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Abstract
Background: The B-Cell chronic lymphocytic leukemia is a commonest leukemia in elderly individuals
characterized by progressive accumulation of mature lymphocyte in bone marrow and peripheral blood that tend to
be immortal. The identification of human telomerase reverse transcriptase (hTERT) has been correlated with
disease aggressiveness in malignancies. The previous researchers showed that the hTERT expression could serve
as a molecular prognostic marker for B-CLL patients. However, due to the disease differences in prevalence and
aggressiveness between the western and eastern countries, there is still a need to see the correlation of hTERT in
B-CLL patients of the eastern world.
Aim: To test the quantitative assessment of hTERT gene expression in B-CLL patients and its prognostic value in
correlation with clinical staging of disease in Iraqi patients.
Patients and Methods: we used the TRAP assay to assess the hTERT gene expression in mononuclear blood cells
from 43 B-CLL patients.
Results: The hTERT gene expression was detected in 79.1% of B-CLL patients and no positive expression in
control group (P=0.001). The hTERT gene expression tends to be significantly higher in advanced B-CLL stage
(P=0.0001). Also, the expression was higher among elderly patients, patients with lower hematological parameters,
patients with splenomegaly or hepatomegaly, patients with a history of hypertension or diabetes mellitus, and
patients with high immunophenotype score.
Conclusion: Our research suggests that the hTERT expression could serve as a prognostic marker for Iraqi patients
with B-CLL as well as western countries.
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1. Introduction
Chronic lymphocytic leukemia is a type of cancer affecting the white blood cells in adults (Hoff brand & Moss,
2016). It is characterized by progressive accumulation of mature lymphocyte in bone marrow and peripheral blood.
In chronic lymphocytic leukemia, B cells grow in an uncontrolled manner and accumulate in the bone marrow and
blood, where they crowd out healthy blood cells (Swerdlow et al., 2016). Chronic lymphocytic leukemia is the
most common type of leukemia accounting for 60% of cases, and it is the most common in the West counters
(Teras et al., 2016) representing about 25% of all leukemia in adult’s age above 50 years; however, in rare cases, it
can be present in younger age (Kipps et al., 2017).
Telomerase reverse transcriptase it is a catalytic subunit of the enzyme telomerase, which, together with the
telomerase RNA component (TERC), comprises the most important unit of the telomerase complex (Kirkpatrick,
2001; Skvortsov, 2011).
TERT is responsible for catalyzing the addition of nucleotides in a TTAGGG sequence to the ends of a
chromosome’s telomeres. This addition of repetitive DNA sequences prevents degradation of the chromosomal
ends following multiple rounds of replication (Poole, Andrews, & Tollefsbol, 2001).
The hTERT gene, located on chromosome 5, consists of 16 exons and 15 introns spanning 35 kb. The core
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promoter of hTERT includes 330 base pairs upstream of the translation start site, as well as 37 base pairs of exon 2
of the hTERT gene (MacNeil, Bensoussan, & Autexier, 2016). The hTERT promoter is GC-rich and lacks TATA
and CAAT boxes but contains many sites for several transcription factors giving an indication of a high level of
regulation by multiple factors in many cellular contexts (Akincilar, Unal, & Tergaonkar, 2016).
Telomerase activity has been found in almost 85% of the most common cancers such as lung, breast, prostate, liver,
and colon cancers. In addition, several studies showed that the level of telomerase activity was associated with
poor prognosis of the patients (Shay, 2016).
2. Material and Methods
This is a prospective study that recruited patients visiting hematology ward/outpatients in Baghdad teaching
hospital / medical city with laboratory and flow cytometry diagnosed B-CLL patients during the period from
September 2017 to January 2018. The ethical committee approved this research at the College of Medicine,
University of Baghdad, and informed consents were obtained from all participants.
Whole blood samples drawn from 43 B-CLL patients were collected at the time of diagnosis and before the
treatment initiation. Whole blood samples were drawn from 20 control individuals that matched age and sex were
also collected.
Inclusion criteria:
1) Patients diagnosed with B-CLL according to iwCLL criteria (Hallek et al. 2018) Figure 1.
2) Don’t receive any medication for B-CLL

Figure 1. Flowcytometric analysia of peripheral blood sample from patient involved in this research showed
positive expression of HLA-DR, CD19, CD5, and CD23, and negative expression of CD79b, CD10, FMC-7, and
IgM. This patient diagnosed with B-CLL with IPT score 5
2.1 Method
The detection of telomerase activity is done by using Repeated Amplification Protocol (TRAP) method to detected
hTERT telomerase activity in B-CLL patients (Mender & Shay, 2015). Utilizing the Telomeric Repeat
Amplification Protocol was done by photometric enzyme immunoassay kit called Telo TAGGG Telomerase PCR
ELISA, developed by Roche applied science.
2.2 Interpretation of the Results
Absorbance values are reported as the A450 nm reading against a blank (reference wavelength A690nm). The
Subtraction of the mean of the absorbance readings of the negative controls from those of the samples, samples are
regarded as telomerase-positive if the difference in absorbance (∆A) is higher than 0.2 A450 nm – A690 nm units.
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2.3 Statistical Analysis
In this study, Statistical Package of Social Science (SPSS) version 23 software was used to present, describe and
analyze data. Numeric variables were described using mean, median, minimum and maximum, as well as standard
deviation (SD). Categorical variables were expressed as frequency (number) and percentage out of the total.
Association between categorical variables was tested using Pearson’s chi-square and Fisher exact test. Independent
sample student t-test was used to compare the mean if continuous variables between groups. Specific test used to
compare non-numeric data. In all statistical analyses, a P value of (≤ 0.05) was considered to be significant.
3. Results
Out of 43 patients with B-CLL, 27 were males (62.8%) and 16 were females (37.2%) with a male to female ratio of
1.8:1. Patient’s age was ranged between 28 and 80 years with a mean age of 58.77 ± 12.05 years and the median
age of 61.00 years.
The mean age for the males was 60.59 ±11.49 years while that for the female was 55.69 ± 12.73 years. No
significant difference was found between the mean age of male and that for female patients (P value = 0.224).
Overall 22 (51.2%) patients were above 60 years and remaining, 21 (48.8 %) patients were ≤ 60 years.
In this research 20 individuals were included as a control group, 13 males (65 %) and 7 females (35%). Age ranged
between 20 and 85 years. The mean age of control group was 59.6 ± 14.3 years.
The history of hypertension, diabetes mellitus, cancers, and infections were in 21 (48.8%), 17 (39.5%), 1 (2.3%),
and 8 (18.6%) patients respectively. There was no significant difference between past medical history and age,
genders and presenting symptoms.
In control group, the history of hypertension and diabetes mellitus were in 8 (40%) and 6 (30%) patients
respectively.
The lymphadenopathy was detected in all patients while the splenomegaly and hepatomegaly were in 40 (93%)
and 26 (60.5%) patients respectively (Figure 2).

Figure 2. The percentage of patients had splenomegaly and hepatomegaly. * P=0.001, ** P=0.22 (one sample
binominal test)
The mean hemoglobin in B-CLL patients was 11.87 ± 2.15 g/dl with mean MCV level of 89.87 ± 8.21 fl. The mean
total WBC count was 44.57 ± 37.85 × 109 /l. The mean of neutrophils and lymphocytes count were 6.79±5.73 and
32.86±28 × 109 /l respectively. The mean of platelets count was 151.19 ± 90.80 × 109 /l. Anemia (Hb<10.0 g/dl)
was noted in 8 out 43 (18.6 %) patients. Leukocytosis (WBC count >11.0 × 109 /l) was seen in 40 out 43 (93%)
patients. Lymphocytosis (lymphocytes count >5 × 109 /l) was found in ALL patients and its 25, 50, 75 percentiles
were (9.7, 23.5, and 49.4 respectively). Neutrophilia (neutrophils count >8 × 109 /l) was seen in 15 out 43 (34.9%)
patients. Thrombocytopenia (platelet count <150× 109 /l) was seen in 27 (62.8%) patients.
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Table 1. The hematological characterization of B-CLL patients
RBC

Hb

MCV

WBC

Neutrophil
count

Lymphocyte
count

PTL count

Mean

3.70

11.87

89.87

44.57

6.79

32.86

151.19

Median

4.00

12.10

88.00

35.00

6.10

23.50

133.00

SD

0.91

2.15

8.21

37.85

5.73

28.00

90.80

Minimum

1.00

6.00

75.00

3.30

0.20

6.40

22.00

Maximum

5.00

15.10

114.00

173.00

33.90

114.00

547.00

In control group, the mean Hb level was 12.42 ± 2.65 g/dl and the mean WBC count was 8.16 ± 3.56 × 109 /l while
the platelet count was 154.43 ± 89.13 × 109 /l.
In this research, we used modified Rai for classification. There was 22 (51.2%) patients had an intermediate stage
and 21 (48.8%) patients had the high stage. No significant difference was observed between male and female in
modified Rai classification. The majority of patients 29 (67.4%) had score 5 in IPT score, followed by score 4 in 10
(23.3%) patients. There was 3 (7%) patients had score 3 and only one (2.3%) patient had score 2 in IPT score.
In this research, hTERT gene expression (absorbance) was identified in 34 (79.1%) out of 43 B-CLL patients
(Table 2), while all control individuals show no gene expression. There was a statistically significant higher level
of hTERT gene expression in B-CLL patients than control individuals (P= 0.0001).

Figure 3. The distribution of modified Rai stages in association with age stratification
The mean hTERT absorbance was higher in patients aged >60 years than in patients aged ≤60 years [2.6 and 2.03
absorbance respectively], and in males compared to females (3.08 and 2.88 absorbance respectively) among
positive hTERT expression group. However, this difference did not reach statistical difference.
The mean hTERT absorbance was significantly higher (Independent samples Mann-Whitney U test) in patients
with a history of hypertension and diabetes mellitus [(2.93±1.16, 3.06±1.22), (P = 0.022; P=0.004) respectively].
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Table 2. Analysis of hTERT expression in B-CLL patients
hTERT expression
Negative

Positive

P* Value

Mean

0.09

3.01

0.00001

Median

0.08

3.21

Std. Deviation

0.05

0.77

Minimum

0.00

1.76

Maximum

0.18

4.88

*One sample T test.

Mean of Hb, WBC, neutrophil, and lymphocyte counts were non-significantly lower in patients with positive
hTERT absorbance, while platelets count was significantly lower in patients with positive hTERT absorbance
(P=0.046) (Table 3).
Table 3. Hematological parameters in association with hTERT absorbance
hTERT absorbance
P* value

Negative

Positive

Mean

Mean

Hb

12.9

11.6

0.08

WBC

70.0

37.8

0.11

Neutrophil count

6.9

6.8

0.69

Lymphocyte count

42.9

30.2

0.28

PTL count

173

145

0.046

* Independent samples Mann-Whitney U test.

The hTERT absorbance was significantly frequent in high stage group than intermediate group (P=0.001).
Table 4. Modified Rai classification according to hTERT expression
Final Results

Modified Rai classification

Total

Negative

Positive

High

0

21

21

Intermediate

9

13

22

9

34

43

Total

The mean hTERT absorbance was significantly higher among high stage group than intermediate group
(3.47±0.46 and 2.26±0.53 respectively) (P=0.0001).
The hTERT absorbance mean was higher with score 5 following by score 4, score 3, and score 2 (3.17±0.75,
2.87±0.73, 2.46±0.91, 2.23±0.0) respectively. However, this difference did not reach statistical difference
(P=0.67).
4. Discussion
In this research, the mean of age was 58.77±12.05 with a range between 28 and 80 years. This result was similar to
that of Alaadin S. Naji (Naji, 2012) in Iraq and the median age tends to be higher in western countries (Eichhorst,
2015; Parikh, 2014). This disparity may be related to the effect of geographical and environmental factors
especially the multiple wars that happened in Iraq that made the mean age of patients is younger than that in
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western countries.
Our result showed a higher number of patients in stage B and C than the result of western countries (Call, 2014;
Langerbeins, 2016).This disparity may be related to the advanced health system in western countries that they
diagnosed patients in early stages of disease and in Iraq we need to increase the patient’s awareness of importance
of early diagnoses also we need to adopt a new classification system to involve biomarker in staging rather than
depend solely on patient’s examinations and CBC.
The hTERT expression is strongly associated with the telomerase activity and thus it had been used to assess the
telomerase activity in various studies and publications (Patrick, Cheng, An, & Weng, 2017). Hence in this study,
we used hTERT detection to assess the telomerase activity by TRAP assay in both B-CLL patients and control
individuals, and it showed that the hTERT expression detected in 34 (79.1%) patients and it was significantly
higher than the control group which did not show any hTERT expression and this result is higher than Tchirkov A
(Tchirkov, 2004) result which showed 59% of B-CLL patients expressed hTERT and this disparity may be related
to difference between the methods that used for hTERT detection. Also, the hTERT expression in our research is
correlated with other researchers that identified hTERT expression in patients malignancy in compared to normal
individuals (Ropio, 2016; Bruedigam, 2016).
This gives us a strong evidence that hTERT could be used as a pan-cancer marker to assess the different type of
malignancies included B-CLL patients also it is optional future pan therapy for a different type of malignancies.
From our research, we can identify that the hTERT could be used as a marker for diagnosis of difficult cases. All
B-CLL patients with high Rai stage have positive hTERT expression and this was significantly higher than patients
with intermediate Rai stage.
Also, this research showed that the hTERT is higher in patients with advanced age and this is could explain by the
fact that the older aged had short telomere and thus need more telomerase activity. There was no significant
difference in the expression of hTERT between the different clinical presentation, splenomegaly, and
hepatomegaly. However, we found the hTERT was significantly higher in patients with a history of hypertension or
diabetes mellitus. In Liebermann research, he described the association between the placental hTERT expression
and hypertensive disorders of pregnancy (Liebermann, 2010). This coincidental finding raises the awareness of
hTERT expression and its correlation with hypertension or diabetes mellitus patients.
The Hb, WBC, neutrophil, lymphocyte, and platelet counts were lower in patients with positive hTERT expression.
This is may explain by two ways: firstly: because the expression of hTERT is associated with advanced age and the
advanced age may contribute to the lower hematological parameters, secondly: the hTERT expression increase the
survival of cells so that the bone marrow down regulate itself for producing new cell populations. Also, the
advanced age and stage of B-CLL patients may contribute to bone marrow infiltration by malignant cells. Thus we
need more study in term of identifying specifically the cell line that produces a high level of hTERT expression.
The mean hTERT expression was higher in patients with IPT score 5 followed by score 4, 3, 2 respectively. This
disparity in hTERT expression among IPT scores may relate to that the expression of hTERT tends to be high in
typical B-CLL patients that had IPT score 4-5 rather than the patients with IPT 2-3 score.
It is easy to predict from this research that the hTERT expression associated with advanced stage B-CLL patients
as in previous studies, but the question here: Is the high expression of hTERT in some intermediate stage B-CLL
patients will behave as an advanced stage? And shall we rely on clinical staging only or we need to add new
markers like hTERT to the staging system?
5. Conclusions
1) The hTERT expression was significantly highly associated with B-cell chronic lymphocytic leukemia patients.
Also, it was significantly associated with modified Rai high stage B-cell chronic lymphocytic leukemia
patients and it was higher than previous studies in western countries.
2) The hTERT was high in advanced patients’ age and high IPT score patients, in B-CLL patients with lower
hematological parameters, and patients had a history of hypertension or diabetes mellitus.
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