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CYP2D6%4 allele and breast cancer risk: Is there any association?
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Abstract

Background CYP2D6 is an important cytochrome P450
enzyme. These enzymes catalyse the oxidative biotransfor-
mation of about 25% of clinically important drugs as well
as the metabolism of numerous environmental chemical
carcinogens. The most frequent null allele of CYP2D6 in
European populations, CYP2D6*4, has been studied here
in order to elucidate whether a relationship exists between
this allele and the risk of developing breast cancer in a
Spanish population.

Materials and methods Ninety-six breast cancer Spanish
patients and one hundred healthy female volunteers were
genotyped for the CYP2D6%*4 allele using AmpliChip
CYP450 Test technology.

Results Homozygous CYP2D6%4 frequency was significant
lower in breast cancer patients than in the control group
(OR=0.22, p=0.04). The heterozygous CYP2D6*4 group
also displayed lower values in patients than in controls but
the difference was not significant (OR=0.698, p=0.28).
Therefore, the presence of the CYP2D6%4 allele seems to
decrease susceptibility to breast carcinoma in the selected
population.

Conclusions A possible decreased transformation of pro-
carcinogens by CYP2D6*4 poor metabolisers could result
in a protective effect against carcinogens.
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Introduction

Candidate genes of low-penetrance breast carcinoma sus-
ceptibility include those encoding for xenobiotic metabo-
lising enzymes (XMEs) involved in carcinogen metabolism
and detoxification [1]. CYP2D6 is an important member of
cytochrome P450 enzymes, which belong to XMEs, spe-
cifically to phase I enzymes that activate potentially carci-
nogenic forms [2]. On the other hand, CYP2D6 catalyses
the oxidative antidepressants, neuroleptics, antiemetics and
drugs for endocrine therapy in breast cancer treatment such
as tamoxifen. The role of CYP2D6 in tamoxifen therapy
for breast cancer has also been addressed within the con-
text of breast cancer prevention, because of the role of
CYP2D6 in tamoxifen’s metabolic activation and efficacy
[3].

The CYP2D6 gene is highly polymorphic and the
distribution of its allelic variants’ frequencies varies
among different populations. European samples are char-
acterised by the highest frequency of poor metabolisers
when samples from different continents are compared [4].
Among Caucasians the most frequent inactivating poly-
morphism in CYP2D6 is the CYP2D6%*4 allele, which
generates a G—A transition at nucleotide 1846, lead-
ing to a disruption of the splice acceptor site in intron 3
and to a truncated non-functional gene product [5]. The
CYP2D6*4 allele has shown higher frequencies in Eu-
ropeans (12-21%) than in other samples from different
geographical origins, for instance, Asians (1%) or Black
Africans (2%) [6].

CYP2D6 polymorphisms have been evaluated in many
disorders in order to find an association between specific
alleles or genotypes with a genetic predisposition. Contro-
versial findings on cancer risk have been published and no
clear relation with breast cancer has been demonstrated. On
the one hand, a few studies have reported statistical signifi-
cance whereas no significant association has been reported
by several studies [7]. The aim of this study is to provide
more data about the relationship between CYP2D6%*4 al-
lele and the risk of developing breast cancer in a Spanish
population.
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Table 1 Association between the CYP2D6*4 polymorphisms and breast cancer

Cases Controls OR [95% CI] p-value
/- 72 (0.75) 64 (0.64) 1
—/*4 22 (0.23) 28 (0.28) 0.698 [0.366-1.334] 0.28
*4/*4 2 (0.02) 8 (0.08) 0.22 [0.052-0.967] 0.044

Genotype frequencies are shown between parentheses
—, non-CYP2D6*4 allele

Materials and methods

Ninety-six Spanish female patients of Caucasian origin
with newly diagnosed breast cancer were included in this
study. One hundred healthy female volunteers from the
same origin served as the control group. Both patients and
the control group were from different areas of Spain, repre-
senting an unbiased sample of the total Spanish population.
The average age was 51.92 (SD=10.13, range 30-79) in the
breast cancer patients and 55.00 (SD=10, range 30-83) in
the control group. Sixty-nine percent of women included
in this study were premenopausal. Different types of tu-
mour were found among patients: 51.7% infiltrating ductal
carcinoma, 29.9% ductal carcinoma in situ, 11.5% infiltrat-
ing lobular carcinoma and 6.9% both infiltrating ductal
carcinoma and ductal carcinoma in situ. Of the patients,
67% were premenopausal while the remaining 33% were
postmenopausal. The study protocol was approved by the
Ethics Committee at the Universidad Europea de Madrid
and written informed consent to participate in the study
was obtained from all participants.

Venous blood (1 ml) was obtained from each subject
and DNA was isolated from peripheral leukocytes using a
QIAamp DNA Blood Mini Kit® (Qiagen, Madrid, Spain),
according to the manufacturer’s guidelines. DNA concen-
trations were measured and adjusted to 2-20 ng/ul. The
AmpliChip CYP450 Test was used to test for CYP2D6*4
allele in the studied samples. The AmpliChip CYP450 Test
microarray allows analysis of both sense and antisense
strands of an amplified target DNA sample.

The correlation between CYP2D6*4 polymorphism
and breast cancer risk was assessed using a logistic regres-
sion method to ascertain the odds ratio (OR) and 95%
confidence interval (CI). The difference of allele frequency
between the patients and controls was determined using
Pearson’s chi-square test. A p-value of 0.05 or less was re-
garded as significant.

Results and discussion

The frequency of CYP2D6%*4 genotypes among the 96
breast cancer patients and 100 healthy controls is presented
in Table 1. Genotypes were in Hardy—Weinberg equilib-
rium. CYP2D6%*4 allele frequencies were 0.14 and 0.22 in
patients and controls, respectively. The frequency of the
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*4/*4 genotype was lower among the breast cancer patients
than the controls (0.02 vs. 0.08, respectively) and the corre-
lation of the homozygous CYP2D6*4 genotype and breast
cancer risk reached statistical significance (OR=0.220,
CI=0.052-0.967, p=0.044, Table 1). The correlation of
heterozygous CYP2D6*4 genotype with breast cancer
risk was then further analysed, and in this case a moder-
ate decrease risk was observed, but it was not significant
(OR=0.698, C1=0.366—1.334, p=0.28, Table 1).

The frequencies of genotypes and alleles of CYP2D6%*4
in the breast cancer patients studied match with other
Caucasian populations, for instance, Italian [3], Greek [8]
or Czech [9]. Several studies of CYP2D6 worldwide ge-
netic variation have shown that the CYP2D6*4 allele dis-
plays its maximum frequencies in Caucasian populations
(0.12-0.21) [6]. Those values decrease with distance from
Europe, suggesting that this region is probably where these
haplotypes originated [10]. In this study, there is no as-
sociation between the presence of CYP2D6*4 and specific
types of cancer (x% p=0.57), in contrast to what has been
described in other Spanish samples [11].

The cytochrome P4502D6 gene has been extensively
studied because of the putative association with cancer
risk. The first association between CYP2D6 enzyme activ-
ity and cancer risk was described by Ayesh et al. [12] in
lung cancer patients. The cytochrome P450 enzymes are
generally regarded as detoxifying enzymes that protect the
organism from toxic products. However, it could be possi-
ble that, in many cases, this metabolic activity forms toxic
intermediate compounds that could be more harmful than
the original substrate, before further transformation is car-
ried out by additional enzymatic systems. The association
of CYP2D6 polymorphisms with breast cancer has been
studied by other authors, although this association seems
modest, at times contradictory and even dependent upon
the geographical origin of the population. On the other
hand, many of the published studies are too small to detect
a rare allele homozygote relative risk <2.5 [6]. Our results
showed a significant association between CYP2D6 wild
type vs. CYP2D6*4 homozygous and breast cancer risk,
as other authors have previously reported [13]. Conversely,
Ladona et al. [11] reported a positive association between
breast cancer risk and the heterozygous CYP2D6*4 geno-
type in a Spanish population. Brazilian women did not
display a significant association between CYP2D6*4 allele
and breast cancer risk [14]. On the other hand, a Chinese
population showed a non-significant increased risk for
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breast cancer in homozygous women for the most common
null allele in Asians, CYP2D6*10 [15].

The poor metaboliser genotype for the CYP2D6 gene
has also been associated with a protective effect against
other types of tumours, such as papillary thyroid cancer
[16]. This could be due to a possible role of this gene in
the metabolic activation of putative environmental chemi-
cal carcinogens, as it has also been reported for lung cancer
and leukaemia, for which chemical carcinogens are known
contributors [17]. The CYP2D6*4 allele did not appear to
influence bladder cancer susceptibility or gastric carcinoma
risk [18, 19]. In the case of liver cancer, carcinoma of head
and neck, and premalignant colorectal adenomas, significant
increased risk was detected in individuals who were ho-
mozygous for functional CYP2D6 genes [20, 21]. The role
of CYP2D6 polymorphism in melanoma has been investi-
gated by different research groups with consistent results
that indicate that individuals with defective genes are also
at increased risk [22]. Similar results have been observed in
patients with pituitary tumours where CYP2D6%4 allele fre-
quency was significantly lower than in control groups [23].

In conclusion, our findings suggest that the homozy-
gosis of the CYP2D6*4 null allele seems to decrease sus-
ceptibility to breast carcinoma in the Spanish population.
This could be explained by an effect of CYP2D6 on the
metabolic activation of putative environmental chemi-
cal breast cancer carcinogens or, perhaps, by linkage to
another cancer-causing gene. A decreased transformation
of pro-carcinogens by poor metabolisers could result in
a protective effect against these carcinogens in the case
of breast cancer. Further studies in this field may allow
the identification of metabolic risk factors and contribute
towards a better understanding of molecular carcinogenic
mechanisms.

Conflict of interest The authors declare that they have no conflict of
interest relating to the publication of this manuscript.

Acknowledgements This work has been supported partially by
a grant from the Spanish Health Ministry (FIS, reference number
PI07/0416) and by a grant from Fundacién de Investigacién Médica
Mutua Madrilefia. Thanks are expressed to Cétedra Florencio Tejerina
and to Margarita Rubio for statistical support.

References

Genetic polymorphisms of drug-metabolizing

enzymes CYP2D6, CYP2C9, CYP2C19 and
CYP3AS in the Greek population. Fundam Clin

Genetic polymorphism of CYP2D6 influences

susceptibility to papillary thyroid cancer. Clin
Endocrinol (Oxf) 67:180-183

Pharmacol 21:419-426 17. Rostami-Hodjegan A, Lennard MS, Woods HF,
. Han W, Kang D, Park IA et al (2004) Associations 9. Buzkova H, Pechandova K, Slanar O, Perlik F Tucker GT (1998) Meta-analysis of studies of
between breast cancer susceptibility gene poly- (2008) Frequency of single nucleotide polymor- the CYP2D6 polymorphism in relation to lung
morphisms and clinical pathological features. Clin phisms of CYP2D6 in the Czech population. Cell cancer and Parkinson’s disease. Pharmacogenetics
Cancer Res 10:124-139 Biochem Funct 26:76-81 8:227-238
. Chacko P, Joseph T, Mathew BS et al (2005) Role 10. Sistonen J, Sajantila A, Lao O et al (2007) 18. Ouerhani S, Marrakchi R, Bouhaha R et al (2008)
of xenobiotic metabolizing gene polymorphisms CYP2D6 worldwide genetic variation shows high The role of CYP2D6*4 variant in bladder cancer
in breast cancer susceptibility and treatment out- frequency of altered activity variants and no con- susceptibility in Tunisian patients. Bull Cancer
come. Mut Res 581:153-163 tinental structure. Pharmacogenet Genomics 17: 95:E1-4
. Bonanni B, Macis D, Maisonneuve P et al (2006) 93-101 19. Luo YP, Chen HC, Khan MA et al (2011) Genetic
Polymorphism in the CYP2D6 tamoxifen-metab- 11. Ladona MG, Abildua RE, Ladero JM et al (1996) polymorphisms of metabolic enzymes-CYPIAI,
olizing gene influences clinical effect but not hot CYP2D6 genotypes in Spanish women with breast CYP2D6, GSTMI, and GSTT1, and gastric carci-
flashes: data from the Italian Tamoxifen Trial. J cancer. Cancer Lett 99:23-28 noma susceptibility. Tumour Biol 32:215-222
Clin Oncol 24:3708-3709 12. Ayesh R, Idle JR, Ritchie JC et al (1984) Meta- 20. Agundez JA, Ledesma MC, Benitez J et al (1995)
. Sistonen J, Fuselli S, Palo JU et al (2009) Phar- bolic oxidation phenotypes as markers for suscep- CYP2D6 genes and risk of liver cancer. Lancet
macogenetic variation at CYP2C9, CYP2C19, and tibility to lung cancer. Nature 312:169-170 345:830-831
CYP2D6 at global and microgeographic scales. 13. Khedhaier A, Hassen E, Bouaouina N et al (2008) 21. Yadav SS, Ruwali M, Pant MC et al (2010) Inter-
Pharmacogenet Genomics 9:170-179 Implication of xenobiotic metabolizing enzyme action of drug metabolizing cytochrome P450 2D6
. Ingelman-Sundberg M, Sim SC (2010) Intronic gene (CYP2EIL, CYP2C19, CYP2D6, Meh and poor metabolizers with cytochrome P450 2C9 and
polymorphisms of cytochromes P450. Hum Ge- NAT?2) polymorphisms in breast carcinoma. BMC 2C19 genotypes modify the susceptibility to head
nomics 4:402-405 Cancer 8:109 and neck cancer and treatment response. Mutat
. Ingelman-Sundberg M (2005) Genetic polymor- 14. Torresan C, Oliveira MMC, Torrezan GT et al Res 684:49-55
phisms of cytochrome P450 2D6 (CYP2D6): (2008) Genetic polymorphisms in oestrogen met- 22. Strange RC, Ellison T, Ichii-Jones F et al (1999)
clinical consequences, evolutionary aspects and abolic pathway and breast cancer: a positive asso- Cytochrome P450 CYP2D6 genotypes: associa-
functional diversity. Pharmacogenomics J 5:6— ciation with combined CYP/GST genotypes. Clin tion with hair colour, Breslow thickness and mel-
13 Exp Med 8:65-71 anocyte stimulating hormone receptor alleles in
. Dunning AM, Healey CS, Pharoah PDP et al 15. Li H, Feng L, Yao L et al (2006) The association patients with malignant melanoma. Pharmacoge-
(1999) A systematic review of genetic polymor- of CYP2D6*10 polymorphism with breast cancer netics 9:269-276
phisms and breast cancer risk. Cancer Epidemiol risk and clinic-pathologic characteristics in Chi- 23. Gomes L, Lemos MC, Paiva I et al (2005)
Biomarkers Prev 8:843-854 nese women. Acta Oncol 45:597-601 CYP2D6 genetic polymorphisms are associated
. Arvanitidis K, Ragia G, Iordanidou M et al (2007) 16. Lemos MC, Carrilho F, Rodrigues F et al (2007) with susceptibility to pituitary tumors. Acta Med

Port 18:339-343

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




