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ABSTRACT: Numerous risk factors for breast cancer (BC) have been identified. High-risk human papilloma virus (HR-HPV) is the etiological
agent of cervical cancer and in some cases of head and neck cancer, specifically oropharyngeal cancer, but the role of HR-HPV in evoking
neoplasia in BC is still unclear. In this study, all women above the age of 18 visiting the oncology clinic at Al-Azhar university hospital and Ain
Shams specialized hospital between the period of February 2017 and March 2018 were invited to participate. We determined the prevalence of
HR-HPV genotypes 16, 18, and 31 in breast tissue samples from 72 women with treatment-naive BC and 15 women with benign breast lesions
(BBL) by quantitative real-time PCR (gRT-PCR) and primer sets targeting the E6 and E7 regions. High-risk human papilloma virus DNA was
detected in 16 of 72 (22.2%) BC cases (viral load range = 0.3-237.8 copies/uL) and 0 of 15 women with BBL. High-risk human papilloma virus
was detected in 14 of 16 (87.5%), 2 of 16 (12.5%), and 0 of 16 (0%) for genotypes 16, 18, and 31, respectively. Forty-three age-matched healthy
Egyptian women were enrolled as controls for assessment of local risk factors that can be used to initiate a strategy of BC prevention in Egypt.
Assessment of the risk factors demonstrated that low education level, passive smoking, lack of physical activity, family history of cancer, and use
of oral contraception were significant risk factors for BC. In conclusion, our results lead us to postulate that HR-HPV infection may be implicated
in the development of some types of BC in Egyptian women. In addition, identification of local risk factors can support practical prevention

strategies for BC in Egypt.
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Introduction

Breast cancer (BC) is one of the most prevalent malignancies
in women in both developed and developing world.! Breast
cancer is the second-leading cause of death from cancer in
Egyptian women which emphasizes the importance of identi-
fying risk factors that are associated with BC development.
The overall incidence of cancer is 157.0 per 100 000 Egyptian
women with the highest incidence being BC (32%). A 3-fold
increase in incidence of cancer in Egypt is predicted by 2050
with a tendency to occur in younger age groups with advanced
stages.? This is, in part, due to a delayed diagnosis and advanced
disease stage with a low cure rate. Most BC in Egypt is invasive
duct subtype and the profile of hormone receptors is positive
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for estrogen receptor (ER) and/or progesterone receptor (PR)
in less than half of cases.® Mastectomy is still performed in
more than 80% of Egyptian women with BC. Several reasons
for inadequate BC screening in Egyptian women have been
identified, including lack of information about BC, low access
to BC screening facilities, low priority of self-care, and fear of
BC diagnosis.*® Targeted intervention strategies are needed to
improve early detection and better prognosis of BC.

While the cause of BC is still unknown, numerous risk fac-
tors have been identified. Virus infections including human
parvovirus (B19), Epstein-Barr virus (EBV), and high-risk
human papilloma virus (HR-HPV') have a causal role in cervi-
cal cancer and some head and neck tumors as thyroid and oro-
pharyngeal cancers.”!! However, the role of HR-HPV in
evoking neoplasia in BC is still unclear.’>-2% Previous studies
have demonstrated the presence of HR-HPV types 16, 18, and
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33 in BC specimens but not in the surrounding normal tis-
sue.'22! In one study, HR-HPV was detected at lower levels in
the normal tissue surrounding the BC tissue compared with
the tumor tissue.?? The development of modern molecular
approaches based on quantitative real-time PCR (qRT-PCR)
and sequence analysis has significantly improved the detection
of HPV in BC tissue.?® Recent studies have found the preva-
lence of HPV in BC tissue ranging from 4% to 86%.2431 One
study has associated the detection of HPV in BC tissue with
increased incidence of metaplastic breast carcinoma.?’ In con-
trast, HPV was not detected in BC tissue in other studies.1$:1?

HPV is a small, circular, double-stranded DNA virus that
includes more than 120 known subtypes.’® High-risk human
papilloma virus encode a series of early (E1-E7) and late (L1
and L2) proteins. High-risk human papilloma virus E6 and E7
early proteins are oncoproteins that stimulate cell-cycle progres-
sion, cellular transformation, and cancer development.'>32 The
E6 protein binds to the p53 tumor suppressor protein resulting
in accelerated ubiquitin-mediated degradation. E7 protein inter-
acts with the so-called “pRb-associated pocket proteins,” includ-
ing the retinoblastoma protein pRb, which are negative cell-
cycle regulators resulting in enhanced phosphorylation and deg-
radation.?3 In addition, HR-HPV E5 and E6 early proteins are
known to disrupt cytokeratin causing perinuclear cytoplasmic
clearing and nuclear enlargement in koilocytes.34-3¢

The expression of ER and PR in BC predicts the response to
growth factors, and may be associated with better prognosis and
improved response to hormonal therapy.3”3% In contrast, low
hormone receptor expression in metaplastic carcinoma which is
an aggressive type of BC is characterized by poor prognosis.®’
The expression of Human Epidermal Growth Factor Receptor
2 (HER2) is associated with poor prognosis and increase dis-
ease recurrence.* About 20% of BC patients lack ER, PR, and
HER?2 expression and have poor clinical outcome.*42

Numerous risk factors for BC have been identified includ-
ing genetics, reproductive life, hormonal factors, diet, and expo-
sure to radiation and selected chemicals.*3 However, the single
most important risk factor is age. The incidence of BC increases
with age, and doubling every 10years until menopause with
most BC developing in women older than 50.44

In addition, younger age at menarche, nulliparity, older age
at first live birth, and natural menopause after the age of 55 are
also implicated as risk factors for BC. Increased public aware-
ness and regular screening can play a vital role in the preven-
tion, early detection, and treatment of BC.# The aim of the
study was to determine the prevalence of HR-HPV infection
in breast tissue samples from Egyptian women with BC and
assess local risk factors that can be used to initiate a strategy of
BC prevention in Egypt.

Materials and Methods
Population and source of samples

All women above the age of 18 visiting the oncology clinic
at Al-Azhar university hospital and Ain Shams specialized

hospital between the period of February 2017 and March
2018 were invited to participate in the study. All new cases of
histologically confirmed BC were enrolled. Women who were
diagnosed with benign breast lesions (BBL) as well as women
residing in the same areas and admitted to the hospital, for a
wide spectrum of acute, non-neoplastic conditions unrelated
to known or likely risk factors for BC were invited to volun-
teer as controls in the study. Women with gynecological, hor-
monal, or neoplastic diseases were excluded from the study.
Frozen breast tissue samples were collected according to the
ethical Al-Azhar
Demographic and clinical information was obtained from
medical records. The study received approval from the

regulations  at university hospital.

Institutional Review Board at Al-Azhar University. Breast
tissue samples including tumor core and normal tissue from
the surgical margin adjacent to tumors were collected from
72 women with treatment-naive BC and 15 women with
BBL after providing informed written consent. In addition,
43 age-matched healthy Egyptian women were enrolled as
controls for assessment of local risk factors. No breast tissue
samples were collected from the 43 female controls.

Extraction of DNA from breast tissue

The DNA and RNA extractions were performed together
from the same homogenized specimen. DNA was extracted
using the genomic DNA extraction kit for tissues
(ThermoFisher, USA), following the manufacturer’s instruc-
tions. The yield and quality of isolated DNA were checked on
microplate reader A,gy/Ayg). DNA was stored at ~20°C until
used in qRT-PCR. The quality of the isolated DNA was
checked by PCR of B-globin gene as previously described.?1:46:47
Briefly, a 268 bp fragment of the B-globin gene was amplified
using the 5'-GAA GAG CCA AGG ACA GGT AC-3" and
5'-CAA CTT CAT CCA CGT TCA CC-3' primers under
the following PCR conditions: initial denaturation at 95°C for
15minutes, 40 cycles with the cycling profile of 95°C for
1 minute, 52°C for 1 minute, 72°C for 1 minute, and final exten-
sion for 5minutes at 72°C. The P-globin gene product was
detected in all extracted DNA samples, indicating adequate
quality of our DNA templates.

Quantitative real-time PCR

The gRT-PCR was carried out using the Genesig Advanced
Kit (Genesig, England) following the manufacturer’s protocol.
Briefly, the assay is an in vitro real-time amplification test for
qualitative and quantitative detection of HR-HPV genotypes.
Three HR-HPV types 16, 18, and 31 were investigated. The
assay is based on 2 major processes: isolation of DNA from
tissue specimens as HR-HPV DNA was detected in BC tissue
in previous studies and qRT-PCR amplification of the E1-E2
region of HPV that is necessary for HPV genome replica-
tion.’3* The PCR products were detected by the “Step One
Plus RT-PCR System (Applied Biosystem, USA). An HPV
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genotype-specific primer and probe mix is provided, which is
detected through the FAM channel.

The copy number of each sample is determined based on
the standard set/curve (S1 = 2 X 10°/pL; S2 = 2 X 10%/uL; S3
= 2 X 10%/uL; S4 = 2 X 10%/pL; S5 = 20/uL; S6 = 2/pL).
Assay performance was validated using a set of positive and
negative controls and a no-template control. Positive control
template is expected to amplify with a C between 16 and 23.
Failure to satisfy this quality control criterion is a strong indi-
cation that the experiment has been compromised. On the
contrary, the negative control may give an amplification curve

with Cp > 35.

RNA extraction and detection of E6 and E7
oncogenes

RNA Extraction was performed with TRIzol reagent
(ThermoFisher, USA) following the recommended vendor’s
instructions followed by treatment with RQ1-RNase-free
DNase to remove contaminating genomic DNA. The quality
of the isolated RNA was checked spectrophotometrically. To
confirm the efficiency of RNA extraction, the ubiquitously
expressed phosphoglycerate kinase (PGK) which acts as a control
gene, was amplified from reverse transcribed RNA samples as
previously described.* Briefly, after pre-denaturation at 94°C
for 30 seconds, a 2-step program of qRT-PCR was set as fol-
lows: denaturing at 94°C for 5 seconds, subsequently annealing
at 56°C for 30 seconds, and repeated for 40 cycles. Finally,
melting curves of qRT-PCR amplifications were performed to
confirm the specificity of the primers again by heating up the
products from 56°C to 95°C.

The RNA (0.1-1.0 pg) from HR-HPV positive cases was
reverse transcribed in 20 pL reactions using the high-capacity
cDNA synthesis kit (ThermoFisher, USA) according to the
manufacturer’s instructions. The PCR amplification steps
were 25°C for 10 minutes, 37°C for 120 minutes, 85°C for
5 minutes, and hold at 4°C. The cDNA was stored at -20°C
until use. The cDNA samples served as templates in qRT-
PCR reactions using specific primers for the E6 and E7
oncogenes of HPV genotypes 16 and 18 (Supplementary
Table 1) and Maxima SYBR Green qRT-PCR Master Mix
(ThermoFisher, USA). The amplification of £6 and E7 genes
was performed as previously described.?® The amplification
conditions were 2 minutes at 50°C, 15 minutes at 95°C, and a
2-step cycle of 95°C, for 15 seconds, and 60°C, for 1 minute
for a total of 40 cycles. Melting curve analysis was performed
at the end of the PCR run to ensure that only a single PCR
amplicon of the expected length and melting temperature was
produced using gel electrophoresis and PCR amplicon melt-
ing curve data, respectively. E6 and E7 are 2 major oncogenes
that have been shown to be constitutively expressed leading
to initial establishment and subsequent progression in cervi-
cal cancer.?3

A DNA spike-in control was designed to assess the amplifica-
tion efficiency process of the E£6 gene of HR-HPV type 16. This

Table 1. Demographic and disease characteristics of BC and BBL in
Egyptian women.

BC [=1=] P VALUE
(N =72) (N = 15)2
Age (years) 53.8 = 11.5 55.0 = 13.7 72
mean = SD
Size (cm) (median, 3 (1-12) 7 (1-10) <.005
range)
<2 11 (15.3%) 1 (11.1%)
2-5 54 (75.0%) 3 (33.3%)
-5 7 (9.7%) 5 (55.6%)
Unknown 0 6
Stage
Early (I and II) 45 (62.5%)

Advanced (llland IV) 23 (31.9%)
Unknown 4

Tumor grade

Grade | 2 (2.8%)
Grade Il 54 (76%)
Grade lll 15 (21.1%)
Unknown 1

Lymph node metastasis

Positive 35 (50.0%)
Negative 35 (50.0%)
Unknown 2

Estrogen receptor

Positive 58 (84.1%)
Negative 11 (15.9%)
Unknown 3

Progesterone receptor

Positive 54 (78.3%)
Negative 15 (21.7%)
Unknown 3

HER2
Positive 43 (62.3%)
Negative 26 (37.7%)
Unknown 3

Abbreviations: BBL, benign breast lesions; BC, breast cancer; HER2, Human
Epidermal Growth Factor Receptor 2.
aNumbers in parenthesis represent the range or percent.

spike-in control is an 80-nucleotide long pair (Supplementary
Table 1), which includes 3 segments with the middle sequence
representing a 38-bp-long Drosophila melanogaster sequence that
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is flanked by two 21-bp sequences that represent the forward and
reverse primers of E6 gene of HPV genotype 16. A valid Cy value
is considered between 16 and 32. The amplification of the target
gene and the spike-in control in separate reactions can be distin-
guished by melt curve analysis. This internal control DNA served
as a positive control for the E6 of HPV genotype 16 gRT-PCR
reactions, which verified absence of intrinsic inhibition due to
presence of endogenous inhibitors.

Assessment of risk factors for BC

Clinicopathological risk factors were assessed for age, lymph
node metastasis, tumor size, histologic grade, tumor stage, and
hormonal receptor status, including ER, PR, and HER2.
Expression of ER, PR, and HER2 receptors was assessed by
immunohistochemistry staining performed in Al-Azhar
University hospital clinical laboratory as previously described.>®
Breast cancer is regarded to be hormonal receptor positive if at
least 1% stained positive for ER or PR assays as previously
described.’! Test results were obtained from the patient medi-
cal records. Tumor stages were classified according to the
American Joint Committee on Cancer (AJCC)-TNM (tumor,
node, metastases) classification seventh edition.>?

Several questionnaires were designed to assess local envi-
ronmental risk factors for BC development. All interviews for
BC cases and controls were conducted at Al-Azhar and Ain
Shams university hospitals. The questionnaires included infor-
mation on personal characteristics and lifestyle habits, includ-
ing marital status and other socio-economic indicators,
smoking, diet, physical activity, menstrual and reproductive fac-
tors (such as age at menarche, menstrual pattern, number of
abortions and births, breast feeding, and age at each birth),
selected medical conditions, history of benign breast disease,
and family history of cancer.

Statistical analysis

Statistical analysis was done using IBM SPSS Statistics ver-
sion 23 (IBM Corp., Armonk, NY, USA). Numerical data were
expressed as mean and standard deviation or median and range
as appropriate. Qualitative data were expressed as frequency
and percentage. For not normally distributed quantitative data,
comparison between 2 groups was done using Mann-Whitney
test (non-parametric #-test). All tests were 2-tailed. When
more than 2 groups of data sets were compared, 1-way analysis
of variance (ANOVA) was performed as described. A P value
< .05 was considered significant.

Results
Patient demographics and disease characteristics
The demographic and disease characteristics of 87 Egyptian

women including 72 treatment-naive BC and 15 with BBL
patients are shown in Table 1. The mean age of patients with

Table 2. Histopathologic subtypes of BC and BBL in Egyptian women.

HISTOPATHOLOGY BC(N=722 BBL(N = 15)

Carcinoma in situ 3 (4.2%)

Invasive duct carcinoma 54 (75%)

Mammary carcinoma 8 (11.1%)

Metaplastic carcinoma 4 (5.6%)

Invasive lobular carcinoma 1 (1.4%)

Neoplastic multifocal carcinoma 1 (1.4%)

Papillary intraductal carcinoma 1 (1.4%)

Benign mammary lesion 4 (26.6%)
Fibroadenoma 3 (20%)
Fibrocystic changes 1 (6.66%)
Benign ductal epithelial cells 1 (6.66%)
Benign mastitis 1 (6.66%)
Benign unspecified 5 (33.3%)

Abbreviations: BBL, benign breast lesions; BC, breast cancer.
aNumbers in parenthesis represent the percent.

BC and BBL was 53.8 = 11.5, and 55.0 £ 13.7, respectively.
There was no significant difference in age between patients
with BC compared with BBL (P = .728). In addition, 70% of
patients with BC were post-menopausal. Tumor size was sig-
nificantly larger in patients with BBL compared with BC (P <
.005). Forty-five of 72 patients with BC (62.5%) were diag-
nosed with early stage disease (stages I and II) while 23 of 72
(31.9%) were diagnosed with advanced disease (stages I1I and
1V). High tumor grade III and lymph node metastasis were
diagnosed in 15 of 71 (21.1%) and 35 of 71 (50%) patients with
BC, respectively. The number of BC patients expressing ER,
PR, or HER2 was 58 (84.1%), 54 (78.3%), and 43 (62.3%),
respectively, while 5 BC patients lacked expression of all 3 (tri-
ple negative).

Histopathologic subtypes

Among 72 treatment-naive BC patients, 54 (75%) had invasive
duct carcinoma (IDC), 8 (11.1%) mammary carcinoma, 4
(5.55%) metaplastic carcinomas, 3 (4.16%) had carcinoma in
situ, 1 (1.38%) invasive lobular carcinoma (ILC), 1 (1.38%)
neoplastic multifocal carcinoma, and 1 (1.38%) papillary intra-
ductal carcinoma (Table 2). Regarding the 3 carcinoma in situ,
2 of 3 were ductal and 1 of 3 was lobular. All the 54 IDC and 8
mammary carcinoma were invasive. Among 15 BBL patients, 4
(26.6%) were benign mammary lesion, 3 (20%) fibroadenoma,
1 (6.66%) fibrocystic change, 1 (6.66%) benign ductal epithe-
lial cell tumor, 1 (6.66%) benign mastitis,and 5 (33.3%) benign

unspecified.
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Table 3. HR-HPV subtypes and viral load in Egyptian women with BC.2

HISTOPATHOLOGY HR-HPV SUBTYPES
TYPE 16 VIRAL LOAD TYPE 18 VIRAL LOAD
(RANGE)® (RANGE)®

Carcinoma in situ 1 9.5 0

Invasive ductal carcinoma 8 9.74 (0.9-30) 1 237.8
Metaplastic carcinoma 3 16.8 (6-35) 1 0.3
Invasive lobular carcinoma 1 1.4 0

Mammary carcinoma 1 0.8 0

Total 14¢ 2¢

Abbreviations: BC, breast cancer; HR-HPV, high-risk human papilloma virus.

aHR-HPV was detected in 16 of 72 (22.2%) BC patients.

PHR-HPYV viral load is measured as mean number of viral copies per uL and range in between parenthesis.

°The prevalence of HR-HPV genotypes was 14 of 16 (87.5%), 2 of 16 (12.5%), and 0 of 16 (0%) for genotypes 16 and 18, respectively.

Hig})—risk /Jumanpapi//oma virus subz‘ype& and Tgble 4. HR-HPV and clinicopathological features in Egyptian women
histopathology with BC.
High-risk human papilloma virus types 16, 18, and 31 were HR-HPV POS  HPV NEG P VALUE
assessed because they are very common and may play a causal (N = 16) (N = 56)
role in evoking neoplasia.®*11:53 High-risk human papilloma Stage 5
virus was detected in 16 of 72 (22.2%) BC but in 0 of 15 of Early (I and Il 11(68.75%)2 34 (60.7%)
BBL patients. The prevalence of HR-HPV genotypes was 14
of 16 (87.5%), 2 of 16 (12.5%), and 0 of 16 (0%) for genotypes Advanced (llland IV) 4 (25%) 19 (33.9%)
16, 18, and 31, respectively. None of the patients were infected Unknown 1 (6.25%) 3 (5.4%)
with more than 1 HR-HPV genotype. High-risk human pap- Histopathology 13
illoma virus genotype 16 was detected in either the center of
the cancerous tissue or in the noncancerous safety margin in 12 Icgvriisri\\c/)?nium 9(56.25%) 45 (80.4%)
of 14 and 2 of 14 patients, respectively (Table 3). Evaluation of
mRNA of HR-HPV E6 and E7 early proteins may represent a ngsr pathologic 7(43.75%)  11(19.6%)
good marker for HR-HPV involvement in malignant transfor-
mation.”* However, no mRNA transcription was detected for Size (cm) -88
HR-HPV E6 and E7 early proteins in our study (data not < 3 (18.75%) 8 (14.3%)
shown).

The distribution of HR-HPV genotype type 16 according 25 11(68.75%) 43 (76.8%)
to histopathology revealed predominance in metaplastic carci- 5 1 (6.25%) 5 (8.9%)
noma 3 of 4 (75%) with a mean viral copy number of 16.8 Unknown 1 (6.25%) 0
(range = 6-35), and IDC 8 of 54 (14.8%), with a mean viral
copy number of 9.74 (range = 0.9-30). High-risk human pap- Grade 9
illoma virus genotype type 16 was also found in 1 of 3,1 of 1, | and II 12 (75%) 44 (78.6%)
and 1 of 8 of carcinoma in situ, ILC, and mammary carcinoma, W and IV 3 (18.75%) 12 (21.4%)
respectively, with a viral copy number of 9.5, 1.4, and 0.8, ' i
respectively. In contrast, HR-HPV genotype type 18 was found Unknown 1(6.25%) 0
in only 2 patients, 1 of 54 invasive ductal carcinoma and 1 of 4 Lymph node 77
metaplastic carcinoma with a viral copy number of 237.8 and metastasis
0.3, respectively. Negative 7 (4375%) 28 (50%)

The clinicopathological features of BC patients with and o
without HR-HPV infection are shown in Table 4. There was Positive 8 (50%) 27 (48.2%)
no significant difference in tumor size, disease stage, tumor Unknown 1(6.25%) 1(1.8%)

grade, and lymph node metastasis between BC patients with Abbreviations: BC, breast cancer; HR-HPV, high-risk human papilloma virus.

and without HR-HPV infection (P > .05). Invasive duct aNumbers in parenthesis represent the percent.
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carcinoma was the most prevalent BC subtype and was found
in 9 of 16 (56.25%) and 45 of 56 (80.4%) BC patients with and
without HR-HPV infection, respectively. However, there was
no significant difference in frequency of IDC between BC
patients with and without HR-HPV infection (P = .13).

Risk factors for BC

Several questionnaires were designed to assess local risk factors
tfor BC development. The risk of developing BC was signifi-
cantly higher with low education level (illiterate and primary or
secondary school) compared with university graduate (Table 5).
Egyptian women who were not working also had a higher risk
of developing BC than working women (P < .001). However,
marital status was not significant a risk factor for BC because
most of the BC patients (84%) and controls (95.3%) were mar-
ried. The risk of developing BC was significantly higher with
the lack of any physical activity (=10minute walk per day).
Although the habit of active smoking among Egyptian women
is uncommon, passive smoking, which is the involuntary inhal-
ing of smoke from other people’s cigarettes, was found to sig-
nificantly influence BC risk (P < .001).

Most Egyptian women with BC (60%) were post-
menopausal (P < .001). In addition, the risk of developing BC
was significantly higher in women with history of oral contra-
ception use (P < .001). In contrast, other hormonal factors
including age of menarche and regularity of menses were not
associated with a higher risk of developing BC. Age at delivery
of first baby was not significant a risk factor for BC because
most of the BC patients (98%) and controls (93%) had their
first child under the age of 35.

The risk of developing BC was significantly higher in
women with family history of any type of cancer (P = .02) and
any type of benign tumors including BBL (P < .001). In con-
trast, positive family history of Diabetes Miletus and Heart
Disease were not associated with a higher risk of developing
BC. In addition, the risk of developing BC was not increased
by intake of fast food, poultry, or the use of charcoal in cooking.
Most Egyptian women cook with homemade butter and veg-
etable oil (60% and 83% in BC and controls, respectively).

Discussion

In this study, the use of qRT-PCR confirmed the presence of
HR-HPV in BC tissue and was comparable with previous
standard PCR results.”> The frequency of infection with
HR-HPV genotypes in Egyptian women with BC was
reported (22.2%) and is consistent with previously published
worldwide data.12:2855-63 The lower HR-HPV detection rate
reported in some studies may be a result of difficulties in PCR
detection due to low viral load in BC in different popula-
tions.t4% We detected HR-HPV in cancerous tissue or non-
cancerous safety margin adjacent to BC tissue as previously
reported.?! These results suggest that HR-HPV may have a
tumorigenic role in BC.122267 High-risk human papilloma

Table 5. Risk factors for BC in Egyptian women.

BC (N = 50) HC (N =43) PVALUE
Education <.001
Low level2 19 (38%)° 2 (4.65%)
University graduate 27 (54%) 41 (95.35%)
Unknown 4 (8%) 0
Occupation <.001
Yes 17 (34%) 43 (100%)
No 30 (60%) 0
Unknown 3 (6%) 0
Menopause <.001
Pre 16 (32%) 34 (79.07%)
Post 30 (60%) 8 (18.6%)
Unknown 4 (8%) 1(2.33%)
Physical activity© <.001
Yes 23 (46%) 33 (76.74%)
No 27 (54%) 9 (20.93%)
Unknown 0 1 (2.33%)
Passive smoking¢ <.001
Yes 28 (56%) 9 (20.93%)
No 20 (40%) 33 (76.74%)
Unknown 2 (4%) 1(2.33%)
Family history of .02
cancer
Yes 23 (46%) 10 (23.26%)
No 27 (54%) 33 (76.74%)
Unknown 0 0
Family history of <.001
benign tumor
Yes 38 (76%) 2 (4.65%)
No 8 (16%) 37 (86.05%)
Unknown 4 (8%) 4 (9.3%)
Family history of .57
diabetes mellitus
Yes 25 (50%) 24 (55.8%)
No 25 (50%) 19 (44.2%)
Unknown 0 0
Family history of .09
heart disease
Yes 33 (66%) 35 (81.4%)
(Continued)
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Table 5. (Continued)

BC (N = 50) HC (N =43) PVALUE
No 17 (34%) 8 (18.6%)
Unknown 0 0
Oral contraception <.001
Yes 33 (66%) 12 (27.9%)
No 12 (24%) 31 (72.1%)
Unknown 5 (10%) 0
Marital status .99
Married 42 (84%) 41 (95.3%)
Widow 3 (6%) 2 (4.7%)
Divorced 5 (10%) 0
Age (years) of .99
menarche
<12 (40%) 17 (39.53%)
>12 28 (56%) 25 (58.14%)
Unknown 2 (4%) 1 (2.33%)
Regular menses .78
Yes 38 (76%) 33 (76.74%)
No 9 (18%) 9 (20.93%)
Unknown 3 (6%) 1(2.33%)
Fast food .02
Yes 23 (46%) 34 (79.06%)
No 24 (48%) 8 (18.6%)
Unknown 3 (6%) 1(2.33%)
Charcoal use .03
Yes 1(2%) 33 (76.74%)
No 43 (86%) 10 (23.26%)
Unknown 6 (12%) 0
Vegetable oil use <.001
Yes 30 (60%) 36 (83.72%)
No 17 (34%) 1(2.33%)
Unknown 3 (6%) 6 (13.95%)

Abbreviations: BC, breast cancer; HC, healthy control.
allliterate, primary or secondary school.

®Numbers in parenthesis represent the percent.

°=10minute walk per day.

dinvoluntary inhaling of smoke from other people’s cigarettes.

virus was shown to influence the cell-cycle control enzyme
APOBEC causing genomic instability and may lead to BC.8
Other infectious agents such as Helicobacter pylori in gastric

cancer and hepatitis viruses in hepatocellular carcinoma act as
indirect carcinogens while their genes were undetected in the
respective cancer cells.®”0 The assessment of HR-HPV in BC
is complicated by the very low viral load, viral infection precede
BC development by many years, and the prevalence of
HR-HPV is more common than BC. The prevalence of BC is
not increased in immunocompromised AIDS patients or organ
transplant recipients which suggest that the oncogenic influ-
ence of HR-HPV in BC development may be indirect.”!
High-risk human papilloma virus alone may not be sufficient
for full tumorigenic transformation and further cumulative
changes occur over time leading to BC.

A strong association between the presence of mRNA for
HR-HPV E6 and E7 early proteins and risk of neoplastic pro-
gression in cervical lesions has been described.”? In addition,
HR-HPV transcriptional activity was also found in most oro-
pharyngeal squamous cell carcinoma.” However, in our study,
the role of HR-HPV in BC oncogenesis is still unclear because
no mRNA transcription was detected for HR-HPV E6 and
E7 early proteins as previously reported.” We postulate that
HR-HPYV infection may be implicated in the development of
some types of BC in Egyptian women. In addition, prevention
of some BC may be possible by vaccination against HR-HPV
types 16 and 18.7> However, providing conclusive evidence for
the role of HR-HPV in BC may be difficult because the HPV
viral load in BC tissue is very low compared with cervical
cancer.!

In Egypt, there is no mandatory BC case reporting, nor is
there national or local health information on BC patients. In
this study, data were collected using questionnaires from
patients admitted to the university hospitals of Al-Azhar and
Ain Shams universities. The risk for an Egyptian woman
developing BC increases with age, with most BC occurring in
women older than 50. Women who went through menopause
after the age of 55 had a higher risk of BC. This may be due
to prolonged exposure of breast cells to estrogen and
progesterone.’®

The cause of increased risk of developing BC in women
with low education level compared with university graduates is
unclear but may be due to variations in diet, obesity, environ-
ment, and comorbidities. Illiterate women living in poverty are
more likely to be diagnosed at an advanced stage and are less
likely to survive BC compared with more affluent educated
women. Access to health care and the availability of treatment
are additional factors.”’

In this study, passive smoking and the lack of physical activ-
ity were significant risk factors for BC. Smoking tobacco is well
known to be carcinogenic for most types of cancers including
BC.787The carcinogenic effects are caused by aromatic hydro-
carbons contained in tobacco, which, together with genetic
polymorphisms in the N-acetyltransferase-2, may influence
BC development.®® Lack of physical activity is a stand-alone
risk factor for colon, breast, and endometrial cancers.3! Regular
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physical activity may provide protection from BC by helping
women maintain a healthy body weight, lowering hormone
levels, and indirectly supporting the immune system.?82

Our results are consistent with previous studies that dem-
onstrated a significantly higher risk for BC development in
women with close relatives diagnosed with any type of cancer
or benign tumors including BBL.83 A strong family history of
BC may be linked to inheritance of the BRCAI or BRCA2
genetic mutations.’* Mutations in BRCAI and BRCA2 genes
are identified in approximately 10% of BC patients.®> BRCA1
mutation is associated with 43% to 75% lifetime risk for breast
or ovarian cancer.86 The mechanism of BRCA1 associated
malignancy is unclear. BRCA1 is involved in DNA damage
repair by homologous and non-homologous recombination.®”
It has been shown that BRCA1 dictates the type of DNA
repair mechanism at double strand breaks together with p53.
The interaction of BRCA1 and p53 may increase DNA sensi-
tivity to damaging agents as cytotoxic drugs and radiation.®
Egyptian women tend to be part of large and extended fami-
lies. The effect of size and age-structure of the woman’s family
on BC development risk should be assessed in larger future
studies.®?

Prolonged oral contraceptive use beginning at a young age
was shown to be associated with higher risk of BC.% The use of
oral contraception significantly increased the risk for BC in
Egyptian women and is a major concern that limits their use for
birth control in Egypt. Other factors associated with prolonged
exposure to endogenous estrogen such as early menarche, late
menopause, and older age at first childbirth were not associated
with a higher risk of developing BC which may be due to the
relatively small number of patients in the study.

The differences in dietary habits observed in this study
between women with and without BC including consumption
of fast food, poultry, and vegetable oil was not associated with
a higher risk of BC. However, eating more fruits and vegetables
and less red meat is linked with many health benefits. A
Mediterranean diet that includes vegetables, fruits, whole
grains, fish, and olive oil has been associated with a decreased

risk of BC.91

Conclusions

Our results lead us to postulate that HR-HPV infection may
be implicated in the development of some types of BC in
Egyptian women. Further studies are warranted to elucidate
the etiological role and pathogenesis of HR-HPV in Egyptian
women with BC. In addition, identification of local risk factors
can support practical prevention strategies for BC in Egypt.
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