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INTRODUCTION 
Pharmacogenomics is the study of the role of the genome in drug response. It analyzes how the genetic 
composition of an individual affects his/her response to drugs. Warfarin is an anticoagulant that acts by 
reducing the activity of vitamin K-dependent clotting factors. It is used in the prevention and treatment of 
thrombotic disorders. Warfarin dosing is associated with highly variable responses between individuals and 
challenges achieving and maintaining levels within the narrow therapeutic range that can lead to adverse 
drug events. The dose of warfarin must be tailored for each patient according to the patient’s INR response 
and the condition being treated. The VKORC1 gene encodes the vitamin K epoxide reductase enzyme, the 
target of warfarin. Patients who carry the -1639G>A polymorphism in the promoter region of the VKORC1 
gene are more sensitive to warfarin and require lower doses. Thiopurine S-methyltransferase (TPMT) is a key 
enzyme that deactivates thiopurines drugs used to treat acute lymphoblastic leukemia (LDT), autoimmune 
diseases and recipients of transplanted organs, into their inactive metabolite 6-methylmercaptopurine. 
Intermediate and low TPMT activity may lead to leukopenia following thiopurine treatment. In this context, 
genetic testing is a useful tool to allow the prediction of the response to the initial dose during therapy. 
The aim of this study was the development of Real-Time PCR tests for the detection and genotyping of the 
polymorphisms of VKORC1 and TPMT.  
 
METHODS 
A novel Real-Time PCR-based assay was developed as a ready-to-use test with a specific set of primers and 
probe able to identify of the following polymorphisms: VKORC1 (G1639A), CYP2C9 * 2 (430 C> T), CYP2C9 * 
3 (1075 A> C) and the following polymorphisms: TPMT * 2 (G238C), TPMT * 3B (G460A), TPMT * 3C (A719G)  
within human genome. The sets were combined in a lyophilized freeze-dried ready-to-use mix and both 
targets were co-amplified and detected using different Real-Time PCR instruments. 
In the present study, several samples extracted from whole blood obtained from San Raffaele Hospital in 
Milan and previously genotyped with a LDT were investigated.  
 
RESULTS  
These new freeze-dried ready-to-use assays showed to be specific and sensitive for every polymorphism 
tested. All the tests performed with these assay confirmed the results obtained at San Raffaele Hospital and 
allowed the discrimination and genotyping of each sample. 
 
CONCLUSIONS 
These novel Real-Time PCR assays proved their effectiveness for the detection and genotyping of DNA in 
clinical samples. Its high-sensitivity and specificity, associated with the ready-to-use feature and room 
temperature storage, would easily improve the early and correct management of patients avoiding ADR’s 
events.       
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Materials and Methods
These VKORC1 and TPMT assays are two freeze-dried and ready-
to-use kits that includes all the required elements for the
amplification of nucleic acid targets (Figure 1). Its intended use
is to identify the following polymorphisms: VKORC1 (G1639A),
CYP2C9 * 2 (430 C> T), CYP2C9 * 3 (1075 A> C) and : TPMT * 2
(G238C), TPMT * 3B (G460A), TPMT * 3C (A719G) within human
genome.

Figure 1: VKORC1 and TPMT assays components and freeze-dried 
mix.

A specific set of primers and probes was designed to amplify a
DNA fragment within every gene:
- VKORC1 (G1639A) 83 bp
- CYP2C9 * 2 (430 C> T) 124 bp
- CYP2C9 * 3 (1075 A> C) 123 bp
- TPMT * 2 (G238C) 118 bp
- TPMT * 3B (G460A) 98 bp
- TPMT * 3C (A719G) 139 bp

In these assays the two targets are co-amplified and detected by
a CFX96 PCR instrument (BioRad) using the protocols indicated in
Table A (left) and Table B (right).

Table A & B: Thermal cycler PCR protocol for VKORC1 on the left
and for TPMT on the right .

In the present study several samples, extracted from whole blood
obtained from San Raffaele Hospital in Milan and previously
genotyped with a LDT, were investigated.

Abstract
INTRODUCTION
Pharmacogenomic is the study of the role of the genome in drug response. It analyzes how the genetic composition of an individual affects his/her response to
drugs. Warfarin is an anticoagulant that acts by reducing the activity of vitamin K-dependent clotting factors. It is used in the prevention and treatment of
thrombotic disorders. Warfarin dosing is associated with highly variable responses between individuals and challenges achieving and maintaining levels within
the narrow therapeutic range that can lead to adverse drug events (ADR). The dose of warfarin must be tailored for each patient according to the patient’s INR
response and the condition being treated. The VKORC1 gene encodes the vitamin K epoxide reductase enzyme, the target of warfarin. Patients who carry the -
1639G>A polymorphism in the promoter region of the VKORC1 gene are more sensitive to warfarin and require lower doses. Thiopurine S-methyltransferase
(TPMT) is a key enzyme that deactivates thiopurines drugs used to treat acute lymphoblastic leukemia (LDT), autoimmune diseases and recipients of
transplanted organs, into their inactive metabolite 6-methylmercaptopurine. Intermediate and low TPMT activity may lead to leukopenia following thiopurine
treatment. In this context, genetic testing is a useful tool to allow the prediction of the response to the initial dose during therapy.
The aim of this study was the development of Real-Time PCR tests for the detection and genotyping of the polymorphisms of VKORC1 and TPMT.
METHODS A novel Real-Time PCR-based assay was developed as a ready-to-use test with a specific set of primers and probe able to identify the following
polymorphisms: VKORC1 (G1639A), CYP2C9 * 2 (430 C> T), CYP2C9 * 3 (1075 A> C) and the following polymorphisms: TPMT * 2 (G238C), TPMT * 3B
(G460A), TPMT * 3C (A719G) within human genome. The sets were combined in a lyophilized freeze-dried ready-to-use mix and both targets were co-amplified
and detected using different Real-Time PCR instruments.
In the present study, several samples extracted from whole blood obtained from San Raffaele Hospital (HSR) in Milan and previously genotyped with a LDT were
investigated.
RESULTS These new freeze-dried ready-to-use assays showed to be specific and sensitive for every polymorphism tested.
All the tests performed with these assays confirmed the results obtained at San Raffaele Hospital and allowed the discrimination and genotyping of each sample.
CONCLUSIONS
These novel Real-Time PCR assays proved their effectiveness for the detection and genotyping of DNA in clinical samples. The high-sensitivity and specificity,
associated with the ready-to-use feature and room temperature storage, would easily improve the early and correct management of patients avoiding ADR’s
events.
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Conclusions

Lyophilization is a widely applicable technology that can be used for stabilizing at room temperature different amplification mixes with a variety of applications.
The ready-to-use format avoids problems related to cross-contamination due to multi-step preparation of common PCR master mixes. The presented assays are
two quick and effective new diagnostic kits for rapid genotyping of VKORC1 and TPMT in clinical samples. Its characteristics of room temperature storage and
ready-to-use assay, together with a high sensitivity and specificity, make these kits a rapid and easy tool to personalize treatment and avoid ADR’s events in
human patients.

Results

The first kit (VKORC1) is intended to genotype the following polymorphisms: VKORC1,
CYP2C9 * 2 and CYP2C9 * 3. It is composed by three independent master mixes with a
common thermal profile. VKORC1 assay’s performances were evaluated on a reference strain
obtained from HSR (Milano; Italy). To assess the effect of freeze-drying process on the
quality of the assay, several samples and plasmid (IDT, Skokie, USA) dilutions were tested.
The amplification profiles obtained before and after lyophilization showed to be very similar,
preserving the same Ct and fluorescence values for all genes tested (Figure 2) allowing a
perfect genotyping of all samples.

Figure 2: Amplification plots of Warfarin: in green Wild Type-WT (left), in green and blue
Heterozygote-H (center), in blue Mutant-M (Right).

The second kit (TPMT) is intended to genotype the following polymorphisms: TPMT * 2, TPMT
* 3B and TPMT * 3C. It is composed by three independent master mixes with a common
thermal profile. TPMT assay’s performances were evaluated on a reference strain obtained
from HSR (Milano; Italy). To assess the effect of freeze-drying process on the quality of the
assay, several samples and plasmid (IDT, Skokie, USA) dilutions were tested. The
amplification profiles obtained before and after lyophilization showed to be very similar,
preserving the same Ct and fluorescence values for all genes tested (Figure 3) allowing a
perfect genotyping of all samples.

Figure 3: Amplification plots of TPMT: in green Wild Type-WT (left), in green and blue
Heterozygote-H (center), in blue Mutant-M (Right).

Introduction
Genetic variability has been identified as the causative agent on
how persons respond to drug treatments. Pharmacology (the
study of drugs) and genetic (the study of genes and their
functions) have merged in a new branch called
pharmacogenomics in order to understand how genes and their
mutations affect a person’s response to drugs.

The present study aims to develop new ready-to-use lyophilized
Real-time PCR assays for the determination of mutations
responsible of drug adverse reactions and predict if a medication
could be effective, ineffective or even dangerous.
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