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Introduction

Breast cancer (BC) is caused by an uncontrolled 
growth of cells in the breast. Although BC may occur in 
both men and women, women are exposed to a greater 
risk (Lawson and Heng, 2010b). This cancer is recognized 
as one of the main global health problems and a leading 
cause of mortality in women worldwide, with 1.7 million 
new cases and 522,000 deaths estimated annually (Ferlay 
et al., 2015). In the United States, it is the most commonly 
diagnosed cancer and the second leading cause of 
cancer-related death following lung cancer in women (Al 
Moustafa et al., 2016). 

There are many types of BC, including ductal 
carcinoma in situ (DCIS), invasive ductal carcinoma 
(IDC), and invasive lobular carcinoma (ILC). IDC, 
accounting for 77% of all BC cases, is the most common 
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type of BC in various countries, including Iran (Mousavi et 
al., 2007). Because of a series of factors, the incidence rate 
of BC is increasing significantly in South America, Africa, 
and Asia (Salman et al., 2017). Moreover, according to 
epidemiological data from Iran, BC is one of the most 
common malignancies in women, with a frequency of 2.5 
per 100,000 people in 2015 (Ghaffari et al., 2018). The 
risk factors for BC can be genetics, unhealthy lifestyles, 
age, hormonal problems, and some viral infections (Martin 
and Weber, 2000; Lawson and Heng, 2010a; Chlebowski, 
2013). 

Human papillomavirus (HPV), an infectious agent, 
is one of the most common viral sexually transmitted 
diseases (Braaten and Laufer, 2008), associated with 
several cancers, such as  cervical, vaginal, vulvar, head and 
neck, anal, penile, bladder, skin, lung, and breast cancers 
(Mahmoudvand et al., 2015; Tulay and Serakinci, 2016). 
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HPVs are exclusively intraepithelial pathogens, which can 
infect the cutaneous and mucosal squamous epithelium 
and cause both benign and malignant hyperproliferative 
lesions (Stanley, 2012). The mechanism of carcinogenicity 
in papillomaviruses depends on the role of E6 and E7 
oncoproteins, which degrade two major cellular tumor 
suppressor proteins, that is, p53 and retinoblastoma 
tumor suppressor protein (pRb), respectively (Yim and 
Park, 2005). 

Considering the oncogenic characteristics of HPV, its 
genotypes can be divided into high-risk HPV (HR-HPV) 
and low-risk HPV (Ahmed et al., 2015). Persistent HR-
HPV types, including HPV 16, 18, 31, 33, and 35, are 
associated with human cancers (Burd, 2003). Evidence 
suggests that the prevalence of HPV infection ranges 
from 0% to 86.2% among women with BC (Mou et 
al., 2011). According to several studies, HPV types 16, 
18, and 33 are responsible for 70% of all HPV-related 
BC cases worldwide (Haghshenas et al., 2016a). The 
polymerase chain reaction (PCR)-based techniques for the 
detection of HPV DNA are currently used as the standard 
diagnostic method in clinical laboratories (Abreu et al., 
2012). However, since the PCR assay may not detect all 
HPV genotypes in samples with a low copy number of 
viral genomes, the nested PCR technique has been shown 
to be more sensitive than other methods for the detection 
of HPV.

As BC is the fifth leading cause of cancer-related 
death in Iranian women (Akbari et al., 2017), the present 
study aimed to evaluate the presence of HPV DNA in 
tissues of BC patients in Ahvaz, Iran. Ahvaz is the capital 
of Khuzestan Province, located in the southwest of Iran, 
with a population of approximately two million people.

Objectives
This molecular epidemiological study aimed to detect 

HPV infection in individuals with BC in Ahvaz, Iran.

Materials and Methods

Tissue samples
A total of 95 formalin-fixed paraffin-embedded (FFPE) 

biopsy specimens, including IDC and fibroadenoma 
tissues, were collected and examined in this study from 
March, 2014 to February, 2018. Generally, fibroadenoma 
is a common benign breast tumor (non-cancerous), which 
was considered as the control group in the present study. 
Samples were collected from Imam Khomeini Hospital, 
a teaching hospital affiliated to Ahvaz Jundishapur 
University of Medical Sciences, Ahvaz, Iran.

Ethical approval
This study was approved by the Ethics Committee of 

Ahvaz Jundishapur University of Medical Sciences (ethics 
number, IR.AJUMS.REC.1397.239). Informed consent 
was obtained from each participant. 
DNA extraction

Four sections (10 µm) of FFPE tissue blocks were 
cut and placed in a 1.5-ml eppendorf tube. The first step 
of deparaffinization was performed by adding 1.2 mL of 
xylene to the 1.5-ml tubes, containing the tissue sections. 

After tube vortexing and incubation for five minutes at 
room temperature, the tubes underwent centrifugation at 
14,000 rpm for five minutes. Next, the supernatant was 
removed, and 1 mL of 100% ethanol was added to each 
tube and incubated for five minutes at room temperature. 
Finally, the tubes underwent centrifugation at 14,000 rpm 
for five minutes, and the supernatant was removed; both 
steps were performed once. In the final step, the tubes were 
incubated at 37°C on a heating block until ethanol totally 
evaporated. DNA was then extracted using a High-Pure 
Viral Nucleic Acid Kit (Roche, Germany), according to 
the manufacturer’s instructions. The extracted DNA was 
stored at -20°C until further use.

PCR assay
To examine the quality of extracted DNA, β-globin 

gene was used as an internal control. All DNA samples 
were initially subjected to PCR with specific primers, 
including PCO3 and PCO4 (Table 1). The PCR reactions 
were performed in a total volume of 25 μL, containing 2 
μL of extracted DNA, 0.25 µL of each primer (25 pmol), 
12 µL of amplification premix (PCRBIO Taq Mix Red 
2x), and 10.5 µL of distilled water. The PCR assays were 
carried out under the following conditions: five minutes 
of initial denaturation at 95°C, 40 cycles of denaturation 
at 95°C for one minute, annealing at 55°C for one minute, 
extension at 72°C for one minute, and a final extension at 
72°C for 10 minutes. Next, using MY09/11 and GP5+/6+ 
primers, HPV-L1 amplification was performed on samples 
that were positive for β-globin gene (Table 1).

The HPV-L1 gene was detected using the PCR assay in 
two consecutive amplification reactions. The first round of 
PCR was performed in a total volume of 25 μL, containing 
2 μL of extracted DNA, 0.25 µL of each primer, 10 µL 
of amplification premix (PCRBIO Taq Mix Red 2x), and 
12.5 µL of distilled water. The thermal conditions of the 
first PCR assay were as follows: five minutes of initial 
denaturation at 95°C, 40 cycles of denaturation at 95°C for 
one minute, annealing at 56°C for one minute, extension 
at 72°C for one minute, and a final extension at 72°C for 
10 minutes. 

The second reaction was also carried out in a volume 
of 25 μL, containing 3 μL of extracted DNA, 0.25 µL of 
each primer, 12 µL of amplification premix (PCRBIO Taq 
Mix Red 2x), and 9.5 µL of distilled water. The thermal 
conditions of the second PCR assay were as follows: 
five minutes of initial denaturation at 95°C, 40 cycles of 
denaturation at 95°C for one minute, annealing at 52°C 
for one minute, extension at 72°C for one minute, and a 
final extension at 72°C for four minutes. Finally, the PCR 
products were subjected to electrophoresis on 1.7% agarose 
gel, supplemented with DNA Safe Stain (CinnaGen, Iran) 
and visualized under a UV transilluminator. To determine 
HPV genotypes, all positive specimens were sequenced 
in an ABI 3130xl DNA sequencer (Applied Biosystems).

Statistical analysis
Data analysis was performed using SPSS version 

22.0 (SPSS Inc., Chicago, IL, USA). Chi-square test 
and Fisher’s exact test were used to evaluate the data. 
A P-value less than 0.05 was considered significant.
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is presented in Figure 3.

Discussion

The burden of BC has markedly increased around 
the world. BC is responsible for women’s death around 
the world (Azubuike et al., 2018). Therefore, identifying 
the risk factors that contribute to the development of this 
cancer is very important. Viruses are one of the main 
suspected contributors to cancer development, as they 
are involved in approximately 15-20% of human cancers 
(Sarvari et al., 2018). HPV is one of the most commonly 
known agents associated with various types of human 
cancers. The association between HR-HPV and cervical 
cancer and other types of cancer is well established (Bansal 
et al., 2016). The findings of previous studies demonstrated 
that HPV is associated with 60% of oropharyngeal cancers, 
35% of penile cancers, and 90% of anal cancers (Zandberg 
et al., 2013). However, the role of HPV in BC development 
remains controversial. 

For the first time, in 1992, Di Lonardo et al. showed 
that HPV might be involved in BC pathogenesis; they 
detected the presence of HPV in 29.4% of BC samples (Di 
Lonardo et al., 1992). There is an association between BC 
and HPV according to studies conducted in different areas 
around the world, including the United States, Australia, 
Italy, Japan, Norway, Greece, Korea, Mexico, and Taiwan 
(Lawson and Heng, 2010c; Haghshenas et al., 2016c); 

Results

In the present study, a total of 95 breast samples, 
including 63 IDC (66.3%) and 32 fibroadenoma (33.7%) 
samples, were examined to identify the presence of HPV. 
The study population consisted of women, aged 15-92 
years (mean age, 43.54±16.36 years). All samples were 
positive for β-globin, indicating the good quality of DNA, 
and underwent HPV genome detection. The HPV DNA 
was found in 17.89% (17/95) of the specimens (Table 2), 
including nine out of 32 fibroadenoma samples (28.12%) 
and eight out of 63 IDC samples (12.69%). 

No significant difference was found regarding the 
presence of HPV DNA between the IDC and fibroadenoma 
tissues (P=0.08), while a significant difference was found 
in HR-HPV between the case and control groups (P=0.03). 
In the case group, 87.5% (7/8) of detected viruses were 
HR-HPV, while 22.22% (2/9) of positive samples were 
HR-HPV in the control group (P=0.03) (Figure 1). 
Regarding the distribution of HPV genotypes (Figure 2),  
genotypes 31, 33, 16, and 11 were detected in the case 
group, while genotypes 50, 51, 55, 6, 11, and 30 were 
identified in the control group.

In the IDC specimens, the most frequent genotype was 
HR-HPV33 (3/8, 37%), and the high-risk type, HPV16, 
was only found in the case group (2/8, 25%). HPV11 was 
the only low-risk genotype in the case group (1/8, 11%). 
The relationship between the HPV status and cancer grade 

Locus Primers ORF Oligonucleotide sequence
β-globin PCO3 β-globin 5′-ACACAACTGTGTTCACTAGC-3′ Fragment size

PCO4 5′-CAACTTCATCCACGTTCACC-3′ 110
HPV MY09 L1 5′-CGTCCMARRGGAWACTGATC-3′ 450

MY11 5′-GCMCAGGGWCATAAYAATGG-3′
HPV GP5+ L1 5′-TTTGTTACTGTGGTAGATACTAC-3′ 150

GP6+ 5′-GAAAAATAAACTGTAAATCATATTC-3′

Table1. The Sequences and other Characteristics of Primers Used in this Study

ORF, pen Reading Frame; HPV, Human papillomavirus

Figure 1. HPV Genotypes are Illustrated by Types of Specimens. Detected HR-HPVs were significantly higher in the 
IDC group (p=0.03). In addition, HPV-11 genotype found in both IDC and fibroadenoma.
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nevertheless, there are still many controversies about this 
association. A meta-analysis by Haghshenas et al. in Iran 
on 1,119 BC patients demonstrated that the prevalence of 

HPV was 23.6% in the case group (Haghshenas et al., 
2016c). In agreement with the study by Haghshenas et 
al.,(2016c) another meta-analysis by Simoes et al. on 

Parameter Total 
samples N (%)

Human Papilloma Virus
Positive Samples

N (%)

Genotype

Invasive Ductal Carcinoma (IDC) 63/95 8/63
66.30 12.69 16 (2), 31 (2), 33 (3), 11 (1)

Fibroadenoma 32/95 9/32
33.70 28.12 55 (2), 30 (2), 51 (2) 11, 6, 50

Age (year) (15–92)
     <20 7/95 (7.4) 2/7 (28.57)
     20-40 35/95 (36.9) 7/35 (20)
     41-60 37/95 (38.9) 5/37 (13.51)
     >60 16/95 (16.8) 3/16 (18.75)

Table 2. Distribution of Human Papillomaviruses (HPVs) in Invasive Ductal Carcinoma (IDC) Tissues, Fibroadenoma 
Tissues, and Different Age Groups 

Figure 2. Distribution of HPV Genotypes in Fibroadenoma (A) and in IDC Samples (B), which Revealed HPV16 was 
the only Highly Oncogenic Type of HPV Present in IDC Group (2/8, 25%).

Figure 3. Data Demonstrated most of HPV Positive Samples (6 samples) in IDC Patients were Related to Grade 2 and 
others (2 samples) were Related to Grade 3 Malignancy.



Asian Pacific Journal of Cancer Prevention, Vol 23 3205

DOI:10.31557/APJCP.2022.23.9.3201
Human Papillomavirus in Invasive Ductal Carcinoma

2,211 European, North American, and Australian women 
with BC showed that the prevalence of HPV was 23%, 
ranging from 13.4% in Europe to 42.9% in North America 
and Australia; in the control group, the prevalence of HPV 
was 12.9% (Simões et al., 2012). 

Moreover, the results of two meta-analyses by 
Li et al., (2011) and Zhou et al., (2015) showed that 
24.49% and 30.30% of BC tissues were positive for HPV 
DNA, respectively. In the current study, to increase the 
sensitivity of HPV genome identification in the samples 
(Ahangar-Oskouee et al., 2014), a nested PCR method 
was used to confirm the presence of viral genomes. Also, 
to better understand the relationship between HPV and 
the risk of BC, fibroadenoma (a non-cancerous tumor) 
samples were used as the control group. In the present 
study, HPV DNA was detected in 17.89% of samples 
(17/95), including 28.12% of fibroadenoma samples (9/32) 
and 12.69% of IDC samples (8/63). However, the results 
did not indicate a significant difference in the presence of 
HPV DNA between cancerous and non-cancerous samples 
(P=0.08). The results of statistical analysis indicated a 
difference in the identified HR-HPV between the case 
and control groups. The current study also reported a 
higher percentage of HR-HPV in IDC (87.5%) compared 
to fibroadenoma specimens (22.22%).

Different rates of HPV have been reported among 
BC patients in different parts of Iran. In agreement with 
our findings, a study by Malekpour Afshar et al., (2018), 
detected HPV DNA in 8.2% (8/98) of BC patients. Overall, 
62.5% and 37.5% of positive samples were related to 
oncogenic genotypes 16/18 and 31/33, respectively. 
Another study on paraffin-embedded BC specimens in 
Iran in 2014 detected HPV DNA in 33.8% of samples in 
the case group (22/65), with only 4.5% of positive samples 
associated with HR-HPV (Ahangar-Oskouee et al., 2014). 
In this study, no virus was found in benign breast lesions 
as the control group.

Moreover, Sigaroodi et al., (2012) reported the 
presence of HPV DNA in 25.95% of tumor specimens 
versus 2.4% of specimens in the control group in north of 
Iran. They suggested HR-HPV 16/18 as the predominant 
HPV type (53.34%) in patients with BC. Some studies 
conducted in Iran have reported equal prevalence rates 
for HR-HPV and low-risk HPV. For example, Doosti et 
al., (2016) detected HPV in 22.9% (20/87) of BC tissue 
samples, including HPV18 (15%), HPV16 (35%), HPV6 
(45%), and HPV11 (5%) in Yazd, Iran. In contrast to the 
present study, a study by Eslamifar et al., (2015) in Tehran, 
Iran found no HPV in 100 samples of IDC in the breasts. 
Overall, the results of studies conducted in Iran confirm 
the findings of other investigations from other geographic 
regions, including Australia, Brazil, Spain, and Venezuela, 
which identified HPV DNA in 48%, 24.75%, 51.8%, and 
41.67% of BC samples, respectively (Damin et al., 2004; 
Kan et al., 2005; Fernandes et al., 2015; Delgado-García 
et al., 2017).

Some studies have indicated the higher frequency of 
HPV in BC tissues compared to benign breast tumor or 
normal breast tissues (Tsai et al., 2005; Gumus et al., 
2006). In a study by Heng et al., HPV DNA was found in 
14.28% (3/21) of IDC samples, whereas 18% (3 of 17) 

of normal breast tissue samples were positive for HPV. 
The results of this study are consistent with the present 
findings, which showed that the prevalence of HPV was 
higher in non-cancer tissues compared to cancerous tissues 
(Heng et al., 2009). Nevertheless, in some studies, HPV 
DNA was not detected in BC tissues (Hedau et al., 2011; 
Kwong et al., 2013; Vernet-Tomas et al., 2015). 

As described above, several studies have found an 
association between HPV and BC, while some studies 
did not approve this association. This discrepancy 
between the results of previous studies may be affected 
by the geographic region, detection method, genetic 
background, cultural differences (e.g., different sexual 
behaviors), and sample type (e.g., paraffin-embedded 
tissue vs. fresh frozen tissue). As mentioned earlier, 
in the present study, we identified HPV genome in 
17.89% of the samples. This rate of virus detection may 
be explained by the use of low-quality DNA extracted 
from paraffin-embedded tissues (Bae and Kim, 2016). 
Also, the age of the selected population could affect 
the detection rate of HPV, because it is assumed that 
the prevalence of HPV decreases with advancing age 
(de Cremoux et al., 2008).

In the present study, high-risk genotypes 16, 31, 33, 
and 51 were detected in 11.76% (2/17), 11.76% (2/17), 
17.64% (3/17), and 11.76% (2/17) of positive samples, 
respectively. Genotypes 16, 31, and 33 were also found 
in 11.11% (7/63) of IDC samples. Besides, low-risk 
genotypes 6, 11, 30, 50, and 55 were detected in 47% 
(8/17) of positive samples. The present results indicated 
that 53% of the identified HPVs belonged to the high-risk 
group. This finding is consistent with previous studies by 
Ngamkham et al., (2017); Malekpour Afshar et al., (2018) 
and Sigaroodi et al., (2012) indicating high-risk genotypes 
as the predominant type in breast tissue samples.

In conclusion, the present results indicated the presence 
of HPV genomes in 12.69% of breast tumor tissues of 
women in Ahvaz, Iran. Overall, 53% of specimens were 
infected with high-risk genotypes of HPV. The current 
findings also revealed that 87.5% of the detected viruses 
in the case group were HR-HPV, while 22.22% of positive 
samples were HR-HPV in the control group (P=0.03). 
Therefore, HPV may be an important contributor to the 
process of BC carcinogenesis; however, further research 
with a larger sample size is needed to better understand 
the carcinogenic role of HPV in BC.
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