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Introduction

Acute promyelocytic leukemia (APML) is a distinct 

subtype of acute myeloid leukemia. Morphologically, 

LW� LV� LGHQWLÀHG� DV�$0/�0��E\� WKH� )UHQFK�$PHULFDQ�
%ULWLVK� �)$%�� FODVVLILFDWLRQ�� &\WRJHQHWLFDOO\��$30/�
is characterized by a balanced reciprocal translocation 

between chromosomes 15 and 17, which results in the 

fusion between the promyelocytic leukemia (PML)gene 

and retinoic acid receptor (RAR).Variant chromosomal 

translocations e.g., t(11;17), t(5;17) can be detected in no 

more than 5% of APML patients. 

The real incidence of APML is not known. The 

percentage of APML could be higher in children than in 

adults (So et al., 2011). The incidence is somewhat around 

��� WR� ���� UHSRUWHG� E\�PDQ\� ODUJH� FOLQLFDO� WULDOV� DQG�
single institutions in the US. Also of note, this incidence 

is similar to Latin American background patients (Douer 

1Department of Immunology and Molecular Medicine, 2Advanced Centre for Human Genetics, 3Department of Clinical Hematology,  
4Department of Medical Oncology, Sher-I-Kashmir Institute of Medical Sciences, Srinagar, J and K, India  *For correspondence: 
bshahid007@gmail.com, zaffaramin@gmail.com 

Abstract

 Background: Acute promyelocytic leukemia (APML) is characterized by the reciprocal translocation t(15;17)
�T���T����UHVXOWLQJ�LQ�WKH�30/�5$5Ơ�IXVLRQ�JHQH��$�GXDO�GLDJQRVWLF�DQG�IROORZ�XS�DSSURDFK�ZDV�DSSOLHG�LQFOXGLQJ�
F\WRJHQHWLF�GHPRQVWUDWLRQ�RI�WKH�W��������WUDQVORFDWLRQ�DQG�GHWHFWLRQ�RI�30/�5$5Ơ�FKLPHULF�WUDQVFULSWV�E\�
PROHFXODU�PHDQV��Purpose��&RQYHQWLRQDO�F\WRJHQHWLFV�LQYROYLQJ�ERQH�PDUURZ�LV�EHVHW�ZLWK�KLJK�SUREDELOLW\�RI�
SRRU�PHWDSKDVH�LQGH[�DQG�ZDV�VXEVWLWXWHG�ZLWK�SK\WRKHPDJJOXWLQLQ��3+$��LQGXFHG�SHULSKHUDO�EORRG�FXOWXUH�
EDVHG�F\WRJHQHWLF�DQDO\VLV�DV�D�GLDJQRVWLF�	�IROORZ�XS�PRGDOLW\�LQ�$30/�SDWLHQWV�RI�.DVKPLU��1RUWK�,QGLD���%RWK�
TXDOLWDWLYH��57�3&5��DQG�TXDQWLWDWLYH��4�3&5��WHVWV�ZHUH�VLPXOWDQHRXVO\�FDUULHG�RXW�WR�DXWKHQWLFDWH�WKH�PRGLÀHG�
F\WRJHQHWLFV��Materials and Methods��3DWLHQW�VDPSOHV�ZHUH�VXEMHFWHG�WR�WKH�VDLG�WHFKQLTXHV�WR�HVWDEOLVK�WKHLU�
EDVHOLQH�DV�ZHOO�DV�IROORZ�XS�VWDWXV��Results��,QLWLDO�F\WRJHQHWLFV�UHYHDOHG����SDWLHQWV�������SRVLWLYH�IRU�W��������
ZKHUHDV���������KDG�HLWKHU�FU\SWLF�WUDQVORFDWLRQ�RU�ZHUH�QHJDWLYH�IRU�W���������7ZR�FDVHV�KDG�FKURPRVRPH���T�
GHOHWLRQ�DQG�QR�KDOOPDUN�WUDQVORFDWLRQ�W���������4�3&5�VWDWXV�IRU�30/�5$5Ơ�ZDV�IRXQG�WR�EH�SRVLWLYH�IRU�
DOO�SDWLHQWV��$OO�WKH�$30/�SDWLHQWV�ZHUH�UHDVVHVVHG�DW�WKH�HQG�RI�FRQVROLGDWLRQ�SKDVH�DQG�GXULQJ�PDLQWHQDQFH�
SKDVH�RI�FKHPRWKHUDS\�ZKHUH���SDWLHQWV�KDG�PROHFXODU�UHODSVH��ZKHUHLQ���DOVR�GHPRQVWUDWHG�F\WRJHQHWLF�UHODSVH��
Conclusions��,W�ZDV�IRXQG�WKDW�3+$�LQGXFHG�SHULSKHUDO�EORRG�F\WRJHQHWLFV�DORQJ�ZLWK�PROHFXODU�DQDO\VLV�FRXOG�
SURYH�D�UHOLDEOH�PRGDOLW\�LQ�WKH�GLDJQRVLV�DQG�DVVHVVPHQW�RI�IROORZ�XS�UHVSRQVH�RI�$30/�SDWLHQWV� 
.H\ZRUGV� APML - cytogenetic response - ATRA - arsenic tri-oxide - peripheral blood - karyotyping

5(6($5&+�$57,&/(

3+$�,QGXFHG�3HULSKHUDO�%ORRG�&\WRJHQHWLFV�DQG�0ROHFXODU�
$QDO\VLV��D�9DOLG�'LDJQRVWLF�DQG�)ROORZ�XS�0RGDOLW\�IRU�$FXWH�
3URP\HORF\WLF�/HXNHPLD�3DWLHQWV�7UHDWHG�ZLWK�$75$�DQG�RU�
Arsenic Tri-oxide

Shahid M Baba1��1L\D]�$�$]DG1��=DIIDU�$�6KDK1
��'LO�$IUR]H1��$UVKDG�$�3DQGLWK2��
Aleem Jan3��6KHLNK�$�$]L]4��)D\D]�$�'DU2

HW�DO���������
The genetic hallmark of APML is the balanced 

reciprocal translocation t(15;17)(q22;q21-12) leading 

to the fusion of the promyelocytic (PML) gene on 

FKURPRVRPH����DQG�WKH�UHWLQRLF�DFLG�UHFHSWRU�Ơ��5$5Ơ��
gene on chromosome 17. Depending on the location 

RI� EUHDNSRLQWV�ZLWKLQ� WKH� 30/� VLWH�� WKH� 30/�5$5Ơ�
WUDQVFULSW�VXEW\SHV�EFU���EFU��DQG�EFU��PD\�EH�IRUPHG��
Of these, bcr1 and bcr2 are of similar size and together 

referred to as long (L) isoform, bcr2 as vari-able (V) 

DQG�EFU��DV�VKRUW��6��LVRIRUP��7KH�30/�5$5Ơ�IXVLRQ�LV�
GHWHFWDEOH�E\�ÁXRUHVFHQFH�LQ�VLWX�K\EULGL]DWLRQ��),6+��RU�
UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��57�3&5��
LQ�!����RI�PRUSKRORJLFDOO\�GHÀQHG�$30/V��ZKLOH�LQ�WKH�
remaining cases several variant rarerangements have been 

GHVFULEHG�WKDW�FRQVWDQWO\�LQYROYH�5$5Ơ�DQG�SDUWQHU�JHQHV�
other than PML (Grimwade, 1999).

5$5Ơ� LV� D�PHPEHU� RI� WKH� 5$� QXFOHDU� UHFHSWRU�
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family that acts as ligand-inducible transcription factor 

E\�ELQGLQJ�WR�VSHFLÀF�UHVSRQVH�HOHPHQWV��5$5(��DW�WKH�
SURPRWHU�UHJLRQ�RI�WDUJHW�JHQHV��,Q�WKH�DEVHQFH�RI�OLJDQG��
5$5Ơ�IRUPV�KHWHURGLPHUV�ZLWK�WKH�UHWLQRLG�;�UHFHSWRU�
�5;5�� DQG� UHFUXLWV� D� FR�UHSUHVVRU� FRPSOH[� FRQWDLQLQJ�
KLVWRQH� GHDFHW\ODVH� �+'$&�� DFWLYLWLHV� WKDW� LQGXFHV�
chromatin condensation and transcriptional repression. 

Physiological concentrations of RA (it as 1x10 raised to 

power 9 M) are able to release the nuclear co-repressors 

FRPSOH[� IURP� WKH�5$5�5;5�DQG� UHFUXLW� FR�DFWLYDWRUV�
ZLWK� KLVWRQH� DFHW\OWUDQVIHUDVH� DFWLYLWLHV� �+$7���7KLV�
results in hyperacetylation of histones at RARE sites, 

chromatin remodeling and transcriptional activation of 

5$5Ơ�WDUJHW�JHQHV��'LOZRUWK�DQG�&KDPERQ��������*ODVV�
and Rosen-feld, 2000).

PML belongs to a family of proteins containing a 

GLVWLQFWLYH�&�+&�� ]LQF�ELQGLQJ� GRPDLQ� UHIHUUHG� WR� DV�
5,1*�ÀQJHU��/LNH�RWKHU�PHPEHUV�RI�WKLV�IDPLO\��LQFOXGLQJ�
%5&$���30/�KDV�EHHQ�LPSOLFDWHG�LQ�WXPRU�VXSSUHVVLRQ�
and control of genomic stability (Zhong S, et al., 2000). 

,Q�WKH�QXFOHXV��30/�LV�GHWHFWHG�LQ�PXOWLSURWHLQ�FRPSOH[HV�
termed PML nuclear bodies, where it co-localizes 

ZLWK�RWKHU� SURWHLQV� VXFK� DV� S���� S5E��'D[[�� DQG�&%3�
(Jensen K, et al., 2001). As a consequence of the PML/

5$5Ơ� IXVLRQ�� LQ�$30/� FHOOV�� 30/� LV� GLVUXSWHG� DQG�
the protein is de-localized into microspeckled nuclear 

particles. This variation in subcellular distribution of 

30/�LQ�$30/V�EHDULQJ�WKH�30/�5$5Ơ�UHDUUDQJHPHQW�
is clinically relevant as it allows rapid diagnosis through 

immunostaining techniques.

7KH� 30/�5$5Ơ�SURWHLQ� IXQFWLRQV� DV� DQ� DEHUUDQW�
UHWLQRLG� UHFHSWRU�ZLWK� DOWHUHG�'1$�ELQGLQJ� SURSHUWLHV�
DV�FRPSDUHG�WR�ZLOG�W\SH�5$5Ơ��DQG�LW�DFWV�DV�UHSUHVVRU�
RI�5$�VLJQDOLQJ��30/�5$5Ơ�FDQ�KHWHURGLPHUL]H�ZLWK�
WKH� 5;5��ZLWK� 30/� DQG�ZLWK� DQRWKHU� 30/�5$5Ơ�
chimeric protein forming a homodimer. Distinct from 

ZLOG�W\SH�5$5Ơ��WKH�UHSUHVVLRQ�LQGXFHG�E\�XQ�OLJDQGHG�
30/�5$5Ơ� LV� UHOHDVDEOH� RQO\� E\� SKDUPDFRORJLFDO�
doses of ATRA (10-6 M). This is explained by the fact 

WKDW� FRPSDUHG� WR�ZLOG�W\SH�5$5Ơ�� WKH� 30/�5$5Ơ�
K\EULG�ELQGV�WKH�KLVWRQH�GHDFHW\ODVH��+'$&��UHFUXLWLQJ�
FR�UHSUHVVRU�FRPSOH[�ZLWK�KLJKHU�DIÀQLW\��3DQGROÀ�33��
������� ,Q� DGGLWLRQ� WR� UHFUXLWLQJ�+'$&�DFWLYLW\�� 30/�
5$5Ơ�LV�DOVR�DEOH�WR�ELQG�WKH�'1$�PHWK\ODWLQJ�HQ]\PHV�
'QPW��DQG�'QPW�D�� OHDGLQJ� WR� WKH�PHWK\ODWLRQ�RI�5$�
WDUJHW� SURPRWHUV� LQ�$30/�EODVWV� �'L�&URFH�/�� HW� DO���
������9LOOD�5��HW�DO����������,Q�VXPPDU\��30/�5$5Ơ�DFWV�
through various mechanisms as a constitutive and potent 

WUDQVFULSWLRQDO�UHSUHVVRU�RI�5$5Ơ�WDUJHW�JHQHV��&DUERQH�
R, et al., 2006).

AML’s a rare among the considerably incident AML 

leukemia’s and ranks as the fifth among commonly 

RFFXUULQJ� FDQFHUV� LQ� WKH�.DVKPLU� YDOOH\� �1RUWK� ,QGLD��
�3DQGLWK�DQG�6LGGLTL���������:H�IRU�WKH�ÀUVW�WLPH�DLPHG�DW�
HYDOXDWLQJ�WKH�HIÀFDF\�RI�WKH�SHULSKHUDO�EORRG�F\WRJHQHWLF�
technique along with molecular analysis in detecting the 

disease and monitoring the response in APML patients 

treated with conventional chemotherapy. Base line 

peripheral blood cytogenetics along with qualitative 

3&5�ZDV�SHUIRUPHG�WR�ORRN�IRU�WKH�W\SH�RI�WKH�WUDQVFULSW�
IROORZHG�E\�UHDO�WLPH�3&5�TXDQWLÀFDWLRQ�RI�WKH�WUDQVFULSW�

involved. 

Materials and Methods

We analyzed the course of all newly diagnosed and 

relapsed patients with APML treated consecutively on 

SURWRFROV��,&$3/������DQG�$6
2
O�) in the department of 

&OLQLFDO�+HPDWRORJ\� DQG�0HGLFDO�2QFRORJ\� DW�6KHU�L�
.DVKPLU�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV���6.,06��-DQG.�
�1RUWK�,QGLD��DQG�LQFOXGHG�LQ�WKH�VWXG\�DIWHU�D�WKRURXJK�
DSSURYDO�IURP�WKH�¶,QVWLWXWH�(WKLFV�&RPPLWWHH·��,(&��RI�
6.,06�DQG�VXEMHFWHG�WR�SURVSHFWLYH�HYDOXDWLRQ�RI�WKHLU�
UHVSRQVH�WR�FRQYHQWLRQDO�FKHPRWKHUDS\�,&$3/������DQG�
AS

2
O���DW�WKH�'HSDUWPHQW�RI�,PPXQRORJ\�DQG�0ROHFXODU�

0HGLFLQH��6.,06�IURP������WR�������$OO�SDWLHQWV�KDG�WKH�
baseline bone marrow analysis done and were accordingly 

categorized against the morphologic criteria for the 

GLDJQRVLV�RI�$30/�>$0/�0�@�RU�0��YDULDQW��DFFRUGLQJ�
WR� WKH� )UHQFK�$PHULFDQ�%ULWLVK� FODVVLÀFDWLRQ� V\VWHP�
�%HQQHWW�-0��HW�DO����������7KH�GLDJQRVLV�ZDV�FRQÀUPHG�
by presence of t (15:17) on peripheral blood cytogenetic 

VWXGLHV�DV�ZHOO�DV�GHWHFWLRQ�RI�30/�5$5Ơ�WUDQVORFDWLRQ�
E\�57�3&5�DQG�4�3&5�

+HSDULQL]HG� SHULSKHUDO� EORRG� IRU� F\WRJHQHWLFV� DQG�
('7$� EORRG� VDPSOHV� IRU� 57�3&5� DQG�4�3&5�ZHUH�
FROOHFWHG�DIWHU�LQIRUPHG�FRQVHQW��IURP����QHZO\�GLDJQRVHG�
DQG�UHODSVHG�SDWLHQW��0HGLDQ�DJH�RI�WKH�SDWLHQWV�ZDV����
years (range 06 to 92 years). We examined samples before 

patients began treatment, after they achieved clinical 

complete remission by standard criteria, and periodically 

thereafter.

Cytogenetic analysis
&KURPRVRPDO� DQDO\VLV� RI� WKH� SDWLHQWV�ZDV� GRQH� DW�

baseline and different stages of treatment as per the 

,&$3/������DQG�$6
2
O��SURWRFRO��&\WRJHQHWLF�DQDO\VLV�

was carried out as per the technique followed in our 

SUHYLRXV�ZRUN�E\�$]DG�HW�DO��1L\D]�$�$]DG��HW�DO����������
ZKHUHLQ���XO�RI�3+$��*LEFR��ZDV�DGGHG�WR�HYHU\��PO�RI�
530,������FXOWXUH�PHGLD��&HOO�&ORQH��FRQWDLQLQJ�����
fetal calf serum (Gibco) before adding about 0.5 ml of 

SHULSKHUDO�EORRG�WR�LW��,Q�DGGLWLRQ��D�VLPXOWDQHRXV�3+$�
free culture corresponding to each sample was also carried 

RXW� IRU� FRPSDUDWLYH� SXUSRVH��&XOWXUHV�ZHUH� LQFXEDWHG�
IRU� ������KRXUV� IROORZHG�E\� IXUWKHU� ��KRXU� LQFXEDWLRQ�
DIWHU�DGGLQJ����XO�RI�&ROFKLFLQH��/RED�&KHPLH���PJ����
ml) and 100ul of Ethidium bromide (1mg/10 ml) to 

HDFK�YLDO��&XOWXUHV�ZHUH�VXEVHTXHQWO\�SXW�WR�K\SRWRQLF�
VKRFN�ZLWK������0�SRWDVVLXP�FKORULGH�DQG�WKHQ�À[HG�LQ�
&DUQR\·V�À[DWLYH�>PHWKDQRO�DFHWLF�DFLG������@��6OLGHV�ZHUH�
prepared and GTG banding was performed as described 

E\�6HDEULJKW� �6HDEULJWK�0�� ������&RPSXWHUL]HG�ZRUN�
VWDWLRQ��¶&\WRYLVLRQ�����·�ZDV�XVHG�WR�LGHQWLI\�DQG�DUUDQJH�
FKURPRVRPHV�DV�SHU�WKH�,QWHUQDWLRQDO�6\VWHP�IRU�+XPDQ�
&\WRJHQHWLF�1RPHQFODWXUH��,6&1���0LWHOPDQ�)���������
At least 20 karyotypes were prepared and analyzed for 

each sample.

RNA Extraction
7RWDO� 51$� IURP� )LFROO�+\SDTXH� VHSDUDWHG�

mononuclear cells from 5-7ml of peripheral blood was 

H[WUDFWHG� XVLQJ�7UL]RO� �$PUHVFR���7KH� H[WUDFWHG�51$�
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ZDV� FKHFNHG� IRU� SXULW\� DQG� LQWHJULW\� E\�'(3&�WUHDWHG�
DJDURVH�JHO�HOHFWURSKRUHVLV��&RQFHQWUDWLRQ�RI�51$�ZDV�
measured spectrophotometrically and the ratio of optical 

density at 260 and 280 nm checked. A ratio of 1.80 to 2.00 

ZDV�DFFHSWHG�DV�JRRG�TXDOLW\�51$�

cDNA Synthesis
The reverse transcriptase reaction was performed 

XVLQJ�WKH�0D[LPD�F'1$�V\QWKHVLV�NLW��7KHUPR�6FLHQWLÀF��
containing Enzyme Mix (M-MuLV RT Enzyme and 

5LERORFN�5QDVH� ,QKLELWRU��� �[�5HDFWLRQ�0L[� �UHDFWLRQ�
EXIIHU��G173·V��ROLJR�GW����DQG�UDQGRP�KH[DPHU�SULPHUV�
DQG�1XFOHDVH�IUHH�ZDWHU��

7ZR�PLFURJUDPV�RI� WRWDO�FHOOXODU�51$�ZDV� UHYHUVH�
WUDQVFULEHG�WR�F'1$�E\�DQ�LQFXEDWLRQ�RI����PLQXWHV�DW�
���&�����PLQXWHV�DW����&��DQG���PLQXWHV�DW����&�LQ�D�WRWDO�
YROXPH�RI���XO�WKDW�FRQWDLQHG��XO�RI��;�5HDFWLRQ�0L[���XO�
of Maxima Enzyme Mix and 12ul of nuclease free water.

RT-PCR (Qualitative)
The amplification method as described by (van 

Dongen et al., 1999) was followed for qualitative RT-

3&5� VWXGLHV��0XOWLSOH[�3&5� UHDFWLRQ�ZDV� FDUULHG� RXW�
in a 25ul reac-tion volume using reverse and forward 

SULPHUV� VHWV� IRU� EFU��� EFU�� DQG� EFU�� WUDQVFULSWV��
30/�$�� �·�&$*7*7$&*&&77&7&&$7&$��·��
30/�$�� �·� � &7*&7**$**&7*7**$&��·��
5$5$�%� �·�*&77*7$*$7*&****7$*$��·�
a n d  o n e  s e l f  d e s i g n e d  p r i m e r  P M L - R P 

�·�&7*$&7*7$&&$&$*&&$7$**��·�� 5HDFWLRQ�
WLPHV�FRQVLVWHG�RI�DQ�LQLWLDO�GHQDWXUDWLRQ�RI����&�IRU���
PLQXWHV��DQQHDOLQJ�DW����&�IRU����VHFV��DQG�HORQJDWLRQ�DW�
���&�IRU���PLQXWHV��IROORZHG�E\����DGGLWLRQDO�F\FOHV�����
VHFV�DW����DV�FHQWLJUDGH�����VHFV�DW���o&��DQG����VHFV�DW�
���&������XO�RI�WKH�3&5�SURGXFW�ZDV�VL]H�IUDFWLRQDWHG�E\�
electrophoresis in a 2% agarose gel stained with ethidium 

bromide and visualized under a UV transilluminator 

�)ORXUFKHP��+'��&HOO�%LRVFLHQFHV��DW�����QP�
,Q�FDVH�RI�30/�5$5Ơ��GXH�WR�DOWHUQDWLYH�VSOLFLQJ�RI�

WKH�EUHDNSRLQW�FOXVWHU� UHJLRQV��%&5��RQ�30/�ORFXV�RI�
FKURPRVRPH�����3&5�SURGXFWV�RI�YDULRXV�VL]HV�UDQJLQJ�
IURP����� WR�����ES�ZHUH� IRXQG�ZLWK�5$5$�%�SULPHU�
which is found to be a “universal primer” for all the three 

forms of translocations seen in APML (short isoform: 

LQWURQ� ��EFU� ��� ORQJ� YDULDQW� LVRIRUP�� H[RQ� ��%&5����
DQG� ORQJ� LVRIRUP�� LQWURQ� ��%&5�����$� VLQJOH� SURGXFW�
RI� HLWKHU� ���� RU� ���� ES�ZDV� REVHUYHG�ZLWK� 30/�$��
primer that corresponded to the translocation breakpoints 

LQWURQ���%&5���RU�H[RQ���%FU��DQG�����ES�SURGXFWV�ZDV�
REVHUYHG�ZLWK�30/�$��SULPHU�FRUUHVSRQG�LQJ�WR�%&5���
ZKRVH�EUHDNSRLQW�LV�ORFDWHG�LQ�LQWURQ����3ULPHUV�30/�$���
RARA-B and self de-signed PML-RP primer set displayed 

DQ�DGGLWLRQDO�3&5�SURGXFW�RI�����ES�ZKLFK�VHUYHG�DV�DQ�
LQWHUQDO�FRQWURO�DQG�HQVXUHG�JRRG�TXDOLW\�RI�F'1$�XVHG��
$FFRUGLQJO\�� WKH� UHVXOWV� RI�3&5� IRU�30/�5$5Ơ�ZHUH�
interpreted as long (l), long variant (v) isoform or short 

(s) isoform.

Q-PCR (Quantitative)
([WUDFWHG�51$�ZDV�QRUPDOL]HG�WR�WKH�FRQFHQWUDWLRQ�

RI�DSSUR[LPDWHO\����QJ�DQG�VXEMHFWHG�WR�WKH�LQWHJUDWHG�

F�'1$�V\QWKHVLV� DQG� UHDO�WLPH�TXDQWLÀFDWLRQ�E\�XVLQJ�
7DTPDQ�SUREH�EDVHG�30/�5$5Ơ�WUDQVFULSWV��EFU��DQG�
EFU���TXDQWLWDWLRQ�NLW��*HQR�6HQ·V�*HQRPH�'LDJQRVWLFV�
3YW��/WG���RQ�WKH�$JLOHQW�6WUDWDJHQH�0[������3�5HDOWLPH�
3&5�SODWIRUP�

Results 

7KH�$30/�SDWLHQWV�LQFOXGHG����PDOHV���������DQG����
IHPDOHV���������UDQJLQJ�IURP�DJH���\HDUV�WR����\HDUV�����
SDWLHQWV���������EHORQJHG�WR�DJH�JURXS�����\UV�DQG�WKH�
UHVW�RI�WKH����SDWLHQWV���������ZHUH�DERYH����\UV�RI�DJH��
2I�WKH����SDWLHQWV�DQDO\]HG����SDWLHQWV���������EHORQJHG�
to urban area and the remaining 27 patients (72.9%) to 

rural areas (Table 1).

3DWLHQWV�ZHUH�ULVN�VWUDWLÀHG�LQWR�ORZ�ULVN��KLJK�ULVN�DQG�
LQWHUPHGLDWH�ULVN�RQ�WKH�EDVLV�RI�7/&�DQG�SODWHOHW�FRXQWV�
DW�SUHVHQWDWLRQ����RI� WKH���� ��������SDWLHQWV�SUHVHQWHG�
with leucocytosis (>10x109/L) and high platelet counts 

��� ��[��9cumm), whereas the remaining 28 patients 

��������KDG� OHXFRSHQLD� ����[��9/L) with low platelet 

FRXQWV�����[��9/cumm) (Table 1).

Bone marrow examination of the patients revealed 07 

patients (18.9%) with less than 60% promyelocytes and 

7DEOH� ���&OLQLFR�3DWKRORJLFDO�3DUDPHWHUV� RI�$30/�
3DWLHQWV�DQG�WKHLU�&\WRJHQHWLF�DQG�0ROHFXODU�3URÀOH�

Particulars 1XPEHU Percentage 

%

Gender
Male �� ����
)HPDOH �� ����

Age
��� �� 62.1

��� �� ����

Dwelling
Urban 10 27

Rural 27 72.9

Expired
Male 5 ����
)HPDOH � 8.1

7/&
(Baseline)

>10x109/L 9 ����
<10x109/L 28 75.6

Platelets
!��[��9/cum 28 75.6

���[��9/cum 9 ����

Promyelocytes
<60% 7 18.9

���� �� 81

�T�3&5�YDOXH�
(Baseline)

���� �� ����
<60% 21 56.7

Karyotyping 

(Baseline)

30/�5$5Ơ�
Positive

�� 81

30/�5$5Ơ�
1HJDWLYH 7 19

Transcript type

4XDOLWDWLYH�3&5

Bcr1 22 ����
Bcr2 � 8.1

%FU� 12 ����

Therapy

27 72.9

Arsenic 

(AS
2
O�)

10 27.1
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���SDWLHQWV�������ZLWK�SURP\HORF\WH�FRXQW�JUHDWHU�WKDQ�
60% (Table 1).

,QLWLDO�3+$�VWLPXODWHG�SHULSKHUDO�EORRG�NDU\RW\SLQJ�
UHYHDOHG����SDWLHQWV�������SRVLWLYH�IRU�W��������ZKHUHDV�
7 patients (19%) had either cryptic translocation or were 

QHJDWLYH� IRU� W�������� �)LJXUH� ���� ,QFLGHQWDOO\�� ��� VXFK�
cases were detected as variants with chromosome 16q 

GHOHWLRQ�DQG�QR�KDOOPDUN�WUDQVORFDWLRQ�W���������)LJXUH�

����7KH�3+$�XQVWLPXODWHG�FXOWXUHV�ZHUH�QRW�DV�UHOLDEOH�
DV� WKH�3+$�VWLPXODWHG�RQHV�DQG�ZHUH�XQDEOH� WR� UHSRUW�
the variant karyotypes, which were clearly detected by 

WKH�3+$�VWLPXODWHG�RQHV��)LJXUH�����7KH�4�3&5�VWDWXV�
IRU�30/�5$5Ơ�ZDV�IRXQG�WR�EH�������IRU����SDWLHQWV�
��������ZKLOH�DV� LW�ZDV�!����IRU����SDWLHQWV� ��������
�7DEOH�������SDWLHQWV�KDG�EFU���WUDQVFULSWV�DV�GHWHFWHG�E\�
TXDOLWDWLYH�57�3&5�DQG�FRXOG�QRW�EH�TXDQWLÀHG�EHFDXVH�

7DEOH����&\WRJHQHWLF�DQG�0ROHFXODU�5HVSRQVHV�RI�$30/�SDWLHQWV�DW�'LIIHUHQW�6WDJHV�RI�7UHDWPHQW

Particulars 1XPEHU
&\WRJHQHWLF�5HVSRQVH�

(Karyotyping)
0ROHFXODU�5HVSRQVH��T�3&5�

Remission Relapse Remission Relapse

Gender
Male 18 16 2 �� �
)HPDOH 11 9 2 9 2

Age
��� 19 15 � �� 6

!�� 10 10 0 10 0

Dwelling
Urban 7 6 1 5 2

Rural 22 19 � 18 �

&2
1
62

/,
'
$7

,2
1 7/& +LJK 0 0 0 0 0

Low 29 29 0 29 0

30/�5$5Ơ�T�3&5�YDOXH��4�SFU�
0-20% 29 0 29 0

������ 0 0 0 0

������ 0 0 0 0

7UDQVFULSW�W\SH��4XDOLWDWLYH�3&5�
Bcr1 18 -- 18 --

Bcr2 � -- � --

%FU� 8 -- 8 --

0
$
,1
7(

1
$
1
&(

�

7/& +LJK 6 2 � 0 6

Low �� �� 0 �� 0

30/�5$5Ơ�T�3&5�YDOXH��4�SFU�
0-20 % 25 1 �� 2

������ 0 1 0 1

������ 0 2 0 2

7UDQVFULSW�W\SH��4XDOLWDWLYH�3&5�
Bcr1 17 1 16 2

Bcr2 2 1 2 1

%FU� 6 2 5 �

7DEOH����Comparative Cytogenetic and Molecular Responses in APML patients

Plan Response age % Relapse age % P value

&\WRJHQHWLFV 25 86.2 �� ����
0.74�SFU �� ���� 06 20.7

5W�SFU�4XDOLWDWLYH
bcr-1 16 55.1 02 11.1

0.2bcr-2 02 6.9 01 ����
EFU�� 05 17.2 �� ����

)LJXUH� ���5HSUHVHQWDWLYH�.DU\RW\SH� RI� WKH� W��������
FRPSOHPHQW� IURP�3+$� LQGXFHG� � SHULSKHUDO� EORRG�
culture

)LJXUH� ��� 5HSUHVHQWDWLYH� .DU\RW\SH� VKRZLQJ�
FKURPRVRPH���T�GHOHWLRQ�LQ�$30/�SDWLHQW
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PRVW�RI�WKH�NLWV�DYDLODEOH�TXDQWLI\�RQO\�EFU���DQG�EFU���
fusion transcripts.

2I�WKH����SDWLHQWV�DW�SUHVHQWDWLRQ�����SDWLHQWV���������
KDG�EFU�������SDWLHQWV��������EFU���DQG����SDWLHQWV���������
ZHUH�REVHUYHG�WR�KDUERU�EFU���WUDQVFULSW��7DEOH�����

���SDWLHQWV���������ZHUH�VXEMHFWHG�WR�WUHDWPHQW�ZLWK�
ATRA based protocols whereas remaining 10 (27.1%), 

ZKLFK� LQFOXGHG� �� UHODSVHG� DQG� �� QHZO\� GLDJQRVHG�
patients, were treated with arsenic tri -oxide (AS

2
O�) 

based protocols exclusively. During the course of study 

���SDWLHQWV���������H[SLUHG�LQFOXGLQJ����PDOHV���������
DQG���� IHPDOHV� ��������$PRQJ� WKHVH� ���SDWLHQWV� GLHG�
during induction phase of the treatment while as 02 

patients relapsed and expired at the maintenance stage of 

chemotherapy (Table 1).

We followed 29 patients treated with either ATRA (in 

DGGLWLRQ�WR�FRQYHQWLRQDO�FKHPRWKHUD�S\���,&$3/�������RU�
with AS

2
O�. All patients achieved hematological remission 

�'LIIHUHQWL�DWLRQ��ZLWKLQ�ÀUVW����GD\V�ZKHUHDV�PROHFXODU�
remission was achieved at different stages of consolidation 

SKDVH�RI�FKHPRWKHUDS\�DV�UHYHDOHG�E\�QRUPDO�7/&�DQG�
SODWHOHW� FRXQWV�� QHJDWLYH�4�3&5��57�3&5� VWDWXV� IRU�
30/�5$5Ơ�IXVLRQ�JHQH�DQG�DOVR�WKH�DEVHQFH�RI�W��������
cytogenetically (Table 2).

Of the 29 patients, 06 patients presented with high 

7/&����RI�WKHP�GXULQJ�PDLQWHQDQFH�DQG���DIWHU�FRPSOHWLRQ�
of maintenance phase of chemotherapy. All 6 patients 

KDG�PROHFXODU�UHODSVH�DV�LQGLFDWHG�E\�WKHLU�57�3&5�DQG�
4�3&5�YDOXHV�IRU�30/�5$5Ơ�IXVLRQ�JHQH�ZKLFK�ZDV�
OHVV�WKDQ�����IRU���SDWLHQWV�����WR�����IRU�RQH�SDWLHQW�
DQG����WR�����IRU�RWKHU�WZR�SDWLHQWV���SDWLHQW�EHLQJ�EFU�

��SRVLWLYH�FRXOG�QRW�EH�TXDQWLÀHG�����RI�WKH����SDWLHQWV�
with molecular relapse had bcr-1 fusion transcript, 

RQH� SDWLHQW� KDG� EFU��� IXVLRQ� WUDQVFULSW��ZKHUHDV� EFU���
WUDQVFULSW�ZDV� GHWHFWHG� LQ� ��� SDWLHQWV��7KH�PROHFXODU�
follow-up corresponded/concorded completely with the 

3+$�VWLPXODWHG�SHULSKHUDO�EORRG�FXOWXUHV�DQG�QRW�ZLWK�
3+$�XQVWLPXODWHG�RQHV��ZKHUH���RI�WKH���UHODSVHG�SDWLHQWV�
had cytogenetic relapse in addition to molecular relapse 

�7DEOH�����)LJXUH����

Discussion

The t(15;17) is the diagnostic hallmark of APML and 

initially had been considered to be pre-sent in all patients 

ZLWK� WKLV� FRQGLWLRQ� �:DUUHOO� HW� DO��� �������+RZHYHU�� LW�
is now clear from that a sizeable minority of APML 

patients actually lack this chromosomal aberration (David 

Grimwade et al., 2000). Three diagnostic approaches 

namely cytogenetics, quantita-tive reverse transcriptase-

SRO\PHUDVH�FKDLQ�UHDFWLRQ��4�3&5��DQG�),6+�DQDO\VLV�
efficiently help in the diagnosis, management and 

WUHDWPHQW�RI�$30/��,Q�$30/�D�VSHFLÀF�GLVHDVH�PDUNHU��
L�H�� WKH� 3&5� DPSOLILDEOH� 30/�5$5Ơ� IXVLRQ� JHQH��
allows molecular assessment of response to treatment 

and minimal residual disease (MRD) evaluation in 

�����RI�SDWLHQWV��&DVVQDW�%��HW�DO����������&\WRJHQHWLFV�
GHWHFWV�WKH�W��������LQ�WKH�PDMRULW\�RI�SDWLHQWV��LGHQWL�ÀHV�
secondary cytogenetic changes, and has revealed novel 

translocations in APML, prompting subsequent molecular 

characterization of their respective breakpoint regions. 

Thus, evalua-tion of t(15;17) in APML by conventional 

karyotyping is still considered as a standard tool for base 

line detection and for monitoring the targeted therapy.

Although the conventional cytogenetic studies on 

bone marrow have been viewed as the standard diagnostic 

and follow-up method for patients on chemotherapy, the 

technique con-tinues to be confronted with the issue of 

quality of the signal metaphases produced, which are 

compact and dysmorphic, thereby making them not 

amenable to prominent G-banding for easy and convenient 

DQDO\VLV� �6HDEULJWK�� ������%HQQHWW� HW� DO��� ������� ,Q� D�
previous study conducted on patients with chronic myeloid 

OHXNHPLD��XVH�RI�3+$�DQG�WKDW�WRR�RQ�WKH�SHULSKHUDO�EORRG�
showed good promise of serving as a reliable alternative 

WR�WKH�FRQYHQWLRQDO�3+$�IUHH�F\WRJHQHWLFV�DV�WKHUH�ZDV�
a marked improvement in terms of the quality of the 

PHWDSKDVHV� JHQHUDWHG�ZLWK� 3+$�LQGXFHG� FXOWXUHV� RI�
SHULSKHUDO�EORRG��1L\D]�$�$]DG��HW�DO����������,Q�OLQH�ZLWK�
this assessment, we aimed to evaluate the application of 

3K\WRKHPDJJOX�WLQLQ� �3+$��LQGXFHG� SHULSKHUDO� EORRG�
culture based cytogenetic analysis (Karyotyping) in base 

line diagnosis and monitoring chemotherapy response 

RI�WKH�$30/�SDWLHQWV�RI�.DVKPLU�UHJLRQ��1RUWK�,QGLD���
3DWLHQWV�ZHUH� DOVR� DVVHVVHG�E\�4�3&5�DQG�57�3&5�DW�
base line and fol-low up to correlate with cytogenetic 

HYDOXDWLRQ��,Q� WKLV�VWXG\�ZH�UHSOLFDWHG�WKH�VDPH�SURFH�
dure but the samples were peripheral blood from APML 

patients

,Q� RXU� F\WRJHQHWLF� UHSRUW�� DGGLWLRQDO� FKURPRVRPDO�
alterations were observed in 19% of the APML patients 

in tandem with the marker translocation t(15;17). The 

)LJXUH� �� Representative metaphase (A) and its 
.DU\RW\SH� �%�� IURP�XQVWLPXODWHG�SHULSKHUDO�EORRG�
VDPSOH�RI�$30/�SDWLHQW

����

�

����

�

)LJXUH� ��� 3URJQRVWLF� VLJQLILFDQFH� RI�&\WRJHQHWLF��
Molecular (Q-PCR) and Transcript types (RT-PCR) 
in APML patients    
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additional chromoso-mal abnormalities found in our study 

included chromosome 16 (q) deletion, 16q del with loss of 

Y chromosome, more complex karyotypes were found in 

������RI�WKH�$30/�SDWLHQWV��,W�LV�ZHOO�GRFXPHQWHG�WKDW�
the incidence of chromosome abnormalities in addition to 

t(15;17) in APML has been reported before to be around 

������� LQ�SULPDU\�$30/�SDWLHQWV� DQG�HYHQ�KLJKHU� LQ�
UHODSVH��'H�%RWWRQ�HW�DO��������������RI����RI����WKH�$30/�
patients with relapse had complex karyotype with presence 

RI� VRPH� XQLGHQWLÀHG�PDUNHU� VLJQDWXUHV� LQ� DGGLWLRQ� WR�
marker translocation t(15;17). Several studies have 

reported a series of alternative chromo-somal aberrations 

LQFOXGLQJ�W���������&KHQ�HW�DO���������&KHQ�HW�DO���������
Wells et al., 1997), t(5;17) (Redner et al., 1996), and 

GHO������$UQRXOG�HW�DO���������ZKHUHE\�5$5Ơ�LV�IXVHG�WR�
WKH�3/=)��130��1X0$��DQG�67$7�E�JHQHV��UHVSHFWLYHO\��
+RZHYHU��ZH�GLG�QRW�ÀQG�DQ\�VXFK�WUDQVORFDWLRQV�LQ�RXU�
series of APML cases. 

,Q� DGGLWLRQ� WR� WKH�GLDJQRVWLF�ZRUN�XS�RI�$30/�E\�
FRQYHQWLRQDO�RU�ÁXRUHVFHQW�LQ�VLWX�K\EULG�L]DWLRQ��),6+��
F\WRJHQHWLF��,TEDO�6��HW�DO����������PROHFXODU�GHWHFWLRQ�RI�
30/�5$5$�IXVLRQ�JHQH�E\�TXDQWLWDWLYH�57�3&5�KHOSV�
in base line detection and monitoring minimal residual 

GLVHDVH��:DQJ�$0��HW�DO���������&DVVQDW�%��HW�DO����������
:H�XVHG�4�3&5�DVVD\�IRU�GHWHFWLRQ�RI�WKH�30/�5$5�D�
rearrangement with high sensitivity. The assay was 

SHUIRUPHG� RQ�$30/� FHOOV� REWDLQHG� IURP� ��� SDWLHQWV�
whose APML diagnosis was made by conventional clinical 

cri-teria as well as peripheral blood cytogenetics. The 

UHVXOWV�UHYHDO�WKDW�WKLV�4�3&5�DVVD\�IRU�WKH�30/�5$5Ơ�
IXVLRQ�P51$� LV�PRUH� VHQVLWLYH��%\�4�3&5� IRU�30/�
5$5Ơ��ZH�IRXQG�DOO�WKH�SDWLHQWV�SRVLWLYH�IRU�30/�5$5Ơ�
H[FHSW����SDWLHQWV�ZKRVH�PLQLPDO�UHVLGXDO�GLVHDVH��05'��
could not be ascertained as they were found to harbor bcr-2 

WUDQVFULSWV�E\�57�3&5��7KLV�LV�EHFDXVH�PRVW�RI�WKH�NLWV�
DYDLODEOH�TXDQWLI\�RQO\�EFU���DQG�EFU���IXVLRQ�WUDQVFULSWV��
The per-formance of this assay was observed to be reliable 

in diagnosis and later follow up the APML patients.

2I�WKH�WRWDO����SDWLHQWV�HQUROOHG�LQLWLDOO\�LQ�WKLV�VWXG\��
08 patients expired during the course of study, out of which 

06 patients died during induction phase of the treatment 

and 02 patients relapsed and expired at the maintenance 

stage of chemotherapy. Out of the remaining 29 patients, 

19 were treated with ATRA based protocols and 10 patients 

���UHODSVHG�DQG���QHZO\�GLDJQRVHG�SDWLHQWV��ZHUH�WUHDWHG�
with arsenic tri-oxide (AS

2
O�) based protocols (Shen et 

al., 1997; Ghavamzadeh et al., 2006; 2010). There was 

100% remission at both cytogenetic and molecular level 

LQ�FRQVROLGDWLRQ�SKDVH�FRQÀUPLQJ�$75$�EDVHG�SURWRFROV�
as effective means to produce complete remission and 

long-term cures, although in some cases, remissions 

do not appear to be long term which was evident in our 

VWXG\� DV�ZHOO� DV� WKH� VWXG�LHV� FRQGXFWHG� HDUOLHU� �+XDQJ�
HW�DO���������&DVWDLJQH�HW�DO���������&KRPLHQQH�&��HW�DO���
1990; Warrell et al., 1991). All the APML patients were 

reassessed during maintenance phase where 6 patients 

VKRZHG�UHODSVH�DV�HYLGHQW�E\�SRVLWLYH�57�3&5�LQ�DOO�WKH�
��SDWLHQWV�DQG���VKRZHG�F\WRJHQHWLF�UHODSVH�DV�ZHOO��$OO�
the 6 relapsed patients were treated with Arse-nic tri-oxide 

(AS
2
O�) exclusively (Shen et al., 1997). Two patients died 

during this phase which had a complex Karyotype with 

6q deletion in addition to marker transloca-tion t(15;17). 

,Q�RXU�VWXG\�PROHFXODU�DQDO\VLV��4�3&5���57�3&5��ZDV�
found more sensitive while following the disease status 

of the patients as it picked up six patients as compared 

WR���E\�F\WRJHQHWLFV�ZKLFK�ZHUH�ODWHU�IRXQG�WR�KDYH�WKH�
relapse upon clinical correlation. 

:H�HYDOXDWHG�WKH�WUDQVFULSWV�W\SHV�RI�DOO�WKH����$30/�
SDWLHQWV�E\�TXDOLWDWLYH�57�3&5��ZKHUH�EFU���IUHTXHQF\�
ZDV�IRXQG�WR�EH�KLJKHVW�LQ������������IROORZHG�E\�EFU���
WUDQVFULSW� LQ����SD�WLHQWV� ��������DQG����SDWLHQWV�ZHUH�
EFU���� ,W� LV� NQRZQ� WKDW� EUHDNSRLQW� RQ� FKURPRVRPH����
in-variably disrupts the RARA gene in the second intron, 

EXW�UHDUUDQJHPHQW�RI�WKH�30/�JHQH�PD\�RFFXU�DW���PDMRU�
EUHDNSRLQWV�� RQH�ZLWKLQ�30/� LQWURQ��� �EFU���� \LHOGLQJ�
WKH�VKRUW� IXVLRQ�P51$�WUDQVFULSW� WKDW� MRLQV�30/�H[RQ�
��DQG�5$5�D�H[RQ����$QRWKHU�EUHDNSRLQW�RFFXUV�ZLWK�LQ�
PML intron 6 (bcr-1) that consistently produce the long 

WUDQVFULSW�IURP�WKH�MRLQLQJ�RI�30/�H[RQ���WR�5$5�D�H[RQ�
���$GGLWLRQDOO\��EUHDNSRLQWV�ZLWKLQ�30/�H[RQ����EFU����
are associated with a variable length transcript in a small 

QXPEHU�RI�SDWLHQWV��0LOOHU�:+�-U��HW�DO���������%RUURZ�
-��HW�DO���������3DQGROÀ�33��HW�DO���������%LRQGL�$��HW�DO���
�������7KH�LQÁXHQFH�RI�EUHDNSRLQW�VLWH�RQ�SDWLHQW�RXWFRPH�
remains controversial. Early reports suggested that pa-

tients who express the short isoform have an increased 

incidence of clinical relapse and shorter survival compared 

WR� SDWLHQWV�ZLWK� WKH� ORQJ� LVRIRUP� �+XDQJ� HW� DO��� ������
9DKGDW�HW�DO����������2WKHUV�KDYH�UHSRUWHG�QR�GLIIHUHQFH�
in disease-free survival between patients with the long or 

VKRUW�LVRIRUPV�DIWHU�DGMXVWLQJ�IRU�WKH�DVVRFLDWLRQ�RI�WKH�
short form with a higher leukocyte count at presentation 

�*DOODJKHU� HW� DO��� �������2XU� VWXG\� IRXQG� WKDW� ������
APML patients showed relapse with a short transcript type 

�%&5����DQG�KDG�XQIDYRU�DEOH�SURJQRVLV�DV�FRPSDUHG�WR�
SDWLHQWV�ZLWK�D� ORQJ�WUDQVFULSW� W\SH��%&5�����ZKR�KDG�
UHODSVH�LQ�RQO\�����SDWLHQWV��7DEOH�����6LPLODU�VFHQDULR�
ZDV�GHSLFWHG�E\�+XDQJ�HW�DO���������ZKR�KDYH�UHSRUWHG�
WKDW�SDWLHQWV�ZLWK�D�%&5���WUHDWHG�ZLWK�$75$�DORQH�KDYH�
a more unfavorable prognostic outcome than patients with 

bcr 1-2. One more study conducted by Vahdat.et.al has 

depicted the similar picture regarding the prognosis of the 

APML patients on the basis of presence of the transcripts 

�9DKGDW�HW�DO���������
)XUWKHU� LQYHVWLJDWLRQV� LQ� ODUJHU�VHULHV�DUH�QHHGHG�LQ�

order to establish whether different PML breakpoints 

are associated with variable diagnostic features and/or 

SURJQRVLV��)LQDOO\��WKH�FOLQLFDO�VLJQLÀFDQFH�RI�DGGLWLRQDO�
karyotypic abnormalities sometimes found in APML has 

not been evaluated.
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