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Abstract. There is controversy regarding the efficacy of 
tamoxifen in breast cancer patients who are carriers of cyto-
chrome P450 2D6 (CYP2D6) gene polymorphisms. Poor 
metabolizer genotypes may not fully convert tamoxifen to 
its active metabolite endoxifen and thus have less exposure 
to anti‑estrogen therapy. The present study was conducted to 
identify the prevalence of CYP2D6 genotypes among Iranian 
breast cancer patients. A total of 84 estrogen receptor‑positive 
breast cancer patients treated at a referral center in the north of 
Iran were examined. A peripheral blood sample was obtained 
from each patient to determine the presence of *3, *4, *10 and 
*17 single nucleotide polymorphisms of the CYP2D6 gene by 
polymerase chain reaction‑based restriction fragment‑length 
polymorphism analysis. Of the four genotypes assessed, 
CYP2D6*4 was the most common variant and was identified 
in 41 (48.8%) patients as heterozygous (G/A) and 3 (3.6%) as 
homozygous (A/A) alleles. CYP2D6*10 heterozygous mutated 
alleles (C/T) were also a common genotype that presented in 
22 (26.2%) of the study subjects. Variant *17 was less common 
and was detected only as heterozygous (C/T) in 3 patients 
(3.6%). No CYP2D6*3 heterozygous or homozygous mutated 
alleles were observed. In conclusion, the frequency of the 
CYP2D6 nonfunctional alleles *4 and *10 appeared relatively 
high in Iranian patients with hormone‑sensitive breast cancer. 
This finding may affect the selection of an optimal hormone 

therapy, as patients with low CYP2D6 pathway activity may 
not sufficiently convert tamoxifen to its active metabolite 
endoxifen.

Introduction

Cancer is the second leading cause of mortality in the world 
after cardiovascular diseases and was responsible for 8.7 
million mortalities in 2015  (1). Breast cancer is the most 
common type of malignancy in US women with prevalence 
rate of 25% (2). According to the International Agency for 
Research on Cancer GLOBOCAN estimates, this type of 
malignancy accounted for 1.7 million cancers and 521,900 
mortalities in 2012 worldwide (3).

In Iran, breast cancer is the most common type of cancer 
in women with an incidence that shows a yearly increase (4‑6). 
An estimated 266,120 new cases of invasive breast cancer 
are expected to be diagnosed in 2018 in women in the US, 
along with 63,960 new cases of non‑invasive (in situ) breast 
cancer (7).

Approximately 80% of breast cancers are estrogen 
receptor (ER) positive and are therefore eligible for adjuvant 
endocrine therapy (8). Tamoxifen is the most commonly‑used 
anti‑estrogenic drug in adjuvant therapy for hormone‑depen-
dent breast cancer, and is able to minimize the risk of recurrence 
and mortality rate, particularly in pre‑menopausal patients (9). 
Furthermore, the role of this agent as a chemopreventive in 
high risk women has been made evident (10). Tamoxifen acts 
through competing with endogenous estrogen for binding to 
ER and blocks the proliferative actions of estrogen on breast 
cells (11).

Tamoxifen is considered a ‘prodrug’, requiring meta-
bolic activation by the cytochrome P450 2D6 (CYP2D6) 
enzyme. The main metabolites of tamoxifen are endoxifen 
and 4‑hydroxitamoxifen, which have a 30‑100 times stronger 
affinity for binding to ER compared with tamoxifen (12,13). 
However, ~30% of patients receiving tamoxifen therapy do 
not benefit from this therapeutic approach (14). The CYP2D6 
gene is highly polymorphic, and metabolism in the CYP2D6 
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pathway exhibits marked variation between different racial 
and ethnic populations  (15). The genetic polymorphisms 
leading to diminished enzymatic activity result in low levels 
of the main active metabolite endoxifen, which may lead to a 
poor response to tamoxifen (16).

To date, 105  allelic variants of CYP2D6 have been 
described (17). These alleles can be classified into three cate-
gories, namely functional alleles, reduced‑function alleles and 
nonfunctional alleles, which in turn determine the CYP2D6 
phenotypes of poor metabolizers (PMs), intermediate metabo-
lizers (IMs), extensive metabolizers (EMs) and ultra‑rapid 
metabolizers (18).

Four major mutated alleles of CYP2D6 including 
CYP2D6*3, CYP2D6*4, CYP2D6*10 and CYP2D6*17 are 
among the most frequent polymorphic alleles in humans (19,20). 
These alleles have been described as the most frequent mutant 
alleles throughout different Asian countries  (18,21‑23). 
CYP2D6*3 and CYP2D6*4 are associated with PM pheno-
type, and CYP2D6*10 and CYP2D6*17 are associated with 
IM phenotype.

It is notable that there are controversies among studies, 
regarding the association between CYP2D6 genetic polymor-
phisms and alterations in the efficacy of tamoxifen in patients 
with breast cancer. To have an improved insight into the 
polymorphism of CYP2D6 alleles in a cohort of patients with 
breast cancer, the present study was conducted to determine 
the CYP2D6 genotyping in a group of patients with breast 
cancer treated with adjuvant tamoxifen in the north of Iran.

Materials and methods

Patients. The present study included 84 female patients with 
hormone‑sensitive breast cancer, with or without disease 
recurrence and taking adjuvant tamoxifen for at least four 
weeks. The patients who had presented to Tooba Clinic, a 
university‑affiliated clinic in the north of Iran, were prospec-
tively enrolled into the study from June to November 2017. 
Written informed consent was obtained from each patient prior 
to enrolment. The study population consisted of all women 
aged 18 years or higher with a diagnosis of breast cancer. The 
Internal Review Board of Mazandaran University of Medical 
Sciences (Sari, Iran) approved the study protocol under the 
number IR.MAZUMS.REC.1397.90.

Sample collection and DNA extraction. From each patient, 
5  ml peripheral blood was drawn and stored in a tube 
containing EDTA anticoagulant. The samples were stored 
at ‑20˚C. Genomic DNA was extracted from 300 µl of the 
peripheral blood using a column‑based DNA isolation kit 
(Denazist Asia Co., Mashhad, Iran) according to the manufac-
turer's protocol. The concentration and purity of the extracted 
DNA was measured using a NanoDrop spectrophotometer 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA).

Immunohistochemical (IHC) analysis. IHC of HER‑2/neu 
protein was performed on paraffin‑embedded breast tissue 
sections, which were fixed in 10% neutral‑buffered formalin at 
25˚C for 24 h. Thereafter, the fixed tissues were deparaffinized 
in xylene and then rehydrated in a graded ethanol series (100, 

96, 80 and 70%), the samples were cut into 3 to 4‑µm sections 
and mounted on Poly‑L‑Lysine‑coated slides. Next, deparaf-
finization and blocking of endogenous peroxidase activity 
with 0.3% hydrogen peroxide in methanol at 25˚C for 15 min 
was performed. This step is important to prevent detachment 
of tissues from the slides during the antigen retrieval process. 
Next, antigen retrieval or the high‑temperature heating method 
were used to recover antigenic‑sites hidden in tissue samples. 
Slides were placed in plastic Coplin jars filled with Trizma 
base solution with pH:9 and then placed in the center of the 
microwave oven. The jars were heated for 5  min in high 
temperature 900 W. Next, the Coplin jars were removed from 
the oven to cool for 15 min. At the end, slides were rinse in 
TBS and distilled water for 20 min.

Treated slides were stained as follows: HER‑2/neu immu-
nostaining was performed using rabbit anti‑human c‑erbB‑2 
oncoprotein as a primary antibody (cat. no.  RMAB008; 
Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) 
for 1  h at 25˚C (1:100  dilution). Binding of the primary 
antibody was checked by Dako Quick‑Staining, Labelled 
Streptavidin‑Biotin system (Dako; Agilent Technologies, 
Inc.). Following washing with TBS solution, membranes 
were incubated with 50  µl secondary antibody (cat. 
no. K5007; Dako; Agilent Technologies, Inc.) at 25˚C for 
30 min. The detection reagent in the kit (cat. no. K5007; 
Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) 
consisted of a dextran backbone to which a large number 
of horseradish peroxidase molecule and secondary antibody 
molecule had been coupled in order to react to a mouse/
rabbit primary antibody, followed by the addition of diami-
nobenzidine (DAB) as a chromogen (10 min at 25˚C). Each 
slide was scored in a blinded fashion by two pathologists 
using a light microscope (magnification, x400), according 
to the manufacturer's protocol. The immunostaining was 
read in a semiquantitative manner and graded as follows: 0, 
1+, 2+ and 3+. In this study we considered 2+ or higher as 
HER‑2/neu positive (24).

Polymerase chain reaction (PCR). A PCR‑based restriction 
fragment‑length polymorphism analysis was performed to 
determine the CYP2D6 alleles (CYP2D6*3, CYP2D6*4, 
CYP2D6*10 and CYP2D6*17). PCR was performed using 
300 ng of the template DNA, 10 µl Taq DNA polymerase 2x 
master mix RED (Ampliqon A/S, Odense, Denmark) 
containing 150 mM Tris‑HCl pH 8.5, 40 mM (NH4)2SO4, 
3 mM MgCl2, 0.2% Tween‑20, 0.4 mM of each dNTP and 
0.2 U/µl Ampliqon Taq DNA polymerase, along with 0.015 pM 
appropriate primers and 3 µl nuclease‑free water.

The PCR program consisted of an initial denaturation step 
at 95˚C for 5 min followed by 35 cycles of denaturation at 95˚C 
for 30 sec, annealing at 62˚C for 40 sec (63˚C for CYP2D6*10), 
extension at 72˚C for 30 sec, and a final step of extension at 
72˚C for 5 min. Following confirmation of the amplified frag-
ments of the expected size on agarose gel containing DNA 
green fluorescent dye (Pars Tous Biotechnology, Mashhad, 
Iran), the PCR products were restriction‑digested with 10 U/µl 
MspI, BstNI and HphI (Fermentas; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at 37˚C (55˚C for CYP2D6*10) 
for 16 h. The DNA fragments were electrophoresed through 
a 3% agarose gel containing DNA green fluorescent dye for 
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CYP2D6*3, *10 and *17 and through a 2% agarose gel for 
CYP2D6*4 as in other studies  (25,26). Table  I presents a 
summary of the single nucleotide polymorphisms, primers, 
product lengths and restriction enzymes. The expected 
digested fragments are shown in Table II.

Statistical analysis. Considering the non‑interventional char-
acteristics of the study, only descriptive statistics (e.g., mean, 
standard deviation, frequency and percent) were computed and 
reported using SPSS 25.0 (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics. Baseline characteristics of the 
patients (Table ӀӀӀ) and also clinical and pathological features 
of the patients (Table Ⅳ) were presented. The mean age was 
45.4±6.8 years (range, 29‑63 years). Almost half of patients 
had a positive family history of breast cancer. Most of patients 
were in the premenopausal state (89.3%). HER‑2 negative state 
was found in ~55% of the patients. Majority of patients (~93%) 
were hormone‑positive. Regarding staging, most patients 

(54.8%) were assigned as Stage 2 disease. More than 80% of 
patient did not have any evidence of metastasis. Most patients 
(about 85%) were undergone adjuvant chemoradiation.

Genotypes of patients. The allele and genotype frequency 
distributions of the CYP2D6*3 (A2549del), *4 (G1846A), 
*10 (C100T) and *17 (C1023T) variants were analyzed in 
the blood samples of 84 patients with ER‑positive breast 
cancer.

The figures present the alleles in the pattern of the fragments 
digested for the detection of CYP2D6*3 (Fig. 1), CYP2D6*4 
(Fig. 2), CYP2D6*10 (Fig. 3) and CYP2D6*17 (Fig. 4).

No mutant CYP2D6*3 heterozygous (A/‑) or homozygous (‑/‑) 
alleles were observed in the study population; however, mutant 
CYP2D6*10 heterozygous alleles (C/T) were present in 22 cases 
(26.2%). Regarding the metabolizing phenotype, CYP2D6 
activity was classified as poor, intermediate or extensive, as 
presented in Table V. Of the four genotype groups, 3 (3.6%) and 
41 (48.8%) of the patients were PMs (CYP2D6*4 homozygote, 

Table I. CYP2D6 variant primers, product lengths and enzymes used for polymerase chain reaction‑restriction fragment length 
polymorphism analysis.

Variant	 rs no.	 Primers, 5'‑3'	 Product length, bp	 Enzyme	 Refs.

CYP2D6*3	 rs35742686	 F‑ATGAGCTGCTAACTGAGCCC	 270	 MspI	 (43)
		  R‑CCGAGAGCATACTCGGGAC
CYP2D6*4	 rs3892097	 F‑TGCCGCCTTCGCCAACCACT	 309	 BstNI	 (26)
		  R‑TCGCCCTGCAGAGACTCCTC
CYP2D6*10	 Rs1065852	 F‑GTGCTGAGAGTGTCCTGCC	 344	 HphI	 (26)
		  R‑CACCCACCATCCATGTTTGC
CYP2D6*17	 rs28371706	 F‑CGGTGGTCGTGCCTCAATG	 167	 HphI	 (44)
		  R‑CCCGGGTCCCACGGAAATCT

CYP2D6, cytochrome P450 2D6; rs, reference single nucleotide polymorphism; F, forward; R, reverse.

Table II. The length of products and products of digestion were shown.

Polymorphisms	 Product length (bp)	 Enzyme	 Products of digestion length	 Refs.

CYP2D6*3	 270	 MspI	 Wild‑type (AA):188/82	 (43)
			   Heterozygote (A/‑): 188/168/20
			   Mutant (‑/‑): 168/20
CYP2D6*4	 309	 BstNI	 Wild‑type (GG): 201/108	 (26)
			   Heterozygote (GA): 309/201/108
			   Mutant (AA): 309
CYP2D6*10	 344	 HphI	 Wild‑type (CC): 282/62	 (26)
			   Heterozygote (CT): 282/182/100/62
			   Mutant (TT): 182/100/62
CYP2D6*17	 167	 HphI	 Wild‑type (TT): 167	 (44)
			   Heterozygote (CT): 167/88/55
			   Mutant (CC): 88/55
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A/A) and IMs (CYP2D6*4 heterozygote, G/A), respectively. 
Variant *17 was less common and was detected only as hetero-
zygous (C/T) in 3 patients (3.6%), classified as IMs.

Discussion

Genetic polymorphism of CYP2D6 in Iranian breast cancer 
patients treated with tamoxifen was the focus of the present 
study. There has been numerous studies performed on this 
topic with conflicting results, particularly when examining the 
clinical impact of this variation on patient outcome and response 

Table III. Baseline characteristics of patients.

Variable	 n	 %

Number of patients	 84	 100.0
Mean age, years (standard deviation)	 45.4 (6.8)
Family history
  Negative	 43	 51.2
  Positive	 41	 48.8
Marital status
  Married	 73	 86.9
  Unmarried	 11	 13.1
Menopausal status
  Premenopausal	 75	 89.3
  Post‑menopausal	   9	 10.7

Table IV. Clinical characteristics and pathological features of 
patients.

Variable	 n	 %

HER‑2/neu
  0	 38	 45.2
  1+	 20	 23.8
  2+	 9	 10.7
  3+	 17	 20.2
Estrogen/progesterone receptor status
  Positive/positive (+/+)	 78	 92.9
  Positive/negative (+/‑)	 6	 7.1
Recurrence
  Positive	 15	 17.9
  Negative	 69	 82.1
TNM stage
  I	 10	 11.9
  II	 46	 54.8
  III	 14	 16.7
  IV	 14	 16.7
Lymph node involvement
  Positive	 66	 78.6
  Negative	 18	 21.4
Metastasis
  Negative	 69	 82.1
  Bone	 11	 13.1
  Liver	 3	 3.6
  Bone and liver	 1	 1.2
History of resection
  Positive	 82	 97.6
  Negative	 2	 2.4
Type of resection
  Radical mastectomy	 1	 1.2
  Modified radical mastectomy	 49	 59.8
  Conservative	 32	 39.0
Previous chemotherapy
  Positive	 80	 95.2
  Negative	 4	 4.8
Type of chemotherapy
  Adjuvant	 70	 87.5
  Neo‑adjuvant	 10	 12.5
Concurrent diseases
  Positive	 37	 44.1
  Negative	 47	 55.9
History of radiotherapy
  Positive	 71	 84.5
  Negative	 13	 15.5
History of oral contraceptive pill use
  Positive	 44	 52.4
  Negative	 40	 47.6

HER‑2/neu expression status was based on results of immunohisto-
chemistry: 0 or 1+ (negative),  2+ (borderline) or 3+ (positive). TNM 
staging was according to the American Joint Committee on Cancer 
staging manual (7th edition) (45).

Figure 1. Pattern of 3% agarose gel electrophoresis of cytochrome P450 
2D6*3 digested segments. All lanes show homozygous samples for the 
wild‑type (AA).

Figure 2. Pattern of 2% agarose gel electrophoresis of cytochrome P450 
2D6*4 digested segments. Lanes 1‑3 show homozygous samples for the 
mutant type (AA); lanes 7‑9 wild‑type samples (GG); and lanes 4‑6 heterozy-
gous samples (GA), respectively.
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to hormonal therapy (23,27,28). Of the four CYP2D6 alleles 
evaluated in the present study, the most common alleles were 
CYP2D6*4 and CYP2D6*10, followed by CYP2D6*17. The 
CYP2D6*10 allele has been described as the most frequently 
mutated gene in various Asian countries, including China, Japan 
and Korea (29‑31); however, the CYP2D6*4 allele is report-
edly the most common among Caucasian populations (32,33). 
Table VӀ presents the frequencies of the CYP2D6 nonfunctional 
alleles *3, *4, *10 and *17 in different populations.

Genotype combinations were used to categorize CYP2D6 
metabolism phenotypes as PM, IM and EM. The three major 

mutated alleles of CYP2D6 (*3, *4 and *5) account for the 
majority of PM alleles  (19). Asians have exhibited a high 
prevalence for the IM allele CYP2D6*10, which may lead to 
a reduced activity of the enzyme and lower serum concentra-
tions of endoxifen (31). This finding may explain the poor 
survival outcome in Asian women with breast cancer receiving 
adjuvant tamoxifen therapy (32).

The allele frequency of CYP2D6*10 was 26.2% in the 
present study, which is markedly less than that observed in 
Korea [45.0% (34)] and other eastern countries, including 
Thailand (51.0%) (18), Malaysia (54.8% in Malays and 71.4% 

Table V. CYP2D6 genotype and metabolizer category.

Frequency, % (n)	 Genotype	 Activity	 Category

PM	 None	 Two null alleles (CYP2D6 *4)	 *4(AA): 3.6 (3)
IM	 Reduced	 One null allele (CYP2D6 *4, *10, *17)	 *4(GA): 48.8 (41)
			   *10(CT): 26.2 (22)
			   *17(CT): 3.6 (3)
EM	 Normal	 Two wild‑type/normal alleles	 *3(AA): 100.0 (84)
		  (CYP2D6 *3, *4, *10, *17)	 *4(GG): 47.6 (40)
			   *10(CC): 73.8 (62)
			   *17(CC): 96.4 (81)

CYP2D6, cytochrome P450 2D6; PM, poor metabolizer; IM, intermediate metabolizer; EM, extensive metabolizer.

Table VI. Frequency of four CYP2D6 non‑functional alleles in different populations.

	 Allele frequency (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Population	 Year	 N	 Patient Status	 *3	 *4	 *10	 *17	 Refs.

Iranian	 2018	 84	 BCP	 Nd	 52.4	 26.2	 3.6	 Present study
Iranian	 2009	 100	 HP	‑	  12.5	 9.0	 Nd	 (26)
Iranian	 2011	 100	 HP	 0.5	 9.0	‑	‑	   (46)
Iranian	 2015	 101	 BCP	‑	  36.6	‑	‑	   (37)
Japanese	 2000	 412	 HP	‑	  0.2	 38.1	‑	  (22)
Chinese	 2009	 100	 HP	‑	  1.0	 49.0	‑	  (21)
Spanish	 2006	 105	 HP	 0.95	 13.8	‑	‑	   (39)
Brazilian	 2016	 80	 BCP	‑	  13.75	 21.25	 10.0	 (40)
Pakistani	 2016	 232	 BCP	‑	‑	   7.0	‑	  (35)
South‑Indian	 2006	 447	 HP	 Nd	 7.3	 10.2	 Nd	 (36)
Malaysian Indian	 2016	 80	 BCP	‑	  28.6	 21.4	‑	  (18)
Malaysian Malay	 2016	 80	 BCP	‑	  2.9	 54.8	‑	  (18)
Malaysian Chinese	 2016	 80	 BCP	‑	  Nd	 71.4	‑	  (18)
Malaysian Malay	 2001	 107	 HP	‑	  2.8	 49.5	 0.5	 (42)
Korean	 2006	 400	 HP	‑	‑	   45.0	‑	  (34)
Thai	 2012	 67	 BCP	‑	‑	   51.0		  (23)
Turkish	 2009	 100	 HP	‑	  28.0	‑	‑	   (38)
Turkish	 2005	 140	 HP	 2.5	 13.9	‑	‑	   (47)
Saudi Arabians	 1997	 101	 HP	‑	  3.5	 3.0	 3.0	 (20)
USA	 2006	 158	 BCP	 0.013	 0.161	 0.035	‑	  (41)

Nd, not detected; HP, healthy population; BCP, breast cancer population. 
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in Malaysian‑Chinese) (23) and China (49.0%) (21), but higher 
than in Pakistan (7.0%) (35) and South India (10.2%) (36). 
Previous study reported the prevalence of CYP2D6*10 as 
~9.0% in Iranian Azerbaijanis  (26), but another study of 
Iranians of different ethnicities reported the prevalence of the 
allele to be 39.3% (24.3% for homozygous T/T and 15.0% for 
heterozygous C/T) (25).

The frequency of CYP2D6*4 varies across different 
races, and frequencies of 36.6, 28.6, 28.0, 13.8, 13.8, 7.3 and 
0.2% have been reported in Iranians, Malaysian Indians, 
Turks, Spanish subjects, Brazilians, South‑Indians and North 
Americans, respectively (18,36‑41). Conversely, the frequency 
of CYP2D6*4 varies from 0.2 to 3.5% among Japanese, 
Chinese and Saudi Arabians, which is considered relatively 
low (20‑22). In the present study, a notably higher prevalence 
of 52.4% was observed for the CYP2D6*4 allele.

According to the present findings, the low frequency or 
absence of the CYP2D6*3 and *17 alleles in the Iranian popu-
lation appears to reflect a general similarity (20,36,39,42).

However, a major limitation of the present study was the rela-
tively small number of patients. Although the results may provide 
clinical indication and rational for the administration of tamoxifen 
as first‑line hormone therapy, the findings require confirmation in 
a larger group of patients with breast cancer. Furthermore, the 
effect of the genetic polymorphisms in terms of treatment efficacy 
of adjuvant tamoxifen warrants further studies.

To conclude, the present study demonstrated that the 
CYP2D6 nonfunctional alleles *4 and *10 were relatively 
frequent in an Iranian population of breast cancer patients. This 
finding may affect the selection of an optimal hormone therapy, 
as patients with low CYP2D6 pathway activity may not suffi-
ciently convert tamoxifen to its active metabolite endoxifen.
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