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SaZetak

Uvod: Kroni¢na mijeloicna leukemija (engl. chronic myeloid leukemia, CML)
je mijeloproliferativna bolest koju karakterizira prisutnost fuzijskog gena bcr-
abl i posljedicno fuzijskog proteina bcr-abl. lako je otkrice inhibitora tirozin-
kinaze (engl. tyrosine kinase inhibitor, TKI), imatinib mesilata (IM) pobolj3alo
lijecenje bolesnika oboljelih od CML, dio bolesnika razvija rezistenciju na lijek,
Sto dovodi do povisene razine bcr-abl prijepisa. Jedan od mogucih razloga te
rezistencije su mutacije u domeni ABL kinaze. Neke se mutacije mogu prev-
ladati povecanjem doze lijeka ili primjenom nove generacije TKI. Jedina mu-
tacija rezistentna na trenutno dostupne TKI jest T315. Cilj ovog istraZivanja
bio je otkriti da li je prisutnost T315I kod bolesnika rezistentnih na lijecenje
imatinib mesilatom povezana s povecanom ili neprekidno visokom razinom
bcr-abl prijepisa. Takoder, cilj je bio procijeniti mogucu razliku u razini bcr-abl
prijepisa kod bolesnika rezistentnih na lijecenje imatinib mesilatom sa i bez
T315I mutacije.

Ispitanici i metode: U ispitivanje su bila ukljucena 24 bolesnika oboljela
od CML s neodgovaraju¢im odgovorom na lijecenje imatinib mesilatom. Pro-
vedena je kvantitativna lancana reakcija polimerazom u stvarnom vremenu
(engl. real time quantitative polymesare chain reaction, RQ-PCR) prema proto-
kolu udruZenja Europa protiv raka (engl. Europe Against Cancer), a za dokazi-
vanje mutacije T315I rabljena je metoda alel specificne oligonukleotidne PCR
(engl. allele specific oligonucleotide PCR, ASO PCR).

Rezultati: Kod 4 od 24 bolesnika dokazana je mutacija T3151 (17%). lzraCu-
nat je i medijan omjera bcr-abl/abl koji je iznosio 19% za bolesnike s T315I
mutacijom i 13% za bolesnike bez mutacije, no razlika izmedu tih dviju skupi-
na nije bila statisticki znacajna (P = 0,394)

Zakljucak: Dokazivanje prisutnosti mutacije T3151 klju¢no je u terapijskom
pristupu bolesnicima s CML, buduci da je lijecenje izbora za nositelje te muta-
cije transplantacija maticnih stanica.

Kljucne rijeci: kronicna mijeloicna leukemija; rezistencija na imatinib mesi-
lat; mutacija T315l
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Abstract

Background: Chronic myeloid leukemia (CML) is a myeloproliferative di-
sease characterized by the presence of bcr-abl fusion gene and consequen-
tly ber-abl fusion protein. Although the discovery of tyrosine kinase inhibi-
tor (TKI), imatinib mesylate (IM), improved the treatment of CML patients,
a proportion of patients develop resistance to the drug resulting in increa-
sed bcr-abl level. One of possible reasons for resistance are the mutations in
ABL kinase domain. Some mutations can be overcome by increasing the drug
dose or by using the new generation of TKI. The only mutation resistant to
currently available TKI is T3151. The aim of this study was to detect if the pre-
sence of T3151 in patients resistant to imatinib mesylate therapy is associated
with the increase or constantly high bcr-abl level. We also aimed to assess
the possible difference in bcr-abl level in imatinib-resistant patients with and
without T315I mutation.

Materials and methods: The study included 24 CML patients with ina-
dequate response to IM therapy. Real time quantitative PCR was performed
according to Europe Against Cancer protocol and allele specific oligonucleoti-
de PCR was used for 3151 mutation detection.

Results: T315] was detected in 4 out of 24 patients (17%). Calculated median
bcr-abl/abl levels were 19% for T3151 positive and 13% for T315 negative pa-
tients, but the difference was not statistically significant (P = 0.394).

Conclusions: T315I detection is essential in therapy approach for CML pa-
tients as the treatment of choice for T315I carriers is stem-cell transplanta-
tion.
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Uvod

Kroni¢na mijeloi¢na leukemija (engl. chronic myeloid leu-
kemia, CML) je mijeloproliferatvna bolest karakterizirana
kromosomskom translokacijom t(9;22) (q34;q11), pozna-
tom kao filadelfijski kromosom (engl. Philadelphia chro-
mosome). Posljedica te translokacije je onkogeneticki fu-
zijski gen bcr-abl koji proizvodi protein bcr-abl s pojaca-
nom aktivnoscu tirozin-kinaze. Nova saznanja o CML i ot-
krice molekularnih putova tirozin-kinaze, doveli su do ot-
krica ,pametnog lijeka”, imatinib mesilata (engl. imatinib
mesylate, IM), koji se kompetitivho veZe na vezna mjesta
za ATP i specifi¢no inaktivira bcr-abl kinazu (1,2). Uvode-
nje IM u lijecenje CML omogucilo je visoki postotak cito-
genetickih i molekularnih remisija kod vecine bolesnika (1).
Standardno lijecenje kroni¢ne faze CML uklju¢uje 400 mg
IM na dan s citogenetickim pracenjem postotka stanica
pozitivnih na filadelfijski kromosom i molekularnim pra-
¢enjem razine bcr-abl prijepisa metodom kvantitativnog
PCR-a (RQ-PCR) (1,3,4).

Medutim, kod odredenog broja bolesnika ili uopée nema
odgovora ne terapiju imatinib mesilatom, ili se on s vre-
menom izgubi. Jedan od mogucih razloga za to su muta-
cije gena za ABL kinazu koje su otkrivene kod vise od 50%
bolesnika s CML otpornih na lijecenje IM (1).

Postoji nekoliko tipova mutacija koje se mogu podijeliti
u Cetiri skupine temeljem kristalografske strukture cABL:
mutacije koje se vezu na kataliticku domenu proteina bcr-
abl i tako izravho onemogucuju IM, one koje se nalaze
unutar ATP veznog mjesta, one koje se nalaze unutar akti-
vacijske petlje koja sprecava kinazu kako bi postigla neak-
tivnu konformaciju potrebnu za vezanje IM i one koje se
nalaze unutar kataliticke domene (1).

Do sada su opisane barem 73 razli¢ite mutacije kod bo-
lesnika s CML rezistentnih na IM (5). Sve mutacije nemaju
istu vaznost, neke su ¢ak funkcionalno nevazne (3). Pre-
ma odgovoru na lije¢enje IM, mutacije se dijele na viso-
ko rezistentne mutacije u domeni kinaze (T315I, Y253H/K,
E255K/V, H396P/R) i umjereno rezistentne mutacije
(M244V, M351T, F359V). Umjereno rezistentne mutacije u
domeni kinaze mogu se prevladati povisenom dozom li-
jeka IM od 600 ili 800 mg na dan (1,3).

Razvoj druge generacije inhibitora tirozin-kinaze (engl.
tyrosine kinase inhibitor, TKI) nilotiniba i dasatiniba, koji se
strukturno razlikuju od IM, koristi bolesnicima nositeljima
visoko rezistentnih mutacija, buduci da oba lijeka suzbija-
ju ucinak svih poznatih mutacija koje dovode do rezisten-
cije na imatinib, osim mutacije T315l (2,5). To je tockasta
mutacija u kojoj dolazi do zamjene C—T, sto dovodi do
promjene aminokiseline treonina u izoleucin na poloza-
ju 315 (Thr315—lle) u cABL. Thr315 se nalazi na klju¢nom
poloZaju odgovornom za stvaranje vodikovih veza s IM ili
drugim TKI, ¢inedi time lijek djelotvornim. Izoleucin sad-
rzi jednu ugljikovodikovu skupinu vise u postrani¢cnom
lancu, koja stvara stericke smetnje za vezivanje TKI, ali ne
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Introduction

Chronic myeloid leukemia (CML) is a myeloproliferati-
ve disease characterized by chromosomal translocation
t(9;22) (q34;q11), also known as Philadelphia chromoso-
me. The consequence of this translocation is a bcr-abl on-
cogenic fusion gene which produces bcr-abl protein with
enhanced tyrosine kinase activity. Increased knowledge
about CML and the discovery of the molecular pathways
of tyrosine kinase has led to the creation of a “smart
drug”, imatinib mesylate (IM), which competitively binds
at the ATP binding site and specifically inactivates bcr-a-
bl kinase (1,2). The introduction of IM in the treatment of
CML has enabled high rate of cytogenetic and molecu-
lar remission in most patients (1). Standard treatment of
chronic phase CML is 400 mg IM per day with cytogenetic
monitoring of percentage of Philadelphia chromosome
positive cells and molecular monitoring of bcr-abl tran-
script level by real time quantitative PCR (RQ-PCR) (1,3,4).

However, a proportion of patients fail to respond to IM
therapy or lose the response. One of the possible reasons
for that are ABL kinase mutations that are found in more
than 50% IM resistant CML patients (1).

There are several types of mutations that can be divided
in four groups based on crystallographic structure of cA-
BL: mutations that bind to the catalytic domain of the
bcr-abl protein and so directly impair IM, those that are
within the ATP binding site, those within activation loop
that prevent the kinase from achieving the inactive con-
formation required for IM binding, and those within the
catalytic domain (1).

So far, at least 73 different mutations have been descri-
bed in IM resistant CML patients (5). Not all mutations
have the same relevance; some are even functionally
irrelevant (3). According to response to IM they are divi-
ded into highly resistant kinase domain mutations (T315I,
Y253H/K, E255K/V, H396P/R) and moderately resistant
mutations (M244V, M351T, F359V). Moderately resistant
kinase domain mutations can be overcome by an increa-
se in IM dose to 600 or 800 mg per day (1,3).

The development of second generation tyrosine kinase
inhibitors (TKI), nilotinib and dasatinib, that are struc-
turally different from IM brought benefits for patients
bearing highly resistant mutations because both drugs
are active against all known imatinib resistant mutations
except the T315l (2,5). In this mutation, single nucleotide
C—T change results in threonine to isoleucine substitu-
tion at position 315 (Thr315—lle) of cABL. Thr315 forms
critical hydrogen bond with IM or other TKI, making the
drug effective. Isoleucine contains an extra hydrocarbon
group in the side chain, which results in steric clash with
TKI but do not interfere with ATP binding (6). Therefore,
T315I represents kind of a “gatekeeper” that controls ac-
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utjece na vezivanje ATP (6). Stoga, T315| predstavlja vrstu
Cuvara (engl. gatekeeper) koji kontrolira ulaz malih moleku-
la inhibitora i zbog toga je tu mutaciju tesko nadvladati, ne
samo imatinib mesilatom, ve¢ i ostalim molekulama koje
kompetitiraju s ATP (7). Zbog svih problema povezanih s
T315l, lijecenje izbora za nositelje T315] mutacije je alogena
transplatacija maticnih stanica (1).

Cilj ovog istrazivanja bio je otkriti je li prisutnost T315I
mutacije kod bolesnika rezistentnih na lijecenje imatinib
mesilatom povezana s povisenom ili neprekidno visokom
razinom bcr-abl prijepisa. Cilj je takoder bio utvrditi pos-
toji li razlika u razinama bcr-abl prijepisa kod bolesnika re-
zistentnih na lijecenje imatinib mesilatom sa i bez T315I
mutacije.

Materijali i metode

Ispitanici

U istraZivanje su bila uklju¢ena 24 bolesnika (10 zena i 14
muskaraca) kojima je dijagnosticirana CML i ¢iji odgovor
na lije¢enje IM nije bio odgovarajuci. Svi bolesnici lijeceni
su u Zavodu za hematologiju Klinike za unutarnje boles-
ti Medicinskog fakulteta Sveucilista u Zagrebu i Klini¢ckog
bolni¢kog centra Zagreb.

Prema Baccaraniju i suradnicima, neodgovarajudi se od-

govor moze podijeliti u tri skupine (3):

1. Suboptimalni odgovor — manji nego znacajni moleku-
larni odgovor (engl. major molecular response, MMoR)
(MMoR se definira kao omjer bcr-abl/abl < 0,1 prema
Medunarodnoj ljestvici (engl. International Scale, 1S)
nakon 18 mjeseci pracenja) ili gubitak MMoR.

2. Bez odgovora na lije¢enje IM - manji nego potpuni
citogeneticki odgovor (engl. complete cytogenetic res-
ponse, CCyR) (CCyR se definira kao izostanak Ph pozi-
tivnih metafaza nakon 18 mjeseci pracenja) ili gubitak
CCyR ili kompletnog hematoloskog odgovora.

3. Povecanje vece od 1 log omjera bcr-abl/abl izmedu
dva mjerenja tijekom pracenja.

Tijekom istrazivanja kod svih je bolesnika bolest bila u

kronic¢noj fazi.

Metode

RNA i DNA izolirane su iz kostane srzi ili perifernih kr-
vnih stanica. Genomska DNA ekstrahirana je metodom
isoljavanja (8). Za dokazivanje mutacije T315| primijenje-
na je metoda alel specificnog oligonukleotidnog PCR-a
(ASO-PCR) prema Kangu i sur. (9). Uzorak DNA bolesnika
s potvrdenom mutacijom T315I koriSten je kao pozitivni
kontrolni uzorak. RNA je izolirana protokolom izdvajanja
s trizolom (engl. Trizol RNA extraction protocol) (10) te obr-
nuto prepisana u cDNA (High capacity cDNA reverse Tran-
scription Kit with RNAse inhibitor, Applied Biosystems,
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cess of small molecule inhibitors and this is why it is such
a difficult mutation to inhibit, not only by IM, but also by
other ATP competitors (7). Because of all the problems re-
lated to T315I, the treatment of choice for T315I carriers is
allogenic stem-cell transplantation (1).

The aim of this study was to detect if the presence of
T3151 in patients resistant to imatinib mesylate therapy
is associated with the increase or constantly high bcr-abl
level. We also aimed to assess the possible difference in
bcr-abl level in imatinib-resistant patients with and wit-
hout T315I mutation.

Materials and methods

Subjects

The study included a total of 24 patients (10 women and
14 men) diagnosed with CML whose response to thera-
py with IM was inadequate. Patients were diagnosed and
treated at Hematology Division, Department of Medici-
ne, Zagreb Clinical Hospital Center. Inadequate response
can be divided in three groups according to Baccarani et
al. 3):

1. Suboptimal response - less than major molecular res-
ponse (MMoR is defined as bcr-abl/abl level < 0.1 to
International Scale (IS) at 18 months of follow-up) or
loss of MMoR.

2. IM failure - less than complete cytogenetic response
(CCyR is defined as no Ph positive metaphase found
at 18 months of follow-up), loss of CCyR or complete
hematological response.

3. More than 1 log increase in bcr-abl/abl level between
2 measurements during follow-up.

At the time of investigation all patients were in chronic

phase of the disease.

Methods

RNA and DNA were isolated from bone marrow or pe-
ripheral blood cells. Genomic DNA was extracted using
the salting out method (8). Allele specific oligonucleotide
(ASO-PCR) for T315I detection was performed according
to Kang et al. (9). DNA sample from patient with confir-
med T315] mutation was used as positive control.

RNA was isolated using Trizol RNA extraction protocol
(10) and reversely transcribed using High capacity cDNA
reverse Transcription Kit with RNAse Inhibitor (Applied
Biosystems, Foster City, California, USA) according to ma-
nufacturer's instructions. RQ-PCR was performed accordi-
ng to Europe Against Cancer protocol (11) using TagMan
technology (LightCycler, Roche, Mannheim, Germany).
Amplification of fusion bcr-abl and abl as a control gene
was performed using FusionQuant Kit for RQ-PCR analysis
of bcr-abl Mbcr (Ipsogen, Marseille, France) according to
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Foster City, Kalifornija, SAD) prema uputama proizvodaca.
RQ-PCR je provedena prema protokolu udruzenja Europa
protiv raka (engl. Europe Against Cancer) (11) tehnologijom
TagMan (LichtCycler, Roche, Mannheim, Njemacka). Um-
nazanje fuzijskog gena bcr-abl i abl kao kontrolnog gena
izvedeno je metodom RQ-PCR (FusionQuant Kit for RQ-
PCR analysis of bcr-abl Mbcr, Ipsogen, Marseille, France)
prema uputama proizvodaca. Omjeri bcr-abl/abl izracu-
nati su prema IS.

Statisticka analiza

Podaci su prikazani kao medijan i raspon te su procijenjeni
neparametrijskim statistickim testom. Razlike izmedu dvi-
ju skupina (s i bez mutacije) ispitane su Mann-Whitneye-
vim testom, dok je razlika u omjerima bcr-abl/abl izmedu
tri ispitivane skupine s neodgovaraju¢im odgovorom na
lijecenje IM ispitana Kruskal-Wallisovim testom. Razina
statisticke znacajnosti postavljena je na 0,05. Statisti¢-
ka analiza provedena je programskim paketom MedCalc
verzija 9.3.2.0 (Frank Schoonjans, Mariakerke, Belgium).

Rezultati

Kod 24 bolesnika s CML bez odgovaraju¢eg odgovora na
lije¢enje IM provedeno je dokazivanje mutacije T315] me-
todom ASO-PCR. Na slici 1. prikazano je elektroforetsko
razdvajanje umnozenih produkata ASO-PCR-om.

Rezultati RQ-PCR i status mutacije T315] u skupinama s
neodgovaraju¢im odgovorom na lije¢enje IM prikazani
su u tablici 1. Od 24 ispitana bolesnika, 12 bolesnika ni-
je odgovorilo na lijecenje IM (citogeneticki podaci nisu
prikazani), 6 bolesnika je imalo suboptimalni odgovor,a
kod 6 bolesnika je dokazano povecanje omjera bcr-abl/
abl vise od 1 log izmedu dva mjerenja u pracenju. Kod
bolesnika kod kojih nije dokazana mutacija T315I raspon
omjera bcr-abl/abl bio je 0,14-46,25%, za razliku od sku-
pine s dokazanom mutacijom T315I ¢iji je raspon omjera
bcr-abl/abl bio 10,95-30,45%.

SLIKA 1. Elektroforetsko razdvajanje reprezentativnih ASO-PCR pro-
dukata.
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manufacturer’s instructions. Bcr-abl/abl levels were cal-
culated according to IS.

Statistical analysis

Data are presented as a median and ranges and asses-
sed by non-parametric statistics. Difference between
two groups (with and without mutation) was tested wi-
th Mann-Whitney test whereas difference in bcr-abl/abl
levels between three studied groups with inadequate
IM response was tested with Kruskal-Wallis test. The le-
vel of significance was set at 0.05. Statistical analysis was
performed using the MedCalc software package version
9.3.2.0 (Frank Schoonjans, Mariakerke, Belgium).

Results

In twenty-four CML patients who were monitored by
RQ-PCR and who had inadequate response to IM therapy
T315] mutation detection was performed. Electrophore-
tic separation of representative ASO-PCR amplification
products is shown in Figure 1.

RQ-PCR results and T315] mutation status in inadequate
IM therapy response groups are shown in Table 1. Amo-
ng 24 CML patients studied, 12 patients had IM therapy
failure (cytogenetic data not shown), 6 patients had su-
boptimal response, and 6 patients had more than 1 log
increase of bcr-abl/abl level between two measurements
during follow-up. In patients without T315I the range of
bcr-abl/abl was 0.14-46.25%, unlike in those with T315I
whose bcr-abl/abl range was 10.95-30.45%.

In order to establish the possible difference in ber-abl/abl
level between CML patients with and without T315] mu-
tation, median bcr-abl/abl levels were calculated. Results
are presented in Table 2 and in Figure 2. In T315I positi-
ve patients the median bcr-abl/abl level was 66% higher
than in T315I negative patients.

1. Patient 1

2. Patient 2

3. Patient 7

4. Positive control
5. Blank probe

PCR products with
control primers

6. Molecular Weight Marker
7. Patient 1

8. Patient 2

9. Patient 7

10. Positive control

11. Blank probe

PCR products with
T315] mutation primers

FIGURE 1. Electrophoretic separation of representative ASO-PCR am-
plification products.
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TasLicA 1. Omijeri ber-abl/abl (medijan i raspon) i status mutaci-
je T3151 kod tri ispitivane skupine s neodgovaraju¢im odgovo-
rom na lijecenje IM

T315I mutation in CML

TasLE 1. Bcr-abl/abl levels (median and range) and T315] mu-
tation status in three studied groups with inadequate IM res-
ponse

IM therapy Bcr-abl/abl (% IS) T315l positive P (Kruskal-Wallis
response median (range) (N) test)
M th(el\:aﬂzf)a”“re 15.38 (0.27-45.43) 3
5”'(3’\?2“6?‘3' 6.80 (0.14-46.25) 0 0.526
>1 "z,?l rg;ease 14.38 (7.45-30.45) 1

IM - imatinib mesilate; IS - International Scale

Kako bi se odredila razlika u omjerima bcr-abl/abl izmedu
skupina bolesnika s i bez mutacije T315I, izracunat je me-
dijan omjera bcr-abl/abl. Rezultati su prikazani u tablici 2.
i na slici 2. Kod bolesnika s dokazanom mutacijom T315I,
medijan omjera bcr-abl/abl bio je 66% visi nego kod bo-
lesnika bez mutacije T315I.

Rasprava

Nakon $to je prije vise od 150 godina CML prvi puta opi-
sana kao bolest, vedi je napredak u lije¢enju ucinjen u
proteklom desetlje¢u nego u prvih sto godina od otkri-
¢a bolesti. Otkrice tirozin-kinazne aktivnosti proteina bcr-
abl, dovelo je do sinteze nove serije spojeva, inhibitora
tirozin-kinaze. Jedan od njih, imatinib mesilat, pokazuje
vrlo visoku i relativno specificnu biokemijsku aktivnost te
posjeduje prihvatljiv farmakokineticki i toksi¢ni profil, pa
je vrlo brzo uveden u klini¢cku praksu (6). To je dovelo do
revolucionarnog koraka u lije¢enju CML, odgovoru na lije-
ma. Stoga je Europska mreza za leukemiju (engl. European
Leukemia Net) izradila protokol za obradu CML koji uklju-
¢uje klinicku procjenu, krvnu sliku, citogeneticki pregled
koStane srzi i molekularno praéenje razine bcr-abl prijepi-

TaBLIcA 2. Omjeri ber-abl/abl (medijan i raspon) kod T3151 pozi-
tivnih i negativnih bolesnika

Discussion

After the initial description of CML more than 150 years
ago, little progress has been made in the treatment of
this disease for more than a century compared to the pa-
st decade. Recognition of tyrosine kinase activity of the
bcr-abl proteins has led to the discovery of a new series
of compounds, namely tyrosine kinase inhibitors. One
of them, imatinib mesylate, was found to have high and
relatively specific biochemical activity and an acceptable
pharmacokinetic and toxic profile, and was rapidly intro-
duced into clinical practice (6). This resulted in revolutio-
nary step in CML therapy, response to therapy and con-
sequently estimation of response by more sensitive tec-
hniques. Therefore European Leukemia Net established
a protocol for CML management which includes clinical
assessment, blood count, cytogenetic revision of bone
marrow, and molecular monitoring of bcr-abl level every
3 months from the beginning of the therapy (3).

Major cause of resistance to IM or relapse during IM the-
rapy are ABL kinase point mutations (7,12,13). The only
mutation resistant to currently available TKI is T315I, and
T315I carriers are eligible for allogeneic stem-cell tran-
splantation only. This is why the detection of ABL kinase

TasLE 2. Bcr-abl/abl levels (median and range) in T315I postive
and negative patients

Bcr-abl/abl level (% IS)

Fatlents median (ra"ge)
315' poSitiVe 3

T I egat|Ve 0.14-46.25

( ) 12.80( Al . )

IS — International Scale
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bcr-abl/abl (% IS)
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%n B gmog

T315l negative

IS — International scale

SLIKA 2. Grafi¢ki prikaz omjera bcr-abl/abl za T3151 negativne i pozi-
tivne bolesnike.

sa svaka 3 mjeseca od pocetka lije¢enja (3). Glavni razlog
rezistencije na lijecenje IM ili recidiva tijekom lije¢enja IM
su tockaste mutacije ABL kinaze (7,12,13). Jedina mutacija
rezistentna na trenutno dostupan TKI jest T315l. Stoga je
nosiocima mutacije T315l jedino rjeSenje alogenic¢na tran-
splatacija matic¢nih stanica. To je razlog zasto je otkrivanje
mutacija ABL kinaze vrlo korisno u racionalnoj terapijskoj
obradi bolesnika s CML (12).

Postoji nekoliko metoda za otkrivanje mutacija u domeni
kinaze. Jedna od najcesc¢e primjenjivanih metoda probira
u rutinskom pracenju bolesnika je direktno sekvenciranje.
Nedostatak te metode je njena niska osjetljivost (20%).
Metoda s visom osjetljivos¢u od direktnog sekvenciranja
je denaturirajuca tekucinska kromatografija visoke djelot-
vornosti (engl. Denaturing high performance liquid chro-
matography) (1-5%). Za razliku od tih metoda, alel speci-
ficna oligonukleotidna lanc¢ana reakcija polimeraze (engl.
Allele-Specific Oligonucleotide PCR, ASO-PCR) ima najvisu
osjetljivost koja moze dosedi ¢ak 0,1%, no probir kroz ci-
jelu domenu gena ABL nije mogu¢, budu¢i da ta metoda
zahtjeva razli¢ite pocetnice za svaku mutaciju (1,2,12,13).

U ovo istraZivanje su bila uklju¢ena 24 bolesnika s neod-
govaraju¢im odgovorom na lijecenje IM i stalnim poveca-
njem ili visokim omjerom bcr-abl/abl kod pracenja. Suk-
ladno ranije objavljenim podacima, pretpostavili smo da
bi mutacija T315] mogla biti razlogom neodgovarajuceg
odgovora na terapiju (1). Medu svim bolesnicima, u 4 je
slucaja otkrivena mutacija T315I (17%). Tri bolesnika s do-
kazanom mutacijom T315I su iz skupine bez odgovora na
lijecenje IM, $to je bilo i o¢ekivano s obzirom da je taj mu-
tirani podklon rezistentan na lije¢enje IM (4). Kod jednog
bolesnika s dokazanom mutacijom T315l i poveéanjem
omjera bcr-abl/abl vise od 1 log, mutacija se prosirila vje-
rojatno kao rezultat selektivne inhibicije IM (4).
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FIGURE 2. Box-and-Whisker plots of bcr-abl/abl levels for T315I negati-
ve and positive patients.

mutations is very useful for rational therapeutic manage-
ment of CML patients (12).

Several methods have been established for detection of
kinase domain mutations. Direct sequencing is one of
the most used screening methods in routine monitoring
of patients, but its disadvantage is low sensitivity (20%).
Denaturing high performance liquid chromatography
is a more sensitive method (1-5%) compared to direct
sequencing. Unlike those methods, ASO-PCR has the hig-
hest sensitivity that can even reach 0.1% but the screeni-
ng through the whole ABL gene domain is not possible
as this method requires different primers for each muta-
tion (1,2,12,13).

Twenty-four patients with inadequate response to IM the-
rapy and constant increase or high bcr-abl/abl levels duri-
ng follow-up were included in this study. It was assumed
that, according to literature, T315I could be the possible
cause (1). Among all patients tested, T315| was detected
in four cases (17%). Three patients bearing T315] mutation
were in IM failure group, which was expected since this
mutant subclone is uniformely resistant to treatment wi-
th IM (4). In one T315I positive patient with more than 1 log
increase of bcr-abl/abl level, the mutation probably expan-
ded as a result of selective pressure exerted by IM (4).

Calculated median bcr-abl/abl levels were 19.36% for
T315I positive and 12.80% for T315] negative patients, but
the difference was not statistically significant (P = 0.394).
These high bcr-abl levels are related to poor prognosis
including progression to blast crisis and therefore indi-
cation for T315] mutation detection (3). If T315l is detec-
ted, therapy approach and treatment drastically change:
patient is no more on expensive and inadequate therapy
and there is more time for finding a donor for allogene-
tic stem-cell transplantation. Therefore monitoring is not
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Izra¢unat medijan omjera bcr-abl/abl iznosio je 19,36% za
skupinu pozitivhu na T315l i 12,80% za skupinu negativnu
na T315l, no razlika nije bila statisticki znacajna (P = 0,394).
Visoke razine bcr-abl prijepisa povezuju se s loSom prog-
nozom koja ukljucuje progresiju do blasti¢ne krize i upu-
¢uje na dokazivanje prisutnosti mutacije T315I (3). Ukoliko
se dokaZe mutacija T315l, drasti¢no se mijenja terapijski
pristup: bolesnik vise ne¢e primati skupo i neodgovara-
juce lijecenje, a dobiva se viSe vremena za pronalazak da-
rivatelja kostane srzi. Stoga pracenje nije samo vazno da
se osigura najbolje moguce lijecenje bolesnika, vec je po-
zeljno i s farmakoekonomskog gledista (13).

U zaklju¢ku, otkrivanje mutacije T315I treba biti ukljuce-
no u obradu bolesnika oboljelih od CML zajedno s mole-
kularnim, citogenetickim i klinickim pracenjem. Rezultat
ove analize izravno utjece na terapijski pristup, buduci da
je lijecenje izbora za nosioce mutacije T315l alogeni¢na
transplantacija matic¢nih stanica.
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