
C
 
1

P
S
2

M
3

M
4

U
5

U
 

 Origin
http://m
Medica

Med J Isl

 

_______________
Corresponding auth

. Department of He
Pathology Research
Sciences, Mashhad, 
. Department of In

Mashhad university 
. Department of P

Medical Center, Ma
. Cancer Molecular

University of Medica
. Cancer Molecular

University of Medica

Absence
leukemi

Hossein Ayato
Hossein Rahim
Neda Motam
 
 Received:  23 J

Abstract 
    Background
lymphotropic v
selectable traits
Despite the int
nancies. FMS l
kemic patients
been studied ye
   Methods: In 
February 2017
chloroform pro
FLT3/TKD mu
variables, respe
were considere
   Results: No 
FLT3 mutation
   Conclusion: 
alternative mec
of FLT3 mutati
 
Keywords: Ad
 
Copyright© Iran U
 
Cite this article
Sheikhi M, Shak
https://doi.org/10
 
 

Introducti
Human T-c

HIV/AIDS lik
the world su
South and Ce
in Middle-ea

nal Article
mjiri.iums.ac.ir
al Journal of

lam Repub Iran. 2

________________
hor: Sepideh Shaker

ematology and Bloo
h Center, Ghaem M

Iran 
nternal Medicine, 
 of Medical science
athology, Cancer M
shhad University of
r Pathology Resear
al Sciences, Mashha
r Pathology Resear
al Sciences, Mashha

e of FLT3 
a/lymph

ollahi 1, Moha
mi2, Amirhoss
edi Rad5, Sep

July 2017           

d: Adult T cell 
virus 1(HTLV-
s leading to a m
tensive attempt 
like tyrosine ki
. We aimed to 
et. 
this case contr
. Forty HTLV-

otocol and two 
utations. Differ
ectively. SPSS 

ed to be signific
FLT3 mutation

n in ATLL patie
Therefore, we 

chanisms associ
ion in the field 

dult T cell leuke

University of Medic

le as: Ayatollahi 
keri S. Absence o
0.14196/mjiri.32.4

on 
cell lymphotr
ke virus whic
uch as Japan,
entral America
ast and Austra

e   
r   
f the Islamic 

2018(9 June);32.4

_ 
ri, ssh.shakeri@gma

od Bank, Faculty of 
Medical Center, Mas

Faculty of Medicin
es, Mashhad, Iran 
Molecular Patholog
f Medical Sciences, 
rch Center, Ghaem
ad, Iran 
rch Center, Ghaem
ad, Iran 

mutatio
homa pat

ammadhadi Sa
sein Jafarian3, 
ideh Shakeri*

          Published

leukemia lymp
-1). ATLL is ty

malignant transf
to improve the

inase 3 internal
investigate the

rol study 38 pat
-1 positive pati
restriction frag
ences between 
software v. 15

cant. 
ns were detecte
ents 
conclude that a
iated with ATL
of ATLL resea

emia, Human T

cal Sciences  

H, Sadeghian M
of FLT3 mutation
47 

ropic virus 1 
ch is endemic 
, the Caribbe
a and Caribbe
alo-Melanesia

 
Republic of 

47. https://doi.org

ail.com 

Medicine, Cancer M
shhad University of

ne, Ghaem Medica

gy Research Center
Mashhad, Iran 

m Medical Center, M

m Medical Center, M

ons in Ira
tients  

 
adeghian1, Mo
Saeedeh Gha
4 

d: 9 June 2018

phoma (ATLL)
ypically preced
formation. Amo
e overall surviv
l tandem duplic
e frequency of 

tients with acut
ents were also 

gment length po
variables were

5 was used for 

ed in acute type

although FLT3 
LL remain to be
arch. 

T-cell lymphotro

M, Kooshyar M, Sh
ns in Iranian adul

(HTLV-1) is
to certain par

ean, West Af
ean area, with
a (1). One of

f Iran (MJIRI)

g/10.14196/mjiri.

Molecular 
f Medical 

l Center, 

r, Ghaem 

Mashhad 

Mashhad 

 
↑W
AT
tion
mo
had
 
→

Bec
cide
not
tion
fou

 
 

anian adu

ohammadmah
azaey Zidanloo

 

) is a rare disea
ded by decades
ongst all the HT
val, ATLL rem
cation (FLT3-IT
FLT3 mutation

te type of ATLL
used as contro

olymorphism (R
e evaluated by 
statistical analy

e of ATLL pati

 mutations are 
e further investi

opic virus 1, Ira

hirdel A, Rahimi
lt T-cell leukemia

s the 
rts of 
frica, 

h foci 
f en-

dem
Kho
an e
lenc
leuk

) 

.32.47 

What is “already
TLL is a rare di
n by the HTLV
lecular aberrat

d significant pro

What this artic
cause there are 
ed to analysis 
find any FLT

ns are found in
und in ATLL pa

ult T-cell

hdi Kooshyar2

o4, Narges Sol

ase, significantly
of clinical late

TLV-1 infected 
mains one of wo

TD) mutations 
n status in patie

L were retrospe
ol cases. Genom
RFLP) PCR re
the chi-square 
ysis. All P valu

ients. So far, no

rather unusual 
igated. This stu

an 

i H, Jafarian A, G
a/lymphoma patie

mic regions for
orasan in north
ndemic region

ce of 1.97% (4
kemia/lymphom

y known” in thi
sease that is sig
V1. FLT3 mut
ions in leukem

ognosis in leuke

cle adds: 
many ATLL p

ATLL patients
3 mutations in
different kind 

atients.  

2, Abass Shirde
tani4, Fateme

y linked to the 
ency during wh
carriers only ab

orse prognosis a
are mutations w
ents with acute

ectively analyze
mic DNA was e
actions were se
test and t test f

ues were two si

ot many studies

in the acute typ
udy was a novel

Ghazaey Zidanloo
ents. Med J Islam

r HTLV-1 is th
heastern part 
n for infection

4). This retrov
ma (ATLL), 

is topic: 
gnificantly link
tations are the

mic patients. F
emia.   

patients in our 
s for FLT3 mu
n ATLL patien

of leukemia b

el2, 
eh Shams4, 

infection by th
hich infected c
bout 3-5% will 
among the hem
which are frequ
e type of ATLL

ed between Feb
extracted accor
et up to detect 
for categorical 

sided and value

s have shown t

pe of ATLL pa
l project regard

o S, Soltani N, Sh
m Repub Iran. 20

he Middle-eas
of Iran is rep
n by HTLV-1
virus, may cau

and HTLV-a

ked to the infec
e most frequen
FLT3 mutation

regions, we de
tations. We did
ts. FLT3 muta
ut there are no

he human T-cel
cells accumulat

develop ATLL
matologic malig
uent among leu
L which has no

bruary 2015 and
rding to phenol
FLT3/ ITD and
and continuou

es less than 0.05

he frequency o

atients, but othe
ding the analysi

hams F, Reseal Z
018(9 June);32:47

st (2, 3). Grea
orted as being
, with a preva

use adult T-cel
ssociated neu

-
nt 
s 

-
d 

a-
ot 

 

ll 
e 

L. 
g-
u-
ot 

d 
l-
d 

us 
5 

of 

er 
is 

Z, 
7. 

at 
g 

a-
ll 

u-

 [
 D

O
I:

 1
0.

14
19

6/
m

jir
i.3

2.
47

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

                               1 / 5

https://crossmark.crossref.org/dialog/?doi=10.14196/mjiri.32.47
https://crossmark.crossref.org/dialog/?doi=10.14196/mjiri.32.47
http://dx.doi.org/10.14196/mjiri.32.47
https://mjiri.iums.ac.ir/article-1-4574-en.html


T
 

F
F
 

 
 FLT3 mutatio

 
 http://m
Med J Is
 

2 

ropathies. AT
phoma linked
disease could
ferent stages 
improve the o
matologic ma
been reported
clinical latenc
selectable trai
ATLL patien
features, so 
types: smolde
Smoldering a
cal course an
chemotherapy
poor, despite
reagents and
HTLV-I carri
long latency 
steps or multi
required for th
may appear c
splenomegaly
present. Hyp
thirst in some
cells are abno
nucleus which

The Fms-lik
class III recep
cellular proli
expressed in 
lineages, and
types of hem
100% of acu
French-Amer
cell acute lym
cell ALL, an
lymphoid blas
frequent mole
Two principa
internal tande
in 20-25% of
main (TKD) p
FLT3/TKD m
site, most com
the identificat
signaling path
diagnostic an
is infrequentl
These finding
development 
(2). Similarly
results concer
with AML, A

Table 1. The prim

FLT3-ITD 
FLT3-TKD 

ons in ATLL 

mjiri.iums.ac.ir 
slam Repub Ira

TLL is an unu
d to HTLV-1

d not be predic
(5, 6). In spi

overall surviv
alignancies wi
d that the dise
cy during wh
its leading to 

nts are presen
the disease i
ering, chronic

and chronic ty
nd achieve lo
y. In acute typ
e of the deve
d supportive 
iers are thoug

periods, gen
i-factorial eve
he developme

clinically with
y; skin infiltr
percalcemia is
e of the patie
ormal: the cha
h gives rise to
ke tyrosine k
ptor tyrosine 
iferation and 
different type

d also express
matologic ma
ute myelogen

rican-British 
mphoblastic le
nd chronic my
st crisis. FLT3
ecular aberrat
al types of mu
em duplicatio
f patients with
point mutatio

mutations; wh
mmonly at asp
tion of abnorm
hways in man
d therapeutic 
ly mutated in
gs illustrate a
of multipoten

y, previous s
rning the role
ALL and CM

mer sequence and
F

5´-GCAATTTA
5´-CCGCC

patients 

an. 2018(9 June

usual and aggr
1 infection. S
cted in HTLV
ite of the inte

val, ATLL is s
ith the poores
ease may proc
hich infected 
a malignant t

nted with a v
is classified 
c, acute, and 

ype cases have
ong-term surv
pe cases, the 

elopments of 
advances. A

ht to be devel
nerally 40–50
ents have been
ent of cancer (
h lymphadeno
rates are usua
s common, a
ents. Morphol
aracteristics is
o the epithet ‘‘
inase 3 (FLT
kinase strong
differentiatio

es of myeloid
sed at high l

alignancies co
nous leukem
(FAB) subty

eukemia (ALL
yelogenous le
3 mutations ar
tions detected
utations have

on mutations (
h AML and ty
ns, D835, hap

hich occurs at 
partate 835 (1
mal protein tyr
ny human can
advances (12

n leukemic ly
a special func
nt stem cells 
tudies have s

e of FLT3 mu
ML. These d

d size of their ban
Forward Primer 

AG-GTATGAAA
CAGG AACGTGC

 

); 32:47. 

ressive T-cell 
So far, the A
V-1 carriers of
ensive attemp
still one of th
t prognoses. I

ceed by decad
cells accumu

transformation
variety of cli
into four cli
lymphoma ty

e an indolent c
vival even wit

prognosis is 
novel therap

Almost 4–5%
loping ATLL 
0 years. Mul
n anticipated t
(8). ATLL pat
pathy and hep
al but not alw
and causes se
logically leuk
s a large, lobu
‘flower cell (9
3) genes enco

gly associated 
on (10). FLT
d and B-lymp
levels in diff
ontaining 70%

mia (AML) o
ypes, B-precu
L), a fraction o
eukemia (CML
re among the 

d in AML pati
e been recogn
(ITDs) discov
yrosine kinase
ppening in 5-
or near the a

1). In recent y
rosine kinase 
cers has led t
). However, F
ymphoblasts
ction for FLT
as well as B 
shown confli

utations in pat
data indicated 

ds. 

GCCAGC-3´ 
C-TG-3´ 

 

lym-
ATLL 
f dif-
pts to 
he he-
It has 

des of 
ulates 
n (7). 
inical 
inical 
ypes. 
clini-
thout 
quite 

peutic 
% of 

after 
ultiple 

to be 
tients 
pato-
ways 
evere 

kemic 
ulated 
9).’’ 
ode a 
with 

T3 is 
phoid 
ferent 
% to 

of all 
ursor 
of T-
L) in 
most 
ients. 

nized: 
vered 
e do-
10%, 

active 
years, 
(TK) 

to the 
FLT3 
(13). 

T3 in 
cells 

icting 
tients 

d that 

FLT
erati
role 
aime
patie
stud

 
M
Pa
Fr

patie
ted t
2015
diag
chem
ATL
nucl
ined
were
posi

Th
volu
age 
anal
by E
Scie

 
Nu
G

chlo
bone
tion 
spec
µg/µ

 
De
Fo

mers
GTA
CTT
PCR
sec 
was 
CCG
GCA
cles 
Amp
with
mmo
pan)
mmo
liste
until
poly

R

5´-CTTTCAGC
5´-GCAGC

T3 expression 
ion of leukem
of FLT3 mut

ed to investiga
ents with acut

died. 

Methods 
atients 
resh bone mar
ents with new
to Ghaem and
5 and Februar

gnosed accord
mistry and im
LL are hyperc
leus which na
d by dermatol
e classified as
itive cases wa
he peripheral 
unteers were u

matched. Fo
lysis, all cases
Ethics Comm
ences (MUMS

ucleic acid iso
enomic DN

oroform– isoa
e marrow or p
of mononucle

cified by the r
µl with ddH2O

etection of FL
or the FLT3/I
s were us
ATGAAAGC
TTCAGCATT
R was perform
at 60 ◦C, and
also amplifie

GCCAGG A
AGCCTCACA
of 1 min at 94

plification wa
h 1 µl DNA
oldNTP, 2.5U
) in the buff
ol/l KCl and

ed in Table 1,
l post-PCR a

ymorphism (R

Reverse Primer 

CATTTTGACGG
CCTCACATTGC

may play a ro
mic blasts (14
tation in othe
ate the frequen
te type of AT

rrow or periph
wly diagnosed 
d Emam Reza 
ry 2017 were 
ding to bone m
mmunophenoty
calcemia and p
amed ‘‘flower
logist and ca
 positive grou
s calculated. 
blood sample

used as contro
or preservatio
s were given i
ittee of Mash

S) according to

olation 
NA was ex
amyl alcohol 
peripheral blo
ear cells. The 
ratio of A260/
O (15). 

T3/ITD by DN
TD mutation 
ed; 14 for
CAGC-3´and 

TTTGACGGC
med over 35 cy
d 90 sec at 72 
ed the FLT3/T

AACGTGC-TG
ATTGCCCC-
4 ◦C, 1 min at
as performed 
A (1µg/µl), 1
U Ex-Taq DN
fer (10 mmol
d 1.5 mmol/l

and PCR pro
analysis. A r

RFLP)--mediat

GCAACC-3´ 
CCC-3´ 

ole in the surv
4). Regarding 
er leukemic ty
ency of its mut
TLL which ha

heral blood sam
acute type of
hospitals betw
analyzed. All
marrow morp
ype. Laborato
presence of la
r cell’’. All p

ases with derm
up. Finally the

es from 40 HT
ol. Cases and 
on of sample
informed con

hhad Universi
o Declaration 

extracted us
protocol fro

ood cells after 
e concentration
/A280 and the

NA PCR 
analysis, the 

orward 5´-G
d 15 r
CAACC-3´ (T
cycles of 1 mi
2 ◦C. The follo
TKD region; 
G-3´and 17 
-3´ (Table 1)
t 66 ◦C, and 9
in a 20µl rea

10 pmol eac
NA polymera
l/l Tris–HCl 
l MgCl2).The
oducts were st
restriction fra
ted PCR assa

Wild type 
(bp) 

328 bp 
46 + 68 bp 1

 

vival or prolif
to significan

ypes this study
tation status in

as not yet been

mples from 38
f ATLL admit
ween February
l patients were
phology, cyto
ory findings in
arge, lobulated
patients exam
matitis lesion
e percentage o

TLV1 positive
controls were

s and genetic
nsent approved
ity of Medica
of Helsinki. 

ing phenol–
om 2ml fresh
Ficoll separa

n of DNA wa
en diluted to 

following pri
GCAATTTAG
reverse 5´
Table 1), and
in at 94 ◦C, 30
owing primer
17forward 5´

reverse 5´
, over 35 cy
0 sec at 72 ◦C
action volume

ch primer, 10
se(Takara, Ja
(pH 8.3), 50

e primers are
tored at –20°C
agment length
ay was used to

Mutant 
 (bp) 

328 + >328 bp 
114 + 46 + 68 bp

f-
nt 
y 
n 
n 

8 
t-
y 
e 

o-
n 
d 

m-
ns 
of 

e 
e 
c 
d 
al 

–
h 

a-
as 
1 

i-
G- 
´-
d 
0 
rs 
´-
´-
y-
C. 
e 
0 

a-
0 
e 
C 
h 
o 

 [
 D

O
I:

 1
0.

14
19

6/
m

jir
i.3

2.
47

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

                               2 / 5

http://dx.doi.org/10.14196/mjiri.32.47
https://mjiri.iums.ac.ir/article-1-4574-en.html


 

 

 

detect FLT3 
encoded by th
an Eco RV r
gested with E
ments. The D
gested band (
in an agarose 

ITD mutati
trophoresis of
heterozygous 
generated in t
the longer mu
wild-type bec
creased length
time required
to the wild-ty
than the muta
Table 1. 

This protoc
(328bp) and 
tion. D835 m
the amplified
The amplified
into two band
products with
bp) visualized
a negative co
tion by Eco R
false-positive
and negative 

 
Statistical a
Differences

chi-square te
variables, resp
statistical ana
less than 0.05

 
Results 
Clinical and
In this resea

14 women w
study. The cl
the 38 patien
marized in Ta
dehydrogenas
elevated in a
lesions were 
not found in
reported in 44

Table 2. Clinic
leukemia/lymph
Characteristic 

Age,(year) Mea
WBC(×106/L) M
Serum LDH, IU
Absolute lymph
Count, ×106/L M
Calcium total (m

mutations, b
he nucleotide
restriction site
Eco RV, whi
D835 mutatio
(114 bp).and 
gel (15). 

ions were det
f the PCR pro

for an FLT3
the PCR cons
utant fragment
cause of the 
h of the muta

d to complete 
ype allele bein
ant sequence. 

col usually d
a larger-size 

mutations were
d products foll
d products of 
ds (68 bp and
h D835 mutati
d on agarose g
ntrol was esse
RV, therewith

e results in pat
control are sh

analysis 
s between va
st and t test 
pectively. SP

alysis. All P va
5 considered to

d laboratory c
arch 38 ATLL

with mean age 
linical and lab
nts and 40 HT
able 2. Abnor
se (LDH) and
all of patient 
detected in 57

n control ones
4.7% of acute 

al and laboratory
homa are compar

an 
Mean 
U/µL Mean 
hocyte 
Mean 
mmol/L) Mean 

ecause D835 
e sequence GA
e. Amplified 
ch yielded 68

on showed an
electrophores

tected by 3% 
ducts. In a rea
3/ITD mutati
sist of the 330
ts, the length 
inserted seq

ant sequence t
a PCR cycle,

ng amplified a
The size of b

demonstrates 
band indicati

e detected by 
lowing digest
wild-type alle

d 46 bp) by E
ions, had undi
gel electropho
ential to ensur
h eliminating 
tient samples 

hown in Figure

ariables were 
for categoric
SS software v
alues were tw
o be significan

characteristic
L patients incl

of 57.2±18.4
boratory diagn
TLV1 positive
rmal elevation
d calcium lev
with subtype

7.9% of acute
s. Peripheral 
group, was no

y characteristics a
red with 40 cases

and I836 co
ATATC, exhi
products wer
8 and 46 bp 
n additional u
sis was perfor

agarose gel 
action of spec
on, the fragm

0-bp wild-type
increased ove

quence, so the
turns into a lo
 which in turn
t a more rapid
bands are liste

a wild-type 
ing the ITD m
electrophores

tion with Eco
eles were dig

Eco RV. Ampl
igested bands 
oresis. Inclusio
re complete d
the possibili
(15). The pos
e 1, a and b. 

evaluated by
al and contin
v. 15 was use
o sided and va
nt. 

s of all patien
luding 24 men
4 were entered
nostics finding
e carriers are 
n of serum la
vels were no
es of ATLL. 
e group and it
lymphadenop

ot reported in 

and their correlati
of HTLV1 positi

  http:/
Med J
 

odons 
ibited 
re di-
frag-
undi-
rmed 

elec-
cimen 
ments 
e and 
er the 
e in-
onger 
rn led 
d rate 
ed in 

band 
muta-
sis of 

o RV. 
ested 
lified 
(114 

on of 
diges-
ity of 
sitive 

y the 
nuous 
ed for 
alues 

nts 
n and 
d the 
gs of 
sum-

actate 
otably 

Skin 
t was 
pathy 

n con-

trol 
feren

 
Pr
Th

high
stain
nega

 
Fi
pr
Pr
re
ki
m

ion with clinical 
tive volunteers. 

Acute group
Mean S
57.2 18
34.3 15
720 2
25.6 7

3.3 0

//mjiri.iums.ac.i
J Islam Repub I

group Statisti
nces between 

revalence of F
he FLT3/ITD 
her molecular
ned with ethid
ative controls 

ig. 1. Detection 
roduct of the FLT
roducts longer th
striction of PCR 
nase domain. Pro

mutation present at

subtypes and sur

p 
SD M
8.4 
5.2 
42 

7.2 

0.6 

ir 
Iran. 2018(9 Jun

ical analysis r
gender and st

FLT3/ITD and 
and FLT3/TK

r weight prod
dium bromide 

were include

of FLT3 mutatio
T3/ITD mutation
han normal328 b
product of the F

oducts not restric
t the tyrosine kina

rvival in 38 cases

Control group 
Mean 
50.6 
6.2 
250 
3.6 

2.3 

H. Ay

une); 32.47. 

revealed no m
tudied groups

FLT3/TDK mu
KDPCR prod
duct on a 2%
e (Fig. 1). Bot
ed in the PCR

ons by genomic 
n in the juxtamem
bp were observ
FLT3/TKD muta
cted by EcoRV in
ase domain (C: c

s of acute subtyp

SD 
19.2 
2.2 
64 
1.8 

0.2 

yatollahi, et al

3

meaningful dif
. 

utation 
ducts yielded a
% agarose ge
th positive and
R reaction. Al

 

PCR. (a) PCR 
mbrane domain. 
ed. (b) EcoRV 

ation in tyrosine 
ndicated a point 
ontrol) 

e of adult T-cell 

p 

0.725 
0.008 
0.002 

 
0.007 
0.011 

l. 

f-

a 
el 
d 
l-

 [
 D

O
I:

 1
0.

14
19

6/
m

jir
i.3

2.
47

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

                               3 / 5

http://dx.doi.org/10.14196/mjiri.32.47
https://mjiri.iums.ac.ir/article-1-4574-en.html


 
 FLT3 mutatio

 
 http://m
Med J Is
 

4 

terations in 
FLT3/TKD, w
lyzed 40 HTL
direct sequen
tivity for dete
the probabilit
very unlikely

 
Discussion
According 

san province
ATLL (16, 1
mutations in 
aggressive T-
therapy regim
small case ser
fy that HTLV
region, and A
hough stem c
for treatment,
median survi
comprehensio
ATLL novel t

Moreover, 
in human ca
mechanisms m
derstood, it h
of DNA repai
fore, the HTL
bility (19).  

Molecular m
agnosis and p
lignancies su
21, and 22). 
prognostically
vorable (23). 
ers for the d
residual disea
portance. Mo
yotype, are b
cation and to 

 Mutations 
alterations in
molecular th
internal ITD 
loop of FLT3
cause of the 
leukemia such
velopment of
mia (24). In t
was no FLT3
So far there i
the prevalenc
patients, Ther
lations involv
clearly elucid
of the FLT3 m

Several stu
alterations co
ferent studies

ons in ATLL 

mjiri.iums.ac.ir 
slam Repub Ira

the FLT3 
were not detec
LV1 cases (F

ncing techniqu
ection of acqu
ty of false neg
. 

n 
to the high pr
 and our cou

17), we inves
acute type o

-cell neoplasm
mens. Due to t
ries have been

V1 infection i
ATLL caused
cell transplan
, newly diagno
ival of 12 m
on of the uniq
therapeutic tar
genetic instab

ancers. Despit
mediating thi

has been sugg
ir abilities or c
LV-I is believ

mutations are
prognosis in s
ch as, CML 
Some mutati

y favorable as
The descripti

determination 
ase (MRD) d
lecular mutati
ecoming mor
assess the pro
of FLT3, on

n AML, have 
herapy. Many

and rarely po
3, have been d
high frequenc
h as AML, co

f FLT3 inhibit
this report, w

3 mutations in
is not any sim
ce of these mu
refore, further
ving larger nu
date the preval
mutations in th
udies have bee
orrelated with 
s have sugges

patients 

an. 2018(9 June

gene, neithe
cted in 38 AT
Fig. 1). In spi
ues have a rel
uired mutation
gative results 

revalence of H
untry and its
tigated the fr

of ATLL pati
m which is res
the fact that i
n studied. It is
s epidemic in

d by of HTLV
ntation is an i
osed patients 

months. Possib
que biology an
rgets could be
bility is a freq
te the fact th
s effect are n

gested to invo
chromosomal 
ved to cause t

e raising impo
some type of h
and Follicula
ions have be
s long as som
ion of relevan
of prognosis

detection is 
ions, exclusiv
e important fo
ognosis in man
e of the most
been a poss

y activating m
oint mutations
diagnosed in A
cy of FLT3 m
oncentration f
tors for treatm

we have demo
n our acute typ
milar study tha
utations in ac
r studies in dif
umber of patie
lence and func
he pathogenes
en reported s
ATLL. Over

sted central ro

 

); 32:47. 

r FLT3/ITD 
TLL cases and
ite of the fact
latively low s
ns (roughly 2
in this setting

HTLV1 in Kh
s association 
requency of F
ents. ATLL i
istant to varie
t is a rare dis

s important to 
n Khorasan Ra
V1 infection.
important stra
may only exp

bly through b
nd pathogenes
e generated (1
quent phenom
hat the mole

not completely
lve either the
instability. Th

the genomic i

ortance for th
hematological

ar Lymphoma
en detected t

me others are u
nt molecular m
s and for min
of increasing

vely in normal
or disease cla
ny cancers. 
t constant som
sible target fo
mutations, m
s in the activ
AML patients
mutations in s
focuses on the
ment of this le
nstrated that 
pe of ATLL c
at has investig
ute type of A
fferent other p
ents are neede
ctional implic
sis of ATLL. 
ome other ge
several years

oles for JAK3

 

nor 
d ana-
t that 
sensi-
20%), 
g was 

hora-
with 

FLT3 
is an 

ety of 
sease, 
noti-
azavi 
 Alt-
ategy 
pect a 
better 
sis of 
18).  

menon 
ecular 
y un-
e loss 
here-
insta-

he di-
l ma-

a (20, 
to be 
unfa-

mark-
nimal 
g im-
l kar-

assifi-

matic 
or its 

mostly 
vation 
s. Be-
some 
e de-
euke-
there 

cases. 
gated 

ATLL 
popu-
ed to 

cation 

enetic 
s dif-

K3/_c-

asso
muta
tion 

Fu
chro
and 
will 
ATL
not 
peat
to o
poss
seria

Al
with
repo
sent 
patie
simi
limit

 
Co
No

ATL
othe
such
ation

 
Co

The 
 
 

Re
1. G

of
2. A

B,
typ
ba
ro

3. B
of
(H
Cr

4. K
ro
ce

5. Pa
ka

6. O
(H
sit
e6

7. R
m

8. K
M
ad
31

9.  B
Ce
in 

10. 
no
ka
he

11. 

ociated cytoki
ations in the N
in ATLL path

urthermore, th
omosomal abe

the variation
indicate mark

LL. In the cur
used to exclu

ted translocati
oncogenes. Ne
sible activatio
al multistep pr
lthough genet

h ATLL rarely
orts of FLT3 m

report, we fa
ents by genom
ilar studies in
ted number of

onclusion 
o FLT3 mut
LL patients, b
er genes may i
h as Tax and H
n further inve

onflict of Inter
authors decla

eferences 
Gessain A, Cassar 
f HTLV-1 infectio

Azarpazhooh MR,
, Hedayati-Mogh
pe 1 prevalence 

ased study and ph
viruses. 2012;28(
oostani R, Ardak

f HTLV-I asso
HAM/TSP) in W
rescent Medical J

Khameneh ZR, Se
prevalence of H

enter study. Exp C
awson R, Mufti 
aemia/lymphoma.
'Connor OA. Ge

HTLV-1). Ly
te. http://www.lym
6aF871acec9}/htl
auch DA, Ratne
ouse models and 

Kohno T, Yamada
M, et al. Inactivatio
dult T cell le
1(12):1625-32. 
Bangham CR, Tou
ells and the Cell-
cancer research. 
 Park SH, Chi H

ostic significance 
aryotype acute m
ematology. 2011;
 Nazha A, Cortes

ines mutation
Notch gene an
hogenesis (23
he stepwise pr
errations also 

n of these pro
ked variations
rrent study th
ude the proba
ons that may 
evertheless, it
n of proto on
rocess of carc
tic and cytoge
y were studie
mutations in A
ailed to detect
mic DNA PCR
n ATLL was t
f patients as th

ations were 
but other alter
involve in the 
HBZ, hence fo
stigation is ne

rests 
are that they h

O. Epidemiologi
on. Frontiers in m
Hasanpour K, G

haddam MR, et 
in northeastern I

hylogenetic analy
(9):1095-101.  
kani AM, Ashrafi
ociated myelopa

West Azarbaijan f
Journal. 2011;13(
epehrvand N, Ma
HTLV-1 among k
Clin Transplant. 2
GJ, Pagliuca A. 
. Br J Haematol. 
etting the facts: 
ymphoma Re
mphoma.org/atf/c
v.pdf. Accessed J
er L. Targeting 
ATLL patients. V
Y, Tawara M, T

on of p14 ARF as
eukemia/lymphom

ulza F. Adult T c
Mediated Immun
2011;111:164.  
S, Min SK, Cho 
of the FLT3 ITD
yeloid leukemia 
46(2):88-95. 
s J, Faderl S, Pier

ns, high rate 
nd the TCF8 
, 25, and 26).
rocess and ac

o may lead to
ocesses and in
s in clinical p

he cytogenetic
ability that un
cause the acti
t should be n

ncogenes is on
cinogenesis (2
enetic alteratio
ed, there were
ATLL cases y
t any mutatio
R. One of the
the small sam
his disease is r

detected in 
rnative mecha
 pathogenesis
or the activati
eeded. 

have no compe

gical aspects and w
microbiology. 201
Ghanbari M, Reza

al. Human T-ly
Iran, Sabzevar: a

ysis. AIDS researc

fi H. Khorasan di
athy/tropical sp
from 2004 to 2
(6):42.  
asudi S, Taghizad
kidney graft rec
2010;8(2):146-9. 

Management of
1998;100(3):453
adult T-cell leu

esearch Fou
cf/{0363cdd6-51
June 15, 2011. 
HTLV-1 activat

Viruses. 2011; 3(
Takasaki Y, Kami
s a key event for 
ma. Leukemia 

cell Leukemia/Ly
ne Response to H

 YU, Jang S, Par
D mutation in pati

in relapse. The K

erce S, Daver N, 

 

of activating
gene inactiva
  

ccumulation o
o oncogenesis
nvolved gene
presentation o
c analysis wa
nidentified re
ivation of pro
noted that the
ne event in the
7). 
ons in patient
e, however, no
yet. In the pre
ons among ou
e limitations in
mple size with
relatively rare

acute type o
anisms such a
s of the disease
ion of prolifer

eting interests

world distributio
12;3.388  
aee SR, Mashkan
ymphotropic viru
an epidemiologic
ch and human ret

isease: prevalenc
astic paraparesi
007. Iranian Re

de-Afshari A. Se
cipients: a single
 

f adult T-cell leu
-8. 
ukemia/lymphom
ndation web
b5-427b-be48-

tion of NFκB i
(6):886-900. 
ihira S, Tomonag
the progression o
research. 2007

ymphoma: FoxP3+
TLV-1. Advance

rk CJ, et al. Prog
ients with normal
Korean journal o

Kadia, et al. Acti

g 
a-

of 
s, 
s 

of 
as 
e-
o-
e 
e 

ts 
o 

e-
ur 
n 
h 
e. 

of 
as 
e 
r-

. 

n 

ni 
us 
c-
t-

ce 
is 
d 

e-
e-

u-

ma 
b-

n 

ga 
of 
7; 

+ 
es 

g-
l-
of 

i-

 [
 D

O
I:

 1
0.

14
19

6/
m

jir
i.3

2.
47

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

                               4 / 5

http://dx.doi.org/10.14196/mjiri.32.47
https://mjiri.iums.ac.ir/article-1-4574-en.html


 

 

 

vating mutati
duplication (F
with acute my

12. Mead AJ, L
FLT3 tyrosine
and have a sig
tandem duplic
2007;110(4):1

13. Paietta E, Fe
rus H, et al. A
lymphoblastic

14. Tsapogas P,
Ligand in Nor
May 24;18(6)

15.   Wang L, L
FLT3 interna
acute leukemi

16. Safabakhsh 
T-cell lympho
Sci. 2014 May

17. Taylor GP. M
leukemia/lymp
60(12):1392-6

18. Levis M1. F
best approach
2013;2013:22

19. Ahmadi Gh
sannia T4, Ra
Virus Type I (
Host Interac
mia/Lymphom

20. Karimiani E
malignancies 
single cells. In

21. Sandison HE
ford JA, et al
associated wit
2013 Jun 10:2

22. Verma M, K
Day PJ. Math
protein regula
strategies. Inte

23. Li W, Zhang
tential applica
non-promyelo

24. Bacher U, H
nostic relevan
matters—an a

25. Pancewicz J
Hermine O, e
mor formatio
adult T-cell le
ences. 2010;1

26. Hidaka T, N
Kohno T, et a
genesis of adu
93. 

 

ons of the FMS-
FLT3-ITD) at com
yeloid leukemia. H

Linch DC, Hills R
e kinase domain 
gnificantly more 
cations in patient
1262-70. 
errando AA, Neu
Activating FLT3 
c leukemias. Bloo
, Mooney CJ, Br
rmal and Malign
). 
Lin D, Zhang X, C
al tandem duplic
ia patients. Leuke
H, Jalalian M, K

otropic virus type
y 13;6(5):99-104
Molecular aspect

mphoma. Journa
6. 
FLT3 mutations i
h in 2013? Hemat
20-6 
ezeldasht S1, Sh

ahimi H2, Miri R
(HTLV-I) Oncog
ctions in Patho
ma (ATL). Iran J 
EG, Day P. Per
through systems 

ntegrative Biolog
E, Usher S, Karim
l. PLK1 and YY
th unfavourable 

2013. 
Karimiani EG, B
hematical model
ation in chronic m
egrative Biology.
g L, Huang L, M
ation of FLT3-TK
ocytic AML. Leuk
Haferlach C, Ker
nce of FLT3-TKD
analysis of 3082 p
J, Taylor JM, D

et al. Notch signa
on of human T-c
eukemia. Proceed
07(38):16619-24

Nakahata S, Hatak
al. Down-regulati
ult T-cell leukem

-like tyrosine kin
mplete response 
Haematologica. 2

RK, Wheatley K, 
mutations are bio
favorable progno
ts with acute my

uberg D, Bennett 
mutations in CD

od. 2004;104(2):5
rown G, Rolink 

nant Hematopoies

Chen S, Wang M
ation and D835 
emia research. 20
Karimi G. Seroep
e-1 (HTLV1) in M
 
ts of HTLV-I inf
al of clinical

in acute myeloid
tology Am Soc H

hirdel A2, Assare
R1, Rezaee SA. H
genesis: Molecula
ogenesis of A
Basic Med Sci. 2
sonalised treatm
medicine based 

gy. 2013;5(5):759
miani EG, Ashton

Y1 interaction in 
outcome. Journal

Byers RJ, Rehma
lling of miRNA 
myeloid leukaem
. 2013;5(3):543-5

Mi Y, Wang J. Me
KD mutations as 
kemia research. 2
rn W, Haferlach 
D mutations in A
patients. Blood. 2

Datta A, Baydoun
aling contributes 
cell leukemia vi
dings of the Nati

4. 
keyama K, Hama
on of TCF8 is inv

mia/lymphoma. Bl

nase-3 internal ta
and relapse in pa

2012;102(12):1-1
Burnett AK, Gal

ologically distinc
osis than FLT3 in
eloid leukemia. B

JM, Racevskis J, 
D117/KIT+ T-cell
558-60. 
A. The Cytokine

sis. Int J Mol Sci

M, Wang J. Analy
mutations in Ch

05;29(12):1393-8
pidemiology of h

Mashhad. Glob J H

fection and adult 
l pathology. 

d leukemia: what 
Hematol Educ Pro

ehzadegan MA3
Human T Lympho
ar Aspects of Viru
dult T cell L

2013;16(3):179-9
ment of haematol

on single molecu
9-67.  
n G, Menasce LP
follicular lympho
l of clinical path

an S, Westerhof
mediated BCR.

mia vis-a-vis thera
54. 
eta-analysis for th
prognostic indica

2012;36(2):186-9
T, Schnittger S. 

AML: the combi
2008; 111(5):2527
n HH, Waldmann
to proliferation a
irus type 1–asso
ional Academy o

asaki M, Yamash
volved in the leu
lood. 2008;112(2

  http:/
Med J
 

andem 
atients 
4.  

ale RE. 
ct from 
nternal 
Blood. 

 Laza-
l acute 

e Flt3-
. 2017 

ysis of 
hinese 
8. 
human 
Health 

T-cell 
2007; 

is the 
ogram. 

, Has-
otropic 
us and 
Leuke-
95. 
logical 
ules in 

P, Rad-
oma is 

hology. 

ff HV, 
. ABL 
apeutic 

he po-
ator in 

91. 
Prog-

ination 
7-37. 

nn TA, 
and tu-
ociated 
of Sci-

hita K, 
ukemo-
2):383-

//mjiri.iums.ac.i
J Islam Repub I

ir 
Iran. 2018(9 Jun

H. Ay

une); 32.47. 

yatollahi, et al

5

l. 

 [
 D

O
I:

 1
0.

14
19

6/
m

jir
i.3

2.
47

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://dx.doi.org/10.14196/mjiri.32.47
https://mjiri.iums.ac.ir/article-1-4574-en.html
http://www.tcpdf.org

