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Single nucleotide polymorphisms of ABCC5
and ABCG1 transporter genes correlate
to irinotecan-associated gastrointestinal toxicity
in colorectal cancer patients
A DMET microarray profiling study
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Abbreviations: CPT-11, 7-ethyl-10-[4-(1-piperidino)-1-piperidino] carbonyloxycamptothecing CYP3A4, cytochrome
P450 enzyme; SN-38, 7-Ethyl-10-hydroxycamptothecin; APC, (7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]
carbonyloxycamptothecin); NPC, (7-ethyl-10-[4-N-(-1-piperidino)-1-amino] carbonyloxycamptothecin); CES1/CES2,
carboxylesterases enzymes; SN-38G, SN38 conjugated to glucuronic acid; UGT1A1L, UDP-glucuronosyl transferase 1 family,
polypeptide Al; ABCGI, ATP-binding cassette, sub-family G gene,- meémber-1; ABCC5, ATP-binding cassette, sub-family C gene,
member 5; ABCB1, ATP-binding cassette, sub-family B gene, member 1; ABCC2, ATP-binding cassette, sub-family C gene,
member 2; ABCG2, ATP-binding cassette, sub-family G gene, member 2; FDA, food and drug administration; EMA, european
medicines agency; CRC, colorectal cancer; mCRC, metastatic CRC; GI toxicity, gastrointestinal toxicity; SNPs, single nucleotide
polymorphisms; DMET, drug-metabolizing enzyme and transporter; BRLMM, bayesan robust linear model with mahalanobis
distance classifier; CN'Vs, copy number variations; PCR, polymerase chain reaction; MIP, molecular inversion probe

Recent findings have disclosed the role of UDP-glucuronosyltransferase (UGT) 1A1*28 on the hematological toxicity
induced by irinotecan (CPT-11), a drug commonly used in the treatment of metastatic colorectal cancer (mCRC). We
investigated the pharmacogenomic profile of irinotecan-induced gastrointestinal (GI) toxicity by the novel drug-
metabolizing enzyme and transporter (DMET) microarray genotyping platform.

Twenty-six mCRC patients who had undergone to irinotecan-based chemotherapy were enrolled in a case [patients
experiencing = grade 3 gastrointestinal, (GI) toxicity] -control (matched patients without Gl toxicity) study. A statistically
significant difference of SNP genotype distribution was found in the case vs. control group. The homozygous genotype
C/Cin the (rs562) ABCC5 gene occurred in 6/9 patients with Gl toxicity vs. 1/17 patients without Gl toxicity (p = 0.0022).
The homozygous genotype G/G in the (rs425215) ABCG1 was found in 7/9 patients with Gl toxicity vs. 4/17 patients with-
out Gl toxicity (p = 0.0135). The heterozygous genotype G/A in the 388G > A (rs2306283) OATP1B1/SLCO1B1 was found in
3/9 patients with grade >3 Gl toxicity vs. 14/17 patients without Gl toxicity (p = 0.0277).

DNA extracted from peripheral blood cells was genotyped by DMET Plus chip on Affymetrix array system. Genotype
association was calculated by Fisher exact test (two tailed) and relevant SNPs were further analyzed by direct sequencing.

We have identified three SNPs mapping in ABCG1, ABCC5 and OATP1B1/SLCO1B1 transporter genes associated with
Gl toxicity induced by irinotecan in mCRC patients expanding the available knowledge of irinogenomics. The DMET
microarray platform is an emerging technology for easy identification of new genetic variants for personalized medicine.
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CLINICAL STUDY

Antitumor activity
Adverse drug reactions

Biliary excretion

SN-38G

schedule, but in all regimens severe
diarrhea and neutropenia are the most
important  dose-limiting  toxicities.*
Irinotecan is detoxified by cytochrome
P450 CYP3A4 to APC [7-ethyl-10-(4-
N-[5-aminopentanoicacid]-1-piper-
idino)carbonyloxycamptothecin]  and
NPC  [7-ethyl-10-(4-amino-1-piper-
idino) carbonyloxycamptothecin]
and converted by carboxylesterases
(CES1, CES2) to its active metabo-
lite SN-38. The latter is further con-
jugated to glucuronic acid in SN-38G
by  UDP-glucuronosyl  transferase,
UDP-glucuronosyltransferase 1A1
(UGT1A1) and possibly other isoforms,
that also catalyzes bilirubin glucuroni-
dation.  Impaired glucuronidating
activity of the UGT1Al enzyme has
been linked to elevated serum levels of
SN-38 and bilirubin, leading to toxic-
ity. Members of ATP-binding cassette
transporter family regulate the efflux
of the.irinotecan metabolism- products
(Fig. 1). Large interindividual variabil-
—r et 4 e e e S
ity in the pharmacokinetic of irinotecan
and of SN-38 as well as genetic poly-
morphisms of the UGT1AI enzyme,
involved—in SN-38 glucuronidation,
~have-been reported.’” This variability
is associated with significant differ-
ences in treatment outcome and severe

unpredictable toxicity in some patients.

cassette, sub-family G gene, member 2.

Figure 1. Irinotecan activation and disposition pathway. Findings reported in the current study

are highlighted with a red circle and dotted lines. CPT-11, 7-Ethyl-10-[4-(1-piperidino)-1-piperidino]
carbonyloxycamptothecin, Camptosar; CYP3A4, Cytochrome P450 enzyme; SN-38,7-Ethyl-10-
Hydroxycamptothecin; APC, (7-Ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino] carbonyloxyc-
amptothecin); NPC, (7-ethyl-10-[4-N-(-1-piperidino)-1-amino] carbonyloxycamptothecin); CES1/CES2
Carboxylesterases enzymes; SN-38G, SN38 conjugated to glucuronic acid; UGT1A1, UDP-glucuronosyl
transferase 1 family, polypeptide A1; ABCG1, ATP-binding cassette, sub-family G gene, member 1;
ABCC5, ATP-binding cassette, sub-family C gene, member 5; ABCB1, ATP-binding cassette, sub-family
B gene, member 1; ABCC2, ATP-binding cassette, sub-family C gene, member 2; ABCG2, ATP-binding

Patients homozygous for the 7/TA
allele (UGT1A1*28) which involves
an extra TA repeat in the UGT1Al
promoter region show the highest vari-
ability in irinotecan pharmacokinetics
and higher toxicities, specifically neu-
tropenia.” In 2005, this finding led to
the revision of the irinotecan label by
FDA to include consideration of a dose

Introduction

Irinotecan  (7-ethyl-10-[4-(1-piperidino)-1-piperidino]  car-
bonyloxycamptothecin, CPT-11, Camptosar) is a US Food and
Drug Administration (FDA) and European Medicines Agency
(EMA) approved drug for the treatment of metastatic colorec-
tal cancer (mCRC) patients. At present, irinotecan is used either
as single agent or in combination with other chemotherapeutic
agents (i.e., fluorouracil, bevacizumab and oxaliplatin) in first- or
second-line treatment of mCRC patients.'? Its use is limited by
severe toxicities such as neutropenia and acute or delayed-type
diarrhea that require close monitoring and immediate treatment.
The toxicity profile of irinotecan is dependent on drug dose and

www.landesbioscience.com

reduction in patients homozygous for
UGT1A1*28. Genetic test was approved to identify patient’s
genotypes in order to drive physicians to the optimal irinotecan
dosage. Moreover, as population studies have associated different
UGTTIATI alleles with toxicity to irinotecan and the irinogenom-
ics include several different gene variants, innovative approaches
are eagerly required to shed new light in this important area of
anticancer drug pharmacogenetics and to drive drug usage.

In this study, by the use of an innovative microarray platform,
we explored the pharmacogenomic profile of all currently iden-
tified genes involved in drug metabolism, in a series of mCRC
patients with irinotecan-induced GI toxicity compared with
matched controls non experiencing GI toxicity. DMET Plus
platform in fact allows to interrogate all known polymorphisms

Cancer Biology & Therapy 781
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in Absorption, Distribution, Metabolism and Elimination
(ADME)-related enzymes on a single array. The power of the
DMET Plus Assay has previously been demonstrated with regard

to several different drugs.®"!

Results

Demographics. The study was based on a case-control design
and was approved by the Ethical Committee of our University
Hospital. Informed consent was obtained from all patients in
accordance with the Recommendations of the Declaration of
Helsinki for biomedical research involving human subjects.
Twenty-six mCRC patients (15 males and 11 females) with an
histologic diagnosis of adenocarcinoma, stage IV according to
TNM classification, were enrolled in the study. All patients
underwent to first or second/line irinotecan-based chemother-
apy and presented with metastatic involvement of liver and/
or lung and homogeneous pathological characteristics. We
enrolled 9 patients (cases) with =3 grade GI toxicity [median
age 60 y (range: 40—66)] and 17 matched controls without GI
toxicity [median age 62 y (range: 40—70)]. All patients received
Irinotecan-based chemotherapy. Courses were repeated every 2
weeks for a maximum of 12 cycles. Gastrointestinal events and
toxicity which occurred on II°-III° cycle were graded for severity
according to WHO criteria. All cases experienced a grade 23 GI
toxicity according to WHO criteria and irinotecan-doses were
reduced by 20-25% and were not increased at subsequent cycles.

Pharmacogenomic profile with DMET plus assay. A total
of 26 mCRC patients were genotyped by DMET Plus Assay.
Clinical and pathological features-of patients included in-the
study are summarized in Table 1.

Pharmacogenomic profiles were generated for all patients
with call rate 298%. All alleles are in Hardy-Weinberg equi-
librium (Table 2). Analysis of the genotype frequencies in
cases vs. controls revealed a significant differential distribution
(p £ 0.05) of 3 SNPs: rs562, rs425215 and rs2306283 (Table 2).
The rs562 SNP maps on the chromosome 3 in the 3'UTR sequence
of the ATP-binding cassette, sub-family C gene (ABCC5), the
5425215 SNP maps on chromosome 21 in the intronic sequence
of the ATP-binding cassette, sub-family G gene (ABCGI) and
the rs2306283, on chromosome 12, introduces a missense muta-
tion (388G > A) in the solute carrier organic anion transporter
family, member 1B1 (OATP1B1/SLCO1BI).

Association between SNPs and gastrointestinal toxicity.
The homozygous genotype C/C of the rs562 SNP showed the
strongest association with GI toxicity of 23 grade being geno-
typed in 6/9 cases vs. 1/17 control patients (p = 0.0022, OR =
32.00, 95% CI, 2.76-370.81). The homozygous genotype G/G
of the rs425215 SNP, showed a significant association with
grade 23 GI toxicity (p = 0.0135, OR = 11.38, 95% CI, 1.65—
78.38). This SNP was found in 7/9 cases and 4/17 controls. The
SNP rs2306283 heterozygous genotype G/A was found in 3/9
patients with grade =3 GI vs. 14/17 patients without GI toxicity
(p=0.0277, OR = 2.33, 95% CI, 0.36-15.05) (Table 3).

The association of ABCC5 and ABCGI polymorphisms and

irinotecan toxicity has been never previously reported, while

782 Cancer Biology & Therapy

Table 1. Patient characteristics

Characteristics Number of patients %

Sex
Male 13/26 (50.0)
Female 13/26 (50.0)
Age (y) 45-70 (61y)
Primary site
Colon 18/26 (69.2)
Rectum 08/26 (30.8)
Grading
Gl 2/26 (7.7)
G2 9/26 (34.6)
G3 15/26 (57.7)
Metastatic localization
Liver 15/26 (57.7)
Lung 11/26 (42. 3)
Chemotherapy cycle
1° 13/26 (50.0)
2° 13/26 (50.0)
WHO/ECOG performance status
0 20/26 (76.9)
1 6/26 (23.1)

recent findings suggest a role for OATP1B1/SLCO1BI*IB in
regulating the pharmacokinetics of irinotecan.*'> The genetic
variations of the two ATP-binding ¢transporter genes ABCC5 and
ABCGT were confitrmed by directsequencing. Importantly, con-
cordance rates between the two technologies (DMET vs. direct
sequencing) were 100%. Figure 2 shows a representative profile
of reference homozygous, heterozygous and variant homozygous
sequences of the two ABC transporter genes.

Moreover, we evaluated the UGT1A1*28 genotype in all
patients enrolled in the study vs. irinotecan-induced hematologi-
cal toxicity, such as neutropenia. We identify 7/TA repeats gen-
otype in 20/26 patients of which 6 carrying UGT1A1*28/*28
genotype. We observed 22 grade neutropenia in 4/26 genotyped
patients 3 (75%) of which harbor homozygous UGT1A1*28 gen-
otype, further supporting its predictive role for irinotecan hema-
tological toxicity (data not shown). It has to be considered that
the study was designed for GI toxicity investigation only.

Discussion

Drug-metabolizing enzymes are involved in the activation or
detoxification of anticancer drugs in colon cancer and some
of the genetic variations identified in genes encoding thymi-
dylate synthase, dihydropyrimidine dehydrogenase, glutathione
S-transferase and uridine diphosphate glucosyltransferase 1A1
seem to be promising predictors of drug efficacy and/or toxicity."

Allelic variants are present with a variable frequency in differ-
ent populations around the world and have an important role in
modifying the therapeutic index of many drugs as Irinotecan. We
have undergone a genetic screening using the Affymetrix DMET

Volume 12 Issue 9



Downloaded by [Massachusetts PRIM Board] at 16:51 15 March 2015

Table 2. Polymorphisms associated with gastrointestinal irinotecan toxicity

RefSNP Genotype frequencies Allele frequencies

Polymorphism Ref > Var Alleles (A//B) Ref HT Var A B
ABCC5_94336 > (rs562) T//C 7 14 5 0.519 0.481
ABCG1 > rs425215 G//C 1" 12 3 0.650 0.350
OATP1B1/SLCO1B1 (rs2306283) G//A 6 17 3 0.480 0.520

Polymorphisms are reported as Reference (Ref), Heterozygous (HT) and Variant (Var). Allele frequencies were calculated in the population included in

the study using the Hardy-Weinberg equation.

Table 3. Alleles and genotype frequencies of polymorphisms in advanced CRC patients

SNI? and oy Alleles b Genotype Genotypes o
variants distribution distribution
cases controls cases (%) controls (%)
rs562 ABCC5
C 13/18 15/34 0.0799 CcC 6/9 (66.6) 1/17 (5.88) 0.0022
T 5/18 19/34 TC 1/9 (11.1) 13/17 (76.4)
T 2/9(22.2) 3/17 (17.6)
rs425215 ABCG1
C 2/18 16/34 0.0136 GG 7/9(77.7) 4/17 (23.5) 0.01350
G 16/18 18/34 CG 2/9(22.2) 10/17 (58.8)
CcC 0/9 (0.00) 3/17 (17.6)
rs2306283 OATP1B1/SLCO1B1
C 11/18 18/34 0.77 GG 4/9 (44.4) 2/17 (11.7)
T 7/18 16/34 GA 3/9 (33.3) 14/17 (86.6) 0.0277
AA 2/9(22.2) 1/17 (5.88)

Allelic and genotype distribution between case and control groups. SNPs are numbered as RS number used in the human SNP database. The p value

was calculated by two-tailed Fisher exacttest.

Plus Assay to explore whether additional polymorphisms of drug-
metabolizing enzymes might correlate with irinotecan-induced
GI toxicity in mCRC patients. Our results achieved by a novel
approach indicate that genetic variants of two ABC transporter
superfamily genes, ABCGI and ABCCS5, are associated to irino-
tecan GI adverse events in patients with mCRC and confirms a
role for OATP1B1/SLCO1B1 388A > G genotype in the irino-
tecan GI toxicity. Our pharmacogenomic study, which was per-
formed applying DMET methodology to mCRC patients who
had undergone irinotecan-based chemotherapy, provides new
information on the genetic bases of the GI toxicity exerted by iri-
notecan. The drug’s activation/detoxification mechanism allows
for many potential genetic sources of variability, and a number
of clinical studies have revealed significant association between
UGT1A1*28 genotype and irinotecan toxicity.” The major route
of SN-38 elimination is via glucuronidation by the UGT1A
enzymes, predominantly by hepatic UGT1Al. UGT1A1*28 is
a common allele with 7/TA repeats in a TATA box of the pro-
moter of UGT1Al while the wild-type allele (UGT1A1*1) has
6/TA repeats. The allelic frequency of *28 in white population is
approximately 39% and the frequency of the homozygous variant
genotype (*28/*28) is approximately 10%."" 7/TA allele sta-
tus in UGT1AL is associated with decreased transcription and
expression of the gene and reduced enzyme activity compared
with 6/TA. Patients homozygous for UGT1A1*28 show reduced

www.landesbioscience.com

glucuronidation of SN-38 and an elevated risk of neutropenia
compared with patients with one or two wild-type alleles.” It is
likely that other factors, genetic and non-genetic, might contrib-
ute to a patient’s risk of irinotecan-induced toxicity.” Many stud-
ies have investigated the involvement of other polymorphisms
in genes that regulate the pharmacokinetics and pharmacody-
namics of irinotecan in the efficacy and safety of the drug.”'>2
Polymorphisms in CYP3A4 and CES2 were been also identified
to be correlated with an alteration of irinotecan.??

Irinotecan and its metabolites are transported by several mem-
bers of the ATP-binding cassette (ABC) transporter superfam-
ily that facilitate the cellular efflux of various molecules and are
expressed in a wide variety of normal tissues.”” Mutations in genes
encoding human ABC transporters have been linked to disorders
displaying mendelian inheritance.*® The ABC transporters play
an important role in the development of multi-drug resistance in
cancer cells.?” In addition, polymorphic variation in ABC trans-
porter genes are known to influence the disposition of drugs for
their involvement in intestinal absorption and biliary and renal
excretion mechanisms.?® Variable ABC gene product activity is
therefore an important factor for inter-patient variability in the
clearance of chemotherapeutic agents. The efflux proteins of
irinotecan and its metabolites are encoded by different genes:
ABCB1, ABCC1, ABCC2 and ABCG2.%%* Recent evidence sug-
gests also that the solute carriers proteins (SLCO) mediate the

Cancer Biology & Therapy 783
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Figure 2. rs562 (A) and rs425215 (B) direct sequencing. Representative electropherogram of direct sequencing analysis of a homozygote reference
allele (1), heterozygote (Il) and homozygote variant allele (Ill). The red arrow indicates the SNP position.

cellular uprake.of irinotecan and-its metabolites.””?%-In particu-
lar, the organic anion transporting polypeptide 1B1 (OATP1B1),
better known as SLCOI1BI, plays a role in the pharmacokinet-
ics of irinotecan and different polymorphisms in this gene have
reported to influence the irinotecan AUC.” It is well known
that the UGT1A1*28 homozygous status is strongly associated
with irinotecan-induced neutropenia. Moreover, polymorphisms
in the transporting peptides ABCB1 and OATP1B1/SLCO1B1
have also been associated with GI toxicity. In particular, it has
been shown that the expression of ABCBI on the apical surface
of epithelial cell of the lower gastrointestinal tract (jejunum,
ileum and colon) influences intestinal drug absorption. ABCCs
are members of the ABC drug transporter super family and have
the capacity to mediate transmembrane transport of many con-
jugated drugs and other compounds.*® Pharmacogenetic analysis
of 6 ABCC2 SNPs showed that patients with the ABCC2*2 hap-
lotype had a lower risk of severe irinotecan-induced diarrhea, if
they did not carry a UGT1A1*28 allele.

In the present study we found that the homozygous C/C geno-
type in the rs562 SNP which maps in the 3'UTR region of the
ABCCS gene is correlated (p = 0.0022) to grade 23 GI toxicity. In
fact the homozygous genotype was detected in 6/9 cases while only
one of the matched controls harbored this genotype. This gene is
differently expressed along the gastrointestinal tract, depending
by the segments of the colon.®® This transport protein enhances
the cellular efflux of cyclic nucleotides,** which are important sig-
naling molecules in the regulation of cell proliferation, differentia-
tion and apoptosis, particularly in hematopoietic development.?**4
Park and coworkers suggested that expression profiling of ABC
transporters may help to predict the clinical response to neoadju-
vant chemotherapy in human breast cancer cells.

Moreover, 7/9 patients with grade =3 GI toxicity were found
to harbor the G/G homozygous genotype in rs425215 SNP of the

784 Cancer Biology & Therapy

ABCGI gene vs. 4/17 control patients: This latter gene is highly
expressed in the ileum, liver, lung, spleen and kidney.* Tt appears
to be involved in the transport of cholesterol and phospholip-
ids in macrophages and plays a critical role in lipid homeostasis
in_a variety of organs.”” Recent experimental evidence indicated
that an ABCGI deletion in macrophages from ABCGI(-/-) mice
produces an increased inflammatory-activity, thereby inducing
acceleration of pulmonary disease causing a striking inflamma-
tory phenotype and promoting the onset of pulmonary lipidosis
in mice.® Thus a critical role for macrophage ABCGI in lung
inflammation and homeostasis has been proposed and even small
increases in intracellular sterol levels might be sufficient to induce
inflammatory mediators.?® Probably, also in the colon mucosa a
variation in the protein activity could create a milieu predispos-
ing to inflammation playing a potential role in drug toxicity. At
our knowledge, our results represent the first evidence for a role
of genetic variants in ABCGI gene in the GI toxicity of irinote-
can. Genetic ABCGI variants are associated to pancreatic 3-cell
dysfunction,” obesity, atherosclerosis and other pathologies cor-
related with an altered cholesterol and phospholipid transport.*
Finally, we found a weak correlation of irinotecan toxicity and
G/A heterozygous genotype in the rs2306283 SNP mapping in
the OATP1B1/SLCOI1BI (388A > G) gene. We have identified
the heterozygous genotype in 14/17 patients without GI toxicity
besides only 3/9 patients with 23 grade GI toxicity show this
genotype (p < 0.0277). There is evidence of an association of
OATPI1B1/SLCO1BI polymorphism and inter-individual vari-
ability in response to drug treatment, for example pravastatin,?!
methotrexate and rifampin.** Noteworthy, Nozawa et al.”’ dem-
onstrated that a single polymorphism in OATP1B1/SLCO1BI
affects the in vitro transport of irinotecan and its glucuronide
conjugate metabolite SN-38G.?” Moreover, Han et al.®! has dem-
onstrated in patients with advanced Non Small Cell Lung Cancer

Volume 12 Issue 9
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Table 4. Genes included in DMET plus platform (225 total genes) are: 47 phase | enzymes, 80 phase Il enzymes, 52 transporters and 46 other genes

Phase | enzymes Phase Il enzymes Transporters Other
CYP1AT CYP4F2 ADHI1A DPYD NAT1 UGT2A1 ABCB1 SLC22A1 SLCO2B1 ABP1 ORM1
CYP1A2 CYP4F3 ADH1B FMO1 NAT2 UGT2B4 ABCB4 SLC22A11 SLCO3A1 AHR ORM2
CYP1B1 CYP4F8 ADH1C FMO2 NNMT UGT2B7 ABCB7 SLC22A12 SLCO4A1 AKAP9 PNMT
CYP2A6 CYPA4FT11 ADH4 FMO3 NQO1 UGT2B11 ABCBI11 SLC22A14 SLCO5A1 ALB PONT
CYP2A7 CYP4F12 ADH5 FMO4 SULT1A1 UGT2B15 ABCC1 SLC22A2 AOX1 PON2
CYP2A13 CYP4Z1 ADH6 FMO5 SULT1A2 UGT2B17 ABCC2 SLC22A3 ARNT PON3
CYP2B6 CYP7A1 ADH7 FMO6 SULT1A3 UGT2B28 ABCC3 SLC22A4 ARSA POR
CYP2B7 CYP7BI1 ALDHI1AT GSTAT SULT1B1 UGT8 ABCC4 SLC22A5 CBR1 PPARD
CYP2B7P1 CYP8B1 ALDH2 GSTA2 SULTICT ABCC5 SLC22A6 CBR3 PPARG
CYP2C8 CYP11A1 ALDH3A1 GSTA3 suLTiC2 ABCC6 SLC22A7 CDA PTGIS
CYP2C9 CYP11B1 ALDH3A2 GSTA4 SULT1ET ABCC8 SLC22A8 CES2 RALBP1
CYP2C18 CYP11B2 CHST1 GSTAS SULT2A1 ABCC9 SLC28A1 CROT RPL13
CYP2C19 CYP17A1 CHST2 GSTM1 SULT2B1 ABCG1 SLC28A2 DCK RXRA
CYP2D6 CYP19A1 CHST3 GSTM2 SULT4A1 ABCG2 SLC28A3 EPHX1 SECT5L1
CYP2E1 CYP20AT1 CHST4 GSTM3 TPMT ATP7A SLC29A1 EPHX2 SERPINA7
CYP2F1 CYP21A2 CHST5 GSTM4 UGTI1AT ATP7B SLC29A2 FAAH SETD4
CYP2J2 CYP24A1 CHST6 GSTM5 UGTIA3 SLCA13 SLC5A6 G6PD SPG7
CYP2S1 CYP26AT1 CHST7 GSTO1 UGTI1A4 SLC10A1 SLC6A6 HMGCR TBXAS1
CYP3A4 CYP27A1 CHSTS8 GSTP1 UGTIAS SLC10A2 SLC7A5 HNMT TPSGT
CYP3A5 CYP27B1 CHST9 GSTT1 UGTT1A6 SLC13A1 SLC7A7 MATIA TYMS
CYP3A7 CYP39A1 CHSTI0 GSTT2 UGTIA7 SLC15A1 SLC7A8 METTL1 VKORC1
CYP3A43 CYP46A1 CHSTI11 GSTZ1 UGTIA8 SLC15A2 SLCO1A2 NR112 XDH
CYP4AT1 CYP51A1 CHSTI13 MAOA UGT1A9 SLC16A1 SLCO1B1 NR113
CYP4B1 COMT MAOB UGTT1AT0 SLC19A1 SLCO1B3 NR3CT1

that the G/G genotype of the OATP1B1/SLCO1BI1 (388A > G)
was associated with >3 grade GI toxicity (p = 0.046). This result
appears in agreement with our finding of association of the G
allelic variant with irinotecan toxicity that we find associated sig-
nificantly with G/A heterozygous genotype in patient with 23
grade GI toxicity (p = 0.0277).

In conclusion, our results demonstrate that genetic polymor-
phisms of the ABCC5 and ABCGI transporter genes as well as of
the OATP1B1/SLCO1BLI anion transporter are statistically cor-
related with irinotecan GI toxicity, expanding therefore the cur-
rent available knowledge on irinogenomics. DMET microarray
platform confirms as an useful strategy for identification of new
genetic variants correlated with anticancer drug activity or toxic-
ity. We propose the rs562 C/C and the rs425215 G/G genotypes
as candidate genetic biomarker for irinotecan induced GI toxicity
which warrant validation in larger series.

Material and Methods

DNA extraction and molecular profiling. DNA was extracted
from peripheral blood using the Perfect Pure DNA Blood kit
(5 Prime) accordingly to the manufacturer’s recommendations.
One pg of dsDNA, normalized by the Quanti-iT™ PicoGreen®
dsDNA Assay kit (Invitrogen), was genotyped using Affymetrix
DMET Plus Premier Pack as previously described in reference 43.

www.landesbioscience.com

All the genetic variants included in the array were multiplex gen-
otyped using the molecular inversion probe (MIP) technology.*
Genotypes were determined for each SNP site of the 1931 of all
interrogated SNPs and of the 5 Copy Number Variations (CNVs)
included in DMET Assay. CNV and SNP markers with call rate
minor than 100% were excluded from the subsequent analysis.
The genotyping profiles were generated by DMET Console soft-
ware® which is based on the BRLMM (Bayesan Robust Linear
Model with Mahalanobis distance classifier) algorithm.'"* DMET
Plus Panel interrogates 1936 markers (1931 SNPs and 5 CNV) in
225 genes that have documented functional significance in drug
disposition, including phase I and phase II metabolizing enzymes
as well as drug transporters, which are reported in Table 4.
Genotypes were reported as homozygous wild type, hetero-
zygous, homozygous variant or “no call.” CNV markers and
SNPs with call rate minor than 100% were excluded for the
subsequent analysis. Direct nucleotide sequencing of the two
variants mapping in the genes ABCC5 and ABCGI was esti-
mated from the sequence chromatogram of both the forward
and reverse sequencing runs. Polymerase Chain Reaction
(PCR) was performed for each variant site using the following
PCR primers: ABCC5-Fw 5-TCT CAC TCC CTT CCC AGA
GA-3' and Rv 5-TCT CTC CCC TCA AAG TCT GC-3'
ABCGI1-Fw 5-CTC TCC TGC CTC TGT GTC CT-3" and
Rv 5-AGT GTG GCC CAC TGT TGA G-3". A 25 pl reaction
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was prepared for PCR amplification. The PCR conditions con-
sisted of the 2.5x SPRIME MasterMix (5 Prime). This corre-
sponds to final concentrations in the PCR reaction of 1.25 U
Tag DNA Polymerase, 50 mM KCI, 30 mM TRIS-HCI, 1.5
mM Mg?, 0.1% Igepal®-CA360 and 200 wM of each dNTP.
Genomic DNA including the SNP rs562 and rs425215 was
amplified by PCR. After an initial denaturation at 94°C for 5
min, 35 cycles of amplification with denaturation at 94°C for
50 sec, annealing at 54°C for 50 sec and exstension at 72°C
for 1 min was performed, followed by a final extension step at
72°C for 10 min. PCR products was purified by ExoSAP-IT™
with activation at 37°C for 15 min and inactivation at 80°C
for 15 min. Direct nucleotide sequencing was performed using
the Big Dye Terminator Cycle Sequencing Ready Reaction
kit version 1.1 on an ABI PRISM 3100 genetic analyzer

(Applied Biosystems). We sequenced a total of 21 DNA samples
of the 26 included in the study.

Statistical analysis. The association between the SNP geno-
types and clinical toxicity was tested by two-tailed Fisher exact
test using a 2 x 2 contingency table. Results of potential interest
were limited to those in which the p value was < 0.05. As no
adjustment was made for multiple comparisons, results are to be
interpreted as hypothesis generating.
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