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9!��1�  K%4��%���=&%*�)CML(@,��� -�����=5 -O/��+�

 �&P �O&� <�0�%��5 �' Q5 �1� �&	��P& ����=&%)Ph(@RS�T

 <�0��%��5 $�H=' ��0��' K&' R'�./% 9��U Q' �U ���"���

V])��q:?Dq)(��:V([t 9�% FB��% ���; .R�S�T K����

9���X0���'@9���� *����&� ������� BCR-ABL9��% $��;�')�.(

-��A� ��+ Q' ��+ 0�H&5 K�0��&	 ,� E�� *��&� -�G3%

9% 9�% �$�&Y�=&% (�� ��/7�Z [\�1 Q�5 $;�' ����Z)�.(

���!&'CML ,&/�1O' � ($; ]��7	 @K%4% 0�� Q1 ����� 

9% �� �� _̂̀ �!A% � $;�' 9% �"�a	 K%4% 0$�'��)?.(_̂̀ ��!A%

 *���!&'-�1 9�% 9b��' 0��� K��� �� ����!/% ���" � $�H��%

 9% ,&/1O' � ($; ]��7	 0�� ���� <�����1 �� Q�5 $���;

 2��S K��@c� �$�&Y�PH  ��� � �$�&Y�=&% ���T 9!�1�  

9% $"�)�(.Q=T�% K�� �� @�� ���!&' d��% Q' ��H% ���!&' 

0� �/!5�9% (�% ����Z)?.(��&P �O&� <�0��%��5 Q�e ��Z�

 0��� *����!&' �� 9�A&\J ��&f ,&/���/&�1 Q/��� �gH	 _̂̀ �!A%

 K%4%CML 9%��&f 9���h� ,&/���/&�1 2`O/�+� @$;�'

 $��H��% 9��A&\J�+@Ph @�V+@iso17q 0���� �� _̂̀ ���!A% 

,&/1O'CML9% ($�� ��;)�.(

<�0�%��5 ��g/�� j�+ ��"��/+�1 �"�%�=	 �"9%$H;�'

 9 ��	 0� Q5 ($���; ����:	 (��1 ��"(TTAGGGn)R&:��	 

($��; k��g% <����� ��/+���1 � ����:=!> l��PT ���gU � $����

9% $H;�')D.(�%�=	 -�!>� Q=!U 0� 9%0� ��A��!% Q�' *���	

 <�0��%��5 ���g/�� -�G	� 0� ��&Z��=U � �)�$�:� Q�' ��"

 *X 9���X0�' � [��B	 ��!� (��;� �")?.(��"�%�=	 ���:=!> 

2�Amb n1�	DNA K&o	��� ��%��=	 Q' ($H'�� -�G	� ��"

 ���g/�� �� 9H&o	�����o=5�� ��/+��1 ,� ����� ���g� �� �

<�0�%��5 9% K&!L	 �" ���Z)�.(

'�> R& � Q������	 <$�9DNA&p:	 �� 0��!&=� �2�Amb �

<�0��%��5 9��g/�� ��")end replication problem(k&7�.	 @

Q' ��H% 9 �=1 9 ��	 *$; (�	�5 9% ,��%�=	 ��" ���Z)�@

D.(

9�% K&o	�����o=5���\�� ,�� @0��%��=	 k�4�X Q�5 $�;�'

 qH�U 0� �$�T�� ��0 n1�	 �� ,��%�=	 ��"���:	RNA 

�) � *��H> Q')hTR(K&o	���� ,�&/& �	�5 ��& �A� ��' (��!"

QB7� ��+ #�:A% ����')hTERT(K�$�' � (���!� 4/H�1 @

Q=&1� -��J r"�5 9�% *���\U �� �%��=	 $���!�)�@D(.��

0��%���=	 k�4���X *�$��.� 2����S@2����S R��!> K���� 

9!� �����)�.(-�=1 *�7�� �� K�` <�� ��"@k�4��X $�U�� 

9% lPT �� ��+ �%�=	 -�J � (��' 0��%�=	 9 �T �� $H��!�

 -�=1 Q59% 0��%�=	 k�4�X $b�� ,&	�%�1 ��" $H�;�')?.(0�

*X b�� �"�%�=	 Q5 �U $H/7" *� $@(��	�5 0� 9���4&% 9Z$�;

 -�=1 �� �%�=	 9�% R�!3	 R�'�b ,&	�%��1 ��" ��%� $�;�'

 9Z���+ K�� Q5 9��%0 (�	�5 [\1 �" $�T �� �%��=	 9Z$;

 ��&� � 9Z��1�� @9:&/�� ���$����� Q' ��H% @���Z 9���3'

9H���1)Cell ageing (�����; 9���%)�@�@D@�.(0� 9���:�

k7&��:% :&/�� ���$����� ��" *�J�1 �� 9!g% r.� Q5 9�"

9��% ���P�� *X �� �%���=	 -���J K/���� ���1� 0� @$����!� ���"

9% $;�')�.(

(��� *��� 9=\b 2�A �m% -�=1 �� �%�=	 -�J Q5 $�� ��"

 9% 9��+ *��� $���	 $�;�' ��" *X ��&p:	 Q�sB���	 ($�H"� .

���	 ��"��%�	 �� �%�=	 -�J 9Z$; (�	�5)Solid Tumor (

 9!&+$' ����" $�H��% ,���� �	�!"AML @MDS k�" �

��1� ($; ���4Z ���!&' Q=T�% ����&� �� K&He)V@?@

�(.��' Q�& �� ���J Q�' �%��=	 -�J *$; (�	�5 Q5 �U *X 0� 

-�=1 �&p:	 ��$A	 Q.'�1 9�% n\	�% Q�A �m% K��� �� @$�;�'

 *���!&'CML 9�1��' ��gU ,&/1O' � K%4% ��"0�� ��

 n\	�% �%�=	 -�J 2��&&C	 ����!&' �����&� � R�%�:	 ��'

/��Z ���b 91��' ���%$H.
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���
9P&S�	 QA �m% K�� �� @��$A	�D��!&' CML K%4% 0�� 

F&B�	 <�)H" �� ��9)!" Q5 ,&/1O' 0�� ��!&' ����� 

r&5�  q���	)��:V(t)<�0�%��5Ph ( ��gU ��� � (���'

*��&� BCR-ABL @PCR %Q�' � $H/;�� �\p *��+ r�B'

 (��% K������� 0� *���g	 9/A��; *�/1��!&'�?�? Q�AU��% 

$�H/��Z ���b 91��' ���% @$���' (��5 .�9�=&% *��+ ��/& 

 *���!&' �$���CML F&B��	 <��)H" �� K%4�% 0��� )��'

 9H�1 8&J��I�V-��1 (*����!&' �BP-CML <��)H" �� 

,&/�1O' 0�� Q' ����)��' 8�&J 9H�1 ��I�V-��1 (�V

� 0� Q��!� -�%�� ����)E��� *����!&' ��' t\mH% 9H1 8&J �' (

/��Z�; Q�$.\b�+� 0� R���!� ��Q+ ��"�m&3% *��9@Q&=5 
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*���!&'$���!� �L%� �� Q%�� ���h� <�� -�%�� ����� �.

DNA -��\=Z 0� ,&%��� Q���!� <��	 *��+ $&P�1 ���"

 0�H&o	��� ��� 0� (��P/1� �' @-�%�� ����� � *���!&'Salting 

out-K$���Z u��B/1� .

\=Z �-�"�b ���%��' 4����T ���' ���9=&% -��% NaCl 

���9=&% -�% Tris-HCl 2$�% Q' � 4&  ���� Q�.&b� rpm 

������P��/��1 ���)?ID����' (�����Z�$.��v1�(����	 q

-�\=Z ���' �� $&P1 ��"TES ���T ��9=&% -��% NaCl @

�� 9=&% -�%EDTA ���9=&% %-�Tris-HCl � ($�; 4�&  

*��4�� �'SDS ��%0��H&o	��� �K)mg/ml ��(2$�% Q�'

 �� [; ,�°C�� $���Z Q'�:�� .*X 0� q� �-��% NaCl 

�� � $�; (��4�� E�� x�=B% Q'rpm ?D�� 2$�% Q�' ?�

$���Z ��P��/��1 Q.&b�.R�./H% $��$U Q �  Q' 9��� -�=3% 

� $��;DNA $��; (��� y���1� R���������4�� ���' .0� q���

 ���/7;DNA R��	� �' ��)%���' (@DNA ($�; u��B/�1� 

���' ��TE)��9=&% -��%Tris-HCL @�/�9�=&% -��% Na-

EDTA @D/�=pH ( � �a=f � $���Z RT j��=+ QU�� 

*X (0�$�� {��$H�� �/%�/� (�)/1� �' �" $; ��&Z .K&�He k"

 *��' k �1DNA 0���ZX -� ��� �' *X 9)e��v:� ��/�%

)&1�!) (���Z ���b 9'��0�� ���% .

�0� <�Z��:&% DNA k�4�X �' HinfI �RsaI ($; kL" 

-� ��� ��/�%$����Z 0�����/: � .0������/: � 0� q��@

�� -� HCl ��/�-�% 2$% Q'��I�QJ�f Q.&b� � $; ��

 -�=3% �' �/�-�% NaOH��/�-��% NaCl)���" @���' 

��'��Q.&b� ((��� ��/7; $�;.�� qv�1 �/�-��% Tris-

HCl �?-�% NaCl)�/�=pH)(�2$�% Q�' ��' �" @��'

��Q.&b� ($���Z 9pH+ .

DNA U�; �$�' ($�1� ����1 #����f Q' 4���' ����� 

\p%��)! X � ��|��*�(��J 0��t./�� �' � E�	� ��%� �� -��

0� (��P/��1�SSC × ��)?-���% NaCl @?/�2��/&��1 -���% 

�$1k@�=pH ( $����Z R�./H% [�; ,� 9J �� .0� q��

 -�./��DNA �G�/B% ���J Q�' ���f @���' ���' SSC × �

��%� �� � 9�:'X°C��� 2$% Q' ����'�~ ��gU Q.&b� 

�' _̂��$�% qv1 � $; (��� 2���T @*$;SSC × ���/7; 

$���Z .

&1�$��\&"�Q:  *� n1�	 ,&:P	 Q=T�% � *�	�1 ����Z 

� �&f �&5 Q�' �%��=	 -�J K&&A	 q��7H&%�  9!5 �&/5�����

 <��Telo TAGGG Telomere)� ��|�*�! X (�Z <������.

��A% �� �"�/=&�Hyprfilm ECL),	�&' (� Q�/��Z ����b

 q:> K&'��� �' qv1 $�$; �����' .@�%��=	 -��J K&)��&%

 ���b ����� ,�&� K&�&A	 2��S Q'n�1�	 Q/&7���� K���	

<�� ��4�� Multi Analyst)����&'(<���� ;$)R:;�.(

GH	
:���.� 8�; O(%��< :DNA �A� �'A	 M�A: U(���D HinfI �

RsaI g��4 0�(�&'��5(: 7& ���"��& �� TTAGGG. �A� $���� �: �� 

07� b=�A	 �A� $9A��,� � $�(9A�&� �h�&'A) �&�&� $A()�� J((B�

 '���@ bPE� ���.� 8�; J(Z��(�  -%�H%�� .C:�A� �� bPEA� 

$���� ���.� 8�; -� �'�� J�O� 7�3 $� F59� U(��V� 7�3 ��: ��	 .

A� �A.(� ')&� �� -%�H%�� 07� b=�	 -5��,� F(B����7)kb(��

F�& �'	 ��&� 0�E� ]H/ F�&� F�� .CP : $A����DNA ��A�(� 

 J�O� 7�3BP :  $����DNAU(��V� 7�3 ���(� .

� ��� ���' 9��m+ *�&��1�Z� 4& ����X Q����! -���/H5 ����"

-�%��)����� K1 R'�.% �� �%�=	 -�J (��' � ����Z 2��S

 (��� ]�0�	 *��' -�%�� Q' QU�	 �"@,�� q������ R&=3	 0� 

� -��%�� ������ �� �%�=	 -�J {O/+� 9'��0�� �gU Q��J

 *���!&'CP-CML �BP-CML (��P/1� ;$.Q7���.% ��gU

�'�Q�Z�(�� "�%0X 0� ���*�List Significant  Difference 

)LSD ($; (��P/1� .

�� ����� 
�� ���A �m% K�QJ�%�=	 -��9��g/�� ��$3% 2�Amb �� �

)TRF @Terminal Restriction Fragment (Q��!� *�+ ��"

 9m&3%V*����!&' 9H�1 (��$�3% �� -��%�� -�/H5 ��� )��'

 9H�1 8&J�DI�?K&)���&% � -��1 ?/?�-��1 (K&�'kb 

��/��I�D/�)K&)��&%kb ��/��(��' .($�� *�4&% K��/!5
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-�%�� (��Z �� ($;kb �D/���' .(0�$��TRF �� �D��!&' 

CP-CML)9H��1 8��&J ���'��I�VK&)����&% � -���1 D/?�

-���1 (K&��'kb ��/VI��/D)K&)����&%kb V�/�(�TRF �

��!&'BP-CML)9H1 8&J �'��I�VK&)���&% � -��1 D�

-�1 (K&'kb ��/�I��/?)K&)���&%kb ��/D(���' .��gU

 @Q�J�'�% K�1 Q�' �\7�� �%�=	 -�J 9Z$; (�	�5 91��'

 ����.% ��� *�&1�Z� 4& ��XTRF <����� -�%�� -�/H5 (��Z 

;$.-��J 9Z$�; (��	�5 *�&�1�Z� 4& ��XTRF ��' (���!" 

2���S Q�' n�+ Q� ��A% ��' �� K1 r��4��A×�??/�–

D��/��=T)A= age, years) (T= TRF, kb (��� *��� .�'

K1 �' n\	�% �%�=	 -�J 9Z$; (�	�5 #�1� K��bp ??Q'

$���Z Q\1�3% -�1 �" ��0� .�" K1 �' [1�H/% �%�=	 -�J

 Q\1�3% n+ Q ��A% -�%�� n1�	 ��!&';9Z$�; (�	�5 � $

K&��� ����.% 2��S Q' �%�=	 ����' ���a/�� ���% -�J 0� �	

��/!5 Q��5 9	����S �� @����!&' K��1 0� �SD × �Im@$��;�' 

$���Z 8��A	 .#��1� K��� �'D?/��%)��/D�:V�%CI: (

 *���!&'CP-CML)��0� �P� �D��!&' (9Z$; (�	�5 �����

 ���a/�� ���% ��$.% Q' �\7� F&B�	 <�)H" �� �%�=	 -�J

 $���' K1 *�!" �� .(��	�5 *�4�&% �� �%��=	 -��J 9Z$�;

 *���!&'CP-CML ���% ��$.% Q' �\7� K1 *�!" �� ��a/��

 �'��'kb ?�/?)?�/�=SD ( ���' .K&)���&%TRF *����!&' �� 

CP-CML)kb V�/�(�BP-CML)kb ��/D(2����P	 �����
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Analysis of  telomere length  changes in chronic  and blastic 
phases of chronic myelogenous leukemia 

 
Bagheri N.1,2(MS), Mortazavi Y.1,3(PhD), Ghafari S.H.4(PhD), Alimoghadam K.4(MD), 

Pourfatoullah A.A.1(PhD), Shayan N.4(MS), Gavam Zadeh  A.4(MD)
1School of Medical Sciences, Tarbiat Modares University, Tehran, Iran 
2Iranian Blood Transfusion Organization- Research Center, Tehran, Iran 
3Zanjan Medical School, Zanjan, Iran 
4Hematology–Oncology and BMT Research Center, Shariati Hospital, Tehran, Iran 
Abstract 
Background and Objectives 
In the mammalian cells, there is a relationship between telomere length and both cancer and 
senescence. Progressive telomere shortening has a role in genomic instability and has been 
reported in a wide range of human cancers as well as in transformation and progression to 
hematologic malignancies. Chronic myelogenous leukemia (CML) has different stages in the 
process of its progression. In this study, we examined the telomere length changes in 
peripheral blood leukocytes of CML patients in chronic (CP) and blastic phases (BP). 
 
Materials and Methods 
In this descriptive study, we examined the telomere length in 21 CML patients (14 in chronic 
and 7 in blastic phases) having reffered to Hematology–Oncology and BMT Research Center 
of Shariati Hospital since March 2004 using Southern blot analysis; the results were then 
compared with age-adjusted normal controls. Data were analyzed through logestic regression 
and Anova. 
 
Results 
At the time of diagnosis, 71.43% of chronic phase patients had a shortened TRF compared to 
normal age-adjusted individuals. The mean telomere length values in chronic and blastic 
phases were 6.98±1.26 kb and 4.81±1.06 kb, respectively; it showed significant telomere 
length reduction in age-adjusted normal controls. Moreover, the mean telomere length values 
in BP-CML showed significant statistical differences as compared to CP-CML. Mean values 
of telomere length reduction in CP-CML and BP-CML as compared with normal age-adjusted 
control group were 3.31±1.38 kb and 5.27±0.9 kb, respectively. 
 
Conclusions 
The significant statistical differences  in mean  telomere length of CP-CML and BP-CML  as 
compared with age-adjusted normal controls  and the apparent  differences of TRF  in  chronic 
and  blastic phases can be useful in prediction of phase of disease progression.  
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