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ABSTRACT

Background: Bovine Leukemia Virus (BLV) is known by infections in bovine cattle and produce, in 30% of infected
animals, persistent lymphocytosis significantly impacts the beef industry. It has been proposed that this virus could be
transmitted to humans and be present in cases of breast cancer. Aim: to determine the presence of 380 bp of gag gene
segment of BLV in paraffin-embedded breast tissue. Study Design: Control-case study. M ethodology: 106 tissue sam-
ples were collected. 53 were cancer positive samples and 53 were negative samples for this pathology. After dewaxing
tissues, DNA was extracted, amplified and sequenced. Phylogenetic analysis was done in order to verify BLV gene seg-
ment, presence and origin. Results: 43 samples were positive (40.5%) for BLV segment. In the case group this segment
was found in 35.8% of the samples and in the control group, BLV presented in 45.2% of the samples. Phylogenetic
analysis confirmed BLV presence and had shown a high homology between amplified gene sequences obtained from
human breast tissues and those coming from bovine cattle with leukosis reported by GenBank. Conclusion: The pres-
ence of BLV genes in humans and its location in breast tissue can be confirmed, however, it should be clarified as a
possible promoter of malignancy processes on thistissue.
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1. Introduction

Bovine Leukemia Virus (BLV) is known worldwide by
infecting bovine cattle affecting in a significant way the
bovine industry. Its prevalence varies between countries,
and with reports of 60% throughout the world [1]: 28%
in Japan [2], 33% in Argentina [3] and 45.8% in Colom-
bia[4]. A recent study in Japan showed that there is more
BLV in dairy cattle than in beef cattle [5]. It presents on
infected animals and it is associated with a persistent
lymphocytosis characterized by the nonmalignant poly-
clonal expansion of B-cells. From these animals, 5% of
them develops a leukemia or a lymphoma [6,7]. Besides
of infecting cattle, some other authors have proposed the
possibility of transmission to other species, including
humans [8].

This virus is member of the genus Deltaretrovirus, in
the retroviridae family, the BLV genome has two identi-
cal RNA positive single strains, and it carries the reverse
transcriptase enzyme, and also other retroviruses such as
Murine Leukemia Virus (MMLV), Simian T-cell Leu-
kemia Virus (STLV) and Human T-cell Lymphotropic
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Virus (HTLV 1), it has been related with some forms of
cancer. Its molecular structure, is composed of three
principal genes: env, gag and pol which encode the vira
envelope, structural proteins and the polymerase respec-
tively; and two other genes of a smaller size, rex and tax,
in which the last one is associated with viral regulation.
[9,10]

The mechanism by which this virus is associated with
cancer in cattle is not clear at all. Some time ago, it was
proposed that BLV did not have oncogenes, it was not
found a place of insertion into the cell genome and was
proposed that the provirus did not have a replicative cy-
cle in tumor cells [6]. Furthermore, Murakami et al.,
showed that this provirus is not inserted in a particular
chromosome, but it does in introns located far away from
transcription factors starters [7]. Otherwise, Takahashi
states that Tax protein cooperates with a viral oncopro-
tein to generate transformation in a mouse cell line, sug-
gesting that in addition of having a regulatory function in
the viral replication, it could induce leukemia in bovine
cattle infected with BLV [9].

Breast cancer is one of the most frequent pathologies
in human beings. In United States in 2009, 211,731
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women were diagnosed with breast cancer and 40,676
women died of this disease and in Colombia each year
are diagnosed nearly 7000 women with this pathology
and are reported 2500 deaths [11,12]. Accepting the as-
sumption that cancer etiology is multifactorial [13], and
with some important points such as that, some viruses
have been related with several kinds of cancer, that it has
been found antibodies against BLV in people with breast
cancer, that already exists in some tests for detecting
other retroviruses (MMTV) in breast cancer tissue [14,15]
and taking into account that in a previous study devel-
oped by our research group was reported the presence of
gp51 protein in breast cancer tissug[16], the aim of this
study was to continue showing the presence of the virus
in the indicated tissue. To accomplish this objective, it
determined the presence of a BLV gene segment, spe-
cifically looking for a 380 bp segment of gag gene.

2. Materialsand Methods
2.1. Study Design

The study was done by using retrospective case-control
design, in which human breast tissue segments embedded
in paraffin and stored at the Pathology Laboratory in the
San Ignacio Hospital (Bogota, Colombia) since 2006
were analyzed. The study included atotal of 106 samples
obtained from women aged between 18 and 80 years, this
was a case group made up by samples with presumptive
cancer diagnosis and confirmed cancer by pathological
study; while in the control group were consider samples
excluding cancer. Asinclusion criterion, it was taken into
account samples with enough cellularity to be able to
extract the DNA. All selected samples were confirmed
by pathological diagnosis and the patient’s age was con-

firmed as well; these data were analyzed as risk variables.

The samples number was calculated based on the com-
parison of two proportions formula, considering a 90% of
confidence level.

Statistical analysis determined that significancy was
done by a bivariate analysis, in which Odds ratios (OR)
were obtained and confidence interval (Cl) with an error
of 5%.

2.2. Paraffin-Embedded Breast Tissue DNA
Extraction

Before DNA extraction, paraffin was removed. Briefly,
tissue cuts of approximately 0.02 g and were placed in
500 pL of Xylol and centrifuged at 10,000 rpm per 7
minutes, to remove excess of paraffin and xylol. Pellet
washes were initially performed only with xylol and then
with 70% ethanol. When tissues were completely out of
paraffin, they were resuspended in 50 uL of HPLC water
and TNE buffer (17 mM Tris HCI pH 8; 50 mM NaCl; 7
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mM EDTA).

DNA extraction was performed by “Salting Out”
method. Lysis buffer (10 mM Tris HCl pH 8.0; 0.5%
SDS; 5 mM EDTA) was added to samples and 10 pL of
proteinase K (N.C. 95H014715 C.C. SIGMA) (20 mg/
mL), leaving in incubation and shaking a 55°C over-
night. After incubation was done, 500 uL of 8M ammo-
nium acetate and 1mM EDTA were added, samples were
centrifuged, then cold isopropanol was added and again
centrifuged at 10000 rpm per 15 min. DNA pellet was
washed in 70% ethanol, centrifuged, and supernatant was
discarded. DNA was dried out a 50°C per 15 min and
then was resuspended in 30 pL of TE 1X.

2.3. BLV Gag Gene Fragment Amplification
Isolated from Breast Tissue

The segment of 380 bp was amplified. It islocated within
the gag gene of VLB and it is considered highly con-
served gene. This segment has been reported by Dus
Santos et al, who proved to be a useful segment in terms
of sensitivity and specificity for this type of study.
Moreover, this segment is used in export processes to
determine and certify VLB free bovine semen [17]

The 380 bp fragment was amplified using a PCR Invi-
trogen® kit and a pair of primers synthesized by Invitro-
gen® (19327211), Primer Forward (PF; 1068-1088 AAC
ACTACGACTTGCAATCC) and Primer Reverse (PR;
1434-1453 GGTTCCTTAGGACTCCGTCG), obtained
from standardized protocol for detection of BLV in bull
semen samples. PCR conditions were the same as previ-
oudly reported [17]. As a positive control, a bovine DNA
from lymphocytes was used, with clinical and serological
diagnosis of BLV.

To evaluate the DNA efficiency obtained through
Salting Out method, a PCR test was designed to amplify
a 600 bp fragment of the human constitutive gene en-
coding the glyceradehyde phosphate dehydrogenase
(GAPDH) enzyme. PCR Invitrogen® kit (C.N. 10966-
020) was used to amplify the desire fragment.

2.4. Phylogenetic Analysis

BLV positive samples obtained from PCR amplifications
and with enough DNA were sent to Macrogen Inc for
seguencing. Sequences were edited using CLC sequence
viewer 6.0 program obtaining consensus sequences by
ambisense alignments of each of them. Comparisons
with previously reported sequences by GenBank were
done by loca alignments using the program BLAST for
the National Center for Biotechnology Information, |ook-
ing for similarities with BLV sequences registered in
GenBank (see Figure 1). Finaly, global aignments were
done using MEGA 5 program, in which were included
BLV sequences obtained in the present study, GenBank
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Figure 1. Electrophoresis of VLB segment. Lanes 1, 2, 3, 4,
5, 6, 8, 9 and 10 belonged to samples. They show a band of
380 bp (according to the weight marker located in lane 7)
Lane 11 corresponds to the negative control and positive
control lane 12.

BLV sequences and other human and animal retroviruses
sequences such as MMLV. With these aignments was
done a phylogram using Kimura 2 Parameters—K2P
method.

3. Results and Discussion

3.1. BLV Gag Gene Fragment Detection in
Par affin-Embedded Breast Tissue Samples

From the total 106 samples collected, 53 belonged to
women with breast cancer and other 53 were negative
samples to malignancy. Cellular DNA extracted from the
paraffin blocks determined the DNA concentration. In
the study were only included samples with DNA concen-
trations between 5 and 4500 ng/L. Regarding DNA pu-
rity, averages obtained in the 260/280 index and 260/230
index were 1.92 and 1.9 respectively.

To probe DNA quality and absence of PCR inhibitors,
GAPDH gene was amplified to al analyzed samples.
With these results, it was confirmed DNA quality after
dewax process. Once purity and quality were verified,
samples were able for BLV 380 bp fragment detection
(Figure 1). 19 of 53 positive breast tissue cancer samples
(35%) and 24 of 53 negative breast tissue cancer samples
(45%) were positive to the amplification of 380 bp gag
segment (Table 1). As a positive control was used DNA
obtained from blood leucocytes of a bovine with clinical
and serological diagnosis of Bovine Leukemia, and as
negative controls, DNA used was obtained from healthy
bovine paraffin-embedded tissue (gently supplied by the
Pathology Lab at U.D.C.A), healthy bovine blood leuco-
cytes and healthy women leucocytes.

3.2. Socio-Demographic Characteristics
From &l processed samples, 43 were positive for BLV
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Table 1. BLV presence in breast tissue with and without
cance.

Positive breast Negative breast

PCR results cancer tissue cancer tissue Total

BLV positive 19 24 43

BLV negative 34 29 63
Tota 53 53 106

(40.5%) of whom in the case group BLV presence was
detected in 35% of samples (19/53) and in the control
group was detected in 45% (24/53) p = 0.32. The average
age of patients with breast cancer was 46.4 years and for
women without breast cancer was 52.2 years.

Respecting to pathological diagnosis, samples were
grouped according to their pathology, data shown in Ta-
ble 2 were for malignancies diagnosis and Table 3 were
for non-malignancies diagnosis.

3.3. Bivariate Analysis

To anayze the risk related with age and type of patho-
logy associated with the presence of BLV and cancer,
samples were distributed into 4 ages groups (see Table
4), where it was found the presence and absence of BLV
and cancer according to each age group.

There were no significant differences related with the
presence of BLV and breast cancer, due to the value ob-
tained of the OR that was 0.62 and the CI was of 0.28 -
1.35. For the age variable, bivariate analysis was done
comparing each age group with the other three groups. In
Table 4, it can be seen that the group of women between
41 and 60 years with breast cancer has the biggest risk of
been infected with BLV compared with the other groups
(OR: 0.29; CI: 0.08 - 0.97).

This analysis was performed likewise to non-patho-
logical breast tissue, looking for associations between
age groups and BLV presence, as well as association
with the most prevalent pathologies (ductal carcinoma
and fibroadenoma) and the BLV presence but no signifi-
cant results were found in any of the evaluated condi-
tions.

3.4. Phylogenetic Analysis

From al the samples confirmed for the 380 bp segment
of BLV, only 26 could be sequenced and sent to Gen-
Bank (accession numbers from JQ480623 to JQ480649).
These 26 sequences were used to build the phylogram,
13 coming from cases group and other 13 from control
group; and 23 other sequences obtained from GenBank
(NCBI) corresponding to the same 380 bp gene segment
of the bovine origin BLV, HTLV, HIV, HBV and
MMTV.
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Table 2. Distribution of BLV in breast positive samples. Notice that most common cancer found was ductal carcinoma with

77.4%.

Type of breast cancer BLV positive BLV negative Total Per centage

Ductal carcinoma 15 27 41 77.4

Lobular carcinoma 3 0 3 57

Metaplastic carcinoma 0 1 1 19

Mucinous carcinoma 0 1 1 19

Papillary carcinoma 0 2 2 38

Size 1 0 1 19

Without diagnosis 0 3 4 75

Total 19 34 53

Table 3. Distribution of BLV in negative breast cancer tissue. Notice that most common disease was fibroadenoma with

56.6%.

Type of Non-malignant disease Positive BLV Negative BLV NAD* Total Per centage

Non-proliferative mammarian disease 2 5 1 8 15.1

Fibroadenoma 15 15 30 56.6

Mass extirpation 1 0 1 19

Supernumerary mammary gland 2 0 2 3.8

Chronic mastitis 0 2 2 38

Breast reduction 1 1 2 38

?ng;f:;;f:s\t/; 1 1 2 38

Multiple cysts 0 1 1 1.9

Papillomatosis 0 2 2 3.8

Phyloides tumor 2 1 3 5.7

Total 53

Table 4. Distribution of BLV in positive breast cancer tissue associated with women’ age group. Bivariate analysis taking as

parameter the comparison of the different age groups.

Age groups BLV positive BLV negative Total OR Cl
18-25 2 3 5 1.33 0.20-8.80
26 -40 6 6 12 241 0.64-9.01
41 - 60 6 22 28 0.29 0.08 - 0.97

Older than 60 4 4 8 221 0.48 - 10.15
Total 18 35 53

All BLV sequences, both bovine previously reported
in GenBank and those isolated from human breast tissue
cancer showed an identity between 93% - 99%. This re-
sult was not the same when included other human virus
sequences or other viral species.

Figure 2 shows the tree topology with 3 principal
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clusters, first one made up by the sequences isolated
during the present study, which are closely interrelated
with 9 BLV sequences coming from a bovine source.
Bootstrap value was 99. The second cluster was made of
HTLV1, HTLV2, HBV and MMTV segments; and the
third one, clearly away from the other two arms that was
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Figure 2. Phylogram built with a 380 bp segment from gag
gene of bovine and human BLV, HTLV1-2, HBR and
MMTV. The sequences isolated during the study are re-
ported in GenBank with accession numbers from JQ486623
to JQ486649. In the phylogram appearsthe last 2 numbers
of each registered samplein GenBank.

organized with HIV strains.

Each year, only in the United States are reported more
than 170000 breast cancer cases, which is enough reason
to look for the risk factors associated with origins and
development of this pathology.

To confirm that the segment is present only in the
BLV gag gen, aignments were performed with BLAST
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and homologies between 95 to 100% were found only
with BLV genome

There are few existing reports about BLV and other
animal retroviruses present in humans. In 1995, Wang et
al., reported the presence of MMLV segmentsin cases of
breast cancer, after this, Hughes and coworkers proposed
again this relation, despite having not found the virus by
electronic microscopy but having detected the reverse
transcriptase activity in some of the probed samples [17].
In 2002, Melana in Argentina reported gene segments of
the same virus (MMLV) in 38% of breast cancer samples
evaluated as well as in some cases in leukocytes [14].
These findings were then confirmed by Ford et al. Who
found MMTYV in the 40% of breast cancer tissues ana
lyzed and in 2% of healthy breast tissues proposing an
association between the virus and breast cancer [15].
Meanwhile, Michael Bock and Jonathan P. Stoye (2000),
demonstrated endogenous retroviruses in germinal hu-
man cells genome and the possible association of them
with the development of some cancers by the mutation
done by the insertion of the vira genome in the human
cells [18]. For the year 2003 Buering et al., reported an-
tibodies against p24 protein of BLV in 74% of human
sera [19] and in the same year, Jehoon Lee and cowork-
ers presented an articlein which they did not find BLV in
leukemia nor human lymphomas even though it was ar-
gued that food workers, especialy with meat, have a
higher risk of developing a myeloid leukemia, Hodgkin's
lymphoma or lung cancer [20].

Finding BLV in 40.5% of breast tissues was a relevant
result. Now, having the presence of the virus in 35%
(19/53) of positive breast cancer tissues and 45% (24/53)
in negative tissues for this pathology, questioned whether
the presence of BLV could be a protective factor for
cancer developing, which was not confirmed in the sta-
tistical analysis, giving way to other questions such as
which is the probability that over time, these tissues
without actual malignancy but BLV positives, could be-
gin a neoplastic process and develop a breast cancer;
which is the process of adaptation for a bovine virus into
human tissue; which adaptative mutations have under-
gone the virus to be able to integrate with the human ge-
nome, and once there, if virus behaves in an infectious
state, can complete successfully its replicative cycle or
stay dormant inside the host. When answers to all of
these questions are solved, it is important to determine in
which other tissues this virus could be found, how does it
behave at the immunological system and which isitsrole
as an etiological cancer agent.

Trying to give an answer of which was the way of ac-
cess of a bovine virus into human, some reports have
proposed that this could be through milk and colostrum
due to the fact that some retroviruses have been found in
it [5]. Grego and coworkers affirm that Jaagsiekte Sheep
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Retrovirus (JSRV), is transmitted through milk and co-
lostrum and causes Ovine Pulmonary Adenocarcinoma
(OPA) [21]. Other authors such as Motton et al. found
this virus in breast epithelia cells, what made to ask
themselves if the virus was really in the milk or just in
glandular cellsthat produced it [22].

Molecular analysis in this work confirms BLV pres-
ence in human breast tissue, suggesting that the virus is
able to get into human epithelial cells and begin akind of
processes to integrate into the cellular genome. This ge-
nerates other concerns, for example if BLV could be a
zoonotic agent and if infected epithelial breast cells have
recognition receptors or molecules similar to BLVRcpl
or other membrane molecules implicated such as IgM,
CD5+ and CD11b integrins as demonstrated experimen-
tally in infected sheep studies [23].

Taking into account that in 35.8% of women with
breast cancer was BLV present in the tissue, it could be
supposed a transformant role of BLV in human breast
tissue, what can be associated with one of the possibili-
ties presented below: 1) tax genes expression, a protein
that isimplicated in transcriptional viral processes, where
the increase in the expression of bcl-2/bax ratio is related
with leukemia genesis in infected cows [9]. Severa
laboratory trials showed that Tax could transform cellsin
in vitro cultures and being oncogenic in animal models
where cells can be transformed when Tax is combined
with ha-ras oncogene to produce tumor cells in athymic
mice and fibroblasts immortalization coming from rat
embryo [24,25]; 2) Vira genome integration process
close to highly active cellular genome segments associ-
ated with cell division [26]. This is how the Avian Sar-
coma Leukosis Virus (ASLV) can integrate in many
places of cellular genome, but when there is tumor in the
host, the virus has been found upstream of the c-myc
cellular gene, which codifies for the Myc proteins impli-
cated in the cellular DNA synthesis control [26,27]. A
similar situation happens with MMTV that locates in
cellular genome places that induce cellular proliferation
by insertional mutagenesis or transcriptional activation of
close oncogenes [28,30]; 3) Blocking of tumor suppres-
sors genes and apoptosis activation genes processes [14].
Mutations in the suppressor gene p53 have been reported
in approximately 20% of women with breast cancer, and
mutations of ras oncogene have been found in 30% in
malignancy processes in humans[29].

With these three possihilities, it could be considered
that BLV can be responsible of cellular transformation
either if are benign, pre-malign or malign mutations; also
is possible to consider BLV could be found in healthy
breast tissue, as occurs with MMTV in 1.8% of human
breast tissues studied by Ford et al. [15]. In these cases
the virus could be present in latency without presenting
changes in tissues, as also is presented with other human
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retroviruses such as HIV and HTLV-1, where the im-
munological system, cancer suppressor mechanisms,
genetic and hormonal factors of the host, may be critical
in the moment of maintaining cellular control and physio-
pathological processes despite of BLV infection.
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	From the total 106 samples collected, 53 belonged to women with breast cancer and other 53 were negative samples to malignancy. Cellular DNA extracted from the paraffin blocks determined the DNA concentration. In the study were only included samples with DNA concen- trations between 5 and 4500 ng/L. Regarding DNA pu- rity, averages obtained in the 260/280 index and 260/230 index were 1.92 and 1.9 respectively. 
	To probe DNA quality and absence of PCR inhibitors, GAPDH gene was amplified to all analyzed samples. With these results, it was confirmed DNA quality after dewax process. Once purity and quality were verified, samples were able for BLV 380 bp fragment detection (Figure 1). 19 of 53 positive breast tissue cancer samples (35%) and 24 of 53 negative breast tissue cancer samples (45%) were positive to the amplification of 380 bp gag segment (Table 1). As a positive control was used DNA obtained from blood leucocytes of a bovine with clinical and serological diagnosis of Bovine Leukemia, and as negative controls, DNA used was obtained from healthy bovine paraffin-embedded tissue (gently supplied by the Pathology Lab at U.D.C.A), healthy bovine blood leuco- cytes and healthy women leucocytes. 
	From all processed samples, 43 were positive for BLV 
	Table 1. BLV presence in breast tissue with and without cance.
	(40.5%) of whom in the case group BLV presence was detected in 35% of samples (19/53) and in the control group was detected in 45% (24/53) p = 0.32. The average age of patients with breast cancer was 46.4 years and for women without breast cancer was 52.2 years. 

