Table S1. PCR Summary Table

EBV and Breast Cancer

Reference PCR type Results Percent EBV
Viruses CMYV and EBV Primer(s) positive
Specimen type Other analysis
Country
[1] PCR (EBNAL) 35/52 specimens were suitable for PCR, but all were 0 (PCR)
EBV Primers SL1 and SL3 negative for EBV.
Formalin-fixed, paraffin-embedded
medullary BC specimens (n=52).
USA
[2] PCR The EBV genome was present in 2 of 3 breast cancer 66 (PCR)
EBV EBYV (long internal repeat 1) specimens and in 2 of 3 gastric cancer specimens.

El 5>>CCAGACAGCAGCCAATTGTC>3’
Formalin-fixed, paraffin-embedded | E2 5>>GGTAGAAGACCCCCTCTTAC>3’ ISH provided positive signals for the EBV genome in 0 (ISH)

breast carcinoma (n=3) and gastric
carcinoma (n=3) tissue with severe
small lymphoid cell infiltration.

In situ hybridization (ISH)

small lymphoid cells in 2 of 3 breast cancer specimens (the
same two as above) and in 1 of 3 gastric cancer specimens
(the specimen that was negative on PCR above).

Japan
[3] PCR (chose not to use nested PCR to avoid risk of 19/91 samples (21%) were positive for the presence of the | 21 (PCR alone)
EBV contamination) BamHIW repetitive sequence. Of the 19 positive samples,

Paired blood and primary breast
cancer tissue samples

EBV (BamHIW)

5-CCATGT AAGCT-7JGCCTCG AG-3'
5-GCCTT AGATCTGGCTCTTTG-3'
EBV (BamHIC)
5-AACCTCAGGACCTACGCT-3'
5-TAGCGGACAAGCCGAATAC-3’

18 were available for BamHIC analysis, and 15 were
positive. Control samples were all negative but when 59
cycles were carried out, 3 samples became positive.




United Kingdom

ISH

ISH was carried out to assess whether the results obtained

by PCR could be confirmed and to localise the signal. 12

of the 19 breast samples found to be positive for BamHIW
DNA by PCR were confirmed as positive by ISH.

63 (PCR and ISH)

[4] PCR (BAM HI W) PCR: 0/10 medullary BC specimens were positive, 0 (PCR)
EBV 5'-GCCAGTAGCATCTGACTTTGAGCCT3 whereas the PCR positive control was strongly positive.
5'-CCACTGGCCACAAAATCA T ACAGTG 3
Formalin-fixed medullary IHC: 0/10 medullary BC specimens were positive (but 0 (IHC)
carcinoma specimens (n=10). IHC (LMP) positive controls were positive).
Positive controls.
ISH ISH: 0/10 medullary BC specimens were positive (but 0 (ISH)
Belgium positive controls were positive).
[5] PCR PCR: 12 of 28 assessable breast cancers (43%) were 43 (PCR)
EBV 5’GCTAGGCCACCTTCTCAG3’ positive. 19/48 (40%) of frozen samples were positive.
5’GTCCAGGGCCTTCACTTC3’ 0/12 normal breast samples were positive. All the
Formalin-fixed, paraffin-embedded | 5>°CCAGCGCGTTTACGTAAG3’ Hodgkin’s disease, gastric cancer, and nasopharyngeal
specimens; breast cancer (n=31), 5’TCTCCCCTAGGCTTGGAT3’ carcinoma specimens were positive.
normal breast (n=12), Hodgkin’s
disease (n=1), gastric cancer (n=1), | ISH (EBER) ISH: None of the breast sections showed any signal. 0 (ISH)
nasopharyngeal carcinoma (n=1). Hodgkin’s disease showed a specific reaction to Reed
Breast biopsy liquid nitrogen Sternberg cells.
frozen samples (n=48).
IHC IHC: immunostaining was performed on a sample of the
United Kingdom PCR-positive BC sections. The antibody produced
staining of scattered tumour epithelial cells in several of
the sections, which were shown to be EBV positive by
PCR.
[6] PCR PCR: 51/100 (51%) biopsy specimens had EBV genome 51 (PCR)
EBV GAPDH (5’ to0 3”) present. 4/5 lymph nodes with metastases had EBV
GGCCTCCAAGGAGTAAGACC genome present (for which the corresponding tumours
Samples stored in liquid nitrogen. CCCCTCTTCAAGGGGTCTAC were also EBV positive). The tumour associated with the
Primary invasive breast carcinoma | BZLF1(5’ to 3°) negative lymph node was also EBV negative.
(n=100), normal tissues adjacentto | AGGGGAGATGTTAGACAGGT
breast tumors (n=30), and lymph AGTATGCCAGGAGTAGAACA 3/30 samples of healthy tissue adjacent to BC were
nodes with metastasis (n=5). GCCACCTTTGCTATCTTTGC positive for EBV (in 2 of the samples the detected genome
AGGCGTGGTTTCAATAACGG was also observed in the tumour).




France

BNLFI(5’ to 3")
CTAGCGACTCTGCTGGAAAT
GAGTGTGTGCCAGTTAAGGT
EBER-2 (5’ to 3”)
CCCTAGTGGTTTCGGACACA
ACTTGCAAATGCTCTAGGCG

Southern Blot hybridization (SBH)

ISH (EBER)

IHC (EBNA-1)

Seven BC samples were tested using SBH, and all were
positive for EBV. The signal observed was independent of
the lymphoplasmocytic reaction of the tumour.

ISH was performed on three EBV PCR-positive tumours
and on one lymph node with metastasis. One NPC biopsy
specimen served as a positive control. No signal was
observed in breast tissue.

IHC was performed on six EBV-negative and on nine
EBV-positive tumors with two different EBNA-1 MADbs,
1H4 and 2B4. The proportion of EBNA-1-positive cells
varied greatly from one tumor to another. No labelling was
seen in lymphocytes, even in lymph nodes with
metastases.

0 (ISH)

[7]
EBV

Snap-frozen BC biopsy samples
(n=24).

Netherlands

PCR (BamHI-W)

Reverse transcription PCR (EBNA1 and rightward
transcripts from the BamHI-A region)

PCR: 5/24 (21%) positive. Of these five, two also tested
positive for the single-copy gene BNLF1. In none of the
five DNA PCR-positive breast carcinoma samples could
EBNAU1 transcripts or rightward transcripts from the
BamHI-A region be detected.

21 (PCR)

0 (reverse
transcription PCR)

[8]
EBV

Paired fresh frozen and paraffin-
embedded breast cancer specimens
(n=48).

PCR

(EBNA-4)

5’-GAG GAG GAA GAC AAG AGT GG-3’
5’-GAT TCA GGC GTC GTG GCT CTT GG-3’
(EBV-LMP-1)

5-CGG AAG TTG AAA ACA AA-3’

5-GTG GGG GTC GTC ATC ATC TC-3’

PCR: 5/48 (10%) of BC specimens were positive for EBV-
LMP-1, of which 3 co-expressed EBV-LMP-1 and EBNA-
4. An additional 2 cases expressed either EBV-LMP-1 or
EBNA-4.

10 (PCR)




ISH (EBER-1) ISH: 5/48 (10%) of BC specimens showed nuclear and 10 (ISH)
cytoplasmic positivity for EBER-1. The positive cells
were tumour cells.
IHC (EBNA-1, LMP-1, and ZEBRA) IHC: 12/48 (25%) of BC specimens were positive for 10 (IHC)
EBNA-1. EBNA-1 did not stain any lymphocytes,
USA endothelial cells, or stromal cells. 0/48 specimens were
positive for LMP-1 or ZEBRA proteins.
Southern Blot Southern Blot: None of the 7 PCR positive specimens was
positive.
[9] Qualitative BamHIC PCR Overall, 31.8% of the 509 tumour samples were positive 32 (PCR)
EBV 5-AACCTCAGGACCTACGCT-3' for the BamHIC non repetitive sequence. Frequencies
5" -TAGCGGACAAGCCGAATAC-3' were not different among the geographical areas studied,
Breast tumour specimens stored in | Semi-quantitative BamHIC PCR but EBV-positive breast cancers from the NPC high- and
liquid nitrogen (frozen and Real-time BamHIC PCR intermediate-risk areas showed higher loads of the EBV
paraffin-embedded sections used 5-AAA-CAGGAC-AGC-CGT-TGC-C-3' genome than those from the low-risk areas (p = 0.01).
for ISH). Primary invasive ductal 5 AAGCCT-CTC-TTC-TCC-TTC-CCC-3'
breast carcinomas from NPC high-
risk, intermediate-risk, and low- ISH ISH to determine whether EBV expression occurs in the 50 (ISH on 10
risk areas (n=509). Laser capture microdissection (LCM) tumour epithelial compartment or in lymphoplasmocytic samples)
cells infiltrating the stroma showed positive results on the
Algeria, Tunisia, Southern France, malignant epithelial compartment of tumours with more
Northern France, Netherlands, than 1500 BamHIC copies/500 ng DNA (n=10). LCM
Denmark confirmed the epithelial location of of EBV.
[10] PCR (EBNAL) Amplifiable DNA was obtained from 278/361 (77%) 2 (PCR)
EBV CTGGAAATGGCCTAGGAGAGAA samples. Of these, only six samples were positive for

BC specimens with
microdissectable components
(n=115). Intraductal carcinoma
(n=84), invasive tumor (n=106),
metastases (n=50), recurrences,
normal lymph node, or other
normal tissue (total n=361).

(nucleotides 637—-658;GenBank S45894)
TCCATGGTTATCACCCCCTC
(nucleotides 709-728)

ISH (EBER, LMP1)

EBNAL.

EBV-positive blocks were analysed by EBER ISH and
LMP1 immunohistochemistry. Three were lymph nodes,
and all of these contained occasional EBER- and LMP1-
positive lymphocytes; the metastatic tumor itself was




negative for both EBER and LMP1.

USA

The other 3 positive specimens were from one patient.

Both EBER and LMP1 staining demonstrated EBV was

present in 50%—-75% of normal ductal epithelium, as well

as in the intraductal and invasive carcinoma components.
[11] PCR (EBER) In 14/33 (42%) carcinomas, convincing nuclear reactions 42 (IHC)
EBV 5°t0 3’ were noted. 21 normal breast, non-proliferative variants of

CCCTAGTGGTTTCGGACACA fibrocystic changes, and benign fibroadenomas were Of these, 100%
Formalin-fixed, paraffin- ACTTGCAAATGCTCTAGGCG negative. CD21 showed no reaction in any epithelial were positive on
embedded,; infiltrating ductal component. PCR
(n=20), infiltrating lobular (n=13), | ISH (EBER)
fibroadenoma (n=10), fibrocystic
changes (n=16).
USA
[12] PCR After 35 amplification cycles, a PCR product of the 7 (PCR)
EBV EBV BamHI W expected size was observed in four of 59 cases (6.8%).
5’-CAC TTT AGA GCT CTG GAGGA-3’ Subsequent analysis of the EBV DNA PCR-positive cases

Formalin-fixed, paraffin- 5’-TAA AGA TAG CAG CAG CAC AG-3’ by EBV DNA
embedded, invasive carcinoma; 30
invasive ductal, 26 invasive ISH ISH using a 35S-labelled probe specific for the EBV 0 (ISH)
lobular, 2 medullary, 1 BamHI W fragment yielded negative results, while the
undifferentiated (total n=59) IHC (EBNA-1) same approach led to a strong labelling of nasopharyngeal
Control; paraffin sections from carcinoma cell nuclei.
EBV-positive undifferentiated
nasopharyngeal carcinoma.
Germany
[13] PCR (EBER-2) EBV genome was detected through PCR amplification of | 72 (PCR)
EBV 5’-CCCTAGTGGTTTCGGACACA-3’ EBER-2 DNA, in 13 of 18 (72%) fibroadenomas, and

Formalin-fixed, paraffin-embedded
tissue samples from rapidly-
growing breast fibroadenomas in
immunosuppressed (n=20) & non-

5’-ACTTGCAAATGCTCTAGGCG-3’

LMP-1 protein in 12 of 20 (60%). None had lymphocytic
infiltration, which minimizes the possibility that the
positive EBER-2 results were due to contaminating
lymphocytes.




immunosuppressed
(n=11) patients.

Real-time PCR (nested primers)
5’-ATCTTCGGGTGCTTACTTG-3’
5’-AAGGCCAAAAGCTGCCAGATGGTGGC-3’

LMP-1 RNA was not detected using nested RT-PCR.

45 (PCR and IHC)

USA 5’-CATTGTTCCTTGGAATTGTGCTGT-TC-3”
5’-ACCAAGTCGCCAGAGCATC-3’
Immunohistochemistry (IHC) Nine (45%) were concordantly positive for both, EBER-2
DNA and LMP-1 protein. None of the fibroadenomas from
non-immunosuppressed patients expressed LMP-1 protein
(P =0.0006).
[14] Real-time PCR Six tumour samples excluded. EBV DNA was detected in | 21 (QPCR)
EBV EBV (polymerase gene) 19 of 92 cases (21%), but in all cases, the genome copy
5-AGTCCTTCTTGGCTAGTCTGTTGAC-3 number was very low (mean of 1.1 copies of EBV/1000
Paraffin-embedded samples of 5-CTTTGGCGCGGATCCTC-3 cells; range, 0.1-7.1). LCM was used to isolate tumour
breast cancer NST (n=84), DCIS EBV (B-2m gene) cells from the 19 positive samples. Subsequent Q-PCR of
(n=8), medullary carcinoma (n=4), | 5-GGAATTGATTTGGGAGAGCATC-3’ these samples failed to detect EBV DNA in any of these
atypical medullary carcinoma 5-CAGGTCCTGGCTCTACAATTTACTAA-3 (although positive controls were positive). 0 (PCR after
(n=1), and mucinous type (n=1). LCM)
LCM
ISH (EBER) EBER ISH for EBERS did not detect RNAs in tumour 0 (ISH)
cells from any of the 19 samples (but strong reactivity was
United Kingdom IHC using 2B4-1 reagent) seen in positive controls).
Positive results were found for 2B4-1 reagent in 19/25
(76%) samples negative for EBV genome. The 2B4-1
protein is similar to EBNA-1.
[15] RT-PCR In vitro-infected breast carcinoma cells expressed a 70 (QPCR)
EBV EBV (EBER1, BARFO, RPMS1, EBNA1, Wp/Cp, | mixture of latency Il and Iytic EBV genes. Both BZLF1
LMP1, ZTA) Table 1 lists primers. transcripts and Zta protein expression were detected, and
Breast epithelial tumour cell lines 10% of the EBV converted MDA-MB468-BX1 cells
exhibited spontaneous Zta expression in
USA immunofluorescence assays.
[16] PCR 6/15 (40%) of the BC samples were positive for EBV early | 40 (PCR)
EBV EBER-1 and EBER-2 gene LF3 (which contains the repetitive IR4 sequence).

50-AGGACCTACGCTGCCCTAGA




Fresh frozen biopsies Ductal
carcinoma (n=12), anaplastic
lobular (n=1), lobular with ductal
elements (n=1), tubule-lobular
(n=1).

United Kingdom

and 50-AAAACATGCGGACCACCAGC,
50-CCCTAGTGGTTTCGGACACAC

and 50-GACAAGCCGAATACCCTTCTC
CST/BART
50-TGCGCCTGGAAGTTGTACTCCCGGAA
and 50-CTACCGCCACGCGTCAGCAAA

6/6 (100%) of EBV-positive breast cancers were positive

IHC for EBV CST/BART and LF3/IR4 transcripts.
[17] PCR Of the 57 breast carcinoma and 55 benign/normal samples, | 23 (PCR)
EBV EBV (GP220 gene) 13 (23%) and 19 (35%) were positive for EBV DNA,
5’ -GGC TGG TGT CAC ATC TGT TA-3’ respectively. Of the 28 invasive ductal, 20 invasive
Formalin-fixed, paraffin-embedded | 5° -CCT TAG GAG GAA CAAGTC CC-3’ lobular and 9 various malignant lesions, 7 (25%), 4 (30%),
breast cancer; DCIS (n=28), and 2 (22%) were positive for EBV DNA, respectively.
invasive lobular (n=20), various As few as 0.1 copies of EBV per cell in 0.1 mg of DNA
malignant (n=9). Controls: normal were detected.
breast tissue/benign lesions (n=55).
Turkey
[18] QPCR In no case could EBV DNA be consistently detected, with | 0 (QPCR)
EBV 5V-TCACCCACACTGTGCCCATCTACGA-3V either of 2 different probes, at levels above 0.1 molecules

Matched normal and breast
carcinoma (infiltrating ductal n=37,
infiltrating lobular n=4, tubular
carcinoma n=3, mucinous
carcinoma n=1) formalin-fixed,
paraffin-embedded samples from
45 patients.

USA

5V-TGAGGTAGTCAGTCAGGTCCCG-3V,probe
5VATGCCCTCCCCCATGCCATCCTGCGT-3V;
forward primer
5V-TGACCTACTTGGACCATGTGGA-3V,
reverse primer
5V-TGATGAGACTTCCGAGTGCACT-3V, probe
5VCAGTGTCCTGATCCTGGACCTTGACTATG
AA-3V; BALF 5,

forward primer 5V-
CGGAAGCCCTCTGGACTTC-3V, reverse primer
5V-CCCTGTTTATCCGATGGAATG-3V, probe
5VTGTACACGCACGAGAAATGCGCC-

3V.

ISH (EBER)

per cell. The distribution of these low signals was the
same between tumour tissues and the matched normal
controls.




[19]
EBV

Breast cancer biopsy specimens

PCR
EBV (BamHIW)
CCAGAGGTAAGTGGACTT
GACCGGTGCCTTCTTAGG

12/39 fresh tissue samples (31%) were positive on PCR.

31 (PCR)

(n=69). Controls: normal breast 35 (IHC)
tissue/benign lesions (n=48). EBNA-1 immunostaining 24/69 samples (35%) were positive for EBNA-1. None of
the control samples was positive.
Argentina
[20] Real-time PCR Low level EBV DNA (up to 11 copies per 100,000 cells) 7 (QPCR)
EBV EBV (BamH1W, LMPI, EBNAL, LMP2, BZLF1) | was detected in 4/55 cancers (7%) by at least one Q-PCR
assay.
Formalin-fixed, paraffin-embedded
invasive ductal carcinoma samples | ISH LCM used to separate neoplastic from non-neoplastic cells | 0 (IHC after
(n=55). IHC in the 4 positive specimens found no EBV DNA in either LCM))
LCM (while control assay showed adequate human DNA
USA amplification). IHC and ISH of the 4 specimens were also | 0 (ISH after LCM)
negative (but positive for positive controls).
[21] Q-PCR Q-PCR assays were performed on 95 whole samples of 46 (QPCR)
EBV EBNA-1 E1AS TTGCAGCCAATGCAACTTGG breast cancer biopsy tissues. In 51/95 (54%) no copies of

Frozen adenocarcinoma specimens
(n=95)

France

E1S AGAGAGTAGTCTCAGGGCAT

BamH1U UPUS GTTCCTCGGTGGCGGGCTTA
ExonUAS U172AS
ATGCCCTGAGACTACTCTCT

LMP-1 LMP1S CTGAGGATGGAACACGACCT
LMP1AS AATGGAGGGAGAGTCAGTCA
BARF-1 BARF1S
GGCTGTCACCGCTTTCTTGG

BARF1AS AGGTGTTGGCACTTCTGTGG
BamH1A BamAS
CGTGGTGAAGCCTCTAACGC

BamAAS GGCAAGTGCGTTTATTGCGA
BZLF1 ZS TTACACCTGACCCATACCAG
ZAS1 ACATCTGCTTCAACAGGAGG

HPRT HPRTS TATGGACAGGACTGAACGTC
HPRTAS GTTGAGAGATCATCTCCACC
Southern Blot hybridization

LCM

the EBV genome were amplified or the number was below
the threshold of detection. 44/95 (46%) samples were
positive for EBV.




[22] Real time PCR 11/24 (46%) were positive for EBV DNA. Of these 11, 7 46 (QPCR)
EBV EBV (Bam HIW) (64%) were also EBV positive in the peripheral blood, and
5'-CCC AAC ACT CCACCACACC-3 the other 4 negative positive tumor samples were negative
Fresh frozen invasive breast 5-TCT TAG GAG CTG TCC GAG GG-3' in the paired blood specimens. Conversely, 3 of 10 (30%)
carcinoma samples and blood patients were positive for EBV DNA in the peripheral
samples from 24 patients. Breast blood but this was undetected in the tumour. Overall, 10 of
cancer cell lines (n=14) the 24 (42%) patients' peripheral blood specimens were
positive for EBV DNA while 11 (46%) were positive for
USA EBV in the tumour DNA.
EBV viral DNA was undetectable in the BC cell lines.
[23] PCR 8/40 (20%) BC samples were positive on PCR, and 32/40 20 (PCR)
EBV EBV (EBNA-1) (80%) were negative.
5'-GTTCGCGTTGCTAGGCCACC-3' 0/20 controls were positive on PCR and 20/20 (100%)
Sections from paraffin blocks; 5'-AGGACCACTTTATACCAGGG-3’ were negative.
primary unilateral invasive breast
cancer (n=40) and controls with IHC 10/40 (25%) BC samples were positive on IHC and 30/40
fibrocystic disease (n=20) (75%) were negative
0/20 controls were positive on PCR and 20/20 (100%)
Egypt were negative.
[24] PCR EBV DNA was found in 27% (33/123) of breast 27 (PCR)
EBV EBV (BamHIG) carcinoma cases. None of the normal breast tissues showed
3-AACATGCTGTATGCCTCGCAGCG-5’ the presence of EBV DNA.
Frozen breast cancer and adjacent 3-AATTACTGGCGTGAATTGTGCCCA-5’
normal tissues (n=123) 0 (ISH)
ISH (EBER) ISH was negative in neoplastic cells, but some stromal
IHC infiltrating lymphocytes were positive in tumor tissues of 4 | 0 (IHC)
Tunisia cases. IHC for LMP1 was negative in all tumor tissues.
Neither ISH nor IHC showed any positive EBV results in
normal breast tissues.
[25] PCR Amplification fragments of either 108 bp from the EBER 0 (PCR)
EBV EBV (EBER) regions or 122 bp from the BamHIW region of EBV were
CCCTAGTGGTTTCGGACACACA not detected by PCR in any of the breast carcinoma or
Formalin-fixed, paraffin-embedded | ACTTGCAAATGCTCTAGGCG benign breast lesions.
invasive breast carcinoma samples | EBV (BamHIW)
(n=100). Controls were benign and | CCAGAGGTAAGTGGACTT None of the breast carcinoma or benign lesions specimens
normal breast tissue (n=42) GACCGGTGCCTTCTTAGG which were subjected to IHC showed nuclear staining




which is typical for EBNA2 and none of them showed

Iran IHC (EBNA-2 and LMP-1) membrane staining which is typical for LMP1 expression.
[26] Q-PCR EBV was detected in 65 (33.2%) of the 196 investigated 33 (QPCR)
EBV EBV (BamHIC) BCs. Among the positive tumours, the load of EBV

Frozen primary invasive breast
cancer and lymph node tissue
(n=196)

5’-AAA-CAG-GAC-AGC-CGT-TGC-C-3’
5’-AAG-CCT-CTC-TTC-TCC-TTC-CCC-3°

genome varied from 0.08 to 810.8 BamHIC copies per 100
ng GAPDH (median 1.4).

Normal tissue and phyllode tumour tissues were all found
to be negative, with the exception of one phyllode tumour

France (0.43 BamHIC copies per 100 ng GAPDH).

[27] PCR PCR-Egyptian positive cases were 23/40(57.5%). Of those | 58 (PCR Egyptian

EBV EBV (EBNA1) 23 patients, 18(45%) were positive for EBER(ISH). From | samples)
EBV (LMP1) those 18 patients, 12(30%) cases were positive for LMP1

Paraffin-embedded primary (Primers not stated) (PCR), suggesting latent EBV infection.

invasive breast cancer from ISH (EBER)

Egyptian (n=40) and Iragi (n=50) IHC PCR-Iraqgi positive cases were 16/50(32%). Of those 16 32 (PCR Iraqi

women patients, 14(28%) were positive for EBER (ISH), and samples)

11(22%) cases were positive for LMP1 (PCR), suggesting
Egypt, Iraq latent infection.
[28] Standard PCR EBV was detected in 34 (68%), HPV (all HPV 18 by 68 (PCR)

EBV, HPV, MMTV

Fresh frozen DNA extracts from
unselected breast cancers (n=50)
epithelial cells in human milk from
lactating women without BC
(n=40) Archival formalin-fixed
breast cancer (n=27) and normal
breast (n=18) tissue

EBV(EBNA-1 gene)
Two sets of primers:

5’-AAGGAGGGTGGTTTGGAAAG

5’-AGACAATGGACTCCCTTAGC

5’-ATCGTGGTCAAGGAGGTTCC

5’-ACTCAATGGTGTAAGACGAC

In situ PCR

sequencing) in 25 (50%) and MMTYV in 39 (78%) of the
50 fresh frozen, invasive breast cancer specimens tested by
standard PCR. EBV was detected in 14 (35%), HPV (all
HPV 18 by sequencing) in 8 (20%) and MMTV in 13
(32%) of epithelial cells from 40 samples of milk from
normal lactating women.

Multiple viruses in the same breast cancer specimen were
identified frequently.

Australia IHC (LMP1 and EBNA-1)
[29] In situ PCR (Bam H1W) EBV detected in leukocytes of 13/70 (18.6%) of tissue
EBV 50-30 (bp 14,224-14,245) samples using ISH and in 1/70 (1.4%) using I1S-PCR.

TGTGACTTCACCAAAGGTCAGG
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Formalin-fixed, paraffin-embedded

3050 (bp 14,298—14,280)

breast cancer tissues (n=70) ACGTAAACGCGCTGGACTG 0 (ISH)

USA ISH (EBER) EBV not detected in mammary epithelium of any 3 (IS-PCR)
specimens by ISH and in only 2/70 (2.9%) using IS-PCR.
Both of these specimens were low grade ductal carcinomas
and the positive reaction was in areas of normal lobules.

[30] Nested PCR There were no positive samples after the first PCR, but 0 (PCR)

EBV, MMTV EBV (BamHIW) 4/86 (4.7%) positive samples with the nested PCR. None | 5 (nested PCR)

Frozen BC (n = 86) and adjacent
tissue samples (n=65) from Mexico
City, Formalin-fixed, paraffin-
embedded BC and adjacent tissue
samples from Yucatan (n=21)

5’ CTT TGT CCA GATGTC AGG GG ¥’
5" GCC TGA GCCTCT ACT TTT GG 3°

of the adjacent non-tumor tissues were EBV positive after
the first and nested PCRs.

(Nested PCR was designed to test a number of tumor cells
exceeding the sensitivity of the first PCR).

Mexico
CMV (or CMV and EBV) and Breast Cancer

Reference PCR type Results Percent CMV
Viruses CMYV and EBV Primer(s) and/or EBV
Specimen type Other analysis positive
Country
[31] PCR Of 62 breast cancer samples, 8 (12.9%) were positive for HSV- | 76 CMV (PCR)
CMV, EBV, HPV, HSV-1, HSV-2, | CMV (IE2 region) 1, 28 (45.2%) for EBV, 47 (75.8%) for CMV, 8 (12.9%) for
HHV-8 IE2-1: 5-TCCTCCTGCAGTTCGGCTTC-3 | HPV, and 28 (43.8%) for HHV-8 45 EBV

IE2-2: 5’-TTTCATGATATTGCGCACCT-3 (PCR)

Fresh invasive ductal breast cancer,
breast fibroadenoma, benign
thyroid tumour, and normal tissue
stored in liquid nitrogen until used
for this study.

Taiwan

EBV (BamHI-W fragment)
a: 5-TCGCGTTGCTAGGCCACCTT-3
b: 5’-CTTGGATGGCGGAGTCAGCG-3’

Each sample tested by PCR three times. The
DNA was confirmed by Southern
hybridization.

The presence of multiple viruses was common in the breast
cancer and fibroadenoma groups, but was not detected in the
non-cancerous and thyroid tumour groups. Only CMV was
detected in some of the tissues of non-cancerous or thyroid
tumours.
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[32]
CMV, EBV, HPV, HSV-1, HSV-2,
HHV-8

Same 62 breast cancer samples as
above.

As above.

Relapse-free survival was calculated using the period from the
first day of surgery until the day of relapse or last follow-up
visit. Overall survival was calculated from the first day of
surgery until death or last follow-up visit. HSV-1, HHV-8,
EBV, CMV, and HPV were related to overall survival, but only
HHV-8 and CMV were related to relapse-free survival (P <
0.050r P <0.01)

CMV and EBV
related to overall
survival.

CMV related to
relapse-free
survival.

[33]
CMV

Formalin-fixed, paraffin-embedded
surgical biopsy specimens of 21
paired breast cancer and normal

100-250 ng of DNA was amplified by nested
PCR using internal and external primers
specific for HCMV glycoprotein B (UL55)
gene. Confirmation of HCMV sequence was
performed using a NCBI Blast search.

Nested PCR testing of 8 tumours (all of which were positive for
CMV by IHC) and 4 control samples (1 of which was positive
for CMV by IHC) found that 6/8 tumour cases and 1/4 normal
control cases demonstrated amplified CMV UL55 gene, which
was confirmed by direct sequencing of the PCR products.

75 (nested PCR)

tissue (from breast cancer patients) | Immunohistochemistry (IHC) IHC detected CMV-IE antigen expression in glandular | 97 (IHC)
and 38 normal tissue specimens epithelium in 63% of normal breast samples, but in 97% of
(from reduction mammoplasty ductal carcinoma in situ and infiltrating ductal carcinoma
patients). samples (p = 0.0009).
USA In-situ hybridization (ISH) ISH detected CMV nucleic acids in 16/18 randomly selected 89 (ISH)
breast cancer specimens, 3/3 randomly selected ‘control’
specimens, and 11/18 randomly selected ‘normal control’
specimens.
[34] Real-time PCR Tested for 12 DNA viruses. The highest prevalence, 10% | 0 (QPCR)
CMV, EBV, SV40, BKV, JCV, CMV (MIE protein) (5/54), was found for EBV. MCV, HPyV6, and HPyV7 were
MCV, WUV, K1V, LPV, HPyVE, AAC TCAGCCTTCCCT AAGACCA detected in single patient samples (2% each), while WUV, KIV,
HPyV7, TSV CAA TGG CTG CAG TCA GGC CAT GG JCV, BKV, LPV, SV40, TSV and CMV were not detected in
EBV (BALF5 gene) the 54 specimens.
54 fresh frozen breast cancer 5-CGGAAGCCCTCTGGACTTC-3
specimens, and 10 paired adjacent | 5-CCCTGTTTATCCGATGGAATG-3’
tumour free breast tissue specimens
Australia
[35] PCR 2 of 24 (8.3%) breast carcinoma samples and 0 of 24 | 8 (PCR)
CMV 5-GTC ACC AAG GCC ACG ACG TT-3'5'- | fibroadenoma samples were positive on PCR.

Paraffin-embedded breast

TCT GCC AGG ACATCTTTC TC-3'

12




carcinoma (n=24) and
fibroadenoma (n=24) samples

Iran
[36] TagMan real-time PCR 12 breast cancer and 16 SLN specimens tested using PCR. | 100 (QPCR)
CMV CMV (IE-gene) CMV DNA was detected in 12/12 (100%) of breast cancer
GTGACCCATGTGCTTATGACTCTAT specimens and in 10/11 (91%) of metastatic SLN specimens.

Formalin-fixed, paraffin-embedded | CTCAACATAGTCTGCAGGAACGT CMV DNA was not detected in any of the 5 SLN-negative
specimens from breast cancer and specimens.
paired sentinel lymph nodes (SLN) | IHC 100 (IHC)
in patients with (n=35) and without CMV proteins were expressed in 100% of primary breast cancer
SLN metastases (n=38). specimens, in 32/34 (94%) SLN-positive specimens, and in

20/35 (60%) of SLN-negative specimens. CMV protein
Sweden expression was mainly confined to metastatic tumour cells, but

also in inflammatory cells in SLN samples.
[37] Nested PCR CMV is associated with inflammatory breast cancer. 53.1% of | Non-IBC 53
CMV CMV (Fourth exon of IE gene) non-IBC carcinoma tissues were HCMV-DNA positive while in | (nested PCR)

Fresh tissue samples from patients
with inflammatory BC (n=28) and
non-inflammatory BC (n=49)

External primers
5GGTCACTAGTGACGCTTGTATGATGA-
3
5-GATAGTCGCGGGTACAGGGGACTCT-
3’; Internal primers

IBC patients 78.6% of carcinoma tissues were HCMV-DNA
positive (p=0.030).

In control samples (number not stated) 16.7% of non-carcinoma
tissues of non-IBC patients were HCMV-DNA positive. All of

IBC 79 (nested
PCR)

Egypt 5-AAGTGAGTTCTGTCGGGTGCT-3’ the examined non-carcinoma tissues of IBC patients (100%) and
5-GTGACACCAGAGAATCAGAGGA-3 healthy breast tissues (100%) were HCMV DNA negative.

[38] Real-time PCR 2/27 tumours (7.4%) were positive for CMV, with all the 7 (QPCR)

CMV CMV (le2, UL122) remaining samples negative. One sample was positive for both

Paraffin-embedded breast tissue;
stages I1, 111, and 1V (n=27) and
fibroadenoma tissue (n=20)

Mexico

GGCTCACCTCGTCAATCTTGA
AGAAGGTGCGCAATATCATGAAAGA
CMV (pp65, UL83)
GGGACACAACACCGTAAAGC
GTGGAAGAGGACCTAACGATGAC

le2 ‘early gene’ (synonym of viral replication) and pp65 ‘late
gene’ (presence of virus), while the other was positive for the
late gene only.
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CMV, EBV

Paired breast cancer and normal
tissue samples (n=70)

New Zealand

Real-time PCR

CMV pp-65
GCAGCCACGGGATCGTACT
GGCTTTTACCTCACACGAGCATT
EBNA-1 (primers unavailable)

Serology

EBV was detected in 24/70 tumour specimens (34%) and in
9/70 paired normal specimens (13%).

CMV was not detected in any tumour specimens. CMV was
detected in 2/70 paired normal specimens (3%).

72176 (95%) serology samples were EBV I1gG positive.
52/76 serology samples (68%) were CMV IgG positive.

34 EBV
(QPCR)

0 CMV
(QPCR)
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