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Article Info Abstract
In Iraq, breast cancer is the most prevalent malignancy among women, prompting increased research in the
BY

last decade. This retrospective study aimed to determine the role of human papillomavirus (HPV) and cytome-
galovirus (CMV) in breast tumors. The study included 140 formalin-fixed, paraffin-embedded breast tissue
samples from 100 patients with breast tumors and 20 normal breast tissue samples as controls. Patients ran-
ged in age from 16 to 72 years. In situ hybridization was performed on samples collected from hospitals and
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1. Introduction tumor, glioblastoma, medulloblastoma, muco epidermoid
In developing and developed countries, including Iraq, salivary gland cancer and rhabdomyosarcoma [9].
breast cancer is a widespread malignant disease among One research indicated HCMV was identified by im-

women [1,2]. Studies in Iraq have shown that most wo- munohistochemistry test in normal breast tissue epithelial
men with breast tumors have a potential prevalence of cells and in malignant breast carcinoma epithelial cells, but
more aggressive types of tumors in progressive stages was higher at a later stage[10] On the other hand, current
[3, 4]. Several risk factors, including possible viral etio- research did not detect HCMYV in breast tumor tissue[11].
logy, have been related to breast tumor advancement and Human papillomavirus (HPV) is a DNA virus stron-
development [5]. Several dangerous influences have been  gly associated with cervical cancer, particularly in women
found, such as the age of the patient, case history, and long infected with high-risk types 16 and 18, which are res-
exposure to estrogen hormones. Sometimes an obvious ponsible for approximately 70% of cervical cancer cases
danger influence may be present in 50%-80% of patients. globally. HPV has also been implicated in other cancers,
[6]. So current studies have been achieved to determine including anogenital and oral cancers, and is classified as
further dangerous influences related to humor. a Group 1 carcinogen (carcinogenic to humans) by the In-
Some studies have reported a causative association ternational Agency for Research on Cancer (IARC) [12].
between breast tumors and viral infection, such as Epstein-  Upon integration of the HPV genome into the host cell's
Barr virus, mouse mammary tumor virus, human papillo- DNA, the viral oncogenes E6 and E7 are expressed, lea-
mavirus and human cytomegalovirus [7]. ding to the inactivation of tumor suppressor proteins p53
HCMV is one of the herpes virus families that infect and Rb [13]. However, studies attempting to detect HPV in
women 70%-90% of the world's people. It is reactivated  breast cancer have yielded conflicting results, with repor-
frequently after a dormant infection in the host [8]. ted prevalence rates varying widely from 0 to 86% [14].
Nucleic acids and proteins of HCMV have been detec- Several studies have investigated HCMV, EBV and
ted in a variety of tumors such as colon, kidney, breast HPV in breast tumors with PCR that cannot distinguish
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viruses in cancer cells from non-epithelial cells. Immuno-
histochemistry testing will then find viral capsules either
in malignant epithelial cells or in non-epithelial cells, gi-
ving exact results[15].

Various molecular techniques are obtainable for the
detection of CMV nucleic acids. Of these in situ hybri-
dization (ISH) can be used with freezing cells and tissues
using radio-labeled probes or probes with non-radioactive
labeling such as fluorescent moieties-biotin- digoxigenin-
or enzyme-conjugated probes and cytological preparations
and fixed tissues[16].

2. Materials and methods
2.1. Design and setting

This retrospective study used 140 selected breast tis-
sues. The study that carried out in hospitals and private
laboratories in Kirkuk and Tikrit City from 15th January
2022 to 15th of December 2022 by using in situ hybridiza-
tion (ISH) technique.

2.2. Study participants and sampling

This study used 140 selected breast tissue formalin-
fixed, paraffin-embedded pieces from 100 patients (70
cases of ductal mammary carcinoma, 15 lobular cancer,
5 combination (ductal and lobular cancer),10 medullary
carcinoma and 20 patients benign mammary epithelial
lesions. A further 20 pieces as control groups. 16-72 years
the patients' age range. Research carried out by the in situ
hybridization (ISH) technique in hospitals and private la-
boratories in Kirkuk and Tikrit City from 15 January 2022
to 15 December 2022.

2.3. Laboratory methods

Sections of thick tissue (4 mm) have been prepared and
fixed on positively charged slides. For digoxigenin-label-
led cock tail HPVDNA probes for a extensive variety of
HPV genotypes including genotypes 16, 18 and 31, an in
situ hybridization discovery system (Zyto Gmb)). At the
site of sequence complementarity, [ISH signals were diftfe-
rentiated as red discoloration as nuclear signs by good use
of the Zyto Gmb system.

In tissue specimens, another ISH discovery system
(Maxim Biot Inc.) was used to goal DNA sequences using
a long biotinylated DNA probe for HPV genotypes 16, 18
and 31. The techniques were carried out according to the
manufacturing company's data. By exchanging the probe
with a biotinylated house-kept gene probe, positive res-
ponses were obtained. Both substances were inserted for
negative regulation, excluding the dilute probe. Proper
using of this ISH recognition system provides a concentra-
ted blue sign in positive test tissues at particular positions
of the hybridization probe (depending on the definition of
the second difference kit giving the blue color). , the sign
was measured in microscopy. The ISH results are given
ratio grade according to positive signs and the number of
cells that made these signs.

One piece was stable on the normal slide and hema-
toxylin and eosin stain, while another slide was fixed on

the charged slide to be used for CMV identification for
ISH. The ISH kit (US Biolol. USA) detection of CMV-
DNA was done on 4um paraffin fixed tissue pieces using
biotyinlated-labeled oligo-nucleotide probe targeting
CMV-DNA.

3. Results

This retrospective study used 140 selected formalin-
fixed, paraffin-embedded pieces from 100 patients with
breast tumors, 20 patients with benign epithelial mamma-
ry lesions, and 20 blocks as control groups from

15 January 2020 to 15 December 2020 in hospitals and
private laboratories in Kirkuk and Tikrit governorates,
aged 60-73 years, using in situ hybridization. Table 1.

At the site of complementary sequences, the nuclear
signals of genotyping HCMV- ISH and HPV were obser-
ved as blue discoloration as seen in Figure 1(A and B).

Table 2 demonstrates the positive result of HCMV
DNA-ISH discovery, with 25 %(25 out of 100) of breast
cancer producing positive red signals. Positive red si-
gnals were found in the benign tumor group 0/20 (0.0%).
None in the control group produced positive signs for the
HCMYV ISH examination. In the positive cases, 12/25
(38%) of breast cancer tissues had a score of 2 and none
of the benign tumor tissues had a score. Although the po-
sitive results of the HPV ISH finding of 45/100 cases of
breast cancer (45%) showed positive red signals. Positive
red signals were found in the benign tumor category 3/20
(15%). None in the healthy groups gave positive signs for
the ISH HPV exam. In the positive cases, 25/45 (55.6%)
of breast cancer tissue had a score of 3 while 2/3 (66.7%)
of benign tumor tissue had 3 score.

Fig. 1. Representative /n Situ Hybridization (ISH) Staining for HCMV
and HPV DNA in breast cancer tissue.

Fig. 2. Microscopic appearance of human papillomavirus. A = (HPV
16) B = (HPV18); C = (HPV31).

Table 1. Distribution of breast cancer and healthy patients according to age.

Groups Study N Minimum years Maximum years
breast cancer groups 100 16 73
healthy control group 20 18 60

62



HPV and CMV in breast cancer.

Cell. Mol. Biol. 2025, 71(5): 61-65

Table 2. Frequency of HCMV and HPV DNA detection by ISH in malignant, benign, and healthy breast tissues.

Virus ISH Signal Result Malignant Tumor (N=100) Benign Tumor (N=20) Control Group (N=20)

HPV-DNA Negative 55 (55%) 17 (85%) 20 (100%)
Positive 45 (45%) 3 (15%) 0 (0%)
Total 100 20 20
Scoring 1 5(11.1%) 0 (0%) 0 (0%)
Scoring 2 15 (33.3%) 1 (33.3%) 0 (0%)
Scoring 3 25 (55.6%) 2 (66.7%) 0 (0%)

HCMV-DNA Negative 75 (75%) 20 (100%) 20 (100%)
Positive 25 (25%) 0 (0%) 0 (0%)
Total 100 20 20
Scoring 1 8 (32%) 0 (0%) 0 (0%)
Scoring 2 12 (48%) 0 (0%) 0 (0%)
Scoring 3 5(20%) 0 (0%) 0 (0%)

Table 3. Frequency human papillomavirus (HPV) genotypes among malignant

and benign breast cancer tissues.

HPV Genotype  Number of Cases (N=48)  Percentage (%)
HPV16 10 20.8
HPV18 10 20.8
HPV31 28 58.33

Total 48 100

Table 4. Combined genotypes of human papillomavirus (HPV)in breast tumor samples.

Genotypes Malignant Breast tumor ( N=45) %  Benign Breast tumor (N=3) % = 60)
Single (HPV)genotype 15 (33.3) 2 (66.7)
Mixture(HPV) genotypes 30 (66.7) 1(33.3)

Table 3 and Figure 2 present the distribution of HPV-
DNA genotypes in malignant and benign tumor groups.
HPV31 was the most prevalent genotype, found in 28 cases
(58.33%), followed by HPV16 and HPV 18, each detected
in 10 cases (20.8%). These findings indicate that HPV31
is more frequently observed than HPV16 or HPV 18 in this
study. It's important to note that some positive cases may
involve co-infection with multiple HPV genotypes.

In women with benign and malignant breast tumors,
Table 4 details the degrees of co-infection with various
HPV genotypes. The most frequent co-infection pattern,
involving the high-risk HPV genotypes 16, 18, and 31,
was observed in 25 (55.6%) of the 45 malignant samples.

4. Discussion

Breast cancer is more shared in developed popula-
tions and is 100 times more common in females than in
males [16]. Opinions of the increased risk factors of breast
cancer are positive family histories, age, the primary pre-
gnancy following 25 years old, menarche, delayed meno-
pause, null parity, long-standing utilization of exogenous
estrogens, obesity following menopause, as well as en-
countering ionizing ray [17] Additional factors implicated
in the increased risk of breast cancer include estrogen re-
ceptors, elevated estrogen levels, and the adipokines leptin
and adiponectin [18].

In situ hybridization is a technique advanced for the
identification of particular nucleic acid DNA and RNA
sequences for metaphase spreads, morphologically well-
preserved tissue parts and cell preparations through hybri-
dization of the complementary strand of the DNA probe
to the target sequence. In the past few decades, cytoge-

netic methodologies for cancer diagnosis and treatment
have progressed enormously. The discovery of a landmark
link between cancer and chromosome aberration was first
discovered in 1960 by Peter No well and David Hunger-
ford [19]. In addition, a number of previous studies using
ISH techniques have shown ISH to be an efficient tool
for identifying and concentrating CMV-DNA and HPV in
the infected tissues. In the present study, CMV DNA-ISH
was distinguished in 25 percent (25 out of 100 cases) and
HPV was detected in 45 percent (45 out of 100 cases). In
contrast, Shakir et al. (2013) [20] observed a 34.3% po-
sitivity rate (24 out of 70 cases) for breast cancer, while
HPV-DNA ISH identified positive signals in 18 out of 70
breast cancer cases (25.7%). Consistent with our findings,
no positive signals for HCMV or HPV ISH tests were
detected in the control group. Breastfeeding is a primary
mode of HCMV transmission during the first year of life,
particularly in countries where a significant number of wo-
men are HIV-positive and continue to breastfeed (Stagno
and Cloud, 1994) [21]. The HPV method of transmission
identified in breast tumors remains unknown. The reported
frequency of HPV infection in breast tumors has seen a
major change worldwide, reaching from 0 to 86 percent
[22]. Demographic features and inherited history may lead
to global geographic differences in the prevalence of HPV
in breast tumor tissues[23].

In this study, high oncogenic risk genotypes of HPV,
such as HPV 16, 1 8 and 31, were found in breast cancer
cases. The common HPV forms distinguished are from the
high oncogenic- dangers community (HPV 16 + 18) des-
pite significant variations in worldwide HPV recognition
rates [24] The relationship of high oncogenic-risk forms
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of HPV in invasive breast carcinomas has been reported to
be higher, indicating a potential interaction with pathology
and disease score [25]. Although it is well known that the
main causative agent for cervical cancer is high-risk HPV,
the role of the virus in breast cancer is more controversial.
This debate could be affected by technological limitations,
multiple primer sets and/or detection probes, HPV epide-
miology in different geographical regions, different sexual
behavioral trends, different incidences of anogenital HPV
infection, and probably different population genetics.

This makes it much more difficult to diagnose HPV
in the breast and can therefore result in the lack of HPV
in breast cancers identified by some investigators[26].
However, other studies have found no evidence to support
the role of HPV in breast cancer. For example, Wrede et al.
[27] conducted experiments to investigate the presence of
HPV types 16 and 18 in breast tumors, but they found no
correlation. A study has been showed to study the presence
of HPV DNA in breast tissue in Korean women and the
relationship between HPV and breast cancer development.
However, no visible associations have been found [28].
During the last period, multiple independent trainings in
various areas have recorded no substantial association
among HPV and prevalence and development of breast
tumor [29].The role of HPV in tumors such as uterine cer-
vical cancer has been commonly recognized.

Human papillomavirus virions are shed from desqua-
mating keratinocytes, particularly in HPV-infected cells.
High-risk HPV transmission can occur through direct,
non-sexual contact. Therefore, we hypothesize that HPV
could potentially be transferred from the female perineum
to the breast via manual contact, such as during bathing
or showering. It is well-established that hormonal factors,
particularly estrogens, play a significant role in breast can-
cer development [30].

In conclusion, this study provides evidence for the pre-
sence of both CMV and HPV, particularly HPV31, in a
significant proportion of breast tumor samples from Iraqi
patients. While these findings suggest a potential asso-
ciation between these viruses and breast cancer, further
research is needed to elucidate the precise mechanisms by
which they may contribute to tumorigenesis. Future inves-
tigations should focus on larger sample sizes, explore the
impact of viral co-infections, and examine the molecular
pathways involved, ultimately aiming to determine the
definitive role of CMV and HPV in breast cancer develop-
ment and progression in the Iraqi population.
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