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ABSTRACT 

Background: A trigger for initiation the clonal hematopoietic stem cells disorders could be short telomere 
length, probably due to chromosomal instability. The relationship between relative telomere length (RTL) and 
the two linked hematological stem cell disorders, myelodysplastic syndromes (MDS) and acute myeloid leukemia 
(AML), is still unclear. 
Material and Methods: We evaluated the role of RTL in MDS (n=96) and AML (n=130) at the time of diagnosis 
using a real time quantitative polymerase chain reaction (RT-PCR) technique. The median value of RTL (1) was 
set as the cutoff for statistical comparison. Overall survival (OS) is defined as the time from diagnosis to death 
or last follow-up. 
Results: RTL was significantly longer in both MDS and AML cases versus control (p<0.0001) and was 
significantly longer in MDS versus AML cases (p =0.03). RTL correlated negatively with age in MDS (p <0.0001) 
but not in AML cases. RTL was also significantly shorter in MDS cases with pancytopenia and poor risk 
cytogenetics (p < 0.0001 for each) and short RTL was significantly associated with inferior survival (p = 0.007), 
while RTL showed no significant impact on OS in AML cases. Moreover, short RTL retained independent 
prognostic value in multivariate analysis (HR= 3.42 [95% CI, 8.97-19.35], p = 0.004). 
Conclusion: RTL showed an association with both AML and MDS; however, short RTL was an independent poor 
prognostic factor in MDS patients only. 
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INTRODUCTION  
   MDS are clonal disorders originating from 
hematopoietic stem cells, occurred mainly in 
elderly patients, characterized by ineffective 
hematopoiesis and a high risk of progression to 
AML with poor prognosis and inferior outcome1. 
The revised initial International Prognostic 
Scoring System (IPSS–R) is based on cytogenetic, 
cytopenia and blast count risk categories2, 3. 

More than 75 % of MDS cases carry > 1 somatic 
mutation. These mutations are likely responsible 
for the different MDS subtypes; & epigenetic 
changes e.g. TET2, DNMT3A, IDH1/2, which 
direct chromatin remodeling, signaling molecules 
e.g. NRAS, JAK2, NPM1, FLT3 and the check point 
regulator TP534. 
Various researches have demonstrated that 
there is an overlap of the same genetic  
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mutations seen in MDS/AML patients and  the 
normal adult population that show increasing 
frequency with age5, and until now they still did 
not know what drives these clones to further 
genomic instability and the development of 
MDS/AML. 
Telomeres are terminal nucleoprotein structures 
that entails hundreds to thousands of repetitive 
sequences of TTAGGG. Organized with the 
shelter in complex, form a cap to protect the 
chromosomal ends from degradation and DNA 
repair responses6. Repair of critically short 
telomeres by telomerase is limited in most 
somatic cells and cellular senescence is elicited 
when too many short telomeres 
accumulate7.That is why short telomere provides 
a driver for human cell apoptosis and has 
antitumor mechanism. The variation in telomere 
length between individuals is partly explained by 
age, and genetic variation8. 
Telomere shortening is countervailed by the 
telomerase complex, inactive in most somatic 
cells, but activated in stem cells, including 
hematopoietic stem cells and cells of most of 
human cancers9. This gives these cells the 
capability to sustain telomere length10, escape 
senescence and cessation of cell proliferation 
that occurs when the telomer length reaches a 
crucial level11. 
It has been reported that MDS cases with short 
telomeres-length were more prone to leukemic 
transformation12. Gadji, Adebayo Awe13 
proposed that telomere dysfunction reinforces 
the chromosomal alterations involved in MDS 
progression to AML and de novo AML. In a 
preclinical study telomere dysfunction produced 
DNA damage similar to that associated with 
known MDS phenotypes, leading to altered 
differentiation in myeloid progenitor cells14. 
In this study, we measured leukocyte relative 
telomere length (RTL) in patients with MDS and 
AML clarifying its clinical and prognostic 
implications. 
   
 
 
 
 

MATERIALS AND METHODS 
Patients  
This study was carried on 96 MDS patients (51 
males, 45 females), 130 de novo AML patients 
(69 males, 61 females) recruited at oncology 
Mansoura university center from April 2015-
untill April 2018, in addition to 50 healthy subject 
matched in age and sex as reference control. 
Diagnosis of MDS and AML were established 
according to 2008 WHO diagnostic criteria2. The 
median value of RTL 1 was set as the cutoff for 
statistical comparison. Overall survival (OS) is 
defined as the time from diagnosis to death or 
last follow-up. 
Local ethical issues of research were followed by 
informed consents from every patient. Cases 
were followed-up for 3 years to assess prognosis 
and outcome. 
Risk stratified management was done for studied 
cases according to our local institutional 
protocols. Immediate treatment was initiated for 
patients with symptomatic cytopenia in MDS. 
Lenalidomide was prescribed in red blood cell 
transfusion-dependent patients with deletion 5q 
MDS AML and MDS cases with excess blasts were 
treated by induction chemotherapy followed by 
allogeneic hematopoietic cell transplantation or 
consolidation therapy with high dose cytarabine 
in case of good risk AML. Relapsed AML cases 
were salvaged by either HAM or FLAG protocol 
then proceed to allogeneic hematopoietic cell 
transplantation if not done, while MDS cases 
treated with best supportive care. 
 
Sampling 
Two ml EDTA peripheral-blood samples were 
obtained for complete blood count (CBC) and 
DNA extraction. Bone marrow aspirate and bone 
marrow biopsy specimens were collected from 
patients for morphologic and 
immunophenotypic diagnosis, cytogenetic study 
by conventional karyotyping and molecular FISH 
and was done in specific accredited hematology 
lab for international Canadian accreditation. 
 
DNA extraction  
DNA was extracted using Thermo scientific Gene 
JET Whole Blood Genomic DNA Purification kit 
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according to the protocol of manufacturer’s 
instructions. The extracted DNA was stored 
frozen at - 20 C. The DNA samples were 
quantified by Nano-Drop instrument, the 
samples were measured 17 - 45 ng /μL . 

 

Relative telomere length measurement  
Leukocyte telomere length was measured using 
a real time quantitative polymerase chain 
reaction (RT-PCR) technique developed by 
Cawthon (15)with minor modification. Cawthon 
method compares signals from telomere repeat 
copy number (T) to a single-copy gene copy 
number (S) and allows calculation of a relative 
T/S ratio. The primer sequences (written 5′→3′) 
were tel1b: 
5_CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTT
GGGTT3_; 
tel2b:5_GGCTTGCCTTACCCTTACCCTTACCCTTAC
CCTTACCCT-3_; 36B4u: 5′-CAG CAA GTG GGA 
AGG TGT AAT CC-3′; 36b4d: 5′-CCC ATT CTA TCA 
TCA ACG GGT ACA A-3′.. The final telomere 
primer concentration was 100 pico mole. 
Standard curve of known concentration was 
used. The order of DNAs from cases and controls 
was randomized on 96-well plate over two runs 
with duplication of 4 samples all over the runs for 
quality control purpose. Each PCR well contained 
DNA (35 ng/aliquot), 10 ul of the SYBR® Green 
master mix and 1 ul of forward primers, 1 ul of 
reverse primers specific for each plate T and S, 
PCR reagents and DNase-free water to reach 
20ul/aliquot. PCRs were performed on the 
ViiA™7 system/ 96-well block (0.2 mL), Software 
v1.2 (Applied Biosystems).  Thermal cycling 
profile for both amplicons began with 95°C 
incubation for 10 min to activate the AmpliTaq 
Gold DNA polymerase. For telomere PCR, 
followed 18 cycles of 95°C for 15 s, 54°C for 2 min.  
For 36B4 PCR, followed 30 cycles of 95°C for 15 s, 
58°C for 1 min.  

Relative telomere length calculation  
Relative T/S values were calculated 
according to 2-ΔΔ Ct 
ΔCt= Ct (calibrator) – Ct (unknown sample). 

ΔΔCt = ΔCt (telomere) – ΔCt (single copy gene). 

Cytogenetic analysis 
Conventional cytogenetic by G-banding and   
interface fluorescence in situ hybridization (FISH) 
on pretreatment bone marrow samples 
preserved on  sodium lithium heparin  from all 
patients were studied using standard techniques, 
ten or more metaphases were examined in those 
patients, and chromosomal abnormalities were 
described according to the International System 
for Human Cytogenetic Nomenclature (ISCN) 
(16); all specimens were also analyzed by FISH 
using a comprehensive DNA probe set allowing 
for the detection of the most relevant recurrent 
chromosomal translocation in  AML- and MDS , 
different  Probes for [t (15; 17), t (8; 21), inv 16, 
and 11 q rearrangement for AML cases (Vysis, 
London, UK), analysis of at least 100 metaphase 
for every case through cell images were captured 
using a CCD camera (Photometrics SenSys 
camera) using CytoVision system for image 
analysis (Applied Imaging), examination of ever 
case was done by an expert and professional 
highly specialized staff  at international Canadian 
accredited lab. 

Statistical analysis 

Data were analyzed running IBM-SPSS© for 
windows version 19.0. A two-sided p value of > 
0.05 was required for statistical significance. The 
Chi Square Test was used for testing the relation 
between categorical variables. Mann–Whitney U 
test or Kruskal–Wallis H test were used for 
comparison between two or more groups. 
Correlations were identified by Kendall's Tau 
correlation coefficient. Survival was determined 
by the Kaplan-Meier test, the Log Rank test was 
used for comparison. Independent hazards of 
different prognostic factors were tested by the 
Cox's regression model. 
 
RESULTS 
   This study was conducted on 96 MDS patients 
(51 Males, 45 females), their median age was 55 
years (37-76 years), while AML includes 130 
cases 69 were males, 61 females, with a median 
age of44 years (17-67 years). Descriptive data of 
studied patients are illustrated in Table 1. 
 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwjA89rr8c3XAhVC3KQKHVVuC5QQFghFMAM&url=https%3A%2F%2Fwww.thermofisher.com%2Fus%2Fen%2Fhome%2Findustrial%2Fspectroscopy-elemental-isotope-analysis%2Fmolecular-spectroscopy%2Fultraviolet-visible-visible-spectrophotometry-uv-vis-vis%2Fuv-vis-vis-instruments%2Fnanodrop-microvolume-spectrophotometers%2Fnanodrop-nucleic-acid-quantification.html&usg=AOvVaw2mjGntqfnT3W1qCFzqEmPm
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                           Table1: Baseline patients characteristic 

 AML MDS 

No % No % 

Sex Male 69 53.1% 51 53.1% 

Female 61 46.9% 45 46.9% 

Age 

Median (range) 

44 (17-67) 55 (37-76) 

WBCs x 1000/µL 45.0- (1.7-214) 2.8- (0.9-10.6) 

Hemoglobin (g/dl) 7.5- (5.4-11.2) 6.5- (3.9-12.8) 

Platelets x 1000/µL 63- (10-120) 88- (18-230) 

BM blast percentage 55- (22-90) 12- (3-28) 

Performance status (EGOC) 0 32 24.6% 29 30.5% 

1 42 32.3% 34 35.8% 

2 28 21.5% 21 22.1% 

3 28 21.5% 12 12.6% 

Cytogenetics 

(Karyotype as defined by WHO in MDS) 

Favorable (good) 49 37.7% 36 37.5% 

Intermediate 46 35.4% 14 14.6% 

Poor 35 26.9% 46 47.9% 

Cytopenia Monocytopenia   31 32.3% 

Bicytopenia   24 25.0% 

Pancytopenia   41 42.7% 

IPSS-R* Very Low/Low   35 36.5% 

Intermediate   33 34.4% 

High/Very High   28 29.2% 

Response to Induction Treatment Failure 36 27.7%   

Complete Remission 94 72.3%   

Relapse Disease Free 85 90.4%   

Relapsed 9 9.6%   

Mortality Censored 96 73.8% 44 45.8% 

Died 34 26.2% 52 54.2% 

       *IPSS-R: Revised-international prognostic scoring system 

RTL was longer in both MDS and AML cases than 
control subjects (p < 0.0001) (Fig. 1) and was 
longer in MDS cases than AML cases (p = 0.03). 
Control and MDS samples revealed significant 
diminution in telomere length with older age at 
diagnosis (p < 0.0001), while AML samples 

showed no significant correlation between RTL 
and age p = 0.5 (Fig. 2). 
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Figure 1: RTL in control, AML and MDS cases 
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Fig.2: RTL correlates negatively with age in control subjects (A), in MDS patients (B) but not in AML cases (C) 

Relation of RTL toclinico-pathological features, 
risk categories and response to induction 
chemotherapy 
In MDS cases shorter RTL was detected in MDS 
cases with pancytopenia (p < 0.0001), high bone 
marrow blast percentage (p <0.0001), poor risk 
karyotype (p < 0.0001); and high, very high R-IPSS 

(p < 0.0001; Fig. 3).However, in AML cases, there 
was no significant relationship linking RTL to 
cytogenetic risk (p = 0.14). Also, the RTL showed 
no significant relation to the complete remission 
rate in AML cases (p = 0.9; Figure 4). 
 

 

 
Figure 3. RTL is significantly reduced in relation to higher IPSS-R scoring system 
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Figure 4. The distribution of RTL in AML cases showed no significant relation to complete remission rate 
 

 
The association between RTL and overall 
survival outcome in AML&MDS cases 

In MDS cases, univariate analysis revealed that 
age ≥ 60 years, high IPSS-R and shorter RTL (<1, 
median cut-off) were associated with inferior 
overall survival p=0.007 (Table2 and Figure.5). 
Multivariate analysis revealed that short 
telomere length was independently associated 
with adverse prognosis for survival in MDS HR 
3.42 (Confidence interval 1.46-7.93, p 0.004), 
along with revised international prognostic 
scoring system (Table 2). While in AML cases RTL 
did not affect the overall survival (Figure. 5). 
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     Table 22: Univariate and multivariate regression analysis of risk factors for overall survival in MDS 

HR (hazard-ratio), CI (confidence-interval), IPSS-R (revised-international prognostic scoring system), RTL (Relative Telomer Length) 

 
 
 

 
 

 

Univariate Multivariate 

HR 95% CI p HR 95% CI p 

Sex (male) 1.6 0.7 – 4.2 0.12    

Age (≥ 60 years) 1.82 1.12- 3.22 0.03 1.55 0.73 - 3.27 0.25 

IPSS-R   0.0001 

IPSS-R (Intermediate) 7.18 3.52 - 14.39 0.001 5.09 1.76 - 14.65 0.003 

IPSS-R (High/Very High) 12.22 9.44 - 16.28 0.0001 11.39 8.97 - 19.35 0.0001 

RTL 3.95 1.88 - 7.62 0.0001 3.42 1.46 - 7.93 0.004 
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Figure 5: Short RTL was associated with inferior OS in MDS patients (A); no impact on OS in AML (B) 

 
 
 
DISCUSSION 
   Cumulative knowledge from previous  studies 
had hypothesized that altered telomere 
homeostasis plays a possible role in bone 
marrow failures, leukemias and other 
malignancies17. Telomere erosion in tumor cells 
was found to predict worse prognosis with more 
advanced disease in chronic lymphocytic 
leukemia18, 19, myeloma20 and various cancers 20. 
Mendelian short telomereis sufficient to 
promote premature age-related clonal 
hematopoiesis, primarily associated with MDS 
and AML(21).Therefore we examined the 
relationship between RTL and clinical outcome in 
MDS and AML.  
In the current study MDS cases (median age 55 
years; 37-76) were older than AML cases (median 
age 44 years; 17-67) RTL was significantly longer 
in the MDS versus AML cases (p = 0.03). Although 
MDS cases showed significant reduction in RTL 
with increasing age at diagnosis (p < 0.0001) 
while in AML cases positive insignificant 
correlation was observed. This finding 

contradicts with the phenomenon that occurs 
normally with aging22,23. Similar findings were 
evident in the study done by Hosnijeh, Matullo 24 
on B-cell lymphoma patients and Xie, Wu25 in soft 
tissue sarcomas patients. Dagg Pickett26 
hypothesized that RTLelongation is caused by a 
defective trimming of telomeres during 
embryogenesis, and unbalanced telomerase 
activity. It has been hypothesized that longer 
telomeres may increase cancer-risk by allowing 
multiple cell divisions and deferring senescence 
and apoptosis, this allows the cells to assemble 
genetic alterations leading to cancer 
development27. Also Rode, Nordestgaard28 
concluded that long telomeres are characterized 
by increased cancer risk, especially, melanoma 
and lung cancer. 
MDS is characterized by ineffective 
hematopoiesis resulting in peripheral cytopenias 
despite hypercellular bone marrow with 
increased risk of AML transformation29. One of 
possible explanation is telomere shorten which 
allow cells to be more susceptible to chrmosomal 
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instability and arrest cell division. It is assumption 
that the lack of telomerase activity observed in 
MDS resulting in failure of cells to overcome 
replicative senescence30. The reason why 
telomerase is not upregulated in MDS is 
unknown, and studies have failed to show any 
responsible acquired telomerase-regulated 
genetic abnormalities in this patient group, 
although there are several germline mutations 
described in TERC and TERT predisposing to 
MDS/AML31, 32. 

Our study revealed a significant impact of short 
telomere length on the number of cytopenias in 
MDS cases. As Williams Heppel 12 showed that 
shorter telomere length was associated with 
increased number of cytopenia and our data 
showed significant negative correlation between 
RTL and blast cell count which were similar to 
Gohring Lange 33 who demonstrated that MDS 
associated with shorter tolemeres was more 
prone to leukemic transformation. 
In fact, our data demonstrated that shorter RTL 
group (< 1.3; median cut-off) was associated with 
inferior OS (p=0.007) and that was significantly 
associated poor prognostic parameters as 
increased number of cytopenia, increased blast 
count, poor cytogetic risk group and high/very 
high R-IPSS risk group, similar to Ohyashiki, 
Iwama 34 who reported that MDS patients with 
short telomere  at the time of diagnosis showed 
a high incidence of complex chromosome 
abnormalities, rapid disease progression and 
shorter survival time. Furthermore short 
telomere cause  end to end fusion that cause 
genetic instability with induced 
leukemogenesis35. Also, Hwang Kim36 concluded 
that short telomer determine the fate of cell and 
was significant with tumor burden, had poor 
survival. 
Telomere loss is believed to limit the growth of 
many somatic stem cells thereby acts as tumor 
suppressor mechanism7. Unlike MDS cells, AML 
cells showed evidence of upregulated 
telomerase activity that allows blast cells to 
continue to replicate despite accelerated 
telomere shortening during leukaemogesnesis37. 
It was also explained in experimental models of 
AML and demonstrated that acute leukemia-

causing fusion genes MLL-AF4 and AML1-ETO 
have been reported to upregulate TERT 
expression38. 
Our results showed positive insignificant relation 
between RTL and age in AML patients. Also no 
relation with cytogentic risk group (p = 0.14) 
unlike the finding by Capraro Zane39 who 
demonstrated that shorter telomeres length in 
AML patients was associated with complex 
cytogenetics. While Watts Dumitriu 40 showed 
longer TL associated with a commonly mutated 
DNA modifying enzymes (IDH1/2, DNMT3A, 
TET2), mutations in FLT3 and other signaling 
mutations were associated with shorter TL. 
Shortened telomere length and increased 
telomerase activity were associated with 
chemotherapy resistance, rapid disease 
progression and dismal prognosis in patients with 
acute leukemia41. However, in a recent report, 
telomere length was not associated with any 
prognostic information in patients with acute 
myeloid leukemia and high-risk myelodysplastic 
syndrome42. Our data showed no relation 
between RTL with response rate (p = 0.9) and 
survival (p = 0.7). This could be explained by 
different patients study, protocol therapy. 
Multivariate regression analysis revealed , short 
telomere length was independent prognostic 
marker for survival in MDS (p 0.004) HR 3.42 , CI 
1.46-7.93, along with revised international 
prognostic scoring system mainly intermediate, 
high, very high. 
Finally, long-standing clinical observations 
indicate that short dysfunctional telomeres may 
result in chromosomal instability and clonal 
evolution, resulting in dreadful clinical 
consequences in different malignant subtypes 
and, our results also document that telomere 
dysfunction plays a major role in MDS biology 
and progression to AML, that is why therapeutic 
targets as telomerase inhibitors worth more 
studies in myeloid disorders. 
 
 
 
 
 



Pardis Nematollahi, et al.                                                                IJHOSCR, 1 April. Volume 14, Number 2 

198 
 

 International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

CONFLICT OF INTEREST  
   The authors have no conflicts of interest. 
 
Funding 
This study was not supported by from any 
funding Agency. 
 
REFERENCES 
1. Tefferi A, Vardiman JW. Myelodysplastic syndromes 
N Engl J Med. 2009;361(19):1872-85. 
2. Vardiman JW, Thiele J, Arber DA, et al. The 2008 
revision of the World Health Organization (WHO) 
classification of myeloid neoplasms and acute 
leukemia: rationale and important changes. Blood. 
2009;114(5):937-51. 
3. Greenberg PL. Molecular and genetic features of 
myelodysplastic syndromes. Int J Lab Hematol. 
2012;34(3):215-22. 
4. Haferlach T, Nagata Y, Grossmann V, et al. 
Landscape of genetic lesions in 944 patients with 
myelodysplastic syndromes. Leukemia. 
2014;28(2):241-7. 
5. McKerrell T, Park N, Moreno T, Grove CS, et al. 
Leukemia-associated somatic mutations drive distinct 
patterns of age-related clonal hemopoiesis. Cell Rep. 
2015;10(8):1239-45. 
6. Deville L, Hillion J, Segal-Bendirdjian E. Telomerase 
regulation in hematological cancers: a matter of 
stemness? Biochim Biophys Acta. 2009;1792(4):229-
39. 
7. Aubert G, Lansdorp PM. Telomeres and aging. 
Physiol Rev. 2008;88(2):557-79. 
8. Rode L, Nordestgaard BG, Bojesen SE. Peripheral 
blood leukocyte telomere length and mortality among 
64,637 individuals from the general population. J Natl 
Cancer Inst. 2015;107(6):djv074. 
9. Pepper C, Baird DM. Shortened telomeres: a driving 
force behind leukemia? Future Oncol. 
2010;6(11):1681-6. 
10. Hanahan D, Weinberg RA. Hallmarks of cancer: the 
next generation. Cell. 2011;144(5):646-74. 
11. Campisi J. Cellular Senescence, Aging and Cancer. 
ScientificWorldJournal. 2001;1:65. 
12. Williams J, Heppel NH, Britt-Compton B, et al. 
Telomere length is an independent prognostic marker 
in MDS but not in de novo AML. Br J Haematol. 
2017;178(2):240-9. 
13. Gadji M, Adebayo Awe J, Rodrigues P, et al. 
Profiling three-dimensional nuclear telomeric 
architecture of myelodysplastic syndromes and acute 
myeloid leukemia defines patient subgroups. Clin 
Cancer Res. 2012;18(12):3293-304. 

14. Colla S, Ong DS, Ogoti Y, et al. Telomere 
dysfunction drives aberrant hematopoietic 
differentiation and myelodysplastic syndrome. Cancer 
Cell. 2015;27(5):644-57. 
15. Cawthon RM. Telomere measurement by 
quantitative PCR. Nucleic Acids Res. 2002;30(10):e47. 
16. Nomenclature SCoHC, Mitelman F. ISCN 1995 : an 
international system for human cytogenetic 
nomenclature (1995) : recommendations of the 
International Standing Committee on Human 
Cytogenetic Nomenclature, Memphis, Tennessee, 
USA, October 9-13, 1994: New York : Karger; 1995. 
17. Lansdorp PM. Maintenance of telomere length in 
AML. Blood Adv. 2017;1(25):2467-72. 
18. Lin TT, Norris K, Heppel NH, et al. Telomere 
dysfunction accurately predicts clinical outcome in 
chronic lymphocytic leukaemia, even in patients with 
early stage disease. Br J Haematol. 2014;167(2):214-
23. 
19. Wysoczanska B, Dratwa M, Gebura K, et al. 
Variability within the human TERT gene, telomere 
length and predisposition to chronic lymphocytic 
leukemia. Onco Targets Ther. 2019;12:4309-20. 
20. Simpson K, Jones RE, Grimstead JW, et al. 
Telomere fusion threshold identifies a poor 
prognostic subset of breast cancer patients. Mol 
Oncol. 2015;9(6):1186-93. 
21. Schratz KE, Haley L, Danoff SK, et al. Cancer 
spectrum and outcomes in the Mendelian short 
telomere syndromes. Blood. 2020; 135(22): 1945-
1956. 
22. Martens UM, Brass V, Sedlacek L, et al. Telomere 
maintenance in human B lymphocytes. Br J Haematol. 
2002;119(3):810-8. 
23. Gorenjak V, Akbar S, Stathopoulou MG, et al. The 
future of telomere length in personalized medicine. 
Front Biosci (Landmark Ed). 2018;23:1628-54. 
24. Hosnijeh FS, Matullo G, Russo A, et al. 
Prediagnostic telomere length and risk of B-cell 
lymphoma-Results from the EPIC cohort study. Int J 
Cancer. 2014;135(12):2910-7. 
25. Xie H, Wu X, Wang S, et al. Long telomeres in 
peripheral blood leukocytes are associated with an 
increased risk of soft tissue sarcoma. Cancer. 
2013;119(10):1885-91. 
26. Dagg RA, Pickett HA, Neumann AA, et al. Extensive 
Proliferation of Human Cancer Cells with Ever-Shorter 
Telomeres. Cell Rep. 2017;19(12):2544-56. 
27. Hackett JA, Greider CW. Balancing instability: dual 
roles for telomerase and telomere dysfunction in 
tumorigenesis. Oncogene. 2002;21(4):619-26. 



IJHOSCR, 1 April 2020. Volume 14, Number 2                  Genetic Variation in SOD1Gene Promoter 
 

 

199 
 

International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

28. Rode L, Nordestgaard BG, Bojesen SE. Long 
telomeres and cancer risk among 95 568 individuals 
from the general population. Int J Epidemiol. 
2016;45(5):1634-43. 
29. Kröger N, Zabelina T, de Wreede L, et al. Allogeneic 
stem cell transplantation for older advanced MDS 
patients: improved survival with young unrelated 
donor in comparison with HLA-identical siblings. 
Leukemia. 2013;27(3):604-9. 
30. Rollison DE, Epling-Burnette PK, Park JY, et al. 
Telomere length in myelodysplastic syndromes. Leuk 
Lymphoma. 2011;52(8):1528-36. 
31. Kirwan M, Beswick R, Vulliamy T, et al. Exogenous 
TERC alone can enhance proliferative potential, 
telomerase activity and telomere length in 
lymphocytes from dyskeratosis congenita patients. Br 
J Haematol. 2009;144(5):771-81. 
32. Ballew BJ, Savage SA. Updates on the biology and 
management of dyskeratosis congenita and related 
telomere biology disorders. Expert Rev Hematol. 
2013;6(3):327-37. 
33. Gohring G, Lange K, Hofmann W, et al. Telomere 
shortening, clonal evolution and disease progression 
in myelodysplastic syndrome patients with 5q 
deletion treated with lenalidomide. Leukemia. 
2012;26(2):356-8. 
34. Ohyashiki JH, Iwama H, Yahata N, et al. Telomere 
stability is frequently impaired in high-risk groups of 
patients with myelodysplastic syndromes. Clin Cancer 
Res. 1999;5(5):1155-60. 
35. Capper R, Britt-Compton B, Tankimanova M, et al. 
The nature of telomere fusion and a definition of the 
critical telomere length in human cells. Genes Dev. 
2007;21(19):2495-508. 
36. Hwang SM, Kim SY, Kim JA, et al. Short telomere 
length and its correlation with gene mutations in 
myelodysplastic syndrome. J Hematol Oncol. 
2016;9(1):62. 

37. Kishtagari A, Watts J. Biological and clinical 
implications of telomere dysfunction in myeloid 
malignancies. Ther Adv Hematol. 2017;8(11):317-26. 
38. Gessner A, Thomas M, Castro PG, et al. Leukemic 
fusion genes MLL/AF4 and AML1/MTG8 support 
leukemic self-renewal by controlling expression of the 
telomerase subunit TERT. Leukemia. 
2010;24(10):1751-9. 
39. Capraro V, Zane L, Poncet D, et al. Telomere 
deregulations possess cytogenetic, phenotype, and 
prognostic specificities in acute leukemias. Exp 
Hematol. 2011;39(2):195-202 e2. 
40. Watts JM, Dumitriu B, Hilden P, et al. Telomere 
length and associations with somatic mutations and 
clinical outcomes in acute myeloid leukemia. Leuk 
Res. 2016;49:62-5. 
41. Wang L, Xiao H, Zhang X, et al. The role of 
telomeres and telomerase in hematologic 
malignancies and hematopoietic stem cell 
transplantation. J Hematol Oncol. 2014;7:61. 
42. Warny M, Helby J, Sengelov H, et al. Bone marrow 
mononuclear cell telomere length in acute myeloid 
leukaemia and high-risk myelodysplastic syndrome. 
Eur J Haematol. 2019;102(3):218-26. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 


