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Detection and genotyping of human papillomavirus 
in breast cancer tissues from Iraqi patients
S.H.M. Ali,1 N.A.S. Al-Alwan 2 and S.H.M. Al-Alwany 1

ABSTRACT Studies have suggested a possible link between breast cancer pathogenesis and human papillomavirus 
(HPV) infection. This study in Iraq used in situ hybridization to detect the frequency and genotyping of HPV in 
tissue specimens from 129 patients diagnosed with malignant breast cancer, 24 with benign breast tumours and 
20 healthy controls. In the breast cancer group, cocktail HPV genotypes were detected in 60 (46.5%) archived 
tissue blocks. Of these, genotypes 16 (55.5%), 18 (58.4%), 31 (65.0%) and 33 (26.6%) were detected. Mixed HPV 
genotypes 16 + 18, 16 + 18 + 31, 16 + 18 + 33, 18 + 31, 16 + 31 and 18 + 31 were found in 5.0%, 23.3%, 8.3%, 15.0%, 10.0% 
and 18.3% of cancer cases respectively. Only 3 benign breast tumour tissues (12.5%) and none of the healthy breast 
tissue specimens were HPV-DNA-positive. The detection of high-oncogenic HPV genotypes in patients with 
breast cancer supports the hypothesis of an etiologic role for the virus in breast cancer development.
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كشف فيروس الورم الحليمي البشري وتحديد أنماطه الجينية في أنسجة سرطان الثدي لدى مريضات عراقيات
سعد علي، ندى العلوان، شاكر العلواني

الخلاصــة: أشــارت الدراســات إلى احتــال وجــود ارتبــاط بــن مســببات سرطــان الثــدي وبــن العــدوى بفــروس الــورم الحليمــي البــري. 
وقــد اســتخدم الباحثــون في هــذه الدراســة التهجــن في الموضــع لكشــف التكــرار والنمــط الجينــي لفــروس الــورم الحليمــي البــري في عيّنــات 
صَ لديهــا ورم ســليم في الثــدي و20  صَ لديهــا سرطــان خبيــث في الثــدي، إلى جانــب 24 مريضــة شُــخِّ نســيجية أخــذت مــن 129 مريضــة شُــخِّ
ــورم الحليمــي  ــدي أنماطــاً مزيجــة مــن فــروس ال ــات بسرطــان الث ــق المصاب ــدى فري ــون ل ســيدة كشــواهد يتمتعــن بالصحــة. وكشــف الباحث
البــري في 60 قطعــة نســيجية محفوظــة )46.5 %(. ومــن بــن هــذه القطــع النســيجية كشــف الباحثــون النمــط الجينــي 16 في )55.5 %(، والنمــط 
الجينــي 18 في )58.4 %(، والنمــط الجينــي 31 في )65.0 %(، والنمــط الجينــي 33 في )26.6 %( مــن الحــالات. كــا وجــد بــن حــالات السرطــان 
أنــاط جينيــة مزيجــة لفــروس الــورم الحليمــي البــري 16+18 في %5 مــن الحــالات، و16+18+31 في 23.3 % مــن الحــالات، و16+18+33 في 8.3 % 
مــن الحــالات، و18+31 في 15 % مــن الحــالات و16+31 في 10 % مــن الحــالات و18+31 في 18.3 % مــن الحــالات المصابــة بالسرطــان ولم تكــن ســوى 
3 عينــات مــن نســيج الثــدي المصابــة بــورم ســليم إيجابيــة لدَِنَــا فــروس الــورم الحليمــي البــري )12.5 %(، ولم يكــن هنــاك أي عينــة مــن نســج 
الثــدي الســليمة إيجابيــة لــه. إن كشــف الأنــاط الجينيــة لفــروس الــورم الحليمــي البــري ذات التوليــد العــالي للــورم لــدى مريضــات بسرطــان 

الثــدي يدعــم نظريــة أداء الفــروس لــدور سَـبَـــبي في إحــداث سرطــان الثــدي.

Détection et génotypage du papillomavirus humain dans les tissus mammaires cancéreux de patientes  en Iraq

RÉSUMÉ Des études ont suggéré qu'un lien était possible entre la pathogénèse du cancer du sein et l'infection à 
papillomavirus humain. L'étude menée en Iraq a utilisé la méthode d'hybridation in situ pour déterminer la fréquence 
du papillomavirus humain et pour son génotypage dans les échantillons de tissus prélevés auprès de 129 patientes 
ayant reçu un diagnostic de cancer du sein malin, de 24 patientes porteuses d'une tumeur du sein bénigne et de 20 
femmes témoins en bonne santé. Dans le groupe des patientes atteintes d'un cancer du sein, différents génotypes de 
papillomavirus humain ont été détectés dans 60 échantillons de tissus conservés (46,5 %). Parmi ceux-ci, on peut citer les 
génotypes 16 (55,5 %), 18 (58,4 %), 31 (65,0 %) et 33 (26,6 %). Les associations de génotypes de papillomavirus humain 16 + 18,  
16 + 18 + 31, 16 + 18 + 33, 18 + 31, 16 + 31 et 18 + 31 ont été observées chez 5,0 %, 23,3 %, 8,3 %, 15,0 %, 10,0 % et 18,3% 
des cas de cancer respectivement. Seuls trois échantillons de tissu mammaire tumoral bénin (12,5 %) étaient positifs 
pour l'ADN de papillomavirus humain tandis qu’aucun échantillon de tissu mammaire sain ne l’était. La détection 
de génotypes du papillomavirus humain hautement oncogènes chez les patientes atteintes de cancer du sein vient 
appuyer l'hypothèse du rôle étiologique du virus dans l'apparition d'un cancer du sein.
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Introduction

Breast carcinoma is the common-
est malignancy among women in 
developed and developing countries 
including Iraq (1,2). Local studies in 
Iraq have demonstrated that most 
breast cancer patients present in ad-
vanced stages with a likely prevalence 
of more aggressive tumour forms 
(3,4). Many risk factors have been 
associated with breast cancer devel-
opment and progression including a 
possible viral etiology (5). Previous 
studies have demonstrated the pres-
ence of high-risk human papillomavi-
rus (HPV) genotypes 16, 18 and 33 in 
breast cancer specimens from diverse 
populations around the world (6–8). 
Nevertheless, a definitive relationship 
between human breast cancer and 
HPV infection has not yet been deter-
mined (9). There is a need to obtain 
additional evidence in order to assess 
the possibility of breast cancer preven-
tion using HPV vaccines.

High-risk HPV encodes a series of 
proteins, some of which have oncogenic 
potential (10). The biology of HPV in 
breast cancer is almost identical to that 
in cervical cancer, although a signifi-
cantly higher viral load is evident in the 
latter (10). It has been observed that the 
presence of HPV in breast cancer was 
associated with the detectable expres-
sion of the HPV E6 oncogenic protein 
and the p16(INKa4) protein, which 
is an indicator of E7-mediated inacti-
vation of the p110(Rb) protein (11). 
The present study represents the first 
of its kind in Iraq to explore a possible 
etiological association between high 
oncogenic-risk HPV types and breast 
cancer.

Methods

Tissue samples
This retrospective study used 173 select-
ed formalin-fixed, paraffin-embedded 
blocks from breast tissue samples from 

129 patients with breast carcinomas 
(100 cases of ductal mammary carci-
noma not otherwise specified, 17 cases 
of lobular carcinoma, 5 cases of mixed 
ductal and lobular carcinoma and 7 
cases of medullary carcinoma) and 24 
patients with benign epithelial mam-
mary lesions. A further 20 blocks from 
samples from normal breast tissues 
were labelled as a control group (i.e. 
normal healthy breast tissues). The age 
range of the patients was 16–72 years. 
The specimens were collected dur-
ing the period 2008–11 from major 
hospitals and private laboratories in 
the mid-Euphrates governorates of 
Iraq including Babylon, Kerrbla, Al-
Najaf, Al-Qadiyisia and Al-Muthana. 
The diagnoses were based on the re-
corded pathological reports of the 
corresponding patients.

Laboratory methods
Thick-tissue sections (4 mm) were 
prepared and stuck onto positively 
charged slides. An in situ hybridization 
(ISH) detection system (Zytovision 
GmbH) was used to target DNA 
sequences in tissue specimens using 
digoxigenin-labelled cocktail HPV-
DNA probes for a wide range of 
high-risk HPV genotypes including 
genotypes 16, 18, 31, 33, 35, 45, 51 
and 82. The ISH signals were detected 
as red discolouration at the site of se-
quence complementarity as nuclear 
signals by proper use of the Zytovision 
system.

Another ISH detection system 
(Maxim Biotech Inc.) was used to 
target DNA sequences using a bioti-
nylated long DNA probe for HPV 
genotypes 16, 18, 31 and 33 in tissue 
specimens. The methods were con-
ducted according to the instructions of 
the manufacturing company. Positive 
reactions were performed by replacing 
the probe with a biotinylated house-
keeping gene probe. For the negative 
control, all reagents were added except 
the diluted probe. Proper use of this 
ISH detection system gives an intense 

blue signal at specific sites of the hy-
bridization probe in positive test tis-
sues (according to the specification of 
the second differential kit which gave 
the blue colour). The signal was evalu-
ated under light microscopy using × 
100 lens for counting the positive cells. 
The ISH results were given percentage 
scores based on positive signals and 
number of cells that gave these signals.

Analysis
Positive cells were counted in 10 
different fields of 100 cells for each 
sample and the average percentage 
of positive cells within the 10 fields 
was determined. Cases were assigned 
to one of the following percentage 
score categories: 1%–25% (score 1), 
26%–50% (score 2) or > 50% (score 
3) (12). The chi-squared test was used 
to detect the significance between 
groups. The statistical analysis was 
done using SPSS program, version 
17, and differences were considered 
significant when P < 0.05 (13).

Results

Detection and genotyping of 
HPV
Table 1 shows the positive results 
of the HPV-DNA ISH detection; 
60/129 breast cancer cases (46.5%; 
95% CI: 37.9%–55.1%) revealed posi-
tive red signals. In the benign tumour 
group 3/24 (12.5%) revealed positive 
red signals. None of the healthy breast 
tissues presented positive signals for 
the HPV ISH test. Of the positive 
cases, 31/60 (51.7%) breast cancer tis-
sues had score 3 (> 50% positive cells), 
while 2/24 (66.7%) benign tumour 
tissues had score 3.

The microscopic appearance of ge-
neric HPV-positive ISH red signals in 
breast cancer and healthy tissues are il-
lustrated in Figure 1. The signals of ISH 
for genotyping HPV were detected 
as blue nuclear signals at the sites of 
sequence-complementarities (Table 
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infection with HPV types 18 + 31 
(4.2%). A significant difference in the 
rates of co-infection by high-risk HPV 
genotypes was observed between the 
benign and malignant breast tissue 
groups (P < 0.05).

Discussion

The majority of molecular events 
in the genesis of breast cancer are 
unknown. However, initial studies 
have reported an association of breast 
cancers with cervical intraepithelial 
neoplasia-III-like lesions (14).

High oncogenic-risk HPV geno-
types such as HPV 16, 18, 31 and 33 
were detected in cases of breast cancer 
in this study. Despite great variability 
in the HPV detection rates worldwide, 
the majority of HPV types detected 
are of the high oncogenic-risk group 
(HPV genotypes 16 + 18) (15). It 
has been reported that the association 
of high oncogenic-risk HPV types is 
stronger in invasive breast carcino-
mas, indicating a possible relationship 
with the pathology and grade of the 
disease (16).

The transmission route of HPV 
detected in breast cancer is unclear. 

2 and Figure 2). Table 2 shows that 
in breast cancer cases the frequency 
of HPV genotype 33 (12.4%) was 
significantly lower than genotype 31, 
which was the most frequent genotype 
(30.2%). The distribution of HPV-
DNA genotypes in the malignant tu-
mour group were as follows: HPV 16 
(25.6%), HPV 18 (27.1%), HPV 31 
(30.2%) and HPV 33 (12.4%). These 
results demonstrate that HPV geno-
type 31 occurred at a higher rate than 
other genotypes. The total positive 
cases in the table refer to positive cases 
that may have more than one genotype 
of HPV.

Tables 3 and 4 show the rates 
of co-infection with multiple HPV 
genotypes in patients with benign and 
malignant breast tumours. The high-
est percentage of co-infection with 
multiple high-risk of HPV genotypes 
16 + 18 + 31 was found in 14/60 
(23.3%) malignant cases. Co-infection 
with other high-risk HPV genotypes 
were as follows: HPV 16 +18 (5.0%), 
HPV 16 + 18 + 33 (8.3%), HPV 18 
+ 31 (15.0%), HPV 16 + 31 (10.0%) 
and HPV 18 + 31 (18.3%). Positive 
signals indicating high-risk HPV in-
fection were found in 3/24 (12.5%) 
benign breast tumour tissues, among 
which only 1 case showed mixed HPV 

Table 1 Frequency distribution of human papillomavirus (HPV) DNA signal scoring from samples of malignant breast cancer, 
benign breast tumour and normal healthy breast tissues

HPV signal scoring Malignant breast tumour group Benign breast tumour group Healthy breast group

No. % No. % No. %

Signal

 Negative 69 53.5 21 87.5 20 100.0

 Positivea 60 46.5 3 12.5 0 0.0

 Total 129 100.0 24 100.0 20 100.0

Scoresb

 1 9/60 15.0 0/3 0.0 0/0 0.0

 2 20/60 33.3 1/3 33.3 0/0 0.0

 3 31/60 51.7 2/3 66.7 0/0 0.0

Mean rankc  95.6  67.1  55.5
aMann–Whitney test for difference in mean rank comparing: all 3 study groups (P < 0.001); benign tumour versus healthy groups (P = 0.11); malignant tumour versus 
healthy groups (P < 0.001); malignant versus benign tumour groups (P = 0.004). Kruskal–Wallis test for difference in signal scoring comparing: malignant versus 
benign tumour groups for HPV-positive cases (P = 0.52). Healthy controls were not compared because all were HPV negative. 
bScore 1: 1%–25%; score 2: 26%–50%; score 3: > 50%.  
cIndicates significant differences in rates of positivity of HPV detection compared with ranks of HPV detection rates in the groups showing benign tumours and healthy 
breast tissues.

Figure 1 Microscopic appearance of generic HPV-positive in situ hybridization 
red signals in epithelial breast tissues. A = malignant tumour (HPV positive); B = 
healthy breast (HPV negative)
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Two independent studies suggested 
a possible haematogenic and/or 
lymphatic transfer of the virus from 
one organ to another (17). Investiga-
tors revealed the presence of HPV in 

nipple secretions, suggesting that HPV 
may transfer in a retrograde fashion 
from the nipple via the areola, lactif-
erous ducts and sinuses (18). In the 
present study, generic/cocktail high 

oncogenic-risk types were detected in 
46.5% of cases. The reported preva-
lence of HPV infection in breast cancer 
tissues shows a great variation world-
wide, ranging from 0% to 86% (19,20). 
Demographic features and genetic 
background might contribute to the 
global geographical differences of 
HPV prevalence in breast carcinoma 
tissues. Nevertheless, other reasons 
for the different results reported in 
the literature may be attributable to 
the variation in the numbers of tested 
samples and sensitivity of the technical 
methods used in evaluation including 
the primer sets (21).

It has been reported that viri-
ons are shed from desquamating 
keratinocytes (the target cells from 
HPV infections) and high-risk HPVs 
can be transmitted by close human 
non-sexual contact (22). Accord-
ingly, we speculate that HPVs may be 
transmitted by hand from the female 
perineum to the breast which might 
occur during showering or bathing. It 
has been well documented as well that 
hormonal factors (oestrogen and its 
derivatives) are known to be involved 
in breast carcinogenesis (23) and that 
oestrogen receptor-positive breast 
carcinomas are more sensitive to ta-
moxifen. The presence of oestrogen 
or progesterone receptors was not 
related to HPV detection in breast 
carcinomas (24).

The origin of breast cancer remains 
multifactorial. If HPV is considered 
to play an etiological role in breast 
cancer development, as in cervical 
carcinogenesis, it would be reasonable 
to expect that it would be possible 
to detect the virus at an early stage 
of the disease, and that HPV would 
be found at least in some normal tis-
sues (9). The fact that we did not find 
viral DNA in healthy breast specimens 
could support, to a certain extent, the 
hypothesis that the virus might play a 
role in the etiology of breast cancer in 
only a subpopulation of patients. On 
the other hand, it is logical to believe 
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Table 2 Frequency of positive specific human papillomavirus (HPV) genotypes 
from samples of malignant breast cancer tissues 

Genotype Malignant tumour group
(n = 129)

No. %a 95% CI

31 39 30.2 22.3–38.1

18 35 27.1 19.4–34.8

16 33 25.6 18.1–33.1

33 16 12.4 6.7–18.1
aFriedman test comparing genotypes (P < 0.001). 
CI = confidence interval for prevalence.

Figure 2 Microscopic appearance of human papillomavirus (HPV)-positive in situ 
hybridization signals of epithelial breast tumour. A = malignant tumour (HPV 16 
positive); B = malignant tumour (HPV 18 positive); C = malignant tumour (HPV 
31 positive); D = healthy breast (HPV negative); E = malignant tumour (HPV 33 
positive); F = healthy breast (HPV negative)
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that the presence of high-risk types of 
HPV alone is not sufficient to imple-
ment the full process of tumourigen-
esis and that further changes would 
accumulate over time in a stepwise 
manner to cause the disease. This pos-
sible mechanism suggests a need for 

Table 3 Combined human papillomavirus (HPV) genotypes among positive-HPV cases from samples of malignant breast 
cancer and benign breast tumour tissues 

Genotypes Malignant breast tumour group
(n = 60)

Benign breast tumour group
(n = 3)

No. % No. %

Single genotype 17 28.3 2 66.7

Combined (multi) genotypes 43 71.7 1 33.3a

aKruskalWallis test comparing benign and malignant cancer groups for the presence of co-infection by high-risk HPV genotypes (P < 0.05).

further studies with larger cohorts of 
patients. Adding other investigations 
and methods to test for E6 and E7 on-
cogenes and other transforming genes 
would be mandatory to determine 
clearly the exact role of those viruses 
in the genesis of breast lesions (9,21).

The detection of high oncogenic 
HPV genotypes in patients with breast 
cancer requires prompt action to con-
trol the spread of that sexually transmit-
ted infection among the Iraqi general 
population.
Competing interests: None declared.

Table 4 Frequency of human papillomavirus (HPV)-genotype combinations among samples of HPV-positive malignant breast 
cancer and benign breast tumour tissues

Genotypes Malignant breast tumour group
(n = 43)

Benign breast tumour group
(n = 3)

No. % No. %

16 + 18 3 7.0 0 0.0

16 + 31 6 14.0 0 0.0

16 + 33 2 4.7 0 0.0

18 + 31 8 18.6 1 1.6

18 + 33 4 9.3 0 0.0

16 + 18 + 31 5 34.9 0 0.0

16 + 18 + 33 5 11.6 0 0.0
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