
ARTICLE  INFO ABSTRACT

Background: A growing body of evidence suggests a possible role for Epstein-
Barr virus (EBV) in the pathogenesis of a subset of breast cancers, with many of 
these studies highlighting an increased association between EBV and aggressive 
forms of breast carcinoma. This study aimed to further investigate this issue by 
assessing the possible association between EBV and the Her2+/ER- and Triple 
negative sub types of invasive ductal carcinoma (IDC). 

Methods: An immunohistochemical marker for EBV (Epstein-Barr virus 
nuclear antigen 1 (EBNA1) clone E1-2.5) was applied to tissue micro array 
sections. The tissue micro array's contained 58 cases of Her2+/ER- IDC, 57 cases of 
triple negative IDC and 67 cases of luminal like IDC. Each case was scored as 
positive or negative for nuclear expression of EBNA1 in tumour cells using 
standard light microscopy. Clinical and pathological details where noted for each 
case, as was the nuclear expression of NFκB p50.

Results: EBV infection was apparent in 43.2% of all cases. By subtype EBV 
was evident in 31 (57.4%) Her2+/ER- cases, 28 (49.1%) triple negative cases, and 
14 (24.1%) luminal like cases; with a significant association being noted between 
the Her2+/ER- and triple negative cases and EBV infection (P 0.001). This 
association was primarily linked with ER negativity, Her2 status showed no 
significant association with EBV infection. There were no significant associations 
with other clinical and pathological characteristics. Of the 53 cases demonstrating 
NFκB p50 nuclear staining, 37 (69.8%) were also infected by EBV (P <0.001). 

Conclusion: This study provides evidence that EBV is associated with 
aggressive subtypes of IDC (Her2+/ER- and triple negative) as well as providing 
evidence for a link between EBV and NFκB p50 nuclear expression, although the 
nature of these associations remains unclear.
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carcinomas.  Over the past 20 years a growing body 
of evidence has also suggested a role for EBV in a 

3-13
subset of sporadic breast cancers.  The first of these 
studies identifying EBV with breast cancer in 1995 
failed to identify it with any particular histological 

12, 13 9
type.  Following on from this Fina �H�W���D�O.  conducted 
a large multi centric study in 2001, this appeared to 
confirm both the association of EBV with breast 
cancer and the lack of any correlation with clinical or 
pathological characteristics (age, histological grade, 
tumour size, nodal status). However, more recent 
investigations have highlighted associations between  

Introduction
Epstein-Barr virus is known to be associated with 

a number of epithelial tumours, including 
1 

nasopharyngeal carcinoma and a subset of gastric 
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EBV and h igh  h is to logica l  grade ,  nodal 
3,5-7

involvement, and young age of onset,  while a 
meta-analysis published in 2012 appeared to 
demonstrate an association between EBV infection 

14and elevated breast cancer risk.  There is also some 
evidence to suggest a link between EBV and ER 
status. Using immunohistochemistry (IHC) to detect 
Epstein-Barr virus nuclear antigen 1 (EBNA1) 

 5
Murray et al  found a strong association between the 
2B4-1 EBNA1 clone and ER negative tumours, 
although this was in the absence of PCR detectable 
EBV genetic material. Following on from this, two 
further studies using polymerase chain reaction 

3, 4
(PCR) based methods  demonstrated a clear 
relationship between EBV and ER negative breast 

6, 7tumours; although some investigators  have failed 
to demonstrate significant associations between 
EBV and ER negative tumours this was largely due 
to small sample sizes, overall the data appears to be 
in favour of an association. However, as yet no clear 
molecular mechanism has been demonstrated to 
explain this. The relationship between EBV and 
Her2 status is unclear at present; there is evidence of 
Her2 overexpression in �L�Q���Y�L�W�U�R models using EBV 

15infected breast cancer cell lines.  However, of the 
three studies to investigate this issue in human breast 
tissue, the first failed to demonstrate any association 

4between EBV and Her2,  while the second 
demonstrated a weak association between EBV and 

3Her2 gene amplification.  In the third study by Glenn 
6�H�W���D�O�� in 2012  all the Her2 expressing tumours were 

also found to be infected by EBV, although, due to 
the small sample size this was not considered 
significant. 

From the evidence set out above it appears that 
breast tumours infected by EBV have a more 
aggressive nature, although this is not yet 
conclusive, and the manner of the relationship 
remains uncertain. Following on from the studies 
outlined above, the primary aim of this investigation 
was to further examine the relationships between  
EBV infection and the aggressive triple negative and 
Her2+/ER- subtypes of invasive ductal carcinoma 
(defined by receptor status). It was hypothesised that 
both of these subtypes would demonstrate 
significantly higher levels of EBV infection 
compared to the luminal like group (ER+/Her2- and 
ER+/Her2+/PR+). However, considering the 
evidence outlined above it was expected that ER 
status would have a greater impact than Her2 status. 
In order to test this IHC was used to examine 
expression levels of EBNA1 in 182 cases of breast 
cancer in tissue micro arrays (TMA’s), the use of 
IHC would allow EBV infection to be localised to 
tumour cells. The clinical and pathological 
characteristics of the tumours were also assessed to 
determine if there was a relationship with EBV 
infection; these included age, histological grade, 
tumour size, nodal involvement and Ki67 status. In 
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�7�L�V�V�X�H���V�S�H�F�L�P�H�Q�V

addition to this NFκB nuclear expression was also 
assessed, as this transcription factor is known to be 
associated with EBV in gastric and nasopharyngeal 

����������
carcinoma.

�0�H�W�K�R�G

�7�K�H���V�W�X�G�\���X�V�H�G���7�0�$�¶�V�����%�5���������E�����%�5������������
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�Z�H�U�H���J�U�R�X�S�H�G���D�F�F�R�U�G�L�Q�J���W�R���V�X�E�W�\�S�H���R�I���,�' �&�����D�V��
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�(�%�9�����(�%�1�$�������Q�X�F�O�H�D�U���S�R�V�L�W�L�Y�L�W�\�����U�H�V�X�O�W�V

�6�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V

�,�P�P�X�Q�R�K�L�V�W�R�F�K�H�P�L�V�W�U�\�����,�+�&��
The tissue micro arrays were de waxed in xylene 

taken through graded alcohols and re hydrated. 
TMA’s were then immersed in 10% hydrogen 
peroxide for 10 minutes to block endogenous 
peroxidase activity and retrieved according to 
manufacturer’s guidelines (heat mediated using the 
DAKO Pascal chamber and pH6.0 buffer [RE7113, 
NOVACASTRA]). After rinsing in wash buffer 
(HK583-5KE, BIOGENIX), the TMA’s were stained 
using a BIOGENIX i6000 with appropriate 
antibodies. Commercial control tissue was included 
with each staining run, the negative control was 
stained using a mouse IgG1 negative control (X0931 
mouse monoclonal IgG1, DAKO). The antibodies 
were visualised using the SuperSensitive Polymer 
HRP (diaminobenzidine) kit (QD430-XAKE, 
BIOGENIX). Sections were then counterstained 
using Mayer’s haemalum, differentiated in 0.25% 
acid alcohol, blued using ammonium water and were 
dehydrated in alcohol, cleared in xylene and 
coversliped. Sections were viewed and graded 
(positive/negative) using standard light microscopy, 
only nuclear staining within breast tumour cells was 
considered positive.

���������F�D�V�H�V���R�I���L�Q�Y�D�V�L�Y�H���G�X�F�W�D�O���F�D�U�F�L�Q�R�P�D���Z�H�U�H��
�D�V�V�H�V�V�H�G���X�V�L�Q�J���,�+�&���I�R�U���W�K�H���S�U�H�V�H�Q�F�H���R�I���(�%�9��
���(�%�1�$�������L�Q���W�K�H���Q�X�F�O�H�L���R�I���W�X�P�R�X�U���F�H�O�O�V�����������F�D�V�H�V���Z�H�U�H��
�H�L�W�K�H�U���X�Q�U�H�D�G�D�E�O�H���R�U���G�L�V�S�O�D�\�H�G���H�T�X�L�Y�R�F�D�O���V�W�D�L�Q�L�Q�J��
�D�Q�G���Z�H�U�H���G�L�V�F�R�X�Q�W�H�G���I�U�R�P���W�K�H���V�W�X�G�\�������������F�D�V�H�V��
�U�H�P�D�L�Q�H�G���W�K�D�W���Z�H�U�H���H�O�L�J�L�E�O�H���F�R�Q�V�L�V�W�L�Q�J���R�I���������F�D�V�H�V���R�I��
�O�X�P�L�Q�D�O���O�L�N�H���,�'�&���������������������������F�D�V�H�V���R�I���+�H�U�������(�5����
�,�'�&���������������������D�Q�G���������F�D�V�H�V���R�I���W�U�L�S�O�H���Q�H�J�D�W�L�Y�H���,�'�&��
�������������������(�%�1�$�����V�W�D�L�Q�L�Q�J���S�D�W�W�H�U�Q�V���E�U�R�N�H�Q���G�R�Z�Q��
�D�F�F�R�U�G�L�Q�J���W�R���W�K�H���F�O�L�Q�L�F�D�O���D�Q�G���S�D�W�K�R�O�R�J�L�F�D�O��
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�I���W�K�H���F�D�V�H�V���F�D�Q���E�H���V�H�H�Q���L�Q���7�D�E�O�H��������

Statistical analysis was carried out using a 
statistical package for social sciences (SPSS) version 
20 (PASW, IBM Corp. USA 2011). Associations 
between categorical data were assessed using the 

��
Chi-square test (χ ) or Fisher’s exact test where 
�D�S�S�U�R�S�U�L�D�W�H�����7�K�H���0�D�Q�W�H�O���+�D�H�Q�V�]�H�O���W�H�V�W���Z�D�V���X�V�H�G��
�Z�K�H�Q���D�S�S�U�R�S�U�L�D�W�H���W�R���D�V�V�H�V�V���W�K�H���D�V�V�R�F�L�D�W�L�R�Q�V���E�H�W�Z�H�H�Q��
�F�D�W�H�J�R�U�L�F�D�O���G�D�W�D���Z�K�H�U�H���D���W�K�L�U�G���Y�D�U�L�D�E�O�H���D�F�W�H�G���D�V���D��
�S�R�V�V�L�E�O�H���F�R�Q�I�R�X�Q�G�L�Q�J���I�D�F�W�R�U���W�R���W�K�H���W�Z�R���Y�D�U�L�D�E�O�H�V���R�I��
�S�U�L�P�D�U�\���L�Q�W�H�U�H�V�W�����8�V�L�Q�J���W�K�H���%�R�Q�I�H�U�U�R�Q�L���F�R�U�U�H�F�W�L�R�Q�����D��
�3���Y�D�O�X�H�����������������Z�D�V���F�R�Q�V�L�G�H�U�H�G���V�L�J�Q�L�I�L�F�D�Q�W�����5�L�V�N��
�D�Q�D�O�\�V�L�V���Z�D�V���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���R�G�G�V���U�D�W�L�R�V�����2�5�����D�Q�G��
�F�R�Q�I�L�G�H�Q�F�H���L�Q�W�H�U�Y�D�O�V�����&�,��������

�5�H�V�X�O�W�V

EBNA1 staining was evident in the tumour cells 
of 73 cases (43.2%), with a statistical power greater 
than 0.80; there was no evidence of EBNA1 staining 
in surrounding tissue or infiltrating lymphocytes. A 
significant association can be seen between EBV
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Table 1. EBV (EBNA1) staining according to the clinical and pathological characteristics (by case)

All

Age

Histological grade

Tumour size

Nodal involvement

Ki67 status

NFκB p50 status

Estrogen receptor

Progesterone receptor

Her2 status

Subtype

<50
≥50

Grade I
Grade II
Grade III

<2 cm
≥2 cm

N-
N+

Low
High

Negative
Positive

Positive
Negative

Positive
Negative

Positive
Negative

Luminal like
Her2+/ER-
Triple negative

169

80
89

16
124
23

10
158

139
30

91
78

116
53

58
111

47
122

60
109

58
54
57

73 (43.2)

30 (37.5)
43 (48.3)

6 (37.5)
57 (46.0)
7 (30.4)

4 (40.0)
68 (43.0)

58 (41.7)
15 (50.0)

38 (41.8)
35 (55.1)

36 (31.0)
37 (69.8)

14 (24.1)
59 (53.2)

12 (25.5)
61 (50.0)

33 (55.0)
40 (36.7)

14 (24.1)
31 (57.4)
28 (49.1)

96 (56.8)

50 (62.5)
46 (51.7)

10 (62.5)
67 (54.0)
16 (69.6)

6 (60.0)
90 (57.0)

81 (58.3)
15 (50.0)

53 (58.2)
43 (44.9)

80 (69.0)
16 (30.2)

44 (75.9)
52 (46.8)

35 (74.5)
61 (50.0)

27 (45.0)
69 (63.3)

44 (75.9)
23 (42.6)
29 (50.9)

0.10

0.34

0.56

0.27

0.40

<0.001

<0.001

0.86

0.40

0.001

Characteristics N
(cases)

��EBNA1)
EBV- (%)

P value(EBNA1)
EBV+ (%)

�D�O�O�H�Y�L�D�W�H�G���W�K�L�V���L�V�V�X�H�������D�Q�G���U�H�S�R�U�W�V���K�D�Y�H���L�Q�G�L�F�D�W�H�G���D�Q��
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�T�X�H�V�W�L�R�Q�H�G���G�X�H���W�R���W�H�F�K�Q�L�F�D�O���F�R�Q�F�H�U�Q�V�����D�Q���H�D�U�O�\��
�V�K�R�Z�H�G���V�W�U�R�Q�J���V�W�D�L�Q�L�Q�J���R�I���W�X�P�R�X�U���F�H�O�O�V���X�V�L�Q�J���W�K�H��
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���F�O�R�Q�H���(���������������Z�D�V���H�P�S�O�R�\�H�G���W�R���G�H�W�H�F�W���(�%�9�����D�V��
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�����������U�H�O�L�D�E�O�H�W�K�D�Q���W�K�H�����%�����F�O�R�Q�H��

�* �H�Q�H���H�[�S�U�H�V�V�L�R�Q���V�W�X�G�L�H�V���K�D�Y�H���L�G�H�Q�W�L�I�L�H�G���I�L�Y�H��
�S�U�L�P�D�U�\���V�X�E�W�\�S�H�V���R�I���E�U�H�D�V�W���F�D�Q�F�H�U�����L�Q�Y�D�V�L�Y�H���G�X�F�W�D�O��
�F�D�U�F�L�Q�R�P�D�����Q�R���V�S�H�F�L�D�O���W�\�S�H�������/�X�P�L�Q�D�O���$�����/�X�P�L�Q�D�O���%����

�� ���1�R�U�P�D�O���O�L�N�H�����%�D�V�D�O���O�L�N�H���D�Q�G���+�H�U�����S�R�V�L�W�L�Y�H�� ��
�+�R�Z�H�Y�H�U�����I�U�R�P���D�Q���R�Q�F�R�O�R�J�L�V�W�¶�V���S�R�L�Q�W���R�I���Y�L�H�Z���E�U�H�D�V�W��
�F�D�Q�F�H�U���S�D�W�L�H�Q�W�V���I�D�O�O���L�Q���W�R���R�Q�H���R�I���W�K�U�H�H���J�U�R�X�S�V�����(�5��

�����S�R�V�L�W�L�Y�H�����+�H�U�����S�R�V�L�W�L�Y�H���D�Q�G���W�U�L�S�O�H���Q�H�J�D�W�L�Y�H�����D�V���W�K�H�V�H��
�����J�U�R�X�S�V���U�H�S�U�H�V�H�Q�W���G�L�V�W�L�Q�F�W���S�U�R�J�Q�R�V�W�L�F���R�X�W�F�R�P�H�V�������$��

�3�U�H�Y�L�R�X�V���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���K�D�Y�H���G�H�P�R�Q�V�W�U�D�W�H�G���(�%�9��
�S�R�V�L�W�L�Y�L�W�\���U�D�Q�J�L�Q�J���I�U�R�P���������������� �Z�L�W�K���D���P�H�D�Q���R�I��
���������������6�'� �������������Z�K�H�Q���F�R�Q�V�L�G�H�U�L�Q�J���D�O�O���I�R�U�P�V���R�I��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����Z�K�H�Q���F�R�Q�V�L�G�H�U�L�Q�J���R�Q�O�\���,�+�&���V�W�D�L�Q�L�Q�J��
�X�V�L�Q�J���(�%�1�$�����W�K�H���U�D�Q�J�H���L�V�����������������D�Q�G���W�K�H���P�H�D�Q���L�V��

���������������������������������������6�'� ������������ ���$�O�W�K�R�X�J�K���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H��
�S�U�H�V�H�Q�W���V�W�X�G�\���D�U�H���V�O�L�J�K�W�O�\���D�E�R�Y�H���W�K�H���P�H�D�Q��������������������
�W�K�H�\���D�U�H���Z�H�O�O���Z�L�W�K�L�Q���W�K�H���U�D�Q�J�H���D�Q�G���I�D�O�O���Z�L�W�K�L�Q�����6�'������
�7�K�H���K�L�J�K�H�U���O�H�Y�H�O���R�I���S�R�V�L�W�L�Y�L�W�\���L�Q���W�K�H���F�X�U�U�H�Q�W���V�W�X�G�\��
�P�D�\���E�H���G�X�H���W�R���W�K�H���Q�D�W�X�U�H���R�I���W�K�H���V�D�P�S�O�H�����3�U�H�Y�L�R�X�V��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���X�V�H�G���V�D�P�S�O�H�V���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���W�K�H��
�S�R�S�X�O�D�W�L�R�Q���Q�R�U�P���L�Q���W�H�U�P�V���R�I���U�H�F�H�S�W�R�U���H�[�S�U�H�V�V�L�R�Q�����G�X�H��
�W�R���W�K�H���Q�D�W�X�U�H���R�I���W�K�L�V���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���W�K�H���V�D�P�S�O�H��
�F�R�Q�W�D�L�Q�H�G���P�R�U�H���(�5�����D�Q�G���+�H�U�������F�D�V�H�V���W�K�D�Q���Z�R�X�O�G��
�Q�R�U�P�D�O�O�\���E�H���H�[�S�H�F�W�H�G�����+�R�Z�H�Y�H�U�����G�X�H���W�R���W�K�H���Q�D�W�X�U�H���R�I��
�W�K�H���L�Q�Y�H�V�W�L�J�D�W�L�R�Q�����X�V�L�Q�J���7�0�$�¶�V�������L�W���Z�D�V���Q�R�W���S�R�V�V�L�E�O�H��
�W�R���D�F�F�X�U�D�W�H�O�\���F�O�D�V�V�L�I�\���O�\�P�S�K�R�F�\�W�L�F���L�Q�I�L�O�W�U�D�W�L�R�Q���R�I���W�K�H��
�W�X�P�R�X�U���W�L�V�V�X�H�����7�K�L�V���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���Z�K�H�Q��
�Y�L�H�Z�L�Q�J���W�K�H�V�H���U�H�V�X�O�W�V��

��
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To gain a greater understanding of the nature of 
this relationship receptor (ER, PR, Her2) receptor 
expression profiles were examined (although data on 
ER, PR, and Her2 clones used for this was not 
available), with Mantel-Haenszel analysis being 
used to adjust for ER status. As can be seen from the 
results ER negativity appears to be the dominant 
factor in the association between EBV and the 
aggressive breast cancer sub types, with the odds 
ratio suggesting that EBV infection is 3.57 times 
more likely in ER negative tumours (P <0.001). 
However, the nature of the relationship remains 
unclear, as no molecular mechanism has been 
outlined as yet to explain the association. It may be 
that the higher proportion of ER negative cells in the 
basal layer makes these cells more susceptible to the 
transfer of EBV infection from infiltrating 
lymphocytes, although the recent report by Khan �H�W��

26�D�O�� failed to find a correlation between EBV infected 
infiltrating lymphocytes and ER negative breast 
tumours. Further studies are needed to examine this 
issue, as the small size of the cores in the TMA’s 
limited the ability of the investigator to fully screen 
for infiltrating lymphocytes in the present study. No 
association was evident between the EBV infected 
tumour cells and PR receptor expression, confirming 

3, 4, 7the findings of previous authors.  As outlined in the 
introduction the evidence for an association between 
EBV infection and Her2 expression is mixed, it was 

15reported by Lin �H�W���D�O�� that infection of breast cancer 
cell lines by EBV leads to activation of the 
Her2/Her3 signalling axis and elevated Her2 
expression through the action of the BARF0 gene 
product. EBV has also been shown to induce EGFR 
expression in cervical carcinoma cell cultures 

����
through the action of NFκB p50,  and recent 
�H�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�V���W�K�D�W���W�K�H���(�5�%�%�����J�H�Q�H���L�V���D�P�S�O�L�I�L�H�G��

�����L�Q���D���V�X�E�V�H�W���R�I���(�%�9���O�L�Q�N�H�G���J�D�V�W�U�L�F���F�D�U�F�L�Q�R�P�D�V�����7�D�N�H�Q��
�W�R�J�H�W�K�H�U���W�K�L�V���H�Y�L�G�H�Q�F�H���V�X�J�J�H�V�W�V���W�K�D�W���D�Q���L�Q�W�L�P�D�W�H��
�U�H�O�D�W�L�R�Q�V�K�L�S���P�D�\���H�[�L�V�W���E�H�W�Z�H�H�Q���(�%�9���D�Q�G���W�K�H���+�H�U��
�I�D�P�L�O�\���R�I���U�H�F�H�S�W�R�U�V���L�Q���D���U�D�Q�J�H���R�I���F�D�U�F�L�Q�R�P�D�V����
�+�R�Z�H�Y�H�U�����L�Q���W�K�L�V���F�X�U�U�H�Q�W���V�W�X�G�\���Q�R���D�V�V�R�F�L�D�W�L�R�Q���Z�D�V��
�R�E�V�H�U�Y�H�G���E�H�W�Z�H�H�Q���( �%�9���L�Q�I�H�F�W�L�R�Q���D�Q�G���+�H�U����
�R�Y�H�U�H�[�S�U�H�V�V�L�R�Q�����7�K�L�V���L�V���E�U�R�D�G�O�\���L�Q���D�J�U�H�H�P�H�Q�W���Z�L�W�K��
�S�U�H�Y�L�R�X�V���V�W�X�G�L�H�V���W�K�D�W���K�D�Y�H���H�[�D�P�L�Q�H�G���W�K�L�V���U�H�O�D�W�L�R�Q�V�K�L�S��

���Z�K�L�F�K���I�R�X�Q�G���H�L�W�K�H�U���Z�H�D�N���D�V�V�R�F�L�D�W�L�R�Q�V�����R�U���D���O�D�F�N���R�I��

�V�W�U�R�Q�J���D�V�V�R�F�L�D�W�L�R�Q���Z�D�V���G�H�P�R�Q�V�W�U�D�W�H�G���E�H�W�Z�H�H�Q���(�%�9��
�L�Q�I�H�F�W�L�R�Q���D�Q�G���W�X�P�R�X�U���V�X�E�W�\�S�H�����3� �����������������Z�L�W�K���(�%�9��
�L�Q�I�H�F�W�L�R�Q���V�K�R�Z�Q���W�R���E�H���P�R�U�H���S�U�H�Y�D�O�H�Q�W���L�Q���W�K�H��
�+�H�U�������(�5�����D�Q�G���W�U�L�S�O�H���Q�H�J�D�W�L�Y�H���V�X�E�W�\�S�H�V���R�I���L�Q�Y�D�V�L�Y�H��
�G�X�F�W�D�O���F�D�U�F�L�Q�R�P�D�����7�K�L�V���S�R�L�Q�W�V���W�R�Z�D�U�G�V���D���S�R�V�V�L�E�O�H���U�R�O�H��
�I�R�U���(�%�9���L�Q���W�K�H���S�D�W�K�R�J�H�Q�H�V�L�V���R�I���W�K�H�V�H���E�U�H�D�V�W���F�D�Q�F�H�U��
�V�X�E�W�\�S�H�V�����E�R�W�K���R�I���Z�K�L�F�K���D�U�H���W�\�S�L�F�D�O�O�\���K�L�J�K���J�U�D�G�H���D�Q�G��

25�D�J�J�U�H�V�V�L�Y�H�����7�K�L�V���V�W�X�G�\���G�L�U�H�F�W�O�\���L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H��
association between EBV infection and the high risk 
IDC subtypes (Her2+/ER- and Triple negative) in an 
organised manner, and backs up the work of previous 
authors associating EBV infection with aggressive 

3, 4 (ER-) breast tumours.

���������D�Q�\���V�L�J�Q�L�I�L�F�D�Q�W���D�V�V�R�F�L�D�W�L�R�Q��

NFκB is a rapid acting primary transcription 
factor found in most cell types that acts as a master 
regulator of cellular responses to stress; it serves as a 
primary means of relaying signals from the 
extracellular environment to the nucleus in order to 
initiate a genetic program. Aberrant expression of 
NFκB has been associated with a number of 

����
cancers.  In breast cancer it has been found to be 
�F�R�U�U�H�O�D�W�H�G���Z�L�W�K���(�5���3�5���Q�H�J�D�W�L�Y�L�W�\�����D�Q�G���L�V���D�V�V�R�F�L�D�W�H�G��

�������������Z�L�W�K���W�K�H���+�H�U�����S�R�V�L�W�L�Y�H���D�Q�G���E�D�V�D�O���O�L�N�H���V�X�E�W�\�S�H�V����
�1�)���%���S�������D�Q�G���S�������D�U�H���E�R�W�K���H�O�H�Y�D�W�H�G���L�Q���W�K�H�V�H���F�D�Q�F�H�U��
�W�\�S�H�V�����K�R�Z�H�Y�H�U�����O�H�Y�H�O�V���R�I���1�)���%���S�������K�D�Y�H���E�H�H�Q��
�V�K�R�Z�Q���W�R���E�H���V�L�J�Q�L�I�L�F�D�Q�W�O�\���K�L�J�K�H�U���W�K�D�Q���S���������1�)���%���K�D�V��
�D�O�V�R���E�H�H�Q���V�W�U�R�Q�J�O�\���O�L�Q�N�H�G���W�R���U�D�G�L�R�W�K�H�U�D�S�\���D�Q�G���D�Q�W�L��

�������������H�V�W�U�R�J�H�Q���W�K�H�U�D�S�\���U�H�V�L�V�W�D�Q�W���I�R�U�P�V���R�I���E�U�H�D�V�W���F�D�Q�F�H�U�� ����

The clinical and pathological profiles (patient 
age, histological grade, tumour size, and nodal 
involvement) of the EBV positive and EBV negative 
tumours were investigated as relationships between 
these factors and EBV have been noted in previous 
studies. An early study demonstrated a significant 
association between EBNA1 staining (using the 
2B4-1 clone) and tumour size, tumour grade and 
nodal involvement; presence of the EBNA1 protein 
was found to be associated primarily with grade 3 
tumours greater than 50 mm with more than 3 lymph 

5nodes positive for metastases.  However, this study 
failed to demonstrate the presence of the EBV 
genome using PCR, and the reliability of the 2B4-1 
clone must also be questioned as outlined earlier in 
the discussion. A further study in 2008 showed 
support for the association between EBV infection 

7
and high grade node positive tumours,  although no 
significant association was evident between EBV 

3infection and tumour size. Another study in 2011  
demonstrated an association between EBV positivity 
and high tumour grade, however, no other clinical or 
pathological factors were significant (excluding 
receptor expression status). A final study by Glenn et 

6al. in 2012  indicated that EBV was associated with a 
younger age of diagnosis. In the present study no 
associations were evident between EBV infection of 
breast tumours and age, histological grade, tumour 
size or nodal involvement; this is in accordance with 

4,8,10,11
the majority of previous investigations,  
including a large multi centric study by Fina �H�W���D�O�� in 

92001.  The scores used to grade the IDC sub-types in 
the TMA’s used were not available, so it was not 
possible to assess if EBV infection was associated 
with different scores for nuclear pleomorphism, or 
tubule formation. However, the relationship between 
EBV positivity and Ki67 status was assessed; Ki67 
measures the proliferation activity of tumours and is 
becoming increasingly important in breast cancer 

29, 30
prognostic tests such as IHC4+C.  However, no 
significant association was evident. None of the 
previous studies investigating EBV and breast 
cancer have observed Ki67 status.
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�7�K�H���S�U�L�P�D�U�\���D�L�P���R�I���W�K�L�V���V�W�X�G�\���Z�D�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���D��
�S�R�V�V�L�E�O�H���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���(�%�9���L�Q�I�H�F�W�L�R�Q���D�Q�G��
�D�J�J�U�H�V�V�L�Y�H���V�X�E���W�\�S�H�V���R�I���L�Q�Y�D�V�L�Y�H���G�X�F�W�D�O���F�D�U�F�L�Q�R�P�D����
�7�K�H���G�D�W�D���F�O�H�D�U�O�\���L�Q�G�L�F�D�W�H�V���D�Q���D�V�V�R�F�L�D�W�L�R�Q�����Z�L�W�K���(�%�9��
�L�Q�I�H�F�W�L�R�Q���V�L�J�Q�L�I�L�F�D�Q�W�O�\���P�R�U�H���S�U�H�Y�D�O�H�Q�W���L�Q���W�K�H���W�U�L�S�O�H��
�Q�H�J�D�W�L�Y�H�������������������D�Q�G���+�H�U�������(�5���������������������V�X�E���W�\�S�H�V��
�F�R�P�S�D�U�H�G���W�R���W�K�H���O�X�P�L�Q�D�O���O�L�N�H���V�X�E���W�\�S�H���������������������,�W���Z�D�V��
�I�X�U�W�K�H�U���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���D���V�L�J�Q�L�I�L�F�D�Q�W���D�V�V�R�F�L�D�W�L�R�Q���L�V��
�S�U�H�V�H�Q�W���E�H�W�Z�H�H�Q���(�%�9���L�Q�I�H�F�W�L�R�Q���D�Q�G���(�5���Q�H�J�D�W�L�Y�L�W�\����
�K�R�Z�H�Y�H�U�����Q�R���V�L�J�Q�L�I�L�F�D�Q�W���D�V�V�R�F�L�D�W�L�R�Q�V���H�[�L�V�W���E�H�W�Z�H�H�Q��
�(�%�9���L�Q�I�H�F�W�L�R�Q���D�Q�G���H�L�W�K�H�U���3�5���V�W�D�W�X�V���R�U���+�H�U�����V�W�D�W�X�V����
�7�K�H���Q�D�W�X�U�H���R�I���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���(�5���Q�H�J�D�W�L�Y�L�W�\��
�D�Q�G���(�%�9���L�Q�I�H�F�W�L�R�Q���U�H�P�D�L�Q�V���X�Q�F�O�H�D�U�����Z�L�W�K���D�G�G�L�W�L�R�Q�D�O��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���Q�H�H�G�H�G���W�R���G�H�W�H�U�P�L�Q�H���L�I���(�5���Q�H�J�D�W�L�Y�L�W�\��
�L�V���L�Q�Y�R�O�Y�H�G���L�Q���W�K�H���D�H�W�L�R�O�R�J�\���R�I���D���S�R�V�V�L�E�O�H���V�X�E���V�H�W���R�I��
�(�%�9���O�L�Q�N�H�G���D�J�J�U�H�V�V�L�Y�H���E�U�H�D�V�W���W�X�P�R�X�U�V�����G�X�H���W�R���W�K�H��
�O�L�P�L�W�D�W�L�R�Q�V���L�Q�K�H�U�H�Q�W���Z�L�W�K���F�R�P�P�H�U�F�L�D�O���7�0�$�¶�V���I�X�U�W�K�H�U��

�,�Q�F�U�H�D�V�H�G���1�)���%���H�[�S�U�H�V�V�L�R�Q���L�V���Q�R�U�P�D�O�O�\���W�K�H���U�H�V�X�O�W��
�R�I���S�K�\�V�L�R�O�R�J�L�F�D�O���F�K�D�Q�J�H�V���O�H�D�G�L�Q�J���W�R���L�W�V���D�F�W�L�Y�D�W�L�R�Q�����,�Q��
�W�K�H���F�D�V�H���R�I���E�U�H�D�V�W���F�D�Q�F�H�U�����+�H�U�����S�R�V�L�W�L�Y�H���D�Q�G���E�D�V�D�O���O�L�N�H��
�W�X�P�R�X�U�V���K�D�Y�H���D���V�R�O�L�G���J�U�R�Z�W�K���S�D�W�W�H�U�Q���W�K�D�W���O�H�D�G�V���W�R��
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