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Abstract

Introduction: Many viruses have been associated with human cancers, and
approximately 12% of cancers are believed to have a viral cause. One of the newest of
these viruses is the bovine leukemia virus(BLV), which was first reported in 2007 in
women with breast cancer. Several studies have been conducted on paraffin-embedded
breast tissue samples, and a smaller number on blood samples from women, to detect this
virus. This study aims to describe the frequency of the Tax gene of the BLV virus in blood
samples and paraffin-embedded human breast tissue using the nested-PCR method.

Methods: In this study, which was conducted in 2022, the presence of bovine leukemia
virus based on the Tax gene was investigated in 100 random paraffin-embedded breast
tissue samples (50 patient samples and 50 healthy samples) and 120 random blood
samples (60 patient samples and 60 healthy samples) using nested polymerase chain
reaction. Data analysis was performed using SPSS version 26 software and Fisher’s exact
test.

Results: In the present study, the frequency of this virus in paraffin-embedded breast
tissue samples was 1 case (1%), and in blood samples from female subjects, 18 cases
(15%).

Conclusion: Despite the apparent frequency difference between blood samples and
paraffin-embedded tissue, it was statistically close to the significant level(P=0.057). And
since blood sampling is a more non-invasive method and the incidence of breast cancer
in Iran is very high, these results can be used as an introduction to conducting larger,
longitudinal studies to design molecular screening systems for at-risk groups.

Keywords: Bovine leukemia virus, Breast cancer, Nested-PCR, Tax gene, Blood
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Introduction

Bovine Leukemia Virus (BLV), an oncogenic
delta-retrovirus,  primarily  targets  B-
lymphocytes and  facilitates  malignant
transformation(1,2).  Given its  global
prevalence in dairy cattle and the detection of
genetically similar strains in human tissues,
recent epidemiological studies suggest a
potential zoonotic transmission path via
contaminated meat and dairy products, linking
BLYV to the etiology of human breast cancer(3).
While structural genes like Gag (4)are
commonly studied, delta retroviruses have an
additional region called Tax (transcriptional
activation region of gene X), which has
regulatory activities and predisposes host cells
to oncogenic transformation. Tax causes
malignant transformation of the host cell by
inhibiting DNA repair and disrupting cell
growth control mechanisms. The gene is highly
oncogenic due to its direct role in inducing
cellular instability (2). Fewer studies have been
conducted on the relationship between bovine
leukemia virus and human blood samples than
on tissue. Consequently, this study aims to
determine the frequency and distribution of the
BLV Tax gene in paraffin-embedded breast
tissues and blood samples from both breast
cancer patients and healthy controls. By
addressing this clinical gap, the research aims
to provide foundational data to develop high-
sensitivity screening strategies and early
diagnostic tools for breast cancer prevention.

Materials & Methods

This study analyzed 100 random paraffin-
embedded breast tissue samples and 120
random extracted blood DNA samples
(comprising both breast cancer patients and
healthy controls, aged 18-80) collected from
Bahonar and Afzalipor medical centers in
Kerman, Iran. Genomic DNA was isolated
using a specialized extraction kit, and its
concentration and purity were verified via
NanoDrop spectrophotometry and agarose gel
electrophoresis. To detect the BLV Tax gene,
the Nested-PCR technique was employed due
to its high sensitivity and specificity. Primers
were designed and thermodynamically
optimized using Gene Runner (v6.5.52) and
OligoAnalyzer, with the human GAPDH gene
serving as an internal housekeeping control. To
ensure experimental reliability and eliminate
false positives, positive controls (BLV-infected
bovine DNA) and negative controls (Nuclease-
Free Water and confirmed BLV-negative
human/bovine samples) were included in each
run. Statistical analysis was performed using
SPSS software, utilizing Fisher’s exact test to
determine the significance of the results (p-
value). This research was conducted in strict
accordance with ethical guidelines under code
IR.IAU.KERMAN.REC.1400.015. Sequence
of primers, materials, and volumes as well as
temperature and time schedules mentioned in
tables 1,2 and 3, respectively.

Table 1: Sequence of primers used

Number Template name Sequence(5°-3") Temperature| Mer Pr;czllelct

1 Outer Forward Tax AAGGATCGACACCACGCTCAC 61/78 21

732bp
2 Outer Reverse Tax CTAGCAACCAATTCGGACCAGG 62/12 22
3 Inner Forward Tax CGACGACTCTGGATCAACTGCC 63/98 22

544bp
4 Inner Reverse Tax GGCTGGACCATACGTGTAACCG 63/98 22
5 Forward GAPDH GCTCGGTGCCTTTAGTGATGG 61/78 21

255bp
6 Reverse GAPDH CGATCCTGAGACTTCCACACTG 62/12 22
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Table 2: Materials and volumes used for the outer and inner reactions of the nested polymerase chain
reaction, as well as the polymerase chain reaction
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Volume in the external reaction volume in the external reaction and . . .
. . . . Volume in the internal reaction
and polymerase chain reaction polymerase chain reaction
Mater mix 12/5 ul 12/5 pl
Primer Forward 1ul 1ul
Primer Reverse 1 ul 1l
DNAse & RNAse-free water 9 ul 10 pl
DNA Template 1/5 pl -
External reaction PCR product - 0/5 pl
Total Volume 25 ul 25 ul

Table 3: temperature and time schedules in nested PCR and human gene PCR

B Initial Subsequent . . . .
Gene denaturation | denaturation Annealing Extension Final extension
Outer | 95°C3 min | 95°C lmin 61/7°C 1min | 72°C Imin 72°C 5min
1X 35X 35X 35X 1X
Tax
Inner 95°C 3min 95°C 1min 62°C 1min 72°C 50sec 72°C Smin
1X 30X 30X 30X 1X
- 94°C 8min 94°C Imin 64°C 1min 72°C 1min 72°C 7min
GAPDH 1X 35X 35X 35X 1X
Results between 1.8 and 2.0. Following Nested-PCR

The quality and quantity of extracted DNA
were validated via NanoDrop and agarose gel
clectrophoresis, with  selected samples
exhibiting an Aje/A2so absorbance ratio.

3000bP ¢«

=

S00bpe o (TS SIS S W] > S44bp
400 bp «+———
255bp
200 bp «

amplification, the presence of the BLV Tax
gene was identified by the detection of a 544 bp
band on a 1.5% agarose gel (Figure 1).

Figure 1: Tax gene amplification in some samples. Column 1: Negative control, Column 2: GAPDH gene
(bp255), Column 3: 3kp ladder, Column 4: Positive control (544bp), Columns 5-7: Positive sample
(544bp), Column 8: Negative control

Overall, the Tax gene was detected in 1% of
paraffin-embedded breast tissue samples
(1/100) and 15% of blood samples (18/120).

While statistical analysis revealed no
significant difference in Tax gene frequency
between the breast cancer and control groups (P
=0.057)(Table 4), the results demonstrated that
blood samples had significantly higher

performance than paraffin-embedded tissues in
the detection efficacy of BLV in humans. The
details of the frequency distribution in the
patient and healthy (control) groups are
presented in Table 5. This finding serves as a
crucial methodological recommendation for
future oncogenic virus surveillance studies.

Table 4: Statistical data between virus-infected and healthy samples

Sample type Positive | Negative | Odds Ratio (95% CI) | P-value (Fisher’s exact test)
Paraffin-embedded breast o o
tissue (reference) 1(1%) 99(99%) (Reference)1.00 _
Blood 18(15%) | 102(85%) | (0.0436-0.0075) 0.057 0.057
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Table 5: Distribution of healthy and infected bovine leukemia virus samples in paraffin-embedded breast
tissue samples and blood samples

Sample type/sample status sample [sample | Total | Total of each type of
Tax+ | Tax- sample
Blood from people with breast cancer 7 53 60 18 (15%)

Blood of healthy people 11 49 60

Paraffin-embedded tissue from people with breast cancer 1 49 50 1 (%1)
Paraffin tissue of healthy individuals 0 50 50
Total 19 201 220

Discussion efficiency in blood samples and its

The association between oncogenic viruses—
such as MMTV, HPV, and recently Bovine
Leukemia Virus (BLV)—and human breast
cancer has provided significant insights into the
viral etiology of the disease. While global
studies in the US (5), Brazil (6), and China (7)
have predominantly identified the BLV Tax
gene in breast tissues, our findings reveal a
markedly higher detection frequency in blood
samples (15%) than in paraffin-embedded
(FFPE) tissues (1%). This discrepancy with
previous literature may stem from variations in
DNA extraction quality from FFPE blocks or
the virus's tendency to remain latent in
circulating blood cells before migrating to
mammary tissues. Although the P-value for the
comparison of the BLV Tax gene frequency in
the case and control groups (especially in blood
samples) was reported to be 0.057, indicating a
statistical trend or trend towards a difference
between the two groups, this difference was not
interpreted as statistically significant based on
the traditional significance threshold (0=0.05).
We acknowledge that the test's insufficient
statistical power strongly influences this
marginal P-value and the failure to achieve full
significance. This power reduction is a direct
result of the unbalanced distribution of positive
cases, especially in tissue samples (only 1
positive case in 100), which prevents the
detection of a real difference (if any).
Therefore, within the framework of (0=0.05),
the interpretation of non-significance 1is
considered a conservative approach. For a more
accurate assessment and sufficient statistical
power, future studies with larger sample sizes
and that focus on blood samples (due to their
higher frequency) are necessary to assess the
significance of this tendency properly.

This conclusion is not based on the statistical
significance of the frequency difference, but
rather on the 15-fold superiority in detection

methodological and operational advantages for
future large-scale screening.

One of the main limitations of this study was
the restrictions imposed by the research ethics
committee, which prohibited the researcher
from accessing patients' personal or clinical
information, including age, health status,
disease stage, or tumor characteristics. Since
the paraffin-embedded tissue samples were
obtained from the pathology archives of public
hospitals, it was not possible to contact the
same patients to collect corresponding blood
samples.

Consequently, the design of this study did not
allow for paired or matched sampling from the
same individual. However, the main aim of the
present study was to determine a more suitable
sample type for detecting the Tax gene of
bovine leukemia virus (BLV) in future studies.
Accordingly, simultaneous examination of the
virus in tissue and blood samples from a patient
was not necessary within the aims of this study.

Therefore, while acknowledging that the lack of
homogeneity across groups in terms of age and
demographic characteristics was one of the
main limitations of the present descriptive
study, it is emphasized that achieving complete
homogeneity will require more robust
analytical designs (such as case-control or
cohort studies) in the future. The current results
are presented solely to compare the sampling
method's efficiency and determine the initial
frequency.

Conclusion

The findings of this study showed that the Tax
gene is more frequent in blood and breast tissue
samples, although the difference was not
statistically significant. Given the non-invasive
nature of blood sampling, it is suggested that.
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This type of sampling is used in larger
epidemiological studies to detect BLV. Also,
given the possibility that the virus genome may
remain latent in the host and its potential role in
long-term tumorigenesis, longitudinal studies
are necessary to investigate the definitive
association between this virus and breast cancer
risk. These findings may serve as a basis for
future, larger-scale, longitudinal studies aimed
at developing molecular screening systems for
at-risk populations.
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Table 1 : Sequence of primers used

Number| Template name Sequence(5°-3") Temperature| Mer Pr;czhelct
1 Outer Forward Tax AAGGATCGACACCACGCTCAC 61/78 21
2 Outer Reverse Tax CTAGCAACCAATTCGGACCAGG 62/12 22 7320
3 Inner Forward Tax CGACGACTCTGGATCAACTGCC 63/98 22
4 Inner Reverse Tax GGCTGGACCATACGTGTAACCG 63/98 22 b
5 Forward GAPDH GCTCGGTGCCTTTAGTGATGG 61/78 21
6 Reverse GAPDH CGATCCTGAGACTTCCACACTG 62/12 22 2330
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Table 2: Materials and volumes used for the outer and inner reactions of the nested polymerase chain
reaction as well as the polymerase chain reaction

Volume in the external reaction and | volume in the external reaction and Volume in the internal
polymerase chain reaction polymerase chain reaction reaction
Mater mix 12/5 pl 12/5 pl
Primer Forward 1ul 1ul
Primer Reverse 1ul 1ul
DNAse & RNAse-free water 9 ul 10 ul
DNA Template /5 ul -
External reaction PCR product - 0/5 pl
Total Volume 25 ul 25 ul
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Table 3: temperature and time schedules in nested PCR and human gene PCR

Gene - Initial . Subsequep t Annealing Extension Final extension
denaturation | denaturation
Outer | 95°C 3 min 95°C 1min 61/7°C 1min 72°C 1min 72°C 5min
1X 35X 35X 35X 1X
Tax
Inner | 950C 3min 95°C 1min 62°C 1min 72°C 50sec 72°C 5min
1X 30X 30X 30X 1X
- 94°C 8min 94°C Imin 64°C 1min 72°C 1min 72°C Tmin
GAPDH 1X 35X 35X 35X 1X
8 PCR 7 Nested-PCR
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Fig. 1: Tax gene amplification in some samples. Column 1: Negative control, Column 2: GAPDH gene

(bp255), Column 3: 3kp ladder, Column 4: Positive control (544bp), Columns 5-7: Positive sample
(544bp), Column 8: Negative control
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Table 4: Distribution of healthy and infected bovine leukemia virus samples in paraffin-embedded breast
tissue samples and blood samples

Sample type/sample status sample |sample |Total | Total of each type of
Tax+ | Tax- sample
Blood from people with breast cancer 7 53 60 18 (15%)
Blood of healthy people 11 49 60
Paraffin-embedded tissue from people with breast cancer 1 49 50 1 (%1)
Paraffin tissue of healthy individuals 0 50 50
Total 19 201 220
Obsl 53 g onl (2lsy @b 5o pliny adll il onTax o5 Slild ool a5 ols las (gl anslis
Siglgie dnogi Sy lyreds Wl oo Bl (nl oo 3955 ylolime ol (sladigai 5 o909 4 0391 (slaaigas
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Table 5: Statistical data between virus-infected and healthy samples

Sample type Positive | Negative | Odds Ratio (95% CI) | P-value (Fisher’s exact test)
Paraffin-embedded breast o o
tissue (reference) 1(1%) 99(99%) (Reference)1.00 _
Blood 18(15%) | 102(85%) | (0.0436-0.0075) 0.057 0.057
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