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Abstract
A relatively little is known of whether CYP2D6 *10 (188 C to T) polymorphism mediates susceptibility to breast cancer. In
this study the CYP2D6 *10 polymorphism was detected in Chinese women (286 breast cancer patients and 305 healthy
women) by a PCR-RFLP assay. We found that women with the 188T/T genotype displayed a slightly increased risk for
breast cancer as compared with those with the 188C/C genotype (OR 1.36, CI 0.89�2.1), the association of the 188T/T
genotype with breast cancer risk was more pronounced among postmenopausal women (OR 1.49, CI 0.8�2.76), but the
association did not reach statistical significance. Furthermore, we found that patients carrying the 188T/T or T/C genotype
were more likely to be a positive lymph node status than those with the 188C/C genotype (OR 2.12, CI 1.08�4.18, P�/

0.019). Our results suggest that CYP2D6 *10 mutant 188T/T genotype displays a non-significant increased risk for breast
cancer. Moreover, patients carrying 188T/Tor T/C genotype might exhibit a more aggressive phenotype than those carrying
188C/C genotype, as the observation association of genotype with clinical outcome may be due to chance, therefore, further
studies are required to confirm our present findings.

The incidence of breast cancer has been increasing

in China for the last decade, particularly in large

cities [1]. Thus, identifying new risk factors for

breast cancer can have a great impact on the

prevention and screening for this disease.

Increasing evidence suggests that breast cancer

may result from the interaction between the genetic

elements and a variety of environmental factors. The

familial breast cancer owing to BRCA1 and/or

BRCA2 mutations accounts for a small fraction of

the disease [2]. The majority of breast cancer

patients are sporadic with no family history of the

disease, indicating that these cases can be mainly due

to environmentally induced carcinogenesis. The

Cytochrome P450 (CYP) catalytic enzymes that

participate in the activation and deactivation of

diverse chemical carcinogens, therefore, are extre-

mely important [3]. Indeed, the association of CYP

with breast cancer risk has been studied extensively

where it has been shown that the polymorphisms of

the CYP17 and CYP19 are associated with breast

cancer risk [4]. On the other hand, the association of

the polymorphism of CYP2D6 with breast cancer

risk is not firmly established. Previous studies

suggested that CYP2D6 mutant alleles may exhibit

a low increased risk for breast cancer in Caucasians

populations [5�9].

CYP2D6 gene, a member of the CYP superfamily,

encodes a phase I enzyme that is highly polymorphic

with more than 91 allele variants identified so far

(http://www.imm.ki.se/cypalleles/). The most com-

mon CYP2D6 variants in Caucasians are variants

*3, *4 and *5, resulting in a decreased or absence of

enzyme activity, and leading to poor metabolizer

phenotypes (PM) [10�12]. However, these mutant

alleles are rarely found in the Chinese population

[13], the most common polymorphism of CYP2D6

in the Chinese population is variant *10 (formerly

defined as CYP2D6 Ch1) [13�16], which is rela-

tively rare in Caucasians population. The CYP2D6

*10 polymorphism exhibits a 188 C to T transition

in exon 1, resulting in a Proline 34 to Serine amino

acid substitution, and leading to an unstable form of

the enzyme with lower catalytic activity [15].
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To our best acknowledge, no study so far was

focused on the correlation between the CYP2D6

*10 polymorphism and breast cancer risk. There-

fore, in this study we detected the CYP2D6 *10

polymorphism in total 591 subjects, our aims were

to investigate the potential role of the CYP2D6

*10 polymorphism in breast cancer risk in Chi-

nese women, and furthermore to assess the

correlation of CYP2D6 *10 polymorphism with

the clinico-pathologic characteristics in this cohort

of patients.

Materials and methods

Subjects

This case-control study consisted of 286 consecutive

breast cancer patients (Stage I to III) and 305

healthy women. The patients were treated at Breast

Centre, Peking University School of Oncology from

January 2004 to December 2004. Pathological

diagnosis was performed for all patients. More than

80% of patients in this cohort received an Anthra-

cyclin-based or Paclitaxel-based neoadjuvant che-

motherapy prior to surgery, after completion of the

chemotherapy, patients received a modified radical

mastectomy or breast conserving surgery depending

of the primary tumour size, the axillary lymph nodes

were routinely dissected at least level I and II, and

whether the lymph node metastasis or not was

determined based on the histological examination.

The control subjects were selected from the healthy

women who regularly went to hospital for medical

examination.

All patients and controls were Han nationality and

residents of Beijing city and its surrounding area.

The informed consent was obtained from all cases

and controls. This study was approved by the

Research and Ethics committee of Peking University

School of Oncology.

Immunohistochemistry

Immunostaining was performed as described else-

where [17]. The following panel of monoclonal

antibodies was applied: Anti-oestrogen receptor

(ER) Mab (clone 1D5, dilution 1:50, Dako); anti-

progesterone receptor (PR) Mab (clone 1A6, dilu-

tion 1:100, Novocastra); anti-C-erbB2 Mab (clone

CB11, dilution 1:40, Zymed, S. Francisco, CA.

USA). For ER and PR staining, cells were consid-

ered to be positive only when distinct nuclear

staining was identified. ER and PR were considered

positive when]/25% of tumour cells showed positive

staining. For C-erbB2 staining, only the membrane

staining was considered as positive staining. The

score for C-erbB2 staining was graded as follow: No

staining or membrane staining observed inB/10% of

tumour cells was given a score 0; faint/barely

perceptible membrane staining detected in�/10%

of tumour cells was scored as 1�/; a moderate or

strong complete membrane staining observed in�/

10% of tumour cells was graded 2�/ or 3�/,

respectively. A score of 0 and 1�/ was considered

negative, whereas 2�/ and 3�/ were considered

positive.

DNA extraction and genotyping

Blood samples were collected from each patient at

the time of diagnosis, and genomic DNA was

extracted from peripheral blood lymphocytes using

phenol-chloroform extraction. CYP2D6 *10 poly-

morphism was detected by using a PCR-RFLP

technique. The following primers were used, for-

ward primer 5?- TCA ACA CAG CAG GTT CA -3?
and reverse primer 5?- CTG TGG TTT CAC CCA

CC -3?, as previously described by Sachse et al. [10].

PCR was performed in 20 ml reaction mixture

containing 100 ng of genomic DNA template, 2 ml

10X PCR buffer, 0.8 mM dNTP, 2.5 mM MgCl2,

0.5 mM primers, and 1 unit AmpliTaq DNA poly-

merase (Promega). The reaction condition em-

ployed were initial denaturation at 948C for 2 min,

followed by 35 step cycles of denaturation at 948C
for 30 s, annealing 568C for 45 s, and extension

728C for 30 s followed by a terminal extension time

of 10 min. Ten ml of PCR product was digested with

Hph I restriction enzyme (New England Biolabs

Inc.) for 1 h at 378C. The digestion products were

then resolved on a 2.5% agarose gel containing

ethidium bromide. The homozygous 188 C/C geno-

type was identified by two bands (362bp and 71bp),

the homozygous 188 T/T genotype produced three

bands (262bp, 100bp and 71bp), and heterozygous

188C/T genotype displayed four bands (362bp,

262bp, 100 and 71bp).

Statistical analysis

The correlation between CYP2D6 *10 polymorph-

ism and breast cancer risk was assessed using a

logistic regression method to ascertain the Odds

Ratio (OR) and 95% confidence interval (CI). The

difference of allele frequency between the cases and

controls, and the correlation between the genotype

variants and clinico-pathologic characteristics were

determined using Pearson’s X2 test. Two-sided p-

values less than 0.05 were considered as statistically

significant. All statistical analyses were performed

using SPSS 10.0 software.
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Results

The correlation between the CYP2D6 *10 polymorphism

and breast cancer risk

The age distribution between the cases (range 23 to

84 years, mean age 52 years, SD 12 years) and

controls (range 22 to 76 years, mean age 50 years,

SD 12 years) was not significantly different. No

significant difference was found for menopausal

status, parity, and age of first live birth in this case-

control study (data not shown).

The frequency of CYP2D6 *10 genotypes among

the cases and controls is presented in Table I. The

most common variant was mutant homozygous

188T/T genotype, and the frequency of the T/T

genotype was higher among the breast cancer

patients than that of the controls (0.49 versus

0.45), however, the difference did not reach statis-

tical significance (OR 1.36, CI 0.89�2.1, p�/0.15,

Table I). We then further analysed the correlation of

the CYP2D6 *10 polymorphism with breast cancer

risk according to the menopausal status, we found

that postmenopausal women with the T/T genotype

showed a moderate increased risk for breast cancer

(OR 1.49, CI 0.8�2.76, Table I), this correlation

again did not reach statistical significance (p�/

0.205, Table I). On the other hand, the frequency

of genotypes and correlation of the T/T genotype

with breast cancer risk among the premenopausal

women were similar to that observed for the entire

population (Table I).

The association between the CYP2D6 *10 genotypes and

clinico-pathologic characteristics

No correlation was found between the CYP2D6 *10

genotypes and ER or PR status, tumour size, C-

erbB2 status or clinical stage (data not shown).

However, the CYP2D6 *10 polymorphism was

significantly associated with lymph nodes metas-

tases. Patients with the T/T or T/C genotype were

more likely to be a positive lymph node status than

those with the C/C genotype (35.2% or 46.6%

versus 23.6%, p�/0.019, Table II). As compared

with patients with the C/C genotype, patients with

the T/T or T/C genotype had 2.1-fold increased risk

to be a positive lymph node status (OR 2.1, CI

1.08�4.18).

Discussion

Previous studies have shown that CYP2D6 poly-

morphism is associated with carcinogenesis in a wide

range of tumours [4,18�21]. Nevertheless, when the

association of CYP2D6 polymorphism with breast

cancer risk exists, such association is modest [5�8].

The CYP2D6 *10 variant is the most common

polymorphism in the Chinese population, in which

the mutant homozygous 188T/T genotype repre-

sents around 50% of the population [13�15], and

this was demonstrated in the present study. The

188T/T genotype produces an unstable enzyme with

shorter half-life and lower activity [15]. In vitro

experiments have shown that the catalytic activity of

the 188T/T genotype is 1/40th of the activity of wild

type 188C/C genotype [15], thus, it is reasonable to

assume CYP2D6 *10 polymorphism may influence

breast cancer risk in Chinese women. In the present

study, we found women with the 188T/T genotype

exhibited a slightly increased risk for breast cancer

(OR 1.36) as compared with subjects with the 188C/

C genotype, and the association of the 188T/T

genotype with breast cancer risk was more pro-

nounced among postmenopausal women (OR 1.49),

however, it also did not reach statistical significance.

Our observation was, at least in part, in agreement

with several previous studies that subjects carrying

Table I. Association between the CYP2D6 *10 polymorphism and breast cancer risk

CYP2D6 genotype Cases n (%) Controls n (%) OR (95%CI) p-value

Total subjects 286 305

C/C 56 (19.6) 73 (23.9) 1

C/T 89 (31.1) 97 (31.8) 1.20 (0.76�1.88) 0.437

T/T 141 (49.3) 135 (44.3) 1.36 (0.89�2.07) 0.150

Premenopausal 141 168

C/C 30 (21.3) 41 (24.4) 1

C/T 45 (31.9) 54 (32.1) 1.14 (0.62�2.11) 0.678

T/T 66 (46.8) 73 (43.5) 1.24 (0.69�2.20) 0.472

Postmenopausal 145 137

C/C 26 (17.9) 32 (23.4) 1

C/T 44 (30.3) 43 (31.4) 1.26 (0.65�2.45) 0.497

T/T 75 (51.7) 62 (45.2) 1.49 (0.80�2.76) 0.205

OR: odds ratio.

95%CI: 95% confidence interval.
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defective CYP2D6 alleles display a non-significant

increased risk for breast cancer in Caucasians

populations [5�8]. The present study demonstrated

that CYP2D6 polymorphism was not significantly

associated with breast cancer risk in a Chinese

population.

An interesting finding was CYP2D6 *10 poly-

morphism was associated with lymph node metas-

tasis, patients carrying one or two mutant alleles,

188T/T or T/C, were more likely to be a positive

lymph node status than those carrying wild type

alleles (188C/C). It is generally accepted that lymph

node involvement is an independent prognostic

factor in multivariate analysis [22,23]. This phenom-

enon is very intriguing; however the underlying

mechanisms are largely unknown. We raise several

possibilities. First, we could not exclude the possi-

bility that the association of the CYP2D6 *10

polymorphism with lymph-node metastasis was due

to chance. Second, since the majority of patients in

this cohort received neoadjuvant chemotherapy

(Anthracyclin-based or Paclitaxel-based chemother-

apy) prior to surgery, it could be possible that the

mutant 188T/T genotype might influence the ther-

apeutic outcome of chemotherapy and result in a

high frequency of a positive lymph-node status. A

recent study demonstrates that CYP2D6 genotype is

significantly associated with the efficiency of tamox-

ifen treatment in a Caucasian population [24]. Our

present findings may have some clinical implications,

as CYP2D6 genotype may also affect the efficiency

of chemotherapy treatment, thus the patients with

mutant CYP2D6 genotypes may less benefit from

chemotherapy. Third, CYP2D6 may deactivate

carcinogens in relation to breast cancer develop-

ment. Studies indicated that CYP2D6 did not

express in normal breast tissue [25,26], hence, a

potential carcinogen for breast cancer development

might be catalysed in the liver, these specific

endogenous or exogenous carcinogens may not be

deactivated properly in patients with the CYP2D6

*10 mutant alleles, in turn leading to the tumour

cells exhibiting an aggressive phenotype.

This is the first study to investigate the association

between the CYP2D6 *10 polymorphism and breast

cancer risk in Chinese women, we found the

CYP2D6 *10 mutant genotype (188T/T) displays

a non-significant increased risk for breast cancer.

Moreover, CYP2D6 *10 mutant genotypes (T/T or

T/C) are associated with a positive lymph node

status, suggesting that patients with CYP2D6 *10

mutant alleles may exhibit an aggressive phenotype.

As the observation association of genotype with

clinical outcome may be due to chance, therefore,

further studies are required to confirm our present

findings.
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