheduled to be given before the second block 
and was individually planned for each patient. Telomerase activity was determined using a modified-TRAP assay, 
hTERT mRNA Expression was performed by quantitative real-time polymerase chain reaction and the telomere 
length was determined based on the telomere restriction fragment (TRF) – Southern blot analysis. Results: Fourteen 
patients (44%) had a complete response or very good partial response (VGPR). Fifteen patients (47%) had either a 
partial response or stable disease. Telomerase activity (TA) was detected in 84% of patients. No significant 
correlation was found between any of the clinical parameters and TA. High expression of human telomerase reverse 
transcriptase (hTERT) (≥100 copies) was identified in 59% of patients and it was significantly correlated with high 
TA. Twenty-one of 32 patients exhibited changes in telomere lengths: eight longer and thirteen shorter. No 
significant correlation was found between telomere length and TA. Nineteen (83%) of 23 patients with high TA 
relapsed, while none of the nine patients with low TA did. Highly significant correlation was observed between TA 
and progression free survival (PFS). Low TA patients had 100% PFS, while high-TA patients had 36% PFS (P < 
.0001). 58% of patients expressed high hTERT relapsed versus 15% of those expressed low hTERT. PFS comparing 
patients with high and low hTERT expression was statistically significant (P = .0321). All samples that were tested 
for hTERT were also analyzed for TA and correlated significantly (P =.0.0357). Conclusion: Our results showed 
that telomerase activity could be used as a prognostic factor in patients with Ewing's sarcoma. 
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1. Introduction 

The treatment of Ewing sarcoma (ES) of bone 
has evolved dramatically. The rates of long-term 
success after irradiation of the site of the primary 
tumor as the only treatment have ranged from 5 to 10 
per cent because of the development of metastases [1]. 
The use of intensive multiagent chemotherapy has 
been the most important advance in the treatment of 
Ewing sarcoma; in recent reports, the rates of disease-
free survival have ranged from 50 to 60 per cent for 
patients who were managed in this manner [2]. 
Nevertheless, among patients with localized tumor at 
diagnosis, 20% relapse within 4 years and die of the 
disease despite the most aggressive current protocols 
[3]. 

Therefore, in addition to conventional factors 
such as age, tumor volume and chemotherapy-induced 
necrosis, new molecular prognostic parameters are 
needed to risk-stratify patients with localized ES. 
Furthermore, up to 15% to 25% of patients first 
present with overt metastases, the strongest adverse 

conventional prognostic factor, and these patients fare 
poorly regardless of therapy [4]. 

Telomeres, the distal end of human 
chromosomes, consist of thousands of copies of a 
repeat nucleotide sequence 5′-TTAGGG-3′ that ranges 
from 5 to 20 kb in length. They display many 
functional and structural roles during interphase, 
mitosis, and meiosis and protect chromosomes against 
exonucleases and ligases, preventing fusion, 
recombination, and degradation [5]. Conventional 
DNA polymerases replicate DNA only in the 5′ to 3′ 
direction. Thus, the leading strand can be replicated to 
the very end, whereas the lagging strand DNA 
synthesis at sites opposite to the 3′ end of the template 
DNA cannot be completed, and a gap remains at the 
newly synthesized 5′ ends. This results in telomeric 
shortening with each cell division [6,7]. Telomerase is 
an RNA-dependent DNA polymerase that synthesizes 
TTAGGG telomeric DNA onto chromosome ends to 
compensate for sequence loss during DNA replication 
[8]. When telomeres become shorter with each cycle 
of replication to reach a critical length, most cells die 
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or undergo senescence. However, the rare cells that 
escape this fate express telomerase activity and have 
stable telomere lengths. The reactivation of telomerase 
thus appears to be associated with the immortalization 
of cells [9]. Elevated telomerase activity (TA) is found 
in the majority of malignancies and telomerase re-
activation is believed to play a critical role in 
tumorigenesis. TA distinguishes between malignant 
and benign cells and, for a number of tumors, high TA 
in the primary tumor at diagnosis was associated with 
unfavorable clinical features. In Ewing's sarcoma, TA 
is the predominant telomere maintenance mechanism 
with 70% of tumor specimens and 90% of cell lines 
expressing TA [10]. The current study was designated 
to investigate whether telomerase is reactivated in 
Ewing’s sarcoma and whether it has a prognostic 
significance. 
 
2. Patients and Methods 

From 2008 to 2013, 32 patients with localized 
ES of bone were enrolled in study. The study included 

patients with histologically proven and localized 
primary ES of bone. 
Pretreatment Evaluation 

The diagnosis of Ewing’s sarcoma was made on 
representative specimens obtained from an open 
biopsy for each patient. Two pathologists from the 
Pathology Department in Zagazig University reviewed 

the histology of all the cases included in our study and 

they also reviewed the histologic response to 
induction chemotherapy. A complete history, thorough 
physical examination, and several chemical laboratory 
tests were performed in all patients. Plain x-rays, 
technetium-99 bone scan, computed tomography (CT), 
and magnetic resonance imaging were used to stage 
patients’ primary tumors. CT scans of the lungs and 
bone scintigraphy were used to diagnose the presence 
of any metastases. 
Chemotherapy 

Following biopsy, chemotherapy was given in 
the form of four VACA blocks. Each block was to last 
9 weeks and consisted of three courses of treatment 
each, administered at 3-week intervals. Each VACA 
block consisting of vincristine at 1.5 mg/m2/d (days 1, 

8, 15, 22), cyclophosphamide at 1,200 mg/m2/d (days 
1, 43) or 400 mg/m2/d (days 22, 23, 24) both with 
Mesna as appropriate, Adriamycin (doxorubicin) at 30 
mg/m2/d (days 1, 2, 43, 44), and actinomycin-D at 0.5 
mg/m2/d x 3 (days 22, 23, 24). Cumulative drug doses 
scheduled were doxorubicin 480 mg/m2, actinomycin 
D 6 mg/m2, vincristine 24 mg/m2, and 
cyclophosphamide 14,400 mg/m2. Table 1 outlines 
VACA chemotherapy block. 
Local Treatment 

We scheduled the local therapy to be given prior 
to the second block; i.e., at week 9. We planned the 

local therapy individually for each patient. Tumor size 
and resectability, tumor site, the patient’s age, and 
individual preference were taken into consideration. 
Complete surgery was preferred wherever possible. 

Otherwise, 60 Gy of irradiation was delivered to the 
tumor volume; the tumor-bearing compartment was to 
receive at least 44.8 Gy. In case of inadequate surgical 
removal or poor histologic response, postoperative 
radiotherapy was given. 
Histologic Response to Chemotherapy 

After chemotherapy, surgical excision or open 
biopsies were performed in all patients. All specimens 
were carefully studied, the extent of viable tumor that 
survived chemotherapy was evaluated and the 
response to chemotherapy was graded according to the 
classification of Picci et al. [11]: grade I, macroscopic 
foci of viable tumor cells, as identified either by 
individual nodules that are larger than a x10 
magnification field or by smaller scattered nodules 
that, taken together, occupy an area greater than a x10 
field; grade II, isolated microscopic nodules of viable 
tumor cells that, taken together, occupy an area 
smaller than a x10 field; and grade III, no viable tumor 
cells at all. 
Telomerase activity 

The telomerase activity was determined using a 
modified-TRAP assay [12]. This assay was performed 
essentially as described by Kim et al. [13] with only 
minor modifications. The cells were pelleted and 
incubated on ice for 30 min in 200 μl of ice-cold lysis 
buffer (0.5% CHAPS). The lysates were centrifuged at 
16,000 g for 20 min at 4°C, and the supernatant was 
rapidly frozen and stored at -80°C. The protein 
concentration was measured against bovine serum 
albumin using a Bio-Rad protein assay reagent, and an 
aliquot containing 0.05 μg of protein was used. Assay 
tubes were prepared by sequestering 0.1 μg of 5'-DIG 
end-labeled CX primer (5'-
CCCTTACCCTTACCCTTACCCTAA-3') under a 
wax barrier (Ampliwax; Perkin Elmer Cetus, Foster 
City, CA, USA). Each extract was assayed in 50 μl of 
reaction mixture containing 20 mM Tris-HCl (pH 
8.3), 1.5 mM MgCl2, 63 mM KCl, 0.05% Tween 20, 
1 mM EGTA, 50 μM dNTPs, 0.1 μg of 5'-DIG end-
labeled TS oligonucleotide (5'-
AATCCGTCGAGCAGAGTT-3') and 2 units of Taq 
DNA polymerase (Boehringer Mannheim). After a 10-
min incubation at 23°C for telomerase-mediated 
extension of the TS primer, the reaction mixture was 
heated and then subjected to 31 PCR cycles at 94°C 
for 30 s, 50°C for 30 s, and 72°C for 90 s. The PCR 
product was electrophoresed on a 12.5% 
polyacrylamide gel and transferred to a nylon 
membrane by a semidry electroblotter. TRAP 
products were detected by the DIG Luminescent 
Detection Kit (Boehringer Mannheim) according to 
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the manufacturer's instructions. After color 
development, the membrane image was photographed 
and analyzed on a Macintosh computer using NIH 
image software. Telomerase activity was evaluated by 
TRAP products/internal telomerase assay standard 
(ITAS) ratio. (Figure 1) 
Human telomerase reverse transcriptase (hTERT) 
mRNA Expression 

Total RNA was extracted by Tri-reagent 
(Molecular Research Center, Cincinnati, OH) and 
cDNA was synthesized using 2 µg of total RNA, 
random hexamer, and Moloney murine leukemia virus 
reverse transcriptase (Invitrogen, Carlsbad, CA). 
Analysis of TERT mRNA expression was performed 
by quantitative real-time polymerase chain reaction 
(PCR), using primers that detect all TERT alternative 
splice forms [14]. Standard curves were generated 
from serial dilutions of cDNA derived from the 
TERT-positive neuroblastoma cell line SY5Y. Tumors 
were considered to have detectable TERT mRNA if 
the Ct value (the number of PCR cycles required for 
the fluorescence level to exceed a predefined threshold 
level) was less than 39 cycles. This cutoff was based 
on TERT mRNA expression data obtained in our 
laboratory from normal human fibroblasts and kidney 
tissue, which are considered to be TERT-negative 
[15]. (Figure 2) 
Telomere length 

The telomere length was determined based on 
the telomere restriction fragment (TRF) – Southern 
blot analysis as previously described [16,17]. The 
cells were digested with 400 μl of DNA extraction 
buffer (0.25 % NP-40, 10 μg/ml RNase I-A, 1 mM 
EDTA.2Na, 5 mM Tris bolic acid [pH 8.0]) and 
proteinase K (1 mg/ml). After extraction using 
phenol/chloroform, DNA was precipitated with 
ethanol and then was dissolved in distilled water. The 
DNA concentration was measured, and 5 μg of 
extracted DNA was digested with 10 units of HinfI 
(Wako) for 1 h at 37°C. Electrophoresis of digested 
genomic DNA was performed in 1% agarose gel in 1 
× TAE buffer for 75 min at 50 V. After 
electrophoresis, the separated DNA was denatured in 
0.5 M NaOH/1.5 M NaCl at room temperature for 15 
min, neutralized twice in 1 M Tris/1.5 M NaCl (pH 
7.5) at room temperature for 5 min, and transferred to 
a nylon membrane (Immobilon S; Millipore, Tokyo) 
using 10 × SSC by a semidry electroblotter 
(Horizeblot, AE-6675: P/N type; ATTO, Tokyo) for 1 
h. After prehybridization in hybridization buffer (1 × 
SSC, 1% milk blocking solution, 0.5% SDS solution) 
at 42°C for 1 h, the membrane was hybridized to a 5'-
DIG end-labeled telomeric probe (TTAGGG)4 in 
hybridization buffer at 42°C for 16 h. The membrane 
was washed in 1 × SSC/0.1% SDS solution and 0.1 × 
SSC/0.1% SDS solution. Telomeric smears were 

detected by the DIG Luminescent Detection Kit 
(Boehringer Mannheim, Tokyo) according to the 
instruction manual. After color development, the 
membrane image was photographed, and the peak and 
mean TRF lengths were analyzed on a Macintosh 
computer using NIH image software (version 1.60). 
(Figure 3) 
Statistical analysis 

Data were entered, checked and analyzed using 
the SPSS Software system (version 11.0; Chicago, 
IL). 

 
3. Results 
Patient characteristics 

We analyzed the results of treatment of 32 
patients with Ewing's sarcoma. The median age was 
9.8 years (range 6.7–15.9). Eighteen patients were 
male (56%). The location of the primary tumor was 
located in the extremity in 25 patients and in axial 
skeleton in seven patients. The clinical characteristics 
of the patients are summarized in table 2. 
Local Therapy 

Local therapy was surgery in 4 patients (13%), 
surgery and radiotherapy in 17 patients (53%), or 
radiotherapy alone in 11 patients (34%). Types of 
local treatment according to the tumor site are 
presented in table 3. 
Pathologic Response to Chemotherapy 

Pathologic response data are available for 29 
patients (91%) who underwent a definitive surgical 
procedure after the third cycle of chemotherapy. In 
addition, three patients had unresectable disease. 
These data are summarized in Table 4. Fourteen 
patients (44%) had a CR or VGPR. Fifteen patients 
(47%) had either a partial response or stable disease. 
Telomerase activity (TA) 

TA was detected in 84% (27 of 32). The 
telomerase positive tissue extracts produced a 
characteristic 6-bp ladder as shown in Figure 1. High 
TA (HTA) was demonstrated in 72% (23 of 32) of 
patients. By Fisher’s exact test, TA was correlated to 
known clinical parameters such as age at diagnosis, 
primary site of tumor, sex, and response to therapy 
(Table 5). No significant correlation was found 
between any of these clinical parameters and TA. 
hTERT expression 

hTERT expression. Thirty-two tumor samples 
were tested for expression of hTERT mRNA. High 
expression of hTERT (≥100 copies) was identified in 
59% (19 of 32), and it significantly correlated with 
high TA as nineteen of the 23 samples over-
expressing hTERT mRNA, also presented high TA (P 
= 0.0357, Table 5). 
Telomere length 

Twenty-one of 32 tumor exhibited changes in 
telomere lengths: eight longer and thirteen shorter 
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than the median benign samples. Alteration in 
telomere length was associated with high TA in fifteen 
(71%) of twenty-one tumor samples. No significant 
correlation was found between telomere length and 
TA. 
Telomerase activity (TA) and patient's outcome 

High TA was observed in 23 patients (72%). 
Nineteen (83%) of 23 patients with high TA relapsed, 
while none of the nine patients with low TA did. 
Highly significant correlation was observed between 
TA and progression free survival (PFS). Low TA 
patients had 100% PFS, while high-TA patients had 
36% PFS (P < .0001). Age older than 12 years at 
diagnosis (P = 0.0126), and more than 90% tumor 
necrosis at the time of tumor resection (P < .0001) 
were favorable prognostic factors for predicting PFS. 
In an attempt to identify which independent factor had 
a significant influence on survival. The Cox 
multivariate study could not be established 
mathematically to evaluate telomerase activity 
because one subset of events was empty (no cases of 
relapse within the group of low telomerase samples). 

Our data show that for patients with more than 90% 
tumor necrosis, low TA was a significant favorable 
parameter and high TA was an adverse prognostic 
parameter regardless of their initial good 
histopathologic response (P = .00043), and therefore, 
TA is a better prognostic indicator. When we 
performed a multivariate analysis with high TA cases 
only, tumor necrosis was a significant protective 
parameter (P = .0325). According to our data, TA 
turned to be a significant prognostic factor in ES 
patients. 
hTERT expression and patient's outcome 

Nineteen patients expressed high hTERT (>100 
copies), eleven of them relapsed (58%), while of the 
13 patients whose samples expressed low hTERT 
(<100 copies), only two relapsed (15%). PFS 
comparing patients with high and low hTERT 
expression was statistically significant (P = .0321). All 
these samples that were tested for hTERT were also 
analyzed for TA and correlated significantly (P 
=.0.0357, Table 5). 

 
 
 

Table 1,  VACA chemotherapy block 
Cyclophosphamide 1200 mg/m2 Cyclophosphamide 400 mg/m2 Cyclophosphamide 1200 mg/m2 

I III I 
Adriamycin 30 mg/m2 Actinomycin 0.5 mg/m2 Adriamycin 30 mg/m2 
II III II 
Vincristine 1.5 mg/m2   
I I I I      
Week 
1 2 3 4 5 6 7 8 9 
 
 

Table 2. Patient Characteristics  
Characteristics No. of Patients % 

Sex   
Male 

Female 
18 56 
14 44 

Age at diagnosis   
Median 
Range 

9.8  
6.7–15.9  

Primary site   
Extremity 

Axial skeleton 
Pelvis 
Spine 

Chest wall 

25 78 
7 22 
4 57 
2 29 
1 14 
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Table 3. Type of Local Treatment, by Tumor Site 

Tumor Site No. of Cases Type of Local Treatment 
Radiation 
Therapy 

Surgery Surgery + Radiation Therapy 

  No. % No. % No. % 
Extremities 25 7 28 3 12 15 60 

Femur 7 2 29 1 14 4 57 
Tibia 3 1 33 - - 2 67 

Humerus 10 3 30 - - 7 70 
Fibula 5 1 20 2 40 2 40 

Axial Skeleton 7 4 57 1 14 2 29 
Pelvis 4 2 50 - - 2 50 
Spine 2 2 100 - - - - 
Ribs 1 - - 1 100 - - 

 
 

Table 4. Pathologic response after 3 cycles 
Response No. of Patients % 

VGPR or CR 14 44 
PR or SD 15 47 

Not evaluated 3 9 
VGPR, very good partial response; CR, complete response;  PR, partial response; SD, stable disease 

 
 

Table 4. Telomerase activity and clinical parameters 
 Telomerase Activity 

P High Low 
No. % No. % 

Age 
≤12 years 5 63 3 37 0.5285 
> 12 years 18 75 6 25  

Site of primary tumor 
Extremities 18 72 7 28 0.2054 

Axial skeleton 5 71 2 29  
Sex 

Male 13 72 5 28 0.501 
Female 10 71 4 29  

Response to treatment 
VGPR or CR 11 79 3 21 0.0792 
PR or SD* 12 67 6 33  

hTERT 
< 100 copies 9 69 4 31 0.0357 

≥ 100 copies  14 74 5 26  
* Included 3 patients an unresectable tumor after 3 cycles of chemotherapy but with clinical PR & not evaluated 
pathologically 
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Fig. (1) Telomeric repeat amplification protocol (TRAP) assay for telomerase enzyme activity. Patients (ES 3 
and ES 22) demonstrated telomerase activity in this example, as manifested by the 6-bp telomeric repeat 
ladder. 

 
Fig. (2). hTERT mRNA expression by quantitative real-time polymerase chain reaction. ES 12 was hTERT-
positive, ES 7 to 11 were hTERT-negative. 
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Fig. (3). Telomere length determined by Southern 
blot in three patients. Each tumor sample was 
compared with normal tissue from the same 
patient. Telomere is short in (A), long in (B) and 
unchanged in (C). 
 
4. Discussion 

Ewing’s sarcoma is a small round-cell tumor of 
bone in children or adolescents. Up to 30% of patients 
have clinically evident metastatic disease at diagnosis, 
and their outcome remains poor, despite treatment 
with the most aggressive current therapeutic protocols 
[18,19]. The presence of metastases at diagnosis is the 
main negative prognostic factor for this type of tumor. 
Operative treatment for the local control of Ewing 
sarcoma provides an opportunity to examine the 
histological response of the primary tumor to 
preoperative chemotherapy and the relationship 

between the histological response and the oncological 
outcome. We have found that chemotherapy-induced 
tumor necrosis is an important indicator of 
progression-free survival for patients who have had 
operative treatment of Ewing sarcoma. Patients who 
had more than 90% tumor necrosis were considered to 
have had a good response to chemotherapy. At four 
years, the rate of progression-free survival for these 
patients was superior to that for patients who had had 
less than 90% tumor necrosis (85 per cent compared 

with zero per cent, respectively) in accord with other 
published reports [20,21]. 

Telomerase, an enzyme involved in cell 
immortalization, is considered a new diagnostic 
marker of malignancy. This enzyme is a 
ribonucleoprotein reverse transcriptase, and its 
template RNA component is complementary to the 
telomere region that exists in chromosome ends [22]. 
Telomeres consist of repetitive DNA sequences and 
the binding proteins that protect the chromosome ends 
from being treated as broken DNA molecules [23]. 
Mammalian telomeres consist of tandem arrays of 
TTAGGG repeats. In the present study, we reported 
on TA and its possible prognostic significance in 
patients with ES over a relatively long period of 
follow-up (8 to 55 months; median, 43 months). Our 
results showed that 84% of Ewing's sarcomas had 
some telomerase activity confirming previous studies 
in neuroblastomas [24], hepatocellular cancers [25] 
and gastrointestinal cancers [26]. It is known that 
activation of telomerase by tumor cells can ensure 
survival with genomic instability. Therefore, although 
telomerase might not directly act on the carcinogenetic 
process it certainly is a promoter [27]. Many studies in 
various other malignancies showed that high TA in 
primary tumors at diagnosis was associated with 
unfavorable clinical features, and some of them 
revealed a significant correlation between TA and 
survival in cancer patients [28-30]. In some of these 
studies, hTERT expression also correlated with TA. 

In the present study, a highly significant 
correlation between high TA and poor outcome was 
observed (P < .0001), and TA could distinguish 
between patients with a high- or low-risk of relapse. 
While 83% of the patients with high TA relapsed, 
none of the low TA group did. Tumor necrosis, which 
is considered a strong clinical prognostic factor, was 
also highly correlated with outcome (P < .0001). 

Numerous studies have shown that changes in 
telomere lengths are associated with unfavorable 
outcome. A reduction in telomere length has been 
reported in several malignancies: colorectal 
carcinoma, renal cell carcinoma, and childhood 
leukemia [31-33]. A correlation between shortened 
telomeres and TA was also established for ovarian and 
gastric cancer [28,25]. However, telomeres can be 
stabilized at virtually any length. Indeed some cancers, 
such as basal cell carcinomas, may have unchanged or 
elongated telomere restriction fragments (TRFs), 
whereas liposarcomas show a characteristically large 
variation in telomeric length, shortened or elongated 
in comparison with normal tissues [34,35]. TRFs in 
ES revealed a heterogeneous pattern. In our small 
cohort study, we found changes in TRF in 66%; 
thirteen had shortened TRFs, eight had elongated 
ones, and the rest were unchanged. Seventy-one 



 Journal of American Science 2015;11(2s)           http://www.jofamericanscience.org 

 

20 

percent of the tumor samples with changes in TRF 
also expressed high TA. The eight patients whose 
tumors showed elongated TRFs are well with no 
evidence of disease, while six of the thirteen patients 
whose tumors exhibited shortened TRFs had relapsed. 
Our preliminary data suggest that elongated TRFs 
may be associated with a more favorable outcome in 
ES patients, but the study should be extended to a 
much larger cohort. In our study high expression of 
hTERT (≥100 copies) was identified in 59% (19 of 
32), and it significantly correlated with high TA as 
nineteen of the 23 samples over-expressing hTERT 
mRNA. Although the number of patients in our study 
is small, our results suggest that TA could be used as a 
prognostic factor in ES patients. This study should be 
extended to a larger cohort of patients to further 
validate our observations. 
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