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CORRELATION BETWEEN CYTIDINE DEAMINASE GENOTYPE
AND GEMCITABINE DEAMINATION IN BLOOD SAMPLES

E. Giovannetti,»2 A. C. Laan," E. Vasile,? C. Tibaldi,? S. Nannizzi,2
S. Ricciardi,2 A. Falcone,® R. Danesi,2 and G. J. Peters'

JDepmtment of Medical Oncology, VU University Medical Center, Amsterdam, The
Netherlands

2Division of Pharmacology, Department of Internal Medicine, University of Pisa, Pisa
’Division of Oncology, Department of. Oncology, Azienda USL-6 of Livorno, Livorno, Italy

o Cytidine deaminase (CDA) is the major enzyme of gemcitabine inactivation. The aim of this
study was to determine whether the CDA Lys27Gln polymorphism influenced gemcitabine deamina-
tion in blood samples from 90 lung cancer patients. The polymorphism was studied with Tagman
probes-based assay; CDA activity was evaluated by HPLC in cytoplasmic extracts from red blood
cells. Mean enzymatic activity was significantly lower in patients carrying the CDA Lys27Lys than
in patients with the Lys27Gln or GIn27Gln protein (P < 0.05). CDA genotyping may be useful in
screening patients before gemcitabine treatment, in order to identify subjects with lower CDA activity
and potentially better clinical outcomes after gemcitabine-based chemotherapy.
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INTRODUCTION

Gemcitabine is a cytotoxic drug commonly used, alone or in combi-
nation with platinum compounds, in the treatment of pancreas and non-
small cell lung cancer (NSCLC).!'# Cytidine deaminase (CDA) is the
major enzyme involved in gemcitabine inactivation, and its overexpres-
sion in transfected cells reduced gemcitabine sensitivity.!** Recent clini-
cal studies showed significant correlations between CDA mRNA expression
in peripheral blood mononuclear cells and clinical outcome in pancreatic
cancer patients treated with gemcitabine!®! and between CDA gene expres-
sion in bone marrow mononuclear cells and haematological toxicity from
gemcitabine.®
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Other studies have focused on CDA polymorphisms. In particular,
Fitzgerald et al.l”! described several functional SNPs in the CDA promoter,
which might affect CDA expression and activity. A significant decrease in
deamination activity of the wild-type CDA was also reported in a variant
characterized by the common nonsynonymous polymorphism of lysine 27
glutamine (Lys27GlIn), resulting from an A— C substitution in exon 79.!8
However, no differences were found in expression levels,!”! and sensitivity
to cytarabine was not changed by introducing the polymorphic GIn27GIn
CDA into yeast CDA-null mutants.!’%! Furthermore, several in vitro studies
did not show any relationship between CDA activity and sensitivity to gem-
citabine or cytarabine,!!!'1?! suggesting that CDA might only play a role in
gemcitabine pharmacokinetics and its disposition. However, a recent study
in 256 Japanese patients treated with gemcitabine showed a clear relation-
ship between pharmacokinetic parameters and the CDA haplotype harbour-
ing the Ala208Thr polymorphic variant.!’®! This polymorphism has a fre-
quency of 3.7% in the Japanese population, but has not yet been detected
in Caucasians.!'¥! In particular, the patients with the Ala208Ala genotype
had AUC and clearance values 5-fold and one-fifth, respectively, of the me-
dian levels reported in the Thr208Thr patients. Moreover, although without
a statistical significance, the Ala208Thr haplotype increased the incidence
of severe neutropenia in patients co-treated with platinum-containing reg-
imens or 5-fluorouracil. In the Japanese patients the CDA Lys27GIn hap-
lotype showed no significant effects on gemcitabine pharmacokinetics, but
data from a Caucasian population showed that the CDA Lys27Lys polymor-
phism was a predictive marker of response, toxicity, time to progression
and overall survival in advanced NSCLC patients treated with cisplatin and
gemcitabine.[!%]

No previous studies have evaluated the relationship between CDA
polymorphisms and gemcitabine deamination in patient-derived samples.
Therefore, the present study was undertaken to evaluate whether the CDA
Lys27GIn polymorphism influenced gemcitabine deamination in blood
samples from 90 NSCLC patients.

MATERIALS AND METHODS

Genomic DNA was extracted from blood samples (5 ml) of 90 NSCLC
patients, using the QIAamp DNA mini Kit (Qiagen, Hilden, Germany).
DNA yields and integrity were checked by optical density at 260 nm
with an Uvikon-940 spectrophotometer (Kontron, Milano, Italy). The CDA
Lys27GIn polymorphism was studied with Tagman probes-based assays us-
ing the ABI PRISM 7900HT instrument (Applied Biosystems, Foster City,
CA, USA). The PCR reactions were performed using 10 ng of DNA diluted
in 11.875 ul DNAse-RNAse free water, 12.5 ul of TagMan Universal PCR
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Master Mix, with AmpliTaq Gold, and 0.625 ul of the assay mix, in a total
volume of 25 ul, as described previously. !5

CDA activity was measured by a previously described reverse-phase high
performance liquid chromatography with ultraviolet detection (HPLC-UV)
method [11], optimized for the present study. Red blood cells were snap-
frozen and stored at -20°C. For measurement of CDA activity red blood
cells were lysed by mixing 10 ul thawed red blood cell suspension with
100 ul double deionised water, left on ice for 20 minutes, and centrifuged
for 10 minutes at 20000 g, 4°C. Red blood cells suspension (10 ul) were
lysed by mixing with 100 ul of deionised water, left on ice for 20 min-
utes, snap frozen in liquid nitrogen and centrifuged for 10 minutes at
20000 g, 4°C. The supernatant layer was used as a crude cytoplasmic ex-
tract containing the CDA enzyme. 20 ul of this extract was mixed with 170
wul buffer (50 mM B-mercapto-ethanol in 0.1 M Tris/HCI, pH 8.0) and the
substrate gemcitabine (final concentration, 250 uM). The reaction mix-
ture was incubated at 37°C for 30 minutes and then terminated with 50
wnl 40% trichloroacetic acid. After centrifugation the supernatant layer was
neutralized with 400 ul trioctylamine/1,1,2-trichloro-trifluoroethane (1:4)
and used for HPLC analysis.!'!) The formation of the gemcitabine catabolite
dFdU was normalized for protein concentration, measured with the Brad-
ford assay (Sigma, St Louis, MO, USA).

RESULTS

The distribution of the studied Lys/Lys, Lys/GIn and Gln/Gln CDA
polymorphisms and the allelic frequencies are shown in Table 1. In the
studied population the CDA Lys27GIn polymorphism followed the Hardy-
Weinberg equilibrium (P > 0.05) and genotype frequencies were compara-
ble with those reported in a Caucasian population.!

The mean CDA enzymatic activity in patients with the CDA Lys27Lys
protein was 8933 4 1081 pmol/hr/mg protein; in contrast, in patients car-
rying the Lys27GIn and the GIn27GIn polymorphism mean CDA activity
was 12090 £+ 1220 pmol/hr/mg protein. Statistical analysis with the two-
tailed unpaired Student’s t-test revealed a significant difference (P=0.028)

TABLE 1 Distribution of CDA Lys27GIn polymorphism

Polymorphism  No. Patients % Allelic frequencies
CDA A(Lys) 0.62
Lys27GIn C(GIn) 0.38
Lys/Lys 32 35.6

Lys/Gln 47 52.2

Gln/Gln 11 12.7
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FIGURE 1 Evaluation of the variability of CDA activity observed across the cohort of 90 patients en-
rolled in the study. Values of CDA activity are presented as pmol/hr/mg protein. Patients were catego-
rized according to CDA polymorphism Lys27Lys (black circle) and Lys27GIn+GIn27GIn (white circle).

The significant difference (P < 0.05) between CDA activity in patients categorized according to CDA
polymorphisms was calculated with the two-tailed unpaired Student’s t-test.

between patients harbouring the wild-type and carriers of CA and CC geno-
types (Figure 1).

DISCUSSION

The present study demonstrates for the first time a significant relation-
ship between a polymorphism occurring in the CDA gene and gemcitabine
deamination by CDA in blood samples. Previous studies have shown that
pharmacogenetic variability in drug metabolizing enzyme systems is a ma-
jor determinant of variations in predicting the outcome of therapy, both
in terms of tumour response and host toxicity. Depending on whether the
germline polymorphism is causing increased or decreased function of the
metabolizing enzyme, the patients receiving chemotherapy may be under-
treated, with no toxicity, or overtreated, with excessive toxicity.[w]

A number of promising polymorphisms candidates for predicting
chemotherapeutic efficacy or toxicity have been identified, but, few stud-
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ies have evaluated gemcitabine catabolism.!?1%) Furthermore, most studies

on the relationship between the CDA Lys27Gln polymorphism and CDA ac-
tivity have been performed in vitro or using alternative CDA substrates. 8710
Our ex vivo analysis showed a significantly lower CDA activity in cells from
patients with the Lys27Lys CDA protein. These results provide the biolog-
ical basis of the results observed in a previous clinical study reporting a
strong correlation of this polymorphism with response rate, time to pro-
gression and overall survival in 52 advanced NSCLC patients treated with
gemcitabine plus cisplatin.!!5! Evaluation of CDA genotype may be helpful
in screening patients before treatment, in order to identify subjects with
slower CDA-mediated gemcitabine metabolism, who might therefore derive
an improved clinical outcome from gemcitabine-based chemotherapy.
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