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INTRODUCTION

The new concept of pharmacogenetics born from 
differently focused studies about pharmacology 
and clinical effects of therapy instead of species 
and genotypes, grow a new current of develop-
ments on realizing and test effectiveness of drugs. 
Such as pharmacogenetics, we can consider an 
important part of this developments study on 
pharmacogenomics focused on the direct issue 
with genes and effectiveness of drugs. For two 
scientific disciplines, genetics has allowed the 
coding sequence of our genetic structure and 
pharmacology heritage, which are pioneers in 

the development of more selective drugs and 
originate new concepts intended to open new 
scenarios in understanding the bio-diversity of 
the therapeutic response to certain medications. 
We’re talking about pharmacogenetics and phar-
macogenomics.

The European Medicines Agency (EMEA) de-
fines pharmacogenetics as the study of variations 
in response to a drug because of genetic factors 
in individuals (idiosyncrasy) or in different ethnic 
groups. The new knowledge resulting from the 
encoding of the human genome has led to the evo-
lution of the concept of pharmacogenetics, which 
is pharmacogenomics. The pharmacogenomics, in 
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Abstract – Objective: Molecular detection of acquired mutations in ABL gene is very important 
to prevent toxicity/inefficacy of therapy based on Imatinib, dasatinib in chronic myeloid leukemia 
(CML), in philadelphia chromosome (Ph+) positive subjects. Furthermore, BCR/ABL inhibitors like 
Imatinib, are proving highly effective to treat not only CML patients (but others like gastrointesti-
nal stromal tumors). This issue may underline the importance of utilizing a detection method that 
is easy, sensitive, reproducible and advantage cost-effective.

Materials and Methods: We developed a costly and sensitivity method based on high resolu-
tion melt (HRM) assay for selective detection of ABL T315, M351 and H396 mutation. HRM is able 
to detect low mutant allele variants in a large excess of wild type alleles.

The analytical sensitivity of this method was 0.1% of mutant alleles, obtained by serial dilution 
of a plasmid carrying the three mutations, mixed to wild type complimentary DNA obtained from 
a cell line.

Conclusions: Considering the results accounted in this study, it is possible to develop pharma-
cogenomics tests suitable for laboratories with low sample processing. This single example indi-
cates the route for development of an easy and cheap method to detect any kind of acquired DNA 
mutant in a large excess of wild type DNA. Furthermore, the present method must be validated, 
in terms of specificity and reproducibility, on a large number of patients who developed Imatinib 
resistance. 
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various biological processes such as metabolism 
systems drugs3. It is widely known the complex 
of the family of cytochrome P450 (CYP450) and 
methylene tetra-hydrofolatereductase (MTHFR); 
other polymorphisms affected the drugs from 
the cells of multidrug efflux systems such as re-
ceptor-1 (MDR-1) and others diverse receptors of 
transmission signals.

In recent years, the development of a new class 
of highly specific drugs, which block cell growth 
through inhibition of the tyrosine kinase-depen-
dent oncogenic receptor signaling, has opened 
new therapeutic perspectives in oncology focusing 

fact, includes studies of variations in DNA, as the 
primary point mutations or variations obtained in 
the expression of DNA and RNA of certain genes, 
in relation to the use of particular medications.

Pharmacogenomics’ link between the genetic 
profile and drug response is represented by gene 
variants that can alter the aminoacid sequence of a 
protein encoded, included, acquired mutation (sin-
gle point, insertions, deletions and translocations) 
and the single nucleotide polymorphisms (SNPs)1,2.

The current genetic polymorphisms that alter 
the therapeutic response (Table 1) are widely 
studied and known; these polymorphisms affect 

TABLE 1. Examples of pharmacogenetic tests validated and recommended by the FDA and EMEA 
www.fda.gov/cder/genomics/default.htm

Drag Gene Gene variant Clinical effect 

CyclophosphamideEtoposide CYP2B6 Various polymorphisms, Increased toxicity inhibition metabolic/
Tamoxifen CYP2C9 Also of stratification   decrease in therapeutic effect 
β-blockers CYP2D6  ethnicity   for hyper-expression of CYP2D6
Purine analogs TMPT2 Various polymorphisms Reduced therapeutic effect on the
  (6-mercaptopurine) TMPT3A   standard dose increased bone 
     marrow aplasia
Irinotecan UGT1A28 6 TA in the promoter  Neutropenia and dissentery grade 3-4
    region of the gene 
Varius whit endocellular target MDR 1 MutationC3435T The standard doses of Resistance
Metotrexate MTHFR Mutations C677T e Resistance to standard does
    A1298C   and increased toxicity
5-fluorouracil and derivatives DPYD IVS 14+1G>A Toxicity due to slow metabolism
Warfarin VKORC1 VKORC1   of 5-FU
 CYP2C9 CYP2C9*2 e*3 Dosage adjustment of 1.0 (slow 
    metabolizers) to 5,0mg/day (normal)
β-blockers ADRB1 Mutation codon  Reduced therapeutic effect
    389 R>G  on the standard dose
β2-agonists ADRB2 Mutations codon Reduced bronchodilation
 (Salbutamol)    16 R>G; Q>E; T>I 
Abacavir HLA- haplotype B5701 Hypersensitivity to
   MHC1B   the therapeutic dose 
Imatinib® BCR/ABL Chromosomal Therapeutic indication in the 
Nilotinib®     traslocation 9;22  presence of the translocation
    in CML     
Imatinib® ABL Mutation T315I  Resistance to the effective dose
   M351T 
Imatinib® c-KIT Mutation codon  Therapeutic effect in the presence
    816 D>V  of the mutation in AML t (8; 21) 
     positive
Trastuzumab® ERBB2 Iper-expression  Therapeutic indication in
  (Herceptin)    of Her/neu   overexpression of the Her/neu 
     protein in ca. Breast
Gefinitib® EGFR Mutation codon Best therapeutic effect in the
Erlotinib®    858 L>R  presence of the mutation in NSCLC
Retinoic Acid (ATRA®) PML/RARa Chromosomal  Therapeutic indication in the
    traslocation 15;17  presence of the translocation 
     in AML promyelocytic
Cetuximab K-RAS Codon G12 e G13 Efficacy of the drug only
  panitumumab      in the absence of mutations
Vemurafenib B-RAF Codon V600E Efficacy of the drug only in
     the presence of the mutations
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Isolation of RNA
For the extraction of the RNA total, approximate-
ly 10 million of K562 were harvested to 1 mL of 
TRIzol (Invitrogen, Milan, Italy), and 0.2 mL of clo-
rophorm was added. After centrifugation at 12.000 
g for 15 min at 4°C, two phases were evident: one 
organic (down) and one watery (upper). The pellet 
of RNA was resolute in 30 mL of RNAasi-free 
water. The RNA quantification was performed out 
on spectrophotometric reading to 260 and 280 nm. 

Preparation of calibration curve
In order to identify the analytical sensitivity of the 
method, a calibration curve was diluting pABL of 
cDNA in 100 ng of DNA from K562 1 μL from 
magnitude 105 copies to pABL 1010. The total of 
wt cDNA K562 (100 ng) was used as a negative 
control. Each assay was performed in triplicate for 
confirmation the lowest standard point that produc-
es the most consistent and positive results.

Reverse-transcription (RT) 
of the RNA (cDNA synthesis)
The reaction of inverse transcription with the syn-
thesis of complementary DNA (cDNA) started to 
1 μL of RNA total. It is first denatured for 10 min 
at 65°C and then maintained on ice at least 15 min. 
The RT has been realized in a final volume of 20 
mL for reaction, containing 5 x Buffer (Invitro-
gen, Milan, Italy), 5 nM of random examers (Life 
Technologies, Monza, Italy), 4 mL of dithiothreitol 
(DTT), 200 nM of deoxyinucleotidetriphosphate 
(dNTPs), 40 U RNAasi inhibitor (Invitrogen, Mi-
lan, Italy) and 200 U of Reverse Transcriptase “Su-
per Script III” (Life Technologies, Monza, Italy). 
The reaction was incubated for 60 min at 42°C and 
subsequently for 10 min at 80°C.

Selective amplification 
of BCR-ABL fusion gene
An amplicon of BCR/ABL fusion gene was gen-
erated by conventional PCR using a couple of 
primers recognizing in the forward region of the 
Major-Breakpoint Cluster Region (M-BCR), post 
on exon 12 of BCR and a reverse on exon 7 of 
ABL. The forward BCR exon 12 primer sequence 
is 5’-TCC GCT GAC CAT CAA TAA GG-3’ 
and ABL Reverse 5’-CCA GAC GTC GGA CTT 
GAT GG-3.

This PCR product of 673 bp is used as tem-
plate for generating the next 3 amplicons in HRM 
experiments.

Production Amplicons for HRM
HRM is based on the evaluation of the melting 
temperature of an amplicon produced by a simple 
PCR reaction.

attention on how to reply with new issues related 
to the development of their drug resistance. The 
most clinically relevant example of using these in-
hibitors protein kinase is represented by Imatinib 
(Gleevec®, Novartis Pharma, Origgio, VA, Italy), 
used as an agent oncostatic in chronic myeloid leu-
kemia (CML). It is well documented that point mu-
tations in the target gene Imatinib can reduce criti-
cally the effectiveness of this drug4,5. Patients who 
have a sub-optimal response to drug therapy with 
Imatinib have to reconsider the therapeutic strategy 
that has gone out to investigate the possible point 
mutations born by the fusion gene BCR-ABL. 
In these patients, a rapid and efficient screening 
considers the management of human resources by 
the use of a simple Real-time PCR to distinguish 
between a single polymorphism from the wild type 
gene. The point mutations in the BCR-ABL gene 
have been found as one of the many mechanisms 
associated with resistance Imatinib4,6, in patients 
with chronic myeloid leukemia (CML). In a lot 
of cases the mutation precedes or accompany a 
possible relapse of the disease and the progression 
towards advanced stages of the same7,8. Therefore, 
monitoring of mutations in patients with CML 
with sub optimal response or resistance to start 
important reconsideration of therapeutic strategy. 
Up to now, the described ways for mutations de-
tection on the BCR-ABL kinase domain are var-
ied, including direct sequencing8, sub-cloning and 
sequencing, chromatography denaturing high-per-
formance liquid9, pyrosequencing10, double-dena-
turing gradient electrophoresis11, fluorescence PCR 
and PNA blocking12, allele-specific oligonucleotide 
PCR (ASO-PCR)13,14 and SEQUENOM Mass Ar-
ray15. A high melting resolution technique recently 
developed is the curve analysis (HRM) proposal 
with the introduction of a new family of green dyes 
LC16,17. HRM is normally used as low-resolution 
instrument to confirm the identity of the PCR 
products in Real-time18.

MATERIALS AND METHODS

Positive and wild type controls
The wild type controls are cells line K562 in 
which is present a fusion gene BCR/ABL p210 
(exon 14, exon 2 of Abl) with b3a2. Positive con-
trols are represented by a constructed plasmid of 
2710 bases (bp) synthesized from the Gen Com-
pany Script (The Biology Crow, Piscataway, NJ, 
USA) in which has been introduced the template 
sequence of 643 bp of the ABL gene comprised 
between exon 4 to exon 7, that contains the mu-
tations T315I, M351 and H396, which was called 
pABL.
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of PCR; obviously, this concentration may vary 
from reaction to reaction.

The study was conducted by HRM to discrim-
inate the fusion gene BCR/ABL wild type by 
those with point mutations that confer resistance 
to the use of inhibitors of tyrosine kinase. This 
allows us to discriminate the mutated gene frag-
ment from the wild type, in a single post PCR 
step without resorting to subsequent manipula-
tions (such as for example removal of the buffer 
and of primers used for the PCR). The design of 
the experimental study, provides for the division 
of the sequence of ABL cDNA amplified in three 
ABL identifying them as ABL A, ABL B and 
ABL C. 

HRM results of ABL fragment B
The ABL B primer pair comprising the exons 
5, 6 and 7 between the codons 280-371 with an 
amplicon of 273 bp in which we frequently find 
the mutations T315, M351. The data obtained are 
shown in the diagram below (Figure 1-2). 

As can be seen from the table for the tem-
peratures of melting observed in the experiment 
provide us with information about such as to 
discriminate the mutated sequence, whose tem-
peratures are equivalent to each points of dilu-
tion in contrast to the wild type that has a lower 
temperature. This allows us to discriminate the 
non-mutated from those containing the plasmid 
mutated control as can be seen from the graphs 
produced by amplified figure and denoted a dif-
ferent trend between the curves of mutant sam-
ples and those of wild type. The following graph 
shows the melting curve of the amplified PCR of 
the ABL primer pair B.

ANALYTICAL SENSITIVITY

Considering that pABLs carry the single mutated 
genome, it is possible to translate this approxi-
mation in a tumor cell. Data results from HRM 
indicate that we can detect one mutant cell over 
1000 wt cells. 

The primers were designed more internally 
to the sequences BCR/ABL, producing 3 ABL 
fragments covering from exon 4 to exon 7 (Table 
2); fragments ABL-A, ABL-B and ABL-C, that 
partially overlap. Pair ABL-A has allowed the 
amplification of the fragment comprising exons 4 
and 5 between the codons 211-281 (fragment A, of 
length 219bp), while the ABL-B couple allowed 
to amplify the region comprising the exons 5 
and 6 between the codons 280-371 (fragment B, 
of length 273bp) and the ABL-C pair amplifies 
the region comprising the exons 6 and 7 between 
the codons 361-423 (Fragment C, a length of 188 
bp). The amplification was carried out under the 
following reaction conditions for 35 cycles (com-
mon for 3 fragments) at annealing 30 s at 60°C. 
with a mixture containing 10 X Buffer (Roche, 
Monza, Italy) supplemented with 25 mM MgCl2, 
two primer pairs HPLC purified, a high fidelity 
Taq DNA polymerase (Roche, Monza, Italy), 
dNTPs and high resolution SYTO9 melting dye 
(Invitrogen, Milan, Italy).

HRM assay was made using Real-time PCR 
platform (Abi Prism 7900HT, Applied Bio-
sytems, Foster City, CA, USA). The primers 
were designed with software “primer Express” 
(Applied Biosystems, Foster City, CA, USA) 
making special features such as: 1- melting tem-
perature of about 60°C; 2- designed to produce 
amplicons of 100-250 bp; 3- HPLC purified; 
4- their final concentration in the PCR reaction 
should be 0.2 uM. 

RESULTS

Mutational screening by HRM
HRM identifies, in a single step, DNA sequence 
variants by analyzing the fusion curve at the 
end of the amplification. Finally, another import-
ant element on reaction is the concentration of 
MgCl2, which is advisable to carry out MgCl2 on 
serial dilution for each pair of primers. Chosen 
as an ideal condition, the lowest concentration 
of magnesium allows the higher product yield 

TABLE 2. Primers used for mutational screening of the Abl tyrosine kinase domain. The positions refer to the Accession 
Number NM_005157 (NCBI GeneBank).

Name of Primers Sequence (5’-3’) Position Size (bp)

Fwd-ABL-A CTC CAT TAT CCA GCC CCA AA esone 4 640 219
Rev-ABL-A CTC TTC CAC CTC CAT GGT GTC esone 5 859 
Fwd-ABL-B ACC ATG GAG GTG GAA AGA GTT C esone 5 842 273
Rev-ABL-B TCG GGC AGC AAG ATC TCT G esone 7 1114 
Fwd-ABL-C CAG AGA TCT TGC TGC CCG A esone 7 1086 188
Rev-ABL-C CCA GAC GTC GGA CTT GAT GG esone 7 1273 
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an amplicon produced by a simple PCR reaction. 
Finally, another important element in the reaction
is the concentration of MgCl2, it is advisable 
perform a serial dilution of this for each pair of 
primers: chosen as ideal condition the lowest con-
centration of magnesium that allows the higher 
product yield of PCR; obviously, this concentra-
tion can be different from reaction to reaction.

CONCLUSIONS

HRM methods make suitable in clinical practice 
to significantly reduce the samples to be ana-
lyzed by sequencing. It is still not easy to apply 
since it appears to be still a long and high cost 
technique19. HRM can be performed in any labo-
ratory with Real-time PCR equipment. It is very 
cost-effective and can easily be adapted to detect 
hot spot mutations in other genes20. Our results 
need to be explored on large scale CML samples 

DISCUSSION

In routine practice, the sequencing is still labori-
ous and costly procedure and not available in all 
laboratories performing molecular diagnostics. 
In this context, HRM turns out to be a method 
easy to use, fast and economical, when it can be 
implemented with the majority of thermal cyclers 
for Real-time. This method is easy to implement 
since there is risk that the sample is contami-
nated after amplification since the method does 
not require sample manipulations after reaction 
of PCR. This technique results important to dis-
criminate on samples the mutated plasmid from 
the wild type. In the specific case of the muta-
tions (T315I, M351T) that we analyzed in ABL, 
fragment B create the greatest resistance to drug 
therapy with Imatinib and its derivatives, and 
HRM is discriminated between mutated and wild 
type samples of about one degree. HRM is based 
on the evaluation of the melting temperature of 

Fig. 1. The abscissa axis shows 
the values of temperature and 
on the ordinates are reported the 
fluorescence values. The curves 
in green are the wt samples, whi-
le those in red are the samples 
containing the mutated plasmid.

Fig. 2. Low detection method 
was inferred to 0.1% of mutant 
DNA from pABL mixed to wt 
cDNA from K562.
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companied by clinical resistance, and mutations in the 
ATP phosphate-binding loop (P-loop) are associated 
with a poor prognosis. Blood 2003; 102: 276-283. 

  9. Deininger MW, Mcgreevey L, WiLLis s, BainBriDge 
TM, Druker BJ, HeinricH Mc. Detection of ABL kinase 
domain mutations with denaturing high-performance 
liquid chromatography. Leukemia 2004; 18: 864-871.

 10. kHorasHaD Js, ananD M, Marin D, saunDers s, aL-
JaBary T, iqBaL a, Margerison s, MeLo Jv, goLDMan 
JM, apperLey JF, kaeDa J. The presence of a BCR-ABL 
mutant allele in CML does not always explain clinical 
resistance to imatinib. Leukemia 2006; 20: 658-663.

 11. soreL n, cHazeLas F, BrizarD a, cHoMeL Jc. Double-
gradient denaturing-gel electrophoresis for mutation 
screening of the BCR-ABL tyrosine kinase domain in 
chronic myeloid leukemia patient. Clin Chem 2005; 
51: 1263-1266. 

 12. kreuzer ka, Le couTre p, LanDT o, na ik, scHWarz 
M, scHuLTHeis k, HocHHaus a, Dörken B. Preexistence 
and evolution of imatinib mesylate-resistant clones in 
chronic myelogenous leukemia detected by a PNA-
based PCR clamping technique. Ann Hematol 2003; 
82: 284-296. 

 13. rocHe-LesTienne c, soenen-cornu v, grarDeL-DuFLos 
n, Laï JL, pHiLippe n, Facon T, Fenaux p, preuDHoMMe 
c. Several types of mutations of the ABL gene can be 
found in chronic myeloid leukemia patients resistant 
to STI571, and they can pre-exist to the onset of tre-
atment. Blood 2002; 100: 1014-1018.

 14. WiLLis sg, Lange T, DeMeHri s, oTTo s, crossMan L, nie-
DerWieser D, sToFFregen ep, McWeeney s, kovacs i, park 
B, Druker BJ, Deininger MW. High sensitivity detection 
of BCR-ABL kinase domain mutation in imatinib-naive 
patient: correlation with clonal cytogenetic evolution 
but not response therapy. Blood 2005; 106: 2128-
2137.

 15. vivanTe a, aMarigLio n, koren-MicHoWiTz M, asHur-
FaBian o, nagLer a, recHavi g, coHen y. High-throu-
ghput, sensitive and quantitative assay for the detec-
tion of BCR-ABL kinase domain mutations. Leukemia 
2007; 21: 1318-1321. 

 16. WiTTWer cT, reeD gH, gunDry cn, vanDersTee Jg, 
pryor rJ. High resolution genotyping by amplicon 
melting analysis using LCGreen. Clin Chem 2003; 9: 
853-860. 

 17. zHou L, Wang L, paLais r, pryor r, WiTTWer cT. 
High-resolution DNA melting analysis for simultaneous 
mutation scanning and genotyping in solution. Clin 
Chem 2005; 51: 1770-1777. 

 18. HerrMann Mg, DurTscHi JD, BroMLey Lk, WiTTWer 
cT, voeLkerDing kv. Amplicon DNA melting analysis 
for mutation scanning and genotyping: cross-platform 
comparison of instruments and dyes. Clin Chem 2006; 
52: 494-503.

 19. De Monaco a, BerreTTa M, pugLiese s, vaLenTe D, ciaF-
FaraFa s, Di Francia r. Evaluation of genotyping costs. 
Eur Rev Med Pharmacol Sci 2014; 18: 2084-2087.

 20. TireLLi u, BerreTTa M, Bearz a, carBone a. Grouping 
of molecularly targeted anti-cancer agents based on 
cost-effectiveness analysis. Eur Rev Med Pharmacol Sci 
2011; 15: 1355-1356.

 21. BerreTTa M, Di Francia r, TireLLi u. Editorial – The new 
oncologic challenges in the 3RD millennium. WCRJ 
2014; 1: e133.

treated with Imatinib and Dasatinib. The hema-
to-oncologists will have new means based on the 
genetic profile of the single, to make the best cure 
decisions for patients in order to maximize ben-
efits and minimize toxicity21. Then, it is primary 
that pharmaceutical and biotech companies join, 
in order to plan more studies to suitable methods 
and validated tests for routine diagnostics in 
pharmacogenomics of Imatinib and similar.
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