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Introduction
Bone marrow failure (BMF) included clinically or pathologically 

causes associated with the inability of the bone marrow to produce 
a sufficient number of peripheral blood cells, and it is also called 
aplastic anemia (AA). BMF includes both inherited and acquired 
conditions. Inherited bone marrow failure syndromes (IBMFS), such 
as Dyskeratosis Congenita (DC), Fanconi anemia (FA), Diamond-
Blackfan anemia (DBA), and Shawchman Diamond syndrome (SDS), 
are more common to children, but on contrary acquired AAs are more 
frequent in adults.1 The telomerase complex maintains telomere length 
(TL) in embryonic cells and in few adult cell types such as germ 
cells, stem cells, T lymphocytes, and monocytes. All the other adult 
cells, including blood cells, show a progressive reduction in telomere 
length, which correlates with the age and rate of cell proliferation.2 
The telomerase complex includes the catalytic subunit (TERT), its 
RNA component TERC, and the four H/ACA RNA associated proteins 
dyskerin, NOLA1 (GAR1), NOLA2 (NHP2), and NOLA3 (NOP10).3 
Without telomerase, telomeres get shorter as the cell duplicates and 
their erosion induces chromosomal instability and apoptosis.

Telomere DNA consists of long repeated sequences of (TTAGGG) 
on the ends of chromosomes which needed for the replication and 
stability of chromosomes. Telomeres generally shortened with age in 
somatic cells and, in well-known, telomere shortening encountered by 
telomerase activity to keep up TL, and this commonly found between 
specific cells, particularly in stem cells.4 There are other factors 
that have an effect on telomere shortening than aging, including 
oxidative stress, DNA damage, DNA repair mechanisms, and genetic 
factors.5 In normal cells, telomere shortening considered a result 
of cell senescence or apoptosis.6 Critical telomeres shortening that 
breakout apoptosis or senescence has risky genomes and are believed 
to be a critical step on the pathway to malignant transformation.7,8 
Many studies have reported short telomeres in patients with BMF 
syndromes, using variety of different cell types, and different methods 
as Southern blot, fluorescence in situ hybridization combined with 
flow cytometry (flow-FISH), and Quantitative PCR.9-14 So, our study 
aimed to evaluate the utility of Real-Time Quantitative-Polymerase 
Chain Reaction (RQ-PCR) in measuring the relative telomere length 
and investigating its correlation with the clinicopathological data of a 
cohort of Egyptian patients with BMF syndromes either acquired or 
inherited.
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Abstract

Background and aim for the work: Bone marrow failure (BMF) is the inability of the 
bone marrow to produce an adequate number of peripheral blood cells. BMF included 
inherited and acquired conditions. The telomerase complex maintains telomere length (TL) 
in embryonic cells and in few adult cell types such as germ cells, stem cells, T lymphocytes, 
and monocytes. All the other adult cells, including blood cells, show a progressive reduction 
in telomere length, which correlates with the age and rate of cell proliferation. Our study 
aims to evaluate the utility of Real-Time Quantitative-Polymerase Chain Reaction (RQ-
PCR) in measuring the relative telomere length and to investigate its correlation with the 
clinicopathological data of the Egyptian BMF patients.

Materials and methods: The study included 3 groups: a group of inherited BMF (25 
patients), a group of acquired BMF (10 patients) and a third healthy control group (15 
cases). The relative telomere length (RTL) is evaluated for them using RQ-PCR.

Results: We have found a significant difference in RTL between all BMF patients and 
healthy controls (P value= 0.001), there was a significant difference in RTL between 
inherited BMF patients and its age-matched controls (P value=0.009), also a significant 
difference between acquired BMF patients and its age-matched controls (P value= 0.034). 
However, there was no significant difference between inherited and acquired BMF patients 
(P value= 0.479). On the other hand, we find an association between RTL and lymphocyte 
count (P value= 0.032) in inherited BMF patients. While another association observed with 
RTL and red blood cell count (RBCs) in acquired BMF patients (P value= 0.048). There was 
no significant correlation with RTL and the overall survival or prognosis of those patients. 

Conclusion: We conclude that the telomere lengths are significantly altered in Egyptian 
BMF patients, either whether inherited or acquired compared to the control group, with 
some hematological changes.

Keywords: telomere length, telomerase, telomere shortening, bone marrow failure 
(BMF), real-time quantitative PCR (RQ-PCR)
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Subjects and methods
Subjects

This study included 3 groups (50 individuals): 25 patients as 
inherited BMF group, 10 patients with pure red blood cell aplasia 

(PRBCA), 15 patients with Fanconi anemia (FA), while 10 patients 
in acquired BMF group as acquired aplastic anemia (AAA) and 
15 normal individuals as a third group 10 as age-matched healthy 
individuals for inherited BMF group (ranges from 3 to 17 years old) 
and 5 as age-matched individuals for acquired BMF group (ranges 
from 21-70 years old). Patient characteristics are shown in Table 1.

Table 1 Demographic, laboratory data and Patient characteristics.

Control group Inherited BMF 
patients

Acquired BMF 
patients

N 15 29 10

SEX M/F 09-Jun 16/13 05-May

AGE Median (Range) 35 (3-70) 6 (1-16) 34 (21-70)

HB(g/dL) Median (Range) 12.1 (10.0-14.30) 7.29 (3.92-11.10) 7.75 (4.18-9.41)

RBCs(x1012/L) Median (Range) 5.0 (4.47-5.54) 2.54 (1.49-5.12) 2.83 (1.90-4.18)

WBCs(x109/L) Median (Range) 6.50 (5.50-7.10) 5.56 (0.99-32.80) 3.56 (1.14-4.83)

LYM% Median (Range) 63.0 (34.20-76.50) 44.5 (15.20-75.20) 63.0 (29.60-76.50)

NEUT% Median (Range) 50.0 (40.0-55.0) 35.90 (10.0-79.60) 27.10 (18.6-69.0)

PLTs (x 109/L) Median (Range) 195.0(190.0-313.0) 166.0 (4.30-1179.0) 28.1 (11.10-371.0)

BMF, bone marrow failure; HB, hemoglobin; RBCs, red blood cells; WBCs. white blood cells; PLTs, platelets; LYM, lymphocytes

BMF patients were diagnosed based on complete blood count 
and bone marrow aspiration and biopsy examination. Patients with 
inherited BMF syndromes included pure red blood cell aplasia 
(PRBCA) and Fanconi anemia (FA), these two syndromes were 
diagnosed according to clinical criteria, including specific congenital 
anomalies and syndrome-specific laboratory tests;15 chromosome 
breakage analysis for FA, and red cell adenosine (ADA) for PRBCA. 
Acquired BMF patients were diagnosed according to the presence 
of the bone marrow hypo cellular without congenital anomalies and 
negative results of chromosomal breakage analysis.

Inherited BMF patients followed a protocol of treatment for 
androgens and corticosteroids; most of them were blood transfusion 
dependent. Four patients that received a successful bone marrow 
transplant (BMT) showed slightly improved levels of hematology 
parameters. Patients with acquired BMF were treated with cyclosporin 
A (CsA). Also, most of them were blood transfusion dependent. 
Patients were recruited from the hematology outpatient clinic at 
Children Hospital (MUCH) for children and for adults at Oncology 
Centre Mansoura University (OCMU), Mansoura, Egypt. Written 

informed consent was obtained from all participants. This study was 
approved by the Human Ethics Committee of the Mansoura University 
in accordance with the Declaration of Helsinki.

Measurement of Telomere by RQ-PCR

Genomic DNA extracted from 200 µL of peripheral blood using 
Gene JETTM Genomic DNA Purification Kit (Fermentas spin 
columns, Canada).Extracted DNA carried on different occasions. The 
relative average of telomere length (RTL) determined by RQ-PCR as 
described by Cawthon16 with some changes. For each DNA sample, 
telomere (T) and single copy gene (S) master mixes prepared and 
ran on Applied Biosystems StepOne™ (Applied Biosystems, Foster 
City, CA, USA). The reaction mixture was in a final volume of 30 
µL containing 12 µL SYBR Green master mix (Applied Biosystems, 
Warrington, UK, 4344464) and 35ng of DNA, these also included the 
final concentrations for telomere primer 270nM for tel1; and 900nM 
for tel2, and 300nM for 36B4u; and 500nM for 36B4d (single copy 
gene). The 36B4 gene encodes acidic ribosomal phosphoprotein PO, 
is on chromosome 12,17 (written, (Table 2) were: 

Table 2 Primer sequences for quantitative real-time PCR.

Name Primer sequences  
(5→3)

Telomere Forward tel1, GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT

Reverse tel2, TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA

36B4 Forward 36B4u, CAGCAAGTGGGAAGGTGTAATCC

Reverse 36B4d, CCCATTCTATCATCAACGGGTACAA
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Each run involved two 96-well plates prepared for each assay, 
one containing telomere primers and the other 36B4 primers used 
as a single copy gene. A standard DNA (Applied Biosystems, Foster 
City, CA, 350436) was serially diluted by  ̴ 1.68-fold per dilution to 
produce five concentrations of DNA, ranging from 0.63ng to 5ng/µL 
to produce standard curves one for telomere repeats and the other for 
36B4 gene. Then, efficiency calculated by using the formula E=10 
[-1/slope] - 1. The slope values for the telomere and 36B4 assays in 
the current study were  ̶ 3.289 and  ̶ 3.314 respectively; generating 
efficiencies equals 99% (recommended range 90-110%). All samples 
analyzed in triplicates. Amplification was carried out at 95°C for 10 
min followed by for telomere primer, 18 cycles at 95°C for 15 s, 54°C 
for 2 min. For 36B4 primer followed by 30 cycles at 95°C for 15 s, 
58°C for 1 min. Telomere/Single-copy gene (T/S) ratio values were 
then calculated using the formula for comparative method T/S= 2 –
ΔΔCT for relative quantification. T/S ratios for each sample obtained 
by dividing the mean amount of telomeres by the mean amount of 
36B4.

Statistical Analysis: Statistical analysis performed with SPSS 
version 16.0. Non-parametric tests were used. Median and Range 
calculated for telomere length. Mann-Whitney Rank Sum test is a 
non-parametric test used to compare two populations’ means that 
come from the same population. The Kruskal-Wallis H test used to 
compare between two or more groups. The Kendall rank correlation 
coefficient used to assess the association of T/S ratio measurements 
with the study variables. Receiver`s Operating Characteristics (ROC) 
curve analysis used to get the area under the curve (AUC) to decide 
the diagnostic power of RTL in BMF patients either inherited or 
acquired. Statistical significance was considered when P < 0.05. 

Results
A total 35 patients with BMF and 15 individuals as healthy 

age-matched control group were included in this study. RTL was 

significantly lower in all patients with BMF (Median: -2.30, range: 
-5.33 to -0.09) than that of all age-matched controls (Median: -1.37, 
range: -1.74 to -1.01), (P < 0.001). Meanwhile, there was a significant 
difference between inherited BMF patients (Median: -2.30, range: 
-4.49 to -0.09) and its age-matched controls (Median: -1.53, range: 
-1.74 to -1.01), (P < 0.009). Also, there was a significant difference 
between acquired BMF patients (Median: -1.82, range: -5.33 to 
-0.49) and their controls (Median: -1.30, range: -1.60 to -1.01), (P < 
0.034). On the other hand, there was no significant difference in both 
inherited (Median: -2.30, range: -4.49 to -0.09) and acquired BMF 
patients (Median: -1.82, range: -5.33 to -0.49), (P > 0.479). There 
was no significant difference in RTLs between different subtypes of 
inherited BMF patients (n=29, P > 0. 267) (Table 3). 

From the ROC curve analysis, the supposed optimal cut-off 
value is 0.032 (for discriminating RTL in all BMF patients from 
all controls), which yielded a sensitivity of 0.769, a specificity of 
0.600 (1-specificity=0.400) and the AUC is 0.790 (95% CI: 0.667 
to 0.912) (Figure 1). While, the supposed optimal cut-off value is 
0.014 (for discriminating RTL in the inherited BMF patients from the 
acquired), which yielded a sensitivity of 0.600, a specificity of 0.759 
(1-specificity=0.241), and the AUC is 0.576 (95% CI: 0.359 to 793) 
(Figure 2).

TL has a significant correlation with red blood cells count 
in acquired BMF patients (P < 0.048, Figure 3); however, it has a 
significant correlation with the lymphocytes in the inherited BMF 
patients (P < 0.032, Figure 4). We observed that there was no 
association between RTL and patient’s situation at last contact neither 
in acquired BMF patients (r=0.031, P > 0.815), nor in inherited BMF 
patients (r=0.091, P > 0.583). Also, there was no association between 
RTL and overall survival from diagnosis neither in acquired BMF 
patients (r=0.090, P > 0.719) nor in inherited BMF patients (r=0.151, 
P > 0.287) (Table 4). 

Table 3 Telomere length comparison in different study groups

Log RTL median Range P-value

All BMF patients (n=39) vs. Healthy controls (n=15) -2.30vs. -1.37 -5.33: -0.09 0.001***

-1.74: -1.01

Inherited BMF patients (n=29) vs. age-matched controls (n=10) -2.30vs. -1.53 -4.49: -0.09 0.009**

-1.74: -1.01

Acquired BMF patients(n=10) vs. age-matched controls (n=5) -1.82vs.-1.30 -5.33: -0.49 0.034*

-1.60: -1.01

Inherited (n=29) vs. Acquired (n=10)BMF patients -2.30vs.-1.82 -4.49: -0.09 0.479

-5.33: -0.49

BMF, bone marrow failure; Log RTL: logarithm transformation of 2 –ΔΔ of relative telomere length.18 Mann-Whitney U test was used. The significance level was * 
p<0.05, ** p<0.01 or *** p<0.001.
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Figure 1 Receiver operating characteristic (ROC) curve analysis shows the relative telomere length (RTL) in all BMF patients with all healthy controls: The 
supposed optimal cutoff value of RTL is 0.032 used as a marker for discriminating BMF patients from healthy controls.

Figure 2 Receiver operating characteristic (ROC) curve analysis shows the relative telomere length (RTL) in inherited and acquired BMF patents: The supposed 
optimal cutoff value of RTL is 0.014 used as a marker for discriminating inherited BMF group from the acquired.

Table 4 Correlations of Relative Telomere Length (RTL) in BMF patients with their clinicopathological status.

Items Acquired BMF patients 
 n= 10

Inherited BMF patients  
n=29

R-value p-value R-value p-value
Age -0.045 0.857 -0.167 0.218
Sex -0.06 0.834 -0.021 0.895
HB 0 1 0.08 0.553
RBCs 0.494 0.048* 0.106 0.429
PLT -0.18 0.472 -0.013 0.921

RTL WBCs: -0.25 0.321 0.077 0.567
-Lymphocytes -0.225 0.369 -0.339 0.032*
-Monocytes 0.135 0.59 -0.07 0.674
-Neutrophiles 0.09 0.719 0.076 0.649
-Eosinophils 0.366 0.173 -0.1 0.537
-Basophils -0.366 0.173 0.15 0.384
-PCS 0.031 0.815 0.091 0.583
-OAS 0.09 0.719 0.151 0.287

BMF, bone marrow failure; HB, hemoglobin; RBCs, red blood cells; WBCs, white blood cells; PCS, patient’s current situations and OAS: overall survival. The Kendall 
rank correlation coefficient was used where appropriate. The significance level was * p<0.05, ** p<0.01 or *** p<0.001.
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Discussion
It is worth mentioning that we are in Egypt in the Middle East area, 

there is a difference in lengths of telomeres. To evaluate the differences 
in the TL on multi-ethnic groups, non-Hispanic Whites were found to 
have shorter TL compared to Caucasians,19 African Americans,20 and 
Hispanics.5,21 Whilst, another study suggested that African Americans 
and Hispanics have a shorter TL than Non-Hispanic Whites.22 Other 
factors confirmed a relationship between telomere repeats in certain 
multi-ethnic groups as socioeconomic and psychosocial factors which 
led to variation in telomere shortening,22 namely education degree23 
and perceived strain.24

Racism can contribute to being a part of racial variations in TL,25 
where, the TL is longer in blacks than whites, telomere shortening, 
is also significantly greater in blacks where they become more aging 
than whites suggesting health disparities.25 Heritability of TL has been 
said as an opportunity attention in racial variations.7 A third study 
proposed the weathering hypothesis with exposure to chronic stress 
make contributions to expand telomere shortening, which also causes 
racial variations.27

In our study, TLs in BMF patients were compared to the TLs in the 
healthy controls observing that BMF patients have shorter telomeres 
(Table 3). ROC curve analysis showed the diagnostic value of RTL 
and succeeded to discriminate between BMF patients and healthy 
controls (Figure 1), but it failed to discriminate RTL between the 
inherited and acquired BMF patients showing similarities in TL within 
different subtypes of disease (Figure 2). Our findings are similar to 
Ball and colleagues and Pavesi and colleagues9,12 who reported that 
BMF patients have shorter telomeres than that of controls and there 

is no significant difference in TL either inherited or acquired BMF 
conditions. 

The role of TL in BMF patients and its correlation with the 
clinicopathological data have not yet been delineated. To the best of 
our knowledge, this is the first time to observe that there is a positive 
correlation between relative telomere length and red blood cells count 
reduction in acquired BMF patients (Table 4) (Figure 3). This could 
be due to that most patients are blood transfusion-dependent, where 
short telomeres in nucleated RBC progenitors leading to promote 
telomerase activity by erythropoietin to increase RBCs production.29 
On the other hand, the findings observed by Ball and colleagues;9 
which applied to acquired aplastic anemia patients using the Southern 
blot method, they found that there was no correlation between 
telomere shortening and recovery of blood elements. 

On the other hand, an inverse correlation observed between 
the lymphocytes count and telomere shortening in inherited BMF 
patients (Table 4) (Figure 4). This could be explained by the fact 
that the purified candidate stem cells show asymmetric cell divisions 
in vivo and variations in the replicative history between individual 
stem cells seem to show the proliferation capacity on the level of 
multipotent hematopoietic stem cells where telomerase enzyme is 
present to encounter telomere shortening.30 Meanwhile, a study by 
Brümmendorf and colleagues31 found that there was no correlation 
between telomere shortening and lymphocytes count in patients 
with aplastic anemia using the flow-FISH method. Moreover, Alter 
and colleagues32 showed that telomere shortening in lymphocytes 
associated with severity of BMF in patients with DC, while our study 
does not include DC. 

Figure 3 The Kendall`s rank correlation coefficient shows the correlation between the Relative Telomere Length (RTL) and Red Blood Cells (RBCs) Count in 
Acquired Bone Marrow Failure (ABMF) patients: A scatter Plot Shows positive correlation between RTL and RBCs Count (r =0.494, P <0.05).
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Figure 4 The Kendall`s rank correlation coefficient shows the correlation between the Relative Telomere Length (RTL) and Lymphocytes Count in Inherited 
Bone Marrow Failure patients (IBMF): A scatter plot shows a negative correlation between RTL and Lymphocytes (r =-0.339, P <0.05).

Conclusion
Telomere length is significantly altered in Egyptian patients with 

BMF syndromes, whether being inherited or acquired compared to 
their age-matched controls. We found an inverse correlation between 
telomere shortening and lymphocytes count in inherited BMF 
patients, while the telomere length has a positive correlation with red 
blood cells count in acquired BMF patients. Meanwhile, the degree 
of telomere shortening does not have relation to patient’s prognosis 
or overall survival.
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