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د4، دكتر سيد حسين يحيوي3آبادي، دكتر حسين نجم2اله اكبر پورفتح، دكتر علي1دكتر بهزاد پوپك ،5يكتر يوسف مرتضو،
،9، دكتر محمد تقي ارزانيان8، دكتر خديجه ارجمندي رفسنجاني7، دكتر شهلا انصاري دماوندي6 دكتر پروانه وثوق

، دكتر محمد 14، دكتر امير علي حميديه13، دكتر الهام شاهقلي12، دكتر غلامرضا باهوش11، دكتر ثمين علوي10دكتر مينا ايزديار
18، ابوالفضل يوسفيان17نژاد دوشانلو، فريبا حق16پوره خسروي، دكتر گلار15فرانوش
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و ايجـاد مـيIgκو IgHزيادي را در تنوع)C(و ثابت)J(، اتصال)D(، تنوع)V(بازآرايي قطعات ژني مختلف متغير  كنـد
مي منجر به تشكيل توالي  نيـز لنفوبلاسـتي هـاي در لوسـمي. است خاصگردد كه براي هر سلول يا كلون هاي اختصاصي
ژن بازآرايي مشابه سلول مي ايجاد ميIgκو IgHهاي هاي طبيعي در و ارزيـابي گردد كه تواند به عنوان شاخص كلوناليتي

MRD ژن. مورد استفاده قرار گيرد  كودكان از نوع ALL درIgH ،Igκهاي هدف از مطالعه حاضر بررسي الگوي بازآرايي
. باشد پس از شروع درمان ميMRD گيريپي به منظورPCR توسطBسازهاي پيش

3/�/ ��
� �)
يـس از ارزيابـپ. شدنداوليه لوسمي حاد قبل از شروع درمان بررسي كودك با تشخيص 183نگر حاضر در مطالعه آينده

 بـراي مطالعـه B-precursor ALL بيمـار بـا تـشخيص 140 تنها،ونوفنوتيپـو ايم)44:1L%؛41:2L(%وژيـرفولـم
و%3/53انتخاب شدند كه و6: حـداقل( مـاه6/63با ميانگين سني ) M/F:14/1(را دختران%7/46جمعيت را پسران  مـاه

مي اي كه بلاست هاي تك هسته سلول. دادند تشكيل مي ابتلا) ماه 156حداكثر  در زمـان تـشخيص، روزشد ها را نيز شامل
تا45،)القاييانتهاي درمان(28، روز 14 و6تا3 ماه،3 روز  ماه پس از شروع درمان بيماران پس از ارزيـابي12تا6 ماه

 به منظور تكثيـر منطقـه خيلـي متغيـر ژن PCRآزمايش، DNAپس از استخراج. مرفولوژي با گراديان غلظتي جدا شدند
IgH)CDR-3 & 1 ( وIgκ)VκI-IV/ Kde ( محـصولات. انجام شـد با استفاده از آغازگرهاي مشتركPCR پـس از آنـاليز 

و الكتروفورز بر روي ژل پلي و رنگ هترودوپلكس و پـس از تعيـين تـوالي آكريلاميد آميزي نقره مورد بررسي قرار گرفته
شد جهت تاييد با توالي . انجام شد5/11SPSS افزاري آناليز آماري با برنامه نرم.ندهاي مشابه در بانك ژني مقايسه

��4�� �)
ژن%)5/90( نفر 114 و CDR-III بـا اسـتفاده از آغازگرهـاي مـشترك نـواحي IgHاز بيماران داراي بازآرايي كلونال در

CDR-I 5/5و اوليگوكلونال%9/34كلونال، باي%8/57منوكلونال( بودند.(% الگوي كلونالIgκ-Kde 59 در)از%)67 بيمار
از بيمـاران در فازهـاي%92با توجه به ارزيابي مرفولوژي معمول حدود ). كلونال باي%10( وجود داشت BP-ALLموارد 

از مثبت با استفاده از بازآرايي MRD. ارزيابي شده در رميسيون كامل بودند  در%20 بـه،%90هاي ژني از بيش بـا درمـان
و MRDنفر3از چهار بيماري كه در زمان پيگيري عود كردند. فازهاي مختلف تعريف شده كاهش پيدا كرد   مثبـت بـوده

.به جز يك بيمار همگي در رميسيون كامل باليني بودند
5��, �&��� 

و مثبت شدن  يا بيـشتر از آن موارد گزارش شده قبلي با فازهاي پس از درمان قابل مقايسه در MRDالگوي بازآرايي ژني
و اين اختلاف به دليل اختلاف در روش، مي. استهاي مورد ارزيابيو شاخصDNAاست تـوان با توجه به نتايج حاصل

و ارزيابي از اين شاخص . استفاده كردMRDها در تشخيص كلوناليتي
�+��ژن:�6 �+��  ها، حداقل بيماري باقيمانده، لوسمي لنفوبلاستي حاد بازآرايي
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�������� ����� :PhD �� ! � "#$�$	��%& '�(!� )�*� ! �!+, -�./�0!� �����
 )��� 1�'23 � 4!�5	 )678��9:�/�:�:� 

��PhD;�'� �<=�	 -�./0!� )678� -'6/0!� ��� ! � "#$�$0$%�! 

�PhD)���85= >$?@ -�./0!� ��</0!� � A<�0# 
9�4!�5	 )678� '(!� )�* ! �!+, -�./0!� ��� ! � )7$5<= BCD�� 
��PhD�</0!� � "#$�$	�%& 4�E0+ )678� >$?@ �
��4!��! )678� >$?@ ��� ! � "#$�$60! � "#$�$	�%& BCD	 1$� 
F�4!��! )678� >$?@ ��</0!� � "#$�$60! � "#$�$	�%& BCD	 1$� 
��)�/5= '<57 )678� >$?@ ��</0!� � "#$�$60! � "#$�$	�%& BCD	 1$� 
:�� "#$�$	�%& BCD	 1$� "#$�$60! ��� ! �678� >$?@ ))�/5= '<57 
�G�4!�5	 )678� >$?@ ��</0!� � "#$�$60! � "#$�$	�%& BCD	 1$� 

���)�/5= '<57 )678� >$?@ ������ ! � "#$�$60! � "#$�$	�%& BCD	 1$� 
���BCD	 1$� � "#$�$60! � "#$�$	�%& ������ !4!��! )678� >$?@ 
�
�78� >$?@ ������ ! � "#$�$60! � "#$�$	�%& BCD	 1$� 4!�5	 )6 
�9�4!$D�� ! 8H� '0$<� I�J<JK	 8L�� � "#$�$60! � "#$�$	�%& BCD	 1$� 

)�M��7 4�� ��%<= 
���4�2%  )678� >$?@ ��</0!� � "#$�$60! � "#$�$	�%& BCD	 1$� 
���'0$<� )NO B<D/	 -�./���+, � )�$%@ A78� 
�F�8� '(!� � )�* ! �!+, -�./0!� � )&�./���+, >$?@ ;�27��L 4!�5	 )67 
���"#$�$	�%& '7�! ;�27��L "$E/0!� 4$P A0�= �4��+�  I�J<JK	 8L�� �

4!��! 4$P ��J�0! 
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MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

���

���	� 
R)S'<�� � ���� T$��?= 4!8��<� R)�$?��  -�� RU��<	$���L

4# )�$��6�$� "���&��E2&�0 � ���&��!� -'��22L V<��W2	 "���&

 �$?�  �<X6	 � '7� )��0!$	 �� Y�+$��$�, � V<P'�= "��&

 �< ��(4,'2���& �Z�� )0���� )%<7 Q= �&)�.(4���+ ��

 )% $� B<D/	 ��( "�&R��'�( �G�� �� V<P'�= �$?� 

 4$<��<�� +��� Q= ���� � �Z�� 4���� �= QL ��!� �$^� 4'=

 +! ���%L Q�= 4'�= �� )_��= �$?�  �!'M	 R`��L�G�G �'�@ 

)� ' � �4�/�0 !� 4$<�<�� ��E�! +! Y� 4���� Q�!�! >�8�

)� '&� .��'�=�<0 Q��!�! 4����� Q�L )	�$3Ra��! �� �$�@ 

�$= '&!$P )Mb_ 4!��%<=)�.(�$?  Q=V<P'= -'0�%<_�= "�&

 ����J�! +! '���M="`�����L 4$<����<�� R"�����%<= `_!'���( 

-'��0�%<_�=)MRD Minimal Residual Disease= ( Q���cS

)� �$7 .-+!'0! �$?�  d&��L 4!8<� "�<S �� )%� $� "��&

 "�&�<H�� �<Z�	 �K	 4'= `P!� ���! �� ! )�$?�  � )2<��= 

-+!'0! a�! ��� ��= QL )	�$3 �� "�<S "��& ��#$�$��� A

�$7 >�E0!R��!� "��'K� �K3 � �< ��( .`_!'(���

+! d<=��$?  '3�� �$?  '��= !� 4!$D� ! 8H� "�& "�&

 �$�^� )C�<D/	 >+e 4��2<%O! ��	 '�2&� `<6/	 )% $�

 '7�= Q�7!�.�E2� B<D/	 Q0�� , a�! !�� V�L �< ��( Q=

B<D/�	 `�=�_ Q���/<� `(!�� �� �52	 "��%<= �$@ � -'7

�$= '&!$P .

 به همراه حساسيت هر روش MRDهاي ارزيابي روش:1جدول

 حساسيت نام روش رديف

�
`67 )=��+�! �$?  ) �27 � 4!$D� ! 8H� "�&

f0� �= )b<K� 4$P )6�0$0���� "8<�, 
�%��%

���� )�$?  �/L "�& h


A<�0#$�< )U<	$���L(�%

9(Flourescent In situ Hybridization) FISH �%�
/G%

�$?�"���$��� U<	$2�$0$%�! a<<M	 �

 هاي مولكولي روش

���$�L �>$4 ���ـ ! Y0!�	 )=��+�! "�& "��&

 ��� �= )3�C�P!RT-PCR 
���G 

i�4# )�!�,+�= )=��+�! a<�$=$?S$0$%�! "�& �&

�-'0�<S �< $c2� "�&T
�

��i��I*= 4�	�  ��� ��%��%

�

��i��+!�%<?� -�<E0+ d2L!� ����G�9��G 

��� *��N� 4!���%<= 4���� )=��+�! "!�= -��c� ! ��$� "�&

 ��'�^ �� ��� ��& �< ���( � ��( )% $� Q=�-'��, 

� !)�.(j�!� ��� a��	 a<�<M	 "!��= )=��+�! "�&MRD 

`��7 X6	 4# QD�0 �< ��= 4#$<� "�&PCR 4# ��<X6	 R"��&

 -'���7 )�!�,+����=Ig/TCR ����= U���<	$2�$0$%�! a<���<M	 �

"���$�< $?� )� '�7�=.)=���+�! k'�& ��= ��l�( Q�M��b� 

MRD AN�  � a<.2�  -��<E0+ 4# )�!�,+��= +! -��c� ! �= 

)� *=$c2� ��( )% $� Q= *�N� 4�L�$L �� a<�$=$?S$0$%�!

'7 >�E0! .


 ��
��
� ��
-'�2�, QM��b� �� ��l�( ��.0 �9GQ�= *��N� m�$�L B-

precursor ALL a<= +! ��
)%� $� B<D/�	 ��= m�$L

 � 4���� n��7 +! `N_ ��(9G���+! Y�� 4!���%<= +! ��c0 

)0���� )%<7 n��7)��� Q=BFM ( "��&+�� ���9R��R

9�R+! d<�= � -��� d7 R-�� Q �	 V&� Q�c& ���$�� -��� 

 ��= '2���S �!�_ ).)=���+�! +! Y� "#$��$���%)9�:�Lo

%99:�L(U<	$2�$0$%�! �R�52	 �9G B<D/�	 �= ��%<= B-

precursor ALL Q�L '0'�7 i��D�0! Q�M��b� "!�= 
/�
%

� 4!����� !� ���<M%^F/9�%4!����P� !�)�9/�:M/F ( ���=

 )2  a<.0�<��/�
-�� )`_!'( :��XL!'�( � -�� ���-��� (

*�=! <6/	 )� `'0�!� .��Q�?%^ +! ��?�D� `�e� Q= ��$� 

�$?�  4'7 -�0#� -��� a<���! +! Y�� Q�0$%0 ��� �! R��&

 )�����L�= )S�$�, � Q0$%0 4�$= Q25L R'�'7 8<�$%& R4����

 � +! '0'7 k�( d&�p .Q=�/�� A�#$�$��� )=��+�! +! Y�

Q0$%0 B<D/�	 4��+ "�&R�$?�  Q���& A�	 "��& Q�L "!

� *= 8<0 !� �&)� `��7 )��W?q 4����!�S ��= '0'7)g/cm2

G�G/��GFF/�:�$6����� ('0'��7 !'��^ .r!�D��� !DNA 

�$?  Q��& A	 "�& r!�D�� ! �<L +! -��c� ! �= "!)PCR 

Template cat. No. 1 796 828R��s�('�7 >�E0! ."!��=

 �<c<L +! 4�2<%O!DNA -+!'0! -'7 r!�D� ! R�W?q "�<S

t$��?P Q��^�� )(DNA)! ���$����$<=�k��'��2(R

+����S, �# "�� ���= +�$������6�!�%)=����+�! �$��W2� Q��=

 d���+, >�E0! � 4$< ��0�%S!��PCR 4# "�&�S+�q, �= β�

'7 >�E0! a<=$?S .

�= ���<X6	 "!����<E0+ 4# ����<.2  -����0$%�! a�a<�$=$?S$ 

=��!�,+��7 )�-'Rc� ! ��� �� +! �7 -����'.��� ����! 

OD260
OD280  
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��� -9R-��%7�R4���=�	 ��

���

D=�dCDR III  q, +! -��c� ! �=�&�S+���/� "����m�:

5-ACA   CggC   (C/T)   (g/C)   TgTATTACTgT �

5-TgAggAGACggTgACC: LJH � ��! d2����L!� �� 

FR3A RVLJH :5-gTgACCAgggT ( A / g / C / T ) 

CCTTggCCCCAg �2L!� ���d�= u_!� �� >�������A

��� RPCR S �� ��0��QE0!��7 >��'.! ����2L!� a�d&��

µM dNTP�GGRmM MgCl2�/�R����Gpmol 

�&�S+�q,RDNA )?� A	 +!�� � '�(!� A� 4!8<� Q=DNA 

4!8��<� Q��= ����%<=µg�/G��/G��()����50 V��E����G

��'^ Q��0�= �= ��<���6<��'7 �<X6	 .+! `�3�( �$CK�

 ̀ ��� ! �bJ� i, �= ��! d2L!� �!8& Q= A� �N�0 Q= v<_� 

-'7 4!$2@ Q= 4, +! ��<���6<� A� >�� d2L!� �� �Q�0$%0

 ���S �!�_ -��c� ! ��$� .��<X6	 Q�= v��$� Q�L )0!��%<= ��

 Q��Jb2�CDR IIIV�'/��0 R"���&�S+�q, +! FRI :5-C/ 
gAggTA /gCAgCTgC /g /TA /TgC /gAgTCA /C /g 

/Tg �LJH RVLJH ��'^ Q��0�= v=�b� �'7 -��c� ! .

واكنش زنجيره پليمراز به منظور تكثير ژن زنجيره برنامه:2جدول

 سنگين ايمونوگلوبولين بازآرايي شده

 واكنش دوم

FR3A-VLJH 
 واكنش اول

FR3A-LJH 
 PCRمراحل

min�/°C:9 Min
/°C:9 Q<��! 4'7 -�$	�0� 

min�/°C:9 min�/°C:9 4'7 -�$	�0� 

sec9�/°C�G Sec9�/°C�F �&�S+�q, ��C	! 

(Anealing) 

min�/°CF� min�/°CF� -�<E0+ ����S 

(Extension) 
�G 
G`6<  �!'M	 

min�G/°CF� Min�G/°CF� )��50 ����S 

AN  -�<E0+ -'7 )�!�,+�= 4# �<X6	 kn$0 +! Vκ-κde 

n$0 ��5w "!�=VκI-IV "!�= -'7 �Lx ����J� �= IgH ��= �

�S+�q, j2� ��'^
��'^ vNO9��� �= Touch down 

PCR E0! '7 >� .= QL "��!$� ��+�4# �� ��0$?L )�!�, "��&

IgH �Igκ���7!� �$��^� RQ��0$%0 ��&���� "��4������ +! Y

%<=�E� 4!���= yz!�'�%& Q�0$%0 -!���� �W0 +! B<D/	 4��+ Q

4��+ Q=�/� )�!�,+�='2���S �!�_ )=��+�! ��$� B<D/	.

ژن:3جدول  هاي بازآرايي آغازگرهاي مورد استفاده براي تكثير

Igκشده

 نام آغازگر توالي آغازگر

5-gTAggAgACAgAgTCACCATCACT Vκ I
5-TggAgAgCCggCCtCCATCTC Vκ II 
5-gggAAAgAgCCACCCTCTCCTg Vκ III 
5-ggCgAgAgggCCATCAAC Vκ IV 
5-CCCTTCATAgACCCTTCAggCAC κde 

Igκ

ژن:4جدول زنجيره برنامه واكنش زنجيره پليمراز به منظور تكثير

 κdeو VκI-IVسبك كاپا ايمونوگلوبين با استفاده از آغازگرهاي 

 PCRمراحل واكنش اول

Igκ (κ I/ II/ III/ IV-κde) 
min
/°C:� Q<��! 4'7 -�$	�0� 

min9�/°C:� 4'7 -�$	�0� 

sec9�/°C�
 
Touch down-1°C for 

10 cycles 

�&�S+�q, ��C	! 

)Anealing(

min�/°CF� E0+ ����S-�<)Extension(

�G `6<  �!'M	 

sec9�/°C:� 4'7 -�$	�0� 

sec:G/°C�9 �&�S+�q, ��C	! 
(Anealing) 

min�/°CF� -�<E0+ ����S)Extension(

�� `6<  �!'M	 

min9G/°CF� )��50 ����S 

���2L �NX� "�&)�$����� { $	 )�� �! 4$	 )0!��%<= �

'2��7!� ��NX� )�!�,+��= QL()�c2� R)i,� `���� ! ��bJ�

 )?�3! |$?D� Y6<���� �� (����2L �DNA )�?� ���0$?L

 �$?  +! -'7 r!�D� ! Q��& A	 "�& )�b<K� 4$�P "!�

d2L!� )��%	 "!�= V��  ��� '7 �$W2� �& .

Ie$C���K� 1!������! "!����= PCR +! )0�������� A���	 

Ie$CK�PCR )?� )=���+�! �� )/�2L!� �� )M<NO ��0$?L

4# )�!�,+���= "���&Igκ�IgH +! Y��� � B<D/��	 4����+ 

4����R�& 8<��0, +! �6?������Y)Ie$C�K�PCR !'��=! �

�� QJ<_� :�)�0�  Q^�� Y}  � �!�S�G�� QJ<_� 9Q^�� 

�?6���  ����	 �� ('�7 -��c�� ! .�# "�� ��= +�$�����6�!

)?� '<�*��L,�)%�GG ���� /:GQ�J<_� (+! � -'�7 >��E0!
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در:6جدول و درصـد بلاسـت را تعداد نمونـه، رميـسيون كامـل

) در فازهـاي مختلـف(هاي تهيه شده پس از شـروع درمـان آسپيره

 مورد بـه علـت محروميـت در نمونـه بررسـي12در(دهد نشان مي
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 هاي پس از درمان نمونه
14روز

34 :n

28 روز

36 :n

 ماه3تا45روز

24 :n

 ماه3-6

9:n

 ماه6-12

15 :n

���!$� MRD�NX� 

���!$� MRD)c2� 

)��:n(�/F
%

)::n(�/��%

)�G:n(�/��%

)��:n(�/99%

)��:n(�G%

)��:n(�G%

)�:n(�/��%

)9:n(�/99%

)
:n(�G%

)��:n(�G%

�B<D/	 4��+ Q= Q=�/� �NX� '0�= 

�d2L!� �<Ml '0�= �� 

��<Ml )?<P '0�= �� d2L!� 

��<% ! �= �NX� d2L!� 

)��:n(�G%

)�:n(�G%

)�:n(9%

)9:n(��%

)�G:n(�G%

)�:n(�G%

)
:n(��%

)�:n(��%

)�:n(F/9�%

)�:n(
/�%

)�:n(
/�%

)�:n(F/9�%

)�:n(9G%

)�:n(�G%

)�:n(�G%

)�:n(�G%

)�:n(F/�%

G

)�:n(F/�%

)�:n(F/�%



MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

���

 بـا BP-ALL در بيمـاران مبـتلا بـه MRD نتايج ارزيـابي-1شكل

ارزيابي بازآرايي كلونال ژن زنجيره سنگين ايمونوگلوبولين پـس از

3و2لاين. الكتروفورز بر روي ژل پلي آكريلاميد را نشان مي دهد 

بانـد زمـان يك بيمار است كه همچنان  D14و Dxمربوط به زمان

و Dx مربوط بـه زمـان5و4، لاين ) MRD+(تشخيص باقي است

D57  مربوط به زمان9و8و لاين Dx وD28 كه دو بيمار است

و . منفي استMRDبه صورت اسمير درآمده است

 بـا BP-ALL در بيمـاران مبـتلا بـه MRD نتايج ارزيـابي:2شكل

-CDR(ال ژن زنجيره سنگين ايمونوگلوبـولين ارزيابي بازآرايي كلون

III وFR1(2 لايـن.آكريلاميد پس از الكتروفورز بر روي ژل پلي،

چنـان دو بيمار است كـه هـم  D45وDx مربوط به زمان5و3،4

و ناحيـه ) MRD+( بـاقي اسـت CDR-IIIباند زمان تشخيص ناحيه 

FR1 مربوط به زمان8و6،7لاين. منفي شده است Dx ،D14 و

D28كه يك بيمار را نشان مي 9،10،11لايـن. استMRD+دهد

، Dx ،D14 مربـوط بـه زمـان16و13،14،15و نيز لاين12و

D28 28دو بيمـار اسـت كـه تـا روز نگهدارندهو شروع درمان+

MRD نتيجه نگهدارندهو در شروع درمانMRDمنفي شده است .

ار:3شكل  با ارزيابي BP-ALL در بيماران مبتلا به MRDزيابي نتايج

پـس از الكتروفـورز بـر روي ژلIg-κ-vκIبازآرايي منطقـه متغيـر

و D28و  Dx،D14 مربوط بـه زمـان4و2،3 لاين.آكريلاميد پلي

و شـروع درمـان  Dx،D28 مربـوط بـه زمـان12و10،11لايـن

ن تـشخيص بـا درمـان كـه بانـد زمـا باشدميدو بيمار نگهدارنده

هم ضعيف و13،14لايـن ). MRD+(چنان باقي اسـت تر شده ولي

بيمـار نگهدارندهو شروع درماناست  Dx،D28 مربوط به زمان 15

هم ديگري را نشان مي در دهد كه  با D28 چنان باند زمان تشخيص

 نگهدارنـده ولي با شـروع درمـان ) MRD+(زمينه اسمير وجود دارد

 ).MRD-( استمنفي شده
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.دهد را نشان ميIgκدر فازهاي مختلف درمان با توجه به بازآرايي كلونال ژن+MRDفراواني:8جدول

 هاي پس از درمان نمونه
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"�&+���9���Q0$%0 �A�� �	 )��J�! 4���� +! Y� "�&

 )�!�,+�= ;� ! �= ��  ��0$?L "�&IgH �Igκ'�7 ) ��= 

)2M� |�N	�! �)�� Q�L �7!'0 "�!� >'�@ ��= )�?<�� '�0!$	

 V<��J	 a�! �<%&! "'�2= "#$��$��� ����� Q�= �� �� �� 4R

)� �l�( QM��b� �� QL )0��+ �	 `_!'( �� ! -'�7 "��<S

'7�= .

)=��+�! �� ��#$�$��� Q�0$%0 AQ�= 4����� +! Y�� "��&

 ~����<	�	:�%R�/:�%,:/:�%)=������+�! �� 4!������%<= +!

-�<} , +�� 4!$D�� ! 8H� "�&�9R��+�� �9�A�� )��! 

4���� +! Y� �� R`��L 4$<�<�� �� ��#$�$��� '�0�$= A.

���/F%�	:%��!$�R-�<} , � *= "!�!� �&�%≥� -�$�=

 '�0�$= -�!'�0 �� �� i$�P -'�7 >��E0! 4���� Q=.4$�	 �

+! d<= 4!��6%&�%�� )���J�! 4����� "�5�0! �� !� � *=

F/��%Q�M��b� Q=�/�� yz��N��J	 Q�L '0��L ��!8S 4!��%<= +!

 �� ! -'7 >�E0! .��W0 +! 4!���%<= Q�L "��!$�� )���%	 ��

"#$�$���R) ��= `(!�� +! >!'L �& �� )�%≥(�� � *= 

'2��7!� 4!$D� ! 8H�R)=���+�! j����0 MRD ��XL! {� $	 

)�!�,+�= �$�= ��NX� -'7 >�E0! "�& .)=���+�! ��#$�$��� A

-�<} , +! '�M= 4!$D�� ! 8H� "�&�)��!
4����� +! Q��c& 

)��J�!Rd<� � ! 4!��%<= �N_�@ `J��� -'22L )�$S .yz!��<P! 

�� � *= �$�( 4!$D� ! 8H� +! '�M= 
4����� +! Q��c& 

)��J�!R!� )� "��%<= '= �N_�@ +! )�L'0! '20!�)��.(

��!8S Q�L )0!���%<= �� ��/<= �$@ Y0�7 �= )2N� )��&

 -�<} , �� � *= 4!$D� ! 8H� 4,��&�%≥>��%	! +! '�M= 

��!� �$��^� ��� ! )����J�! 4������)��R�.(d�����+, ��

6<� +�� )�$6�� ���9R�� )����J�! 4������ n����7 +! Y��� 



MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

��


� *= QL )	�$3�%≥'7�= Rd<�� �+�! -'�22L )�$�S

�NX�)PPV(RF�%�< ���( ��=
G%"���%<= �$�@ "!��=

 �$= '&!$P .-��  ��� a�!��! ��� �KN	 � Q=�E	 Q= Q��=!� 

� ! -'22L -'&�/� .�$?�  �!'�M	 )�_� Q�= '�7�= V�L ��&

 Q0$%0 �� t$CP "��& +�� �9)~�?b� a��! I�$�3 Q�= 

Q0$%0 �� �l!� 8�<0 ��l�( Q�M��b� �� )� ��= ��$�� "�&

 '�7 -'&�/�(���%�7 4��2<%O! >'�@ d�!8��! Q�= ��E2� 

)� �$7)�
.(

)=��+�! a�!�=�2= �#$�$��� V�L RVL �< ��( �?@ Q= A

Q0$%0 4�$= �$?  $	�%& {� $	 )� ��= R�& ����#$� ��= �

�$?  �= -�N�7! Y0�7 Q= Q^$	 QL )M<NO �<X6	 ��( �� "�&

 � *= �= � ! a6%� �$�7 -�N�7! )% $� "�&R4!$�2@ Q�= 

)%0 i$�K� 4���� Q= � �� )=��+�! i$?b� ��� � ���S

 ��� `<�� a<%& Q= )=��+�! �� �?�D� "�&MRD ���L Q=

���	 ��� ! -'��7 Q�����S 4!$���=��� I*6/��� ���= "���&

�#$�$��� '��, v��� 4, VL �< ��( t$CP Q= A.���

 B<D/��	 "!���= -'��7 Q<��3$	 "���&MRD "!�!� '����=

'7�= `�x I�CD/�)�9:(

�< ��( `_!'( � ��!
��G'7�= Q�7!� .

i�$?  a<= A<6c	 )��0!$	 �4�'= !� V��  � V<P'= "�&

'27�= Q�7!� ix�L �NX� j���0 .

r�Q�= ��E2� Q�0�S � '�22L )=���+�! '��= !� )�=�Z BP�7 

'7 '2&!$P ix�L )c2�.

�"!�= QL '27�= Q�7!� �?�D� 8L!�� a<= �� �!�6	 �<?=�_ �

`%M�!�$� � "�& "����l "8L�� '2w B<D/	 � )0���� 

� ! .

�& 4, "+��  ��!'0��� ! �-���  ��& '�7�= �� ��+ j����0 �

��<S �!�_ ;�� �.

�$%0 )%L !� 4, 4!$�= �� .

4# )=���+�! Q�L ��l�( QM��b� �� IgH �Igκ���2L �� 

) ��="#$�$��� '7 -��c� ! RB<D/�	 �< ��( MRD 

�� IgH �_� �= �� -'7 Q<5	 "�&DNA �$?  |$?D� "�&

 Q��& A	 V��  �!��! "!R
��G )�( ��!$� )P�= �� �9��G 

�� � �$= 8<0Igκ���G �	 
��G "����+ '( �	 QL '7 a<<M	 

)�� a<��	 !� �W0 ��$� �< ��( '�2L.Q�= a��! ��= -�*�@ 

� t$CP� ��)� �$?  VL ��%<= QL )��&+� �$7)+�� `X� 

�9 (�< ��( �= )�( � ! '<c� ��<�= 8<0 VL "�& .

-+!'0! Qw �S! B<D/�	 � "��<SMRD Q����� -+����! 

-'7 �=�Z d<� �� "! A�� 4!$�2@ Q�= "���%<= �$�@ "��<S

 d<��� �$�L��� �� ! "����%<= 4����� �� `J����� )�5S,����! 

�� k*���P!��� uO���J� R���& dE2��  )0����+MRD �

��� �< ��( -+!'�0! "�& "��<SRj����0 Q����J� ��<?=�_ 

)�� ��'K� !� �?�D� I�M��b� +! `3�( �+�� )�G���R

�� .(-'%@ B<D/�	 �� )�!�,+��= +! -��c�� ! �M�l a��	

MRD RQ<��! 4$?L �� �<<H	)Clonal Evolution ( Q�L � !

 Q0$%0 )=��+�! �� ix�L )c2� Q= �E2� +! Y�� "��& 4����� 

)� �$7)��.(��L� ��0�}��L "$�.�! )� ��= ��= 4!���6%& �

4���� +! Y� � B<D/	 4��+ �� )�<��0$?LRQL '0�!� 4�/0 

F� %)�!�,+�= +! -��c� ! ��$� "�&IgH �TCR )=���+�! �� 

MRD )�!�,+��= a��	�!'���� � �� ! ��=�Z �$�@ 4��+ �� 

Q= |$=��Igκ-κde Q�= |$�=�� "�!'���� `_!'( �TCR-δ

)� '7�=)�.(

a.0!� 4� &! +! 4!��6%& ����� ��0$?L k!'TCR Ig �� 

)=��+�!:9%<= �c� ! ���L -���L '0���QF�%�&! +!��� k!'

 �!'����� a���/��<= � B<D/��	 4����+"Q��= |$��=�� Igκ-

κde):G(%4, +! 'M= �TCR-γ)F�(%RIgH)�9(%�TCR-

δ)�
(%�$= .����&! �� "�!'��$?L$2� k!'0���)�:(%d<�=

��0$?L$.<��! ��!$� +!)9G(%�$=)�G.(

;�� � B<D/�	 4���+ �� ���0$?L I��c	 4!��6%& �

)� QL !� �$@ )=���+�! �� ix�L )c2� Q= �E2� '0!$	MRD 

�$7R+! )7�0 +!��C�	! RQ<��! )�!�,+�= 4�!� � �VH Q�= 

DJH R4# )��E=�^VH Q�L '��'^ )�!�,+�= 4'7 �&�� �

)� = '0!$	 �� k�(�� ���� �$0��C�	! `�K� �� �&'�<	$�?L

VH-N-DH)� '7�= '20!�)��.(

;�� Ra< �� �<	 R4+�#8<=�$�<L I��M��b� �� )�.%& 

?�D��)� ��5�! ��� ���%L ��<<H	 Q�= Q�^$	 ��= Q�L '0�!�

TCR-γ)�
(%R'��7�= a��6%� Q��L 4����+ ���& ��� ! >+e +! 

TCR-γ-!���%& Q��= TCR-δ���� �IgH Q��M��b� �� MRD 

�$�%0 -��c� !)��.(4# a��	�!'����Igκ-κde R��=�Z a���	

 "!�= k'&PCR � -�$�= ���0$?L$.<��! yz�	�'0 QL !�w � ! 

� ! )��50 )�!�,+�= +! )7�0 .

= �2= ��e� Q�Lx `�-'7 �R+! d<= QL � ! a�! �= Q<3$	 



��� -9R-��%7�R4���=�	 ��

���

k'��& A���)`_!'��(�k'��& ()=����+�! �� MRD ��$��� 

3 �� �	 ��<S �!�_ -��c� ! Q�<��! 4$�?L �� ��<<H	 Q�L )	�$

 '��! 1�c	!R�$/0 ix�L )c2� Q= �E2� )��R�(.d&�p�� ��

 )=��+�! �l�(MRD )�!�,+��= >�%	 �= 4���+ �� Q�L )���&

 '7 >�E0! �$= �NX� B<D/	 .��!$�MRD++�� �� �9��= 

)�!�,+��= Q= Q^$	IgH �Igκ~�<	�	 Q�= �/F
%��/�F%

'��7 a<��<M	.MRD++�� �� �9��"$��.�! ��!$��� >���%	 

��NX� '�0�= 4!���%<= )�P�= Q�L "�$O Q= �7!'0 )0��6�

 Q�= !� 4����� Q�= � �� >'@ � '2�7!� B<D/	 4��+ Q=�/�

 )� 4�/0 �$l� '0�!�.I�$�3 Q= d2L!� �.�� )&��S �� 

)�� ��W0 Q�= Q�L �$�= �<M�l )�?<P �� �<Ml '0�= '� �

4�/0 4���� Q= � �� -'2&� '7�=.1$�� ��!$�� �= Q�w ��S! �

d�����+, �< ����( B<D/��	 `��=�_ +$��2& ���&'2����&�

)� 0!$	24!$2@ Q= '�$?�  �$��( ��= )�?<�� )%� $� "��&

 '0$7 �<�c	R>��E0! `�=�_ )%L I���_ � v<_� )=��+�! ��! 

��<0.Q�= |$�=�� '�0�= 8�<0 4!��%<= +! )&��S �� -�Pe�= 

)?� Q2<�+ �� !� B<D/	 4��+ -'�7 ���E�! �<% ! �� ��0$?L

 +! `3�( �$?  V���L -'&�/� )M<NO "�& .4��2<%O! "!��=

 j���0 +!R'�7 �!��6	 ���= ���5w �	 )�(��!$� +! )P�= '0�

�$= Q?(�� �� "!�= d���+, `_!'(.

��� "�5�0! �� ���J�! 4��))+����(RMRD+�� �/��%�

:
 %)�!�,+��= ) ��= ��$� 4!��%<= +!IgH �Igκ-'&�/�� 

d&�L '0�� QL '7MRD+��IgH )C�D/� I�$�3 Q= 

�� � �7!� �$^�Igκ+�� Q�= �N�0 "�<<H	 '0�� a�! �9

�7!'0.d2�L!� n$�0 �� ��! MRD+'�0�= I�$�3 Q�= Q�L 

�$�= �<% ! Q2<�+ �= �NX� '0�= �� � �<Ml )?<P �� �<MlR

Q��!�! ��= �!� yze��%�(! Q�L ��7!� �$^� )CD/� d�!8�!

 � ! 4���� Q= � ����	 '��= )%L ��� �= �$7 '<� .

��$� �� MRD+�= IgH ��NX� '�0�= �= 4!��%<= 4!8<� 8<0 

�<% !R4�/0 d�!8�! QL �!�)�'0!$	 Q= � �� �= �.�� )?<��

'7�= 4���� .

Q0$%0 )=��+�! �� +�� "�&9�4����� +! Y� ���6� )�! 

d&�L '0�� 8<0MRD+'7 -'&�/� .

�� "����%<=9��� 4!����%<= +! ����%<= )��O �� )�� ��= ��$

 QL ��L �$@ QM��b�
`���L 4$<�<�� �� -��S a�! +! ��%<= 

"#$�$��� +�� ) ��= �� ��! '0�$= �9R����-�� )A� ��

��%<=(RMRD+{ $	 ��	
���%<= A�� �� � )�!�,+�= n$0 

�$= �NX� )�!�,+�= n$0 A� { $	 .�� 8�<0 4!���%<= +! )6�

 � )��J�! 4���� "�5�0!
-�� "!�!� n���7 +! Y���G%��%

�� � *= 4!$D�� ! 8�H� -�<}� , �$�= .)�!�,+��= ���5w +!

 B<D/	 4��+ �� �NX� ��0$?LR+�� �� a�! �� )�!�,+�= Q  

)�!�,+�= +! )6� � '0�� �NX� )� QL '7 k�( �& Q�= '�0!$	

 �� ��67! �?@PCR ��+��= Q�L '�7�= ��.�� 4$�?L �<<H	 

'& �� `_!'( +! -��c� ! I���l kPCR 4�/�0 �O��P !� 

)� �+� .

)0��� 4!��6%& �Rd&�L-'0��/<� �W0 +! "!MRD+�= 

"�$�O Q�= '�0��L ��!8S !� 4���� n��7 +! 4��+ �7�S

 +! Q��L�/9
%MRD+�� ���4������ n����7 +! Y��� -���� 

Q=��%R�/��%�:/��%)�O ����
R:����9��G-��� 

)� ' � .��= 4!���%<= �N��0MRD+��S �� �$�@ Q�L )�&

 )_�= )2<��= `��L 4$<�<�� �� QL �$= )&��S +! d<= '0��L

'0'0��.-���S a��! �� ���( a<�@ �� MRD+I'�� "!��= 

)0e$O �7!� �$^� 4���� n��7 +! Y� "�	)��.(

d&��L '�0�� 8<0 �l�( QM��b� �� MRD+�$�l� Q�= 

)=���+�! "!��= �%���� d���� Q�L '�7 -'��MRD Q�= !� 

��%<= �� t$CP 4!MRD+)�� "����l �+��  .a<�@ ��

 '2��7!� �$�@ Q�L )0!��%<= >�%	 ��()9:n()�.%&MRD+

)� 4�/0 !� )=��+�! ��� a�! �<%&! QL '0�$= '&� .

)0��� 4!��6%& �Rj����0 a<= |�N	�! a���/<=MRD �

)=��+�! 4��+ �� ��%<= �N_�@ !�:���Lx 4���� +! Y� -�� 

)� '22L)��.(a.0!� 4� '�0��L >*�@! 4!��6%& �R4!���%<=

�%≥MRD+�$�@ Y0�7 �=!�= Q  )��J�! 4���� "�5�0! �� 

Q��L )0!����%<= ���= Q�����J� �� "��/��<=MRD+'��0�!� )��%L

 -���S �= Q���J� �� � �7!� '2&!$PMRD Y0��7 )�c2� 

4��7�$@�G��G��� ! ���=!�= )�G.(�G4���L�$L +! '��3�� 

Q= *�N�ALL )��J�! 4���� "�5�0! �� Q= Q^$	 4�'= R��� 

MRD+� '2��&9�%���L '�2&!$P �$�@ -��S a�! +! .��

4!���%<= +! )�%L '�3�� ��52	 Q�L )��()�/F(%4!���%<= +!

MRD)� �$@ )c2� '22L)�
.(

�����! 4�O��  4����� � d&�p�� 4��+�  ��!8S vNO
(EORTC: European Organization for Research & 

Treatment of Cancer (9G%Y� Q�c& ��5w �� 4!��%<= +!



MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

���

4������ +!MRD+'2����& .Q��M��b� -����SIBFM 4!8��<� 

MRD+Q���c& � V��&�+!�� RVE2��� Q���c& �� !� �����Q��= 

~<	�	�G%��G%R
G%���%��G%)� ��!8S '22L)�.(

$6���= +�� �� Q�L )	�$3 �� '0'J�M� 4!��6%& ��9

4���� n��7 +! Y�RMRD �< ��( �= ���G �$�7 �NX� R

PPV �GG %�< ���( �=F�%8�H� �� �$�@ a<�<M	 "!��=

 4!$D� !��!� �$^�)�9.(

������S��80�� a<�%D	 QL '0�!� 4�/0MRD +�� �9+!

�� ! '<c� )5S, d<� a<<M	 �W0 .d<�� �+�! ��S! )�5S,

-+!'0! "�<SMRD +�� �9�$�7 '<��	 R)�� Q�= !� 4, 4!$�	

 V<%C�	 � 4����� "�%2&!� 4!$2@ )0����� u�_$� Q�= "��<S

��L -��c� !)��.(

��L}�0� '�0�!� 4�/�0 4!��6%& ���Q�L )0!���%<=MRD 

4, Q�c& �� �&�9'7 )c2� 4���� RQ=�/�� �$@ )M%^ +��= 

)��J�! 4���� +! 'M= )0��+ �& QL �$= )0!��%<=MRD )�c2� 

'0'7.�S! `=�J� �� MRD '�0�%= )_��= 4���� Q�!�! )O �� 

�7�S �= )� ��/<= �$@ Y0�7 4��+ �$7.)0!��%<= a�!�=�2= 

)���J�! 4����� +! Y� QLMRD++! �� ! a�6%� '2���& 

)=��+�! ��/�<= "��&MRD �$�  )2<���= 4$<��<�� )�O �� 

'0�N=)��.(

"8L�� '2w QM��b� �� �9GQ= *�N� m�$L ALL ��= QL 

`6	��� vNOBFM '2���S �!�_ 4���� �K	 Ra�.0!� 4� �

!����6%& +! -��c���� ! ����= 4IgH RTCR k����( �TAL-1 

4!��%<= QL '0��L BD/�MRD+R�G���$@ Y0�7 �=!�= 

"�	e���=)��%�
:%����  Q��  �� (4!����%<= ���= Q�����J� ��

MRD ���?�D� u��bJ� �� )��c2� )���
%����  Q��  �� (

'0�!�)��(.

{ $	 -'7 >�E0! I�M��b� $<L R�<% ! R`��$.<� 4��  R

�!� � a.0!� 4� R�0�=$��$ )=���+�! �� Q�L '0'J�M� MRD 

Q= *�N� 4!��%<= ��ALL )��< ���( 4!$�	G�/G%��= !�

 � "���$�< $?�PCR���, � � Q=.-��  ��� "+�  "��&

MRD >'�@ � "���$�<� $?� �� �&�L��� �!'M	 d&�L `X� 

)3�C�P! "�&�S+�q, +! -��c� !Ig RTCR �� PCR 4�'�= 

)� d&�L !� �< ��( A7 '&� .�!;�� ! �= ��( �& Q= �

)�� v<JK	 a�! j���0 Q�L �$�= v��!$� ���<M� a��! ��= 4!$�	

 4!8��<� ���= �< ����(�/G%B<D/��	 "!���= ��� ! a��6%�

 �= 4!��%<=�bP '7�= )��L e�= )�(.�� 8�<0 �l�( QM��b� �� 

)�!�,+�= �XL! V<���� � � �< ��( +! 4!8<� a�! Q= �� �& .

4$��	4!����6%& �RMRD+�� !� �/��%�� 4!����%<= +!

 R)��J�! 4���� "�5�0!9/��%I'��� ��
R-�� �:%��)O

�9���� -�� �/�%��'�0�!� 4�/�0 4����� "�5�0! .a��! ��

 QM��b�MRD+a<�= � >���5w Q��c& )�O �� 
)��! �-��� 

��!8�S +! ��/<= Q����� QM� $	 "�&�$/�L �� )�?N_ "��&

� !)�
.(

��� +! -��c� ! "�& PCRQ0�S�� (IgH) ��	 � ! a6%�

 '��%0 Q<^$	 !� k*�P! a�! "'( .��= I��M��b� +! )�?<P

 "��DNA -���S +! -'7 B��P � r!�D� ! )%�'�_ "�&

 Q�<5	 ��$� �� t$CP Q= QL � !DNA -����S +! "��&

 4!$D� ! 8H�R-'<�<� `(!�� )�� Q�L ��!� �$�^� "! '�0!$	

 ~< , Q= �E2�DNA �! ix�L )c2� � -'7 a�! � '��%0 ��E

 +! Y�� Q?�3��*= �$�P Q�M��b� �� ��� Q�L � ! )��( ��

 �$?  "+� !'^ Q��& A	 "�& R"!DNA 4, r!�D� ! !� �&

 r!�D�� ! +! )&��	$L Q?3�� �� � -�$%0Rd����+, PCR !� 

V��!� >�E0! .BP�7 +! -��c� ! ��( a<@ �� )�$�6�$� "�&

 ! �� �� ! a�6%� 4��+ V& BP�7 a�'2w � I��c�� a��

'7�= V5� n$l$� .

��� +! -��c��� ! ����&)Q��= ���E2� ��/��<= �< ����( ���= 

��%L ����J� B<D/	MRD )��$7RQ/�<%& Q�L )�<M_!� 

����<0 "��/��<= �$��@ ���= |���N	�! ��)�����R�
.(I'��7

 "��C��_! �b�  Q= |$=�� "�&�$�L�� R4���� �)@��%�^! 

4�L�$L ��� �!p�0 � Q���H	 �<Ml� �$�N5= ��� 4!���%<= �Z

B<D/	 �= � ! a6%� � � !MRD '2L `P!'	 8<0 )�:R

�
.(QM��b� -+���!MRD 4!��%<= 4���� ����'� +! )�8^ 

� I��0�6�! �$^� Q= Q��=!� )?<P ��! � ! )% $� Q= *�N�

 � ! Q=�E	 .V�5� )=���+�! �� Q����� a���	MRD R-��� 

 ��� 4�$%0 V& �& Q�.0 ���%�@! `=�_ �= 4��+ j����0 a��7!�

(4, )=����+�! +! `��3� )=����+�! +! -��c��� ! ������S � ���&

MRD �� ! ��<0� |��J0 >��%	 �� 4!���%<= >��%	 "!�= .��

m��/�� "�&�S+�q, �= )�!�,+�= a<<M	 +! Y� �l�( QM��b�

 Ie$C�K� )�!$�	 a<<M	 �PCR �P��  4, ���N0� Q�= �

�< ���( Q= V<��0!$	 )3�C�P! "�&�S+�q,���G �9��G 

V<=�� � �.��! e�= Q2�8& R���+ �_� k�3 >8?��� ��! a�! 



��� -9R-��%7�R4���=�	 ��

���

� �� ! )3�C�P! "�&�S+�q, �P�  � )�!$	 a<<M	 "!�=

 ����� >�E0! "��� I�$3 Q= '��= ��%<= �& "!�= .k��O +!

 �$��( >'�@ Q�L Q���� a�! �= v�!$	 �.��MRD {� $	 

A�� 4!$�2@ Q= )��J�! 4���� "�5�0! �� m��/� "�&�S+�q,

 )�� 4$<�<�� ��<M� $	�� � ���<S �!��_ -��c�� ! ��$�� '�0!

 4!��%<=MRD+'7�= '<c� )0���� ��� �*3! �� R�$�^� 

��!�)�:.({ $	 yz!�<P! Q���� a�! $6���= -'�7 ��!8�S 8<0 

��� !)�
.(m��/��� "���&�S+�q, +! -��c��� ! Q��w ���S!

 R'�0�!� )3�C��P! "�&�S+�q, Q= �N�0 "��%L �< ��(

 ��! '0�<H�� "�'_ � '2��& )%L �<q -���  u���  R��	 � ��	

4!+�! e�= �$@ Y0�7 �= '0'7 �NX� �S! � '2��& �	):G%>(

'2&!�%&)�:.(

+! )��P�= +! -��c��� ! k���( �� )M��  8��<0 a<��JJK�

 Q�7!� !� )3�C�P! "�&�S+�q, � '0!+!;�� ! �= )�� �27 

+�$�����6�! "�� ��= "+�� !'^ +! 'M= '0�= I'7 � 8�� R

��= A��<6c	 I�'��_ ���= �# "�� m��/��� "���&�S+�q, � e�

 -��L -��c� ! '0!)�.()?� Q2<�+ �$?�  +! `3�( ��0$?L "��&

 Q�= !� ��� a��! �< ��( yze$%M� ��! � ! �?�D� )M<NO

 a<�= �� �$?  A� B<D/	
��G ��'�K� )�M<NO �$?�  

)� '2L .�� m��/�� "��&�S+�q, ��= )�<��0$?L$2� B<D/	

4��+ )0e$O "�& � ! a6%� 4���� +! �	 )�� �27 Q= �E2�

 '2��& �$@ ��( �� QL '0$7 )0!��%<=.t$CP Q= ��! a�! 

-�$�= ���0$?L '�0�= '_�� )?N_ Q0$%0 �� ��%<= QL "��!$� ��

� ! 1��3 '7�=)
G.(

�$�%M� )0���� )%<7 �= )��'�( ��%��G%4��L�$L +!

 Q= *�N�ALL )�� �$�@ '�22L .��= 4����� +! Y�� "��&�$@

 ��� d&�L 4��+ �7�S "!��= QL )0!��%<= �� � Q��G���  

)�J?	 Q����� �c7 R'27�= 4$<�<�� �� )��J�! 4���� "�5�0! +! 

)��� '��0��S .)0e$��O Q��M��b� a���! ������� V��5� "!���= "���	

�$?  |�N	�! � )% $� "�& � ! >+e �$@ �= 4�7 .��W0 Q�=

)� �$?�  +! )�M%^ '� � )�.�cP ��<?=�_ )%� $� "��&

'��0�!� !� I'��� )0e$��O .a���!)��� �����( +! )��7�0 '��0!$	 

d�!8��! +! "�<S$�?^ Q�= ��E2� QL )�$?  `P!� I!�<<H	

 ���6<� {<�K� `X� "�.�� "�&�$�L�� �� -'7 ��0$?L 8�H� 

4!$D� !��<  R�2%�! V�+$2& QL �.�� "�&�$�L�� �� ��%<= )

'7�= � ! Q�P�27�0)
�.(

4$�?L `���L )2L Q/�� QL '0'J�M� )P�= ��( a<@ �� 

)% $� `_!'�( Q�= d&��L �= {J� � ��<0 >+e �c7 "!�=

>�8�R��'K� �� -)� �!�_ "! ��Z! )�2%�! V���<  Q�L '0�<S

 4, "�� "��5� Q.0 �5^ �& !� "��<X6	 ��<q +�� �� a�7!�

 )� ��%@! '��%0)
�R�F.(+! -��c�� ! !����� )�?<P "��&

 )� ;��( Q�= �E2� B<D/	 I�'_ d�!8�! a<@ �� '0!$	

 $?  )�� �27��!��_ Q��cP � 4$6�  +��� �� QL �$7 )��&

 � '��0�!�MRD+'��2&� B<D/��	 !� �$��@ 4�'��= )���NX�

ix�L(R4'�7 )�c2� a�! �= -�*@ MRD 4$<��<�� yz����8� 

)%0 a<%�	 !� )2<��= `��L '�2L)

R�:.(�� Q�L )0!���%<=

 4���� >�%	! �� )OMRD -�$= )c2� �$�@ �� ! a�6%� '0!

'2��%0.�<X6	 �� ��67! a�! � �MRD �� ! a�6%� )�c2� 

Ie�67! Q= |$=����� "��& PCR +! ���%L �$��( Q�= R

)�!$	 �� �<<H	 �?@ Q= �� � QO$=�� ��� B<D/	 I�'_

 k'�&PCR ����0$?L ���<<H	 ���� )�<����0$?L$.<��! �O���P Q��= 

'7�=)
��
9.(

����� ���� 
`_!'�( � )�<���0$?L )=���+�! R`�3�( j���0 Q= Q^$	 �= 

%<_�= "����%<= )%�� $� Q��= *���N� )��0!��! 4!����%<= �� -'��0�

 ��= Q����J� `�=�_ j����0 � -'����S V&!��� ��( )� *=$c2�

 � ! �.�� I�M��b� .-'%@ ����'�K� a���	R>��E0! >'�@ 

4, ����+ Q�2�8& ��?@ Q�= -'�0�%<_�= "���%<= `_!'�( )%L

)� '7�= .��52	 Q�0 )�<��0$?L )=��+�! +! -��c� ! ��( a<@ ��

 +! -����S a���! �� 1!�����! � B<D/��	 �� Q��6?= 4!����%<=

>$��c2� �� 8��<0 � )/��2L!� ��!$��� +! )2<6w$��& ���<q "���&

 �$?  �= n�D0 u��� `X� 4'= I�M��� "�<S�� B<D/	 "�&

 `�=�_ �< ���( ��= >$�c2� �� Qw � )% $� �� Qw V<P'=

��!� ��=��L )�$N_ .

������� 
 ���  
a�'�= +! Q���J� 4�S'2����$0 Q?<� � ���( '<�  ����L� a<

 "$<K� ��L� �*57 � 4�<���w V0�P R�$���!� R)0��&!�� �&

�!� !� �6/	 ��%L )0�P � "��<= R)%� �'0.



MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

���

References:
1- Campana D. Determination of minimal residual disease 

in leukemia patients. Br J Haematol 2003; 121:823-
838. 

2- Provan D., Gribben J. 2000. Molecular Hematology 
Blackwell Science: CH4, pp: 42-59. 

3- Groves FD, Linet MS, Devesa SS. Patterns of 
occurrence of the leukemia. Eur J of cancer 1995; 31A: 
941 - 949. 

4- Greaves M. Childhood leukemia. Br Med J 2002; 324: 
283 - 287. 

5- Khalidi HS, Chang KL, Medeiros LJ, Brynes RK, 
Slovak ML, Murata-Collins JL, et al. Acute 
lymphoblastic leukemia. Survey of immunophenotype, 
FAB classification, frequency of myeloid antigen 
expression, & Karyotypic abnormalities in 210 
pediatric & adult cases. Am J Clin Pathol 1999; 111: 
467 - 476 . 

6- Kim Y, Kang CS, Lee EJ, Kim WI, Shim SI, Kim SM, 
et al. Acute lymphoblastic leukemia with maturation - 
a new entity with clinical significance. Leukemia 1998; 
12: 875 - 881. 

7- Ott G, Kalla J, ott MM, Schryen B, Katzenberger T, 
Muller JG ,et al. Blastoid Variants of mantle cell 
lymphoma: frequent bcl-1 rearrangements at the major 
translocation cluster region & tetraploid chromosome 
clones. Blood 1997; 89: 1421 - 1429. 

8- Van der Velden VHJ , Willemse MJ, van der Schoot 
CE, Hahlen K, van Wering ER, van Dongen 
JJ.Immunoglobulin kappa deleting element 
rearrangements in precursor-B acute lymphoblastic 
leukemia are stable targets for detection of minimal 
residual disease by real-time quantitative PCR. 
Leukemia 2002; 16:928-936. 

9- Hodges E, Krishna MT, Pickard C ,Smith JL. 
Diagnostic role of tests for T cell receptor (TCR) 
genes. J Clin Patho 2003; 56(1):1-10 

10- Szczepanski T, Willemse MJ, Brinkhof B, van Wering 
ER, van der Burg M, van Dongen JJ., Comparative 
analysis of Ig and TCR gene rearrangements at 
diagnosis and at relapse of childhood precursor-B–ALL 
provides improved strategies for selection of stable 
PCR targets for monitoring of minimal residual 
disease. Blood 2002; 99(7):2315-2323 

11- Rubnitz JE, Pui CH. Recent advances in the treatment 
and understanding of childhood acute lymphoblastic 
leukemia. Cancer treat Rev 2003; 29:31-44 

12- Campana D. Detection of minimal residual disease in 
acute lymphoblastic leukemia: the St Jude experience. 
Leukemia 2001; 15:278-279. 

13- Brisco MJ, Sykes PJ, Hughes E, Neoh SH, Snell LE, 
Dolman G,et al, Comparison of methods for 
assessment of minimal residual disease in childhood B-
lineage acute lymphoblastic leukemia. Leukemia 
2001;15: 385-390. 

14- Szczepanski T, Orfão A, van der Velden VH, San 
Miguel JF, van Dongen JJ.Minimal residual disease in 
leukemia patients. Lancet Oncol 2001; 2: 409–417. 

15- Gameiro P, Moreira I, Yetgin S, Papaioannou M, Potter 
MN, Prentice HG, et al, Polymerase chain reaction    
(PCR)- and reverse transcription PCR-based minimal 
residual disease detection in long-term follow-up of 
childhood acute lymphoblastic leukemia, Br J 
Haematol 2002;119:685-696. 

16- Cavè H, Guidal C, Rohrlich P, Delfau MH, Broyart A, 
Lescoeur B, et al. Prospective monitoring and 
quantification of residual blasts in childhood acute 
lymphoblastic leukemia by polymerase chain reaction 
study of δ and γ T-cell receptor genes. Blood 1994; 
83:1892–1902. 

17- Cazzaniga G, Aniello ED, Corral L, Biondi A.,Results 
of minimal residual disease (MRD) evaluation and 
MRD based treatment stratification in childhood ALL. 
Best Pract Res Clin Haematol 2003; 15(4):623-638 

18- Biondi A,  Valsecchi MG  , Seriu T, D'Aniello E, 
Willemse MJ, Fasching KER Panzer-Gru¨mayer ER, et 
al. Molecular detection of minimal residual disease is a 
strong predictive factor of relapse in childhood B-
lineage acute lymphoblastic leukemia with medium 
risk features. A case control study of the International 
BFM study group. Leukemia 2000; 14: 1939–1943. 

19- de Haas V, Verhagen OJHM, von dem Borne AE, 
Kroes W, van den Berg H,  van der Schoot 
CE,.Quantification of minimal residual disease in 
children with oligoclonl B-precursor acute 
lymphoblastic leukemia indicates that the clones that 
grow out during relapse already have the slowest rate 
of reduction during induction therapy. Leukemia 2001; 
15:134-140. 

20- Silverman LB, Sallan ES, Newly diagnosed childhood 
acute lymphoblastic leukemia: update on prognostic 
factors and treatment. Current Opin Haematol 2003; 
10:290-296. 

21- Szczepanski T, Flohr T, Van der Velden VHJ, Bartram 
CR, van Dongen JJ. Molecular monitoring of residual 
disease using antigen receptor genes in childhood acute 
lymphoblastic leukemia. Best Pract Res Clin Haematol 
2002; 15(1): 37-57. 

22- Li AH, Rosenquist R, Forestier E, Lindh J,Roos G, 
Detailed clonality analysis of relapsing precursor B 
acute lymphoblastic leukemia: implications for 
minimal residual disease Detection. Leuk Res 2001; 
25:1033-1045. 

23- Foroni L, Harrison CJ, Hoffbrand AV, Potter MN. 
Investigation of minimal residual disease in childhood 
and adult acute lymphoblastic leukemia by molecular 
analysis. Br J Haematol.1999; 105:7-24. 

24- Scrideli CA, Queiróz Rosane GP, Kashima S, 
Sankarankutty BO, Tone LG. T cell receptor gamma 
(TCRG) gene rearrangements in Brazilian children 
with acute lymphoblastic leukemia: analysis and 
implications for the study of minimal residual disease, 
Leuk Res 2004;28:267-273. 

25- Panzer-Grumayer ER, Schneider M, Panzer S,Fasching 
K.,Gadner H..Rapid molecular response during early 
induction chemotherapypredicts a good outcome in 
childhood acute lymphoblasticleukemia. Blood 2000; 
95: 790–794. 



��� -9R-��%7�R4���=�	 ��

���

26- Van Dongen JJ, Seriu T, Panzar -Grumayer ER, Biondi 
A, Pongers-Willemse MJ, Corral L, et al. Prognostic 
Value of minimal residual disease in acute 
lymphoblastic leukemia in childhood. Lancet 1998;       
352: 1731 - 1738. 

27- Roberts WM, Estrov Z, Ouspenskaia MV, Johnston 
DA, McClain KL, Zipf TL. Measurements of residual 
leukemia during remission in childhood acute 
lymphoblastic leukemia. N Engl J Med 1997; 336: 
317–323. 

28- Gruhn B, Hongeng S, Yi H, Hancock ML, Rubnitz JE, 
Kitchingman GR, et al. Minimal residual disease after 
intensive induction therapy in childhood acute 
lymphoblastic leukemia predicts outcome. Leukemia 
1998;12;675-681. 

29- Scrideli CA, Kashima S, Cipolloti R, Defavery R, 
Bernardes JE, Tone LG. Minimal residual disease in 
Brazilian children with acute lymphoblastic leukemia: 
comparison of three detection methods by PCR. Leuk 
Res 2002;26:431-438. 

30- Sykes PJ, Snell LE, Brisco MJ, Neoh SH, Hughes E, 
Dolman G, et al. The use of monoclonal gene 
rearrangement for detection of minimal residual disease 
in acute lymphoblastic leukemia of childhood. 
Leukemia 1997; 11:153–158. 

31- Okcu MF, Roberts WM, Johneston DA, Ouspenskaia 
MV, Papusha VZ, Brandt MA, et al. Risk 

classification at the time of diagnosis differentially 
affects the level of residual disease in children with B-
precursor acute lymphoblastic leukemia after 
completion of therapy. Leuk Res 2003; 27:743-750. 

32- Lo Nigro L, Cazzaniga G, Cataldo A, Pannunizio A,  
Masera G, Biondi A, et al .Clonal stability in children 
with acute lymphoblastic leukemia ALL who relapsed 
5 or more years after diagnosis. Leukemia 1999; 
13:190-195. 

33- Goulden NJ, Knechtli CJ, Garland RJ, Langlands K, 
Hancock JP, Oakhil A, et al. Minimal residual disease 
analysis for the prediction of relapse in children with 
standard risk acute lymphoblastic leukemia. Br J 
Haematol 1998; 100:235-244. 

34- Steward CG, Goulden NJ, Katz F, Baines D, Martin 
PG, Oakhil A , et al. A polymerase chain reaction 
study of the stability of Ig heavy chain and T-cell 
receptor delta gene rearrangements between 
presentation & relapse of childhood B-lineage acute 
lymphoblastic leukemia. Blood.1994; 83: 1355-1362 

35- Szczenpanski T, Beishuizen A, Pongers-Willemse MJ, 
Hahlen K, Van Wering ER, Van Dongen JJ, et al. 
Cross-lineage T cell receptor gene rearrangements in 
more than ninety percent of childhood precursor-B 
acute lymphoblastic leukemias: alternative PCR targets 
for detection of minimal residual disease. Leukemia  
1999;13:196–205. 

 



MRD*�N� )0!��! 4�L�$L �� Q=ALL 4!��6%& � A�$� �!85= ��L� 

���

Use of immunoglobulin heavy chain and kappa light chain gene 
rearrangements by PCR  for molecular diagnosis of minimal 

residual disease in Iranian children suffering from β-precursor 
acute lymphoblastic leukemia  

Poopak B.1(PhD), Pourfathollah A.A.2(PhD), Najmabadi H.3(PhD), Yahyavi S.H.1(MD), Mortazavi Y.4(PhD), 
Vosough P.5(MD), Ansari Damavandi S.5(MD), Arjomandy rafsanjani K.6(MD), Arzanian MT.6(MD), Izadyar 

M.7(MD), Alavi S.6(MD), Shahgholi E.7(MD), Bahoosh GR.5(MD), Hamidieh AA.8(MD), Faranoosh 
M.9(MD), Khosravipoor G.10 (MD), Haghnejad F.1(MS), Yousefian A.11(MS) 

1Islamic Azad University, Tehran Medical Branch 
2Hematology Department, Tarbiat Modaress University 
3Genetic Research Center, University of Social welfare  
and Rehabilitation Sciences 
4Hematology Department, Zanjan Medical University 
5Iran University of Medical Sciences 

6Shaheed Beheshti University of Medical Sciences 
7Tehran University of Medical Sciences 
8Shariati Medical Center Hospita – Research Center 

9Semnan University of Medical Sciences 

10Payvand  Medical Laboratory 

11Iranian Blood Transfusion Center – Research Center 
Abstract 
Background and Objectives 
Diversity of IgH and Igκ molecules is generated during B and T Lymphocyte differentiation through the 
rearrangement of variable, diversity, junction and constant gene segments. Additionally, random insertion and 
deletions of nucleotides between gene segments make unique sequences which are cell or clone specific. Similar 
IgH and Igκ genes rearranged in normal cells of lymphoid leukemia cases can be used as a marker of clonality and 
for evaluation of minimal residual disease (MRD). The purpose of this study is to evaluate the pattern of IgH chain 
and Igκ gene rearrangements using polymerase chain reaction (PCR) in B-precursor acute lymphoblastic leukemias 
(ALL) to follow the MRD at day 14, day 28 (end of remission induction), week 10 , 3-6 months and 6-12 months 
after the initiation of treatment. 
Materials and Methods 
In our prospective study bone marrow aspirates of 183 children at the mean age of 63.6 months with diagnosis of 
acute leukemia were collected at admission before any chemotherapy. After reviewing cytomorphology  and 
immunophenotyping, only 140 cases with diagnosis of B-precursor ALLs were selected for study. Mononuclear 
cells including leukemic blasts were isolated by density gradient. After DNA extraction, IgH and Igκ ( Vκ I-IV / 
Kde)  were amplified by consensus primers using PCR. PCR products were analyzed after heteroduplex analysis 
and polyacrylamide gel electrophoresis (silver stain). The DNA sequences were compared and aligned with the 
sequences homologous for IgH and IgK published by Gene Bank. The follow up specimens were collected at day 
14, day 28 (end of remission induction), day 45-month 3 , and 3-6 months and 6-12 months after initiation of 
treatment. After routine cytomorphologic analysis, similar PCR was done on follow up extracted DNAs in parallel 
with diagnosis DNA. MRD was considered to be approved positive if bands similar to those at the time of diagnosis 
were present. Statistical analysis using SPSS software (version 11.5) was performed. 
Results 
90.5% of patients had clonal IgH gene rearrangements. Monoclonal, biclonal and oligoclonal patterns were 
observed in 57.8%, 34.9% and 5.5% of patients with IgH (CDR III) rearrangement, respectively. Clonal patterns of 
Igκ-Kde  were detected in 59 (67%; n: 88) of BP-ALLs. According to cytomorphology about 92% of patients were 
in complete remission. MRD positivity decreased from more than 90% to 20% using different gene rearrangements 
in defined time points. Four patients who relapsed during follow up were MRD positive using 1-3 rearrangements 
and all except one were in clinical remission.  
Conclusions 
Clonal rearrangement of IgH had a pattern similar to other populations. IgK was slightly more frequent than 
previously reported and the VKI (25%) was the most common type. These differences can be explained by different 
techniques, DNAs and clonality markers. According to the results, these clonal markers can be used in diagnosis 
and follow up of MRD. 
Key words: Gene rearrangement, Minimal residual disease (MRD), Acute lymphoblastic leukemia 
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