Recommendations

RECOMMENDATIONS

Evaluation of telomere length and telomerase expression is highly recommended for
assessment of AML prognosis. However, standardization of the methods used for
this evaluation, and cut-off values is a must to overcome the poor reproducibility
among laboratories and to help in comparison between different researches.

Telomere length and telomerase proliferative indices could be used as predictive tests
of AML outcome, and should be incorporated in prognostic indices assigned for
prognosis and risk stratification of AML cases.

Detection of h-TERT by The enzyme-linked immunosorbent assay (ELISA)
technique is a simple, less expensive and easily applied method for evaluation of
telomerase proliferative activity in AML and may replace the more commonly used
PCR assay in routine daily work.

Further selected studies including larger number of different FAB subtypes,
correlation with other parameters as molecular parameters and gene profiling are
needed to assess telomere and telomerase expression in individual subtypes and this
may be of help for selection of the appropriate anti-telomerase therapy for each type.

The assessment of telomere length and telomerase expressions may become one of
the crucial parameters for deciding which therapy is best for individual cases of
AML. However, large studies concerning this point and ongoing collaboration
between basic scientists and clinical researchers are definitely needed before this new
therapeutic modality becomes a reality in the field of AML treatment.
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Background

Acute myeloid leukemia (AML) is a malignant clonal disorder of immature cells in the
haemopoietic hierarchical system. Leukaemic transformation is assumed to occur in many cases at,
or near, the level of the haemopoietic stem cell before it has embarked on any lineage commitment.
Some cases may originate at a slightly later stage in cells that are committed to lineage

differentiation.”

The more carefully AML is studied, the clearer it becomes that there is considerable
heterogeneity between cases with respect to morphology, immunological phenotype, associated
cytogenetic, molecular abnormalities and more recently, patterns of gene expression. This is

reflected in the substantially different responses to treatment.'”

Numerous chromosomal aberrations have been documented in acute leukaemias. The
underlying mechanisms that drive genomic instability and create the diversity on which clonal
selection can operate have not been fully established. However, various lines of evidence have
emerged that are consistent with telomere erosion and dysfunction as one possible mechanism

driving genomic instability in AML.®

Whilst 55% of AML patients exhibit at least one cytogenetically detectable lesion at
diagnosis, the remaining 45% do not. It was apparent that 50% of those cases that exhibit normal
karyotypes show cryptic sub-microscopic losses or duplications of sub-telomeric DNA

encompassing up to 600 kb A

Subtelomeric deletion can arise as a consequence of either a subtelomeric double-stranded
DNA break, as these regions are more sensitive to breaks, or the resection of short dysfunctional
telomeres. The sub-telomeric break can then be ‘healed’ by the addition of TTAGGG repeats

mediated by telomerase creating a new telomere and thus stabilizing the sub-telomeric deletion.*®
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Telomeres are specialized nucleoprotein structures at the ends of chromosomes; their
function is to protect chromosomes from DNA breakage and to prevent chromosome fusion.
Without new synthesis telomeres undergo progressive shortening with each cell division, leading to
replicative senescence of cells. Shortening of telomeres can result in telomere end fusions and

increase chromosomal instability which is a key intiating event in numerous cancers. ‘"

Telomerase is an enzyme that extends telomeric repeats on the ends of chromosomes.
Activation of telomerase enzyme is therefore required for cells to overcome replicative senescence
and to be able to divide indefinitely. Telomerase activity is expressed in germ cells and is present at
low level in stem cells, but is usually absent in most somatic cells. Conversely, in immortal cancer
cells, telomerase is reactivated, and telomeres are not shortened, suggesting that telomere elongation

might be an essential step in tumor formation.®”

Recently genes encoding three major components of human telomerase (TA) have been
cloned : human telomerase RNA component (hTR), human telomerase reverse transcriptase
(hTERT), and telomerase-associated protein 1 (TAP1). TERT is a telomerase catalytic subunit that is

considered as the key component for the control of telomerase activity.(lo’“)

Induction of hTERT expression is essential for telomerase activation during cellular
immortalization and tumor progression. Several studies found a relationship between levels of
hTERT expression, telomerase activity and clinical aggressiveness of a variety of malignancies. In
the present study, we will examine hTERT expression in serum using enzyme linked immunosorbent

assay (ELISA). (12-15)

Telomere length (TL) is a key determinant of telomere function. Accurate techniques to
measure TL in human tissues have provided a greater understanding of the role of telomeres in the

progression to malignancy. Several techniques are available but the most commonly used are
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terminal restriction fragment (TRF) analysis, quantitative fluorescence in situ hybridization (Q-

FISH), flow-FISH, single TL analysis (STELA) and telomeric Q-PCR.1®

The degree of telomere shortening varies in AML according to French-American-British
(FAB) subtype, with the more differentiated subtypes showing increased shortening, though M5
shows the most pronounced telomere shortening and telomere shortening appears to be more marked

in patients with cytogenetic alterations in comparison with normal karyotypes. '

Targeting the hTERT catalytic subunit as anticancer therapy is theoretically tumor-specific
and might be less toxic due to its specific expression in tumor and highly proliferating cells
compared to other normal cells. Various newly discovered agents represent interesting anti-hTERT

candidates for clinical drug development.”'



6/12

Aim of the Work

The aim of the present work is to study telomere length and human telomerase reverse
transcriptase (hTERT) level in acute myeloid leukemia and to detect if these parameters might be

useful in providing insight into the clinical outcome of AML patients.
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Subjects and Methods

Subjects

After the consent of the Ethical Committee of the Medical Research Institute, seventy
Individuals will be included in the study and divided as follows:
Group I (control group):

It will include twenty healthy individuals with comparable age and sex.
Group II:

It will include fifty patients with acute myeloid leukemia.

Inclusion criteria:

Newly diagnosed acute myeloid leukemia cases either Donovo or secondary to
myelodysplastic syndrome and myeloproliferative neoplasms in patients older than 16 years will be
included in the study. Patients will be subdivided according to French-American-British (FAB)

classification.

Exclusion criteria:

Acute myeloid leukemia cases younger than 16 years.

The patients will be treated according to the standard chemotherapy protocol for induction and
they will be followed up by bone marrow examination at day 14 and day 28 to determine patient's
response. A complete response (CR) was defined as the presence of <5% blasts in a standardized
bone marrow puncture after the second course of induction therapy with a fully regenerated

peripheral blood count. (1%
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Methods

All subjects participating in this study will be subjected to the following:

I-Thorough history taking.

II- Thorough clinical examination.

ITI-Routine work up:

Renal function tests ¥

Liver function tests ¥

Radiological work up (chest X-ray, U/S abdomen &pelvis and ECHO)

IV- Diagnostic laboratory investigations

a- Complete blood picture (CBP)?”
CBP from 2.5 ml EDTA-anticoagulated blood will be done using automated cell counter. The
blood films will be prepared, stained by Leishman stain and then examined fordifferential WBC and

RBC morphology.

b- Bone marrow examination ®"

Bone marrow aspiration will be done for all patients either from sternum or posterior iliac crest.

Marrow aspirates will be then smeared on glass slides and stained by Leishman stain.

¢- Immunophenotyping @2

Bone marrow or blood samples (2-3 mL) with heparin anticoagulation from patients will be
obtained, and immunophenotypes will be identified by flow cytometry using monoclonal antibodies
directed to antigens for T cells, B cells, myeloid cells [CD13, CD33, CD117 and myeloperoxidase

(MPO) |, monocytes (CD14 and CD64), erythroid cells (alpha-glycophorin), platelet cells (CD61 and
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CD41a), non-specific lineage pan-leukocytes (CD45) and precursor cells [CD34, human leukocyte

antigen-DR (HLA-DR) and terminal deoxynucleotidyl transferase (TdT) ].
V- Advanced investigations

a- Quantitative assessment of hTERT by ELISA. ®¥
Serum hTERT concentrations will be determined with a polyclonal sandwich ELISA kit. Level
expressed in ng/ml using antibody to hTERT which is pre-coated onto plastic micro well strips. The
intensity of the developed yellow color is directly proportional to the concentration of hTERT in the
sample. hTERT levels are quantified by measuring the absorbance at 450 nm and comparing it

against the concentration generated from the standard curve.

b- A quantitative PCR method for measuring telomere length. %

Genomic DNA from patients will be extracted using conventional methods. Relative telomere

length (RTL) will be determined using real-time PCR.
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Summary

SUMMARY

Acute myeloid leukemia (AML) refers to a group of hematopoietic neoplasms
characterized by a clonal proliferation of myeloid precursors with reduced capacity to
differentiate into more mature cellular elements. The response to treatment and overall
survival of patients with AML is heterogeneous.

Prognostic factors are urgently needed in order to be able to better predict treatment
outcomes. Cytogenetic aberrations are among the most important independent
prognostic factors. However, about two thirds of AML patients display a normal
karyotype. This group has intermediate disease-free and overall survival, but the clinical
outcome of individual patients within this group is still highly variable. Therefore,
identification of parameters that allow the good risk patients to be separated from the
bad risk ones within this cytogenetically defined group is crucial in order to improve
risk-adapted treatment strategies in AML.

In a trial to elucidate the prognostic value of telomere shortening and telomerase
activity in AML, telomere length and human telomerase reverse transcriptase (W'TERT)
were studied in the present study and the results of both were evaluated in relation to
each other and to different treatment outcome in AML patients.

Enzyme linked immunosorbent assay (ELISA) and PCR technique were used in our
study for evaluation of hTERT and relative telomere length respectively in AML
patients. The use of ELISA technique in this study provided an easy, simple and less
expensive method for evaluation of gene products if compared to other molecular
techniques.

The study included seventy Individuals, twenty healthy subjects as control group
and fifty cases of AML. The hTERT levels in the control ranged from 2.04 ng/ml to
11.11 ng/ml. Mean level was 5.06 + 2.32 ng/ml. serum levels in AML cases ranged from
4.9 ng/ml to 98 ng/ml. Mean level was 43.3+ 25.4 ng/ml. There was statistically
significant higher level of hTERT in patients than controls Relative telomere length
(RTL) in AML patients ranged from 0.01 to 1.1. Mean level was 0.4 + 0.3. Mean
telomere length in normal subjects was 3.75. There was statistically significant lower
RTL in patients than control. There was a negative correlation between serum level of
hTERT and the relative telomere length. No significant correlation was detected
between RTL and hTERT and age, sex and FAB classification.

The patients were treated according to the standard chemotherapy protocol for
induction and they were followed up by bone marrow examination. Nineteen cases
achieved CR after induction therapy, percentage of CR was higher in younger age group
than in elderly. Fifteen cases died during first 28 days with higher percentage of deaths
in the elderly. Seven cases attained partial response either in the form of no restoration
of peripheral blood counts and/or bone marrow, percentage of partial response was
higher in elderly. Nine cases achieved no response at all. Seven cases are younger than
sixty and two cases are elderly, during follow up of cases nine cases who attained
remission relapsed, seven cases are younger than sixty while 2 cases are elderly. Mean
age was statistically significant lower in patients who achieved remission.
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The median level of hTERT in cases that died during induction was 55.7 ng/ml
while in survived cases it was 54.9 ng/ml. Median relative telomere length (RTL) was
shorter in cases that died than in survived cases after induction therapy, (RTL was 0.2
and 0.5 respectively). Mean hTERT level in patients who did not achieve remission was
statistically significant higher than that in patients who achieved remission. Mean RTL
in patients who achieved remission was higher than that in patients who did not achieve
remission (.56 and .37 respectively). At the end of the study (after 30 ms) we found that
mean hTERT level was statistically significant higher in dead cases than mean level in
censored cases (43.33 and 24.75 respectively). Mean RTL was statistically significant
higher in censored cases than in dead cases (.725 and .341 respectively).

ROC curve showed that certain hTERT level (57.57 ng/ml) would be considered as
a prognostic value that could predict response in AML patients. (Area under the curve
(AUC) = 0.603, this means that, in AML patients with value less or equal to 57.57
ng/ml, 60.3% of patients will achieve complete remission. Sensitivity of hTERT cut-off
value (57.57 ng/ml) as a predictive value for response was 69.2 %, and specificity was
56 %.

Also ROC curve showed that certain RTL value (0.5) would be considered as a
prognostic value that could predict response in AML patients. (Area under the curve
(AUC) = 0.556, this means that, in AML patients with value equal or more than 0.5,
55.6% of patients will achieve complete remission. Sensitivity of RTL cut-off value
(0.5) as a predictive value for response was 50 %, and specificity was 56 %.

During duration of our study (30 months), number of events was 36 and censored
cases were 14. Median survival time for all AML patients in the study was 10 months.
Median survival time in elderly patients was shorter than that in younger patients.
Median survival time in patients who achieved remission was statistically significant
longer than that in those who did not achieve remission (26 ms, 4 ms respectively).
Median survival time in relapsed patients was statistically significant shorter than that in
non relapsed patients (20 ms, 26 ms respectively).

Median survival time in patients with hTERT level higher than cut-off level was
shorter than median survival time in patients with lower value, (5 ms, and 14 ms
respectively). There was a statistical significant difference in median survival time in
both groups. Median survival time in patients with relative telomere length lower than
cut-off value was shorter than median survival time in patients with higher value, (6 ms,
and 14 ms respectively). There was a statistical significant difference in median survival

time in both groups.

It was found that both relative telomere length and hTERT could be used for
predicting treatment outcome in AML patients. This predictive impact of RTL and
hTERT may be of help in assessing clinical behavior and outcome in AML patients.
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