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Abstract:

We report the identification of a novel and defective variant of the gene encoding cytochrome P450 2D6 (CYP2D6). This novel vari-
ant is a subtype of CYP2D6*6 that was undetected by a commercially available 5’ exonuclease-based assay. Because the novel vari-
ant was found in only one of 609 individuals, it represents a rare subtype of CYP2D6*6 that may be restricted to a single family or
a subpopulation. A procedure for the identification of the novel CYP2D6*6 variant using restriction enzyme treatment of amplified

fragments was developed.
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Introduction

CYP2D6 metabolizes a large number of commonly
prescribed drugs [7]. Variations in the gene encoding
this enzyme have been associated with individual dif-
ferences in drug metabolism rates [7]. Many defective
alleles of CYP2D6 exist [1]. One of these alleles,
CYP2D6*6, is characterized by a single nucleotide
deletion, 1707delT, in exon 3 resulting in the forma-
tion of a stop codon near the deletion site (CAG-
TGG-GTG>CAG-GGGTGA; codons with 1707delT
underscored). This allele has a frequency of approxi-
mately 1% in European Caucasian populations [1].
Four allelic subtypes of CYP2D6*6 have been re-
ported, namely, CYP2D6*6A [8], CYP2D6*6B [3, 4],
CYP2D6*6C [6] and CYP2D6*6D [6]. These sub-
types share 1707delT but differ at the nucleotide posi-
tions 1976, 3288 and 4180. As part of a pharmacoge-
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netic screening program to detect defective CYP2D6
alleles, we identified a novel variant of CYP2D6*6. In
the current study, we report the identification of this
novel variant.

Materials and Methods

DNA samples from 609 European Caucasians were
examined. These DNA samples had been isolated
from peripheral blood using the JETQUICK Blood &
Cell Culture DNA Spin Kit (Genomed GmbH, Ldhne,
Germany). Identification of CYP2D6*6 was based on
restriction fragment length polymorphism (RFLP)
analysis of a fragment that was amplified by PCR using
primers with the following sequences: (forward)
5’-TCCCAGCTGGAATCCGGTGTCG-3’ and (reverse)
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5’-GGAGCTCGCCCTGCAGAGACTCCT-3’ [5]. This
procedure was not able to distinguish between
CYP2D6*6 and CYP2D6*28 because the nucleotide
changes in these two alleles, i.e., 1707delT and
1704C>G, respectively, abolish the recognition site
of the restriction enzyme Bts/ that was used for the
treatment of amplified fragments. All samples that
lack this recognition site were subjected to a 5’ exo-
nuclease-based analysis for the identification of
CYP2D6*6 using commercially available reagents
(assay ID: C 32407243 20; Applied Biosystems,
Foster City, CA, USA). The 5° exonuclease-based
genotyping was performed according to the guide-
lines of the manufacturer. Samples were selected for
sequencing based on the results from this analysis.
Fragments were amplified using the same primers as
described above, and both strands were sequenced by
the Sanger method following spin centrifugation. The
amplification primers also served as sequencing prim-
ers. Sequencing was performed by Eurofins MWG
Operon in Ebersberg, Germany, using capillary elec-
trophoresis to determine fragment size.

Results and Discussion

On the basis of the results from the PCR-RFLP analy-
sis, four individuals were suspected of being het-
erozygous for CYP2D*6 or CYP2D6*28 because the
amplified fragments from these individuals were in-
completely digested by the restriction enzyme Btsl. In
contrast, the amplified products from all other indi-
viduals were completely digested. Using the 5° exo-
nuclease-based procedure the allele CYP2D6%*6 was
not identified in any of the four individuals. Sequenc-
ing revealed that three of these individuals were het-
erozygous with C/G at position 1704, where G at this
position is characteristic of CYP2D6*28. The fourth
sample was heterozygous for 1707delT even though
CYP2D6*6 was not detected by the 5° exonuclease-
based analysis of this sample. This sample was also
heterozygous with A/G at position 1749 and CT/AG
at positions 1754—1755. These results suggest a novel
allelic subtype of CYP2D6%6, i.e., a subtype that is
distinct from CYP2D6*6A4, CYP2D6*6B, CYP2D6*6C
and CYP2D6*6D (Tab. 1). Similar to CYP2D6*6B and
CYP2D6*6C, this novel variant has an A at position
1976, indicating that it is more closely related to

Tab. 1. Sequence variations of CYP2D6*6 subgroups

Allele Nucleotide changes'
“6A 1707delT
6B 1707delT, 1976G>A
“6C 1707delT, 1976G>A, 4180G>C
*6D 1707delT, 3288G>A
Novel variant 1707delT, 1749A>G, 1754-1755CT>AG,
(this study) 1976G>A

"Nucleotides are numbered with reference to M33388 corrected for
sequencing errors. The nucleotide variation in bold is shared by all
CYP2D6"6 alleles and is responsible for the phenotype (http://
www.cypalleles ki.se)

these two allelic subtypes than with CYP2D6*6A and
CYP2D6*6D. A partial sequence of the novel variant
of CYP2D6%*6 spanning from intron 2 to intron 4 has
been deposited in GenBank® [2] under the accession
number EF442770.1. We were not able to sequence
the remaining portion of the novel variant because the
sample in question is no longer at our disposal. There-
fore, other nucleotide changes may occur in this novel
variant in addition to those reported here.

One explanation as to why the novel CYP2D6*6
variant was undetected by the commercially available
5’ exonuclease-based assay may be that the down-
stream primer of this assay targets a region encom-
passing the polymorphic nucleotides at positions 1749
and 1754-1755, which are the nucleotides that distin-
guish the novel variant from known CYP2D6*6 al-
leles. However, because the primer and probe se-
quences are proprietary information of the manufac-
turer of the assay reagents, we were unable to verify
this hypothesis.

The occurrence of the novel variant of CYP2D6*6
may be restricted to a single individual, or it may be
present in one or more populations at low frequencies.
Therefore, this variant may exhibit limited effects on
the rate of false negatives of the commercially avail-
able 5’ exonuclease-based assay for the detection of
CYP2D6%*6. Nevertheless, the presence of rare CYP2D6
variants, which are undetected by commonly used
procedures, may explain sporadic occurrences of un-
expected pharmacokinetic responses.

We developed a procedure to identify the novel al-
lele by exploiting the formation of a BsrF1 restriction
enzyme recognition site (RCCGGY) resulting from
the 1755T>G substitution. Using this restriction en-
zyme instead of the restriction enzyme Bts/ in the
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PCR-RFLP procedure described above we demon-
strated that the novel variant manifested as two frag-
ments of 294 bp and 457 bp, respectively. In contrast,
amplified fragments of all other alleles including the
known variants of CYP2D6*6 and CYP2D*28 were
undigested by the restriction enzyme BsrF1. The pres-
ent report emphasizes the large allelic repertoire of
CYP2D6 and the challenges that are associated with
the determination of these alleles.

References:

1. Bradford LD: CYP2D6 allele frequency in European
Caucasians, Asians, Africans and their descendants.
Pharmacogenomics, 2002, 3, 229-243.

2. Benson DA, Karsch-Mizrachi I, Lipman DJ, Ostell J,
Sayers EW: GenBank. Nucleic Acids Res, 2011, D32-37.

3. Daly AK, Leathart JB, London SJ, Idle JR: An inactive
cytochrome P450 CYP2D6 allele containing a deletion
and a base substitution. Hum Genet, 1995, 95, 337-341.

4. Evert B, Griese EU, Eichelbaum M: Cloning and
sequencing of a new non-functional CYP2D6 allele:

1266 Pharmacological Reports, 2011, 63, 1264-1266

deletion of T1795 in exon 3 generates a premature stop
codon. Pharmacogenetics, 1994, 4, 271-274.

. Kobylecki CJ, Jakobsen KD, Hansen T, Jakobsen 1V,

Rasmussen HB, Werge T: CYP2D6 genotype predicts
antipsychotic side effects in schizophrenia inpatients:

a retrospective matched case-control study. Neuropsy-
chobiology, 2009, 59, 222-226.

. Marez D, Legrand M, Sabbagh N, Lo Guidice JM, Spire

C, Lafitte JJ, Meyer UA, Broly F: Polymorphism of the
cytochrome P450 CYP2D6 gene in a European popula-
tion: characterization of 48 mutations and 53 alleles,
their frequencies and evolution. Pharmacogenetics, 1997,
7, 193-202.

. Oesterheld JR: 2D6. In: Clinical manual of drug interac-

tion principles for medical practice. Eds. Wynn GH,
Oesterheld JR, Cozza KL, Armstrong SC, American
Psychiatric Publishing, Inc., Washington, DC, 2009,
77-97.

. Saxena R, Shaw GL, Relling MV, Frame JN, Moir DT,

Evans WE, Caporaso N, Weiffenbach B: Identification of
a new variant CYP2D6 allele with a single base deletion
in exon 3 and its association with the poor metabolizer
phenotype. Hum Mol Genet, 1994, 3, 923-926.

Received: February 13, 2011; in the revised form: April 29, 2011;
accepted: May 11, 2011.



	1077	Neonatal serotonin (5-HT) depletion does not disrupt prepulse inhibition of the startle response in rats.
	Paulina Ko³omañska, Edyta Wyszogrodzka, Paulina Rok-Bujko, Pawe³ Krz¹œcik, Wojciech Kostowski, Magdalena Zaniewska, Ma³gorzata Filip, Roman Stefañski

	1085	Locomotor activity changes in female adolescent and adult rats during repeated treatment with a cannabinoid or club drug.
	Jenny L. Wiley, Rhys L. Evans, Darren B. Grainger, Katherine L. Nicholson

	1093	Elimination kinetics of the novel prodrug cinazepam possessing psychotropic activity in mice.
	Sergei I. Schukin, Vladymyr G. Zinkovsky, Olga V. Zhuk

	1101	Curcumin mediates presenilin-1 activity to reduce b-amyloid production in a model of Alzheimer™s disease.
	Zhang Xiong, Zhang Hongmei, Si Lu, Li Yu

	1109	Betulin, betulinic acid and butein are inhibitors of acetaldehyde-induced activation of liver stellate cells.
	Agnieszka Szuster-Ciesielska, Krzysztof Plewka, Martyna Kandefer-Szerszeñ

	1124	Atorvastatin and fenofibric acid differentially affect the release of adipokines in the visceral and subcutaneous cultures of adipocytes that were obtained from patients with and without mixed dyslipidemia.
	Krzysztof £abuzek, £ukasz Bu³dak, Anna Du³awa- Bu³dak, Anna Bielecka, Robert Krysiak, Andrzej Madej, Bogus³aw Okopieñ

	1137	IFN-g suppresses the high glucose-induced increase in TGF-b1 and CTGF synthesis in mesangial cells.
	Juan Du, Lining Wang, Linlin Liu, Qiuling Fan, Li Yao, Yan Cui, Ping Kang, Hong Zhao, Xin Feng, Hui Gao

	1145	Anti-hypertensive effects of probenecid via inhibition of the a-adrenergic receptor.
	Jin Baek Park, Sung-Jin Kim

	1151	Lymphocyte-suppressing action of angiotensin-converting enzyme inhibitors in coronary artery disease patients with normal blood pressure.
	Robert Krysiak, Bogus³aw Okopieñ

	1162	Potentiation of neuronal insulin signaling and glucose uptake by resveratrol: the involvement of AMPK.
	Mayur I. Patel, Amit Gupta, Chinmoy S. Dey

	1169	New derivative of staphylokinase SAK-RGD-K2-Hirul exerts thrombolytic effects in the arterial thrombosis model in rats.
	Janusz Szemraj, Agnieszka Zakrzeska, George Brown, Adrian Stankiewicz, Anna Gromotowicz, Tomasz Grêdziñski, Ewa Chabielska

	1180	Protective effect of a-lipoic acid on oxidized low density lipoprotein-induced human umbilical vein endothelial cell injury.
	Yan-Xia Liu, Guo-Zhu Han, Tao Wu, Peng Liu, Qin Zhou, Ke-Xin Liu, Hui-Jun Sun

	1189	Nitric oxide scavenging modulates mitochondrial dysfunction induced by hypoxia/reoxygenation.
	Emmanuel Robin, Alexandre Derichard, Benoit Vallet, Sidi Mohamed Hassoun, Remi Neviere

	1195	Effects of valproic acid (VPA) and levetiracetam (LEV) on proliferation, apoptosis and hormone secretion of the human choriocarcinoma BeWo cell line.
	Patrycja Kwieciñska, Justyna Wiœniewska, Ewa £. Gregoraszczuk

	1203	Role of IL-6 and neopterin in the pathogenesis of herpetic encephalitis.
	Monika Boci¹ga-Jasik, Andrzej Cieœla, Anna Kalinowska-Nowak, Pawe³ Skwara, Aleksander Garlicki, Tomasz Mach

	1210	Chemopreventive effects of NSAIDs on cytokines and transcription factors during the early stages 
of colorectal cancer.
	Vivek Vaish, Sankar N. Sanyal

	1222	Dual effects of heparin on BMP-2-induced osteogenic activity in MC3T3-E1 cells.
	Shin Kanzaki, Wataru Ariyoshi, Tetsu Takahashi, Toshinori Okinaga, Takeshi Kaneuji, Sho Mitsugi, Keisuke Nakashima, Toshiyuki Tsujisawa, Tatsuji Nishihara

	SHORT COMMUNICATIONS
	1231	Differential effects of glycine on the anticonvulsant activity of D-cycloserine and L-701,324 in mice.
	Piotr Wla�, Ewa Poleszak


	1235	Delta opioid receptors contribute to the cardiorespiratory effects of biphalin in anesthetized rats.
	Piotr Wojciechowski, Ma³gorzata Szereda-Przestaszewska, Andrzej W. Lipkowski

	1243	Digoxin increases hydrogen sulfide concentrations in brain, heart and kidney tissues in mice.
	Bogdan Wiliñski, Jerzy Wiliñski, Eugeniusz Somogyi, Joanna Piotrowska, Marta Góralska

	1248	Influence of ezetimibe monotherapy on ischemia- modified albumin levels in hypercholesterolemic patients.
	Kazuhiko Kotani, Russell Caccavello, Naoki Sakane, Michiaki Miyamoto, Alejandro Gugliucci

	1252	Comparative effects of short-term and long-term insulin-induced hypoglycemia on glucose production in the perfused livers of weaned rats.
	Romir Rodrigues, Kassia P. S. Feitosa, Antonio M. Felisberto-Junior, Helenton C. Barrena, Rui Curi, Roberto B. Bazotte

	1258	Omeprazole does not change the oral bioavailability or pharmacokinetics of vinpocetine in rats.
	Tomasz Sozañski, Jan Magdalan, Ma³gorzata Trocha, Antoni Szumny, Anna Merwid-L¹d, Wojciech S³upski, Marta Kara�niewicz-£ada, Grzegorz Kie³bowicz, Dorota Ksi¹dzyna, Adam Szel¹g

	1264	Novel variant of CYP2D6*6 is undetected by a commonly used genotyping procedure.
	Henrik Berg Rasmussen, Thomas Werge
	1301	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	A
	Agata Adamczyk1269


	spis tresci
	Adamczyk A 1269, 1288
	Albrecht J 1281
	Aleksandrowicz M 1274
	Aschner M 1281
	Barcikowska M 1278
	Bardowski JK 1290

	Berêsewicz M 1291
	Berghauzen K 1275, 1292
	Bia³ek P 1285, 1294
	Bielarczyk H 1272Œ1273
	Biernacka-£ukanty J 1286
	Brown GC 1270
	Canter JA 1278
	Chalimoniuk M 1276, 1292
	Ch³opicki S 1281
	Cieœlik M 1286, 1296
	Culmsee C 1271
	Czapski GA 1269Œ1270, 1296
	Czubowicz K 1287
	Dávidová A 1276
	D¹browska-Bouta B 1288, 1292, 1297
	Dorszewska J 1285, 1293Œ1294
	Dymkowska D 1291

	Dyœ A 1272
	Dziubina A 1292
	Eckert S 1278
	Farkas A 1275
	Fazakas C 1275
	Florczak A 1293
	Florczak-Wyspiañska J 1285, 1293Œ1294
	Frontczak-Baniewicz M 1288
	Fukai E 1279
	Gabryelewicz T 1278
	Gawêda-Walerych K 1278
	G¹ssowska M 1270, 1288, 1296
	Go³embiowska K 1292
	Grieb P 1272
	Grygorowicz T 1289
	Gul-Hinc S 1272
	Hasko J 1275
	Issazadeh-Navikas S 1284
	Jesko H 1279
	Kabziñska D 1295
	Kaczyñska K 1297
	Kajta M 1290
	Karczewski J  1293
	Kasarello K  1290
	Kawalec M  1291
	Ka�mierczak A  1269, 1288
	Kochañski A 1295
	Kolasiewicz W 1275, 1292
	Kostera-Pruszczyk A 1295
	Kowalska Z 1290
	Kowiañski P 1281
	Kozubski W 1285,1293Œ1294
	Ko�niewska-Ko³odziejska E 1274
	Krizbai I 1275
	Kuric E 1284
	Kurz Ch 1278
	Kuter K 1275, 1292
	Kwiatkowska-Patzer B 1290
	Langfort J  1292
	Lasoñ W 1290
	Lenkiewicz A 1288Œ1289, 1297
	Leuner K 1278
	Lipkowski AW 1290 1298
	Litwa E 1290
	Liu Y 1284
	Lubina N 1292
	Lukáèová N 1276
	Lukiw WJ 1277
	£agan U 1293
	Maruszak A 1278
	Micha³owska-Wender G 1286
	Milatovic D 1281
	Miya S 1279
	Molnar J 1275
	Müller WE 1278
	Nagyoszi P 1275
	Nakamura S 1279
	Na³êcz KA 1279
	Okada T 1279
	Ossowska K 1275, 1280, 1292
	Owecki M  1285,1294
	Pawe³czyk T 1273
	Potulska-Chromik A 1295
	Pó³rolniczak A 1285, 1293Œ1294
	Pyszko J 1286
	Ragan AR 1295
	Romaniuk K 1274
	Ronowska A 1272
	Ruscher K 1284
	Ruszkiewicz J 1281
	Rzemieniec J 1290
	Safranow K 1278
	Schütt T 1278
	Sinkiewicz-Darol E 1295
	Skibiñska M 1285
	Skowroñska M 1281
	Smoleñski RT 1281
	Songin M 1270, 1296
	Stêpieñ A 1292
	Strosznajder JB 1269Œ1270, 1276, 1286, 1288, 1296
	Strosznajder RP 1287, 1288
	Stru¿yñska L 1288Œ1289, 1297
	Sulejczak D 1288
	Sulkowski G 1288, 1292, 1297
	Szczepankowska AK 1290
	Szereda-Przestaszewska M 1297Œ1298
	Szutowicz A 1272Œ1273
	Toborek M 1282
	Varo G 1275
	Vegh G 1275
	Wardas J 1275, 1283, 1292
	Waœkow M 1281
	Wender M 1286
	Wieloch T 1284
	Wiktorowicz K 1293
	Wilhelm I 1275
	Wojciechowski P 1298
	Wójcik-Stanaszek L 1281
	Wójtowicz AK 1290
	Wróblewska M 1273
	Zab³ocka B 1291
	Zab³ocki K 1291
	Zapa³a M 1292
	Zieliñska M 1281
	¯ekanowski C 1278
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

