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Abstract

A single T>C nucleotide polymorphism (rs42686850) of bovine tumor necrosis factor receptor
type II gene (TNF-RII) is located within a sequence with allele-specific affinity to bind E2F transcrip-
tion factors, considered pivotal in the regulation of cell cycle and cell proliferation. The objective of
the study was to determine the effect of this SNP and BLV infection on the TNF-RII gene expression
at the mRNA and protein levels in peripheral blood mononuclear cells (PBMC). We noted that
analyzed TNF-RII gene polymorphism influenced the expression of the TNF-RII gene at the mRNA
level but only in BLV-positive cows. Concurrently, no statistically significant association was found
between gene polymorphism and TNF-RII expression at the protein level. However, we found a sig-
nificant effect of BLV infection status on the amount of TNF-RII mRNA and the percentage of
PBMC expressing TNF-RII. These results show an unclear effect of considered T>C polymorphism
on TNF-RII gene expression in bovine leukocytes and they suggest the involvement of BLV in
modifying the TNF-RII expression in BLV-infected cows potentially implying the EBL (Enzootic
Bovine Leukosis) associated pathogenesis.
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Introduction

It is believed that mutations in the genes encoding
cytokines and their receptors can cause differences in
the individual’s immune response and play an import-
ant role in susceptibility/resistance to infectious dis-
eases (Nishimura et al. 2000, Tsukasaki et al. 2001).
TNF-RII gene polymorphism in the first intron at po-
sition 16534 results from T>C substitution
(rs42686850) (Stachura et al. 2013) and includes a se-
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quence with an allele-specific affinity to bind E2F
transcription factors, considered pivotal in the regula-
tion of cell cycle and cell proliferation (Phillips et al.
1999, Müller and Helin 2000). The first intron is
known to regulate the expression of some genes, and
mutations in this region can influence the level of
their expression (Tsukada et al. 2006, Yudin et al.
2006, Muráni et al. 2009). Studies on enzootic bovine
leukosis (EBL) demonstrated that a significant in-
crease in TNF-RII expression, (but not in TNF-RI),
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could contribute to the pathogenesis of EBL (Konnai
et al. 2006). TNF-RII has also been suggested as a fac-
tor stimulating cell proliferation and inhibiting apo-
ptosis (Yang et al. 2002, Cui et al. 2008). Neverthe-
less, reasons for changes in TNF-RII expression in
peripheral blood mononuclear cells (PBMC) sampled
from animals infected with BLV and during the pro-
gression of EBL have not been explained.

The objective of the study was to determine the
influence of 16534 T>C TNF-RII gene polymorphism
and BLV infection on the TNF-RII gene expression
measured on mRNA and protein levels.

Materials and Methods

The study was performed on Polish
Holstein-Friesian cows aged 4-8 years from four
BLV-infected herds located in north-eastern and cen-
tral Poland. The number of animals used in the study
varied depending on the type of analyzed factor, and is
specified in the figures and tables presenting findings.
Blood samples were analyzed for hematology para-
meters (Sysmex SF3000 hematology analyzer – SYS-
MEX Corporation, Japan), used further to group
BLV-positive cows into those with aleukemic (AL)
(<12x109/L leukocytes and <8x109/L lymphocytes, re-
spectively) and persistent lymphocytosis (PL)
(>12x109/L leukocytes and >8x109/L lymphocytes)
forms of the disease. The study was approved by the
local ethics committee of University of Warmia and
Mazury in Olsztyn, Poland (no. 59/2008/N/T).

Genotyping of TNF-RII gene polymorphism

We used a PCR-RFLP/ApaLI method for
genotyping of T>C (rs42686850) polymorphism within
bovine TNF-RII gene. Primers for PCR with se-
quences F-5’TGGTGGCCTCGGTCACAGAGA3’
and R-5’CCCTGGGCGCTGACCCTTTG3’ were de-
signed and the amplification program consisted of in-
itial DNA denaturation (94oC/3 min), 35 cycles
(94C/30 s, 69oC/30 s, 72oC/30 s) and final synthesis
(72oC/5 min). The ApaLI enzyme detects the
5’G↓TGCAC3’ sequence (allele T) and digests the
amplified 640 bp amplicon into two fragments: 441 bp
and 199 bp.

Diagnosis of infection with the bovine
leukemia virus

BLV infections were diagnosed by the nested
PCR method (Markiewicz et al. 2003) and immuno-

fluorescence method (IMF) (Kaczmarczyk et al.
2008). Animals tested as positive for BLV by both
methods were used in further experiments.

Expression of the TNF-RII gene
at the mRNA level

Total RNA was isolated from peripheral blood
sampled into test tubes containing a stabilizer (PAX-
gene Blood RNA Tube – PreAnalytiX, Switzerland),
using a PAXgene Blood RNA Kit and the procedure
recommended by the manufacturer (PreAnalytiX,
Switzerland). Only high quality samples characterized
by RIN (RNA Integrity Number) > 8.5, 28s/18s > 1.6
and A260/A280 > 2.0 were used in the TNF-RII expressi-
on measurements. cDNA was synthesized with 1 μg
total RNA, oligo-dT(20) and the Transcriptor High
Fidelity cDNA Synthesis Kit (Roche, Germany) in ac-
cordance with the manufacturer’s instructions.

Two step reverse transcription-quantitative PCR
(RT-qPCR) was performed with the use of LightCyc-
ler® 480 II (Roche, Germany), PCR primers specified
in table 1 and LightCycler® 480 SYBR Green I Mas-
ter kit in accordance with the manufacturer’s instruc-
tions (Roche, Germany). The cycling conditions were
as follows: pre-incubation at 95oC for 3 min followed
by 45 cycles with each cycle including 95oC for 10 s,
annealing temperature for 10 s and elongation at 72oC
for 10 s. The RT-qPCR assays were performed in two
replicates for each sample target gene and en-
dogenous controls, and in three replicates for negative
control (no template control). The amplicon specifici-
ty was confirmed based on the melting curve analysis,
2% agarose gel electrophoresis and DNA sequencing.
Reference genes RPLP0 (Ribosomal Protein, Large,
P0) and B2M (Beta-2 Microglobulin) were used to
normalize the expression levels according to Brym et
al. (2013). The reaction efficiency (E) for each of the
three pairs of primers was calculated based on the
standard curve of 7-point serial dilutions of pooled
cDNA samples used in the experiment (Table 1). The
quantification cycle (Cq) was automatically deter-
mined by the LightCycler® 480 SW 1.5 software with
default parameters using the second derivative maxi-
mum method (Rasmussen 2001, Roche, Germany).

Expression of the TNF-RII gene
at the protein level

The expression of the TNF-RII gene in PBMC
was determined using the IMF method. PBMC were
prepared for immunolabeling as published previously
(Kaczmarczyk et al. 2004). The TNF-RII epitope was
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Table 1. RT-qPCR primers and amplification conditions.

Ta

(oC)
Tm

(oC)
Amplicon Accession
size (bp) no. / referenceGene PCR primers (5’-3’) (forward/reverse ) E Error

TNF-RII
target

F-CTCTTCCCATTGAACTGATTGTGG
R-GGCACCTTGGCATCTCCTTG 62,0 82,7 127 1,98 0,0132 NM–001040490

RPLP0
reference

F-CAACCCTGAAGTGCTTGACAT
R-AGGCAGATGGATCAGCCA 58,0 86,3 227 1,97 0,0121

NM–001012682
/ Brym et al. 2013

B2M
reference

F-AGCAAGGATCAGTACAGCTGCCG
R-ATGTTCAAATCTCGATGGTGCTGCT 58,0 82,0 105 1,93 0,0088

NM–173893 /
Brym et al. 2013

Ta – annealing temperature [oC]; Tm – melting temperature [oC]; bp – base pair; E – qPCR efficiency

identified using rabbit anti-human TNF-RII poly-
clonal IgG antibody (H-202) (working dilution 0.5
μg/50 μL) (Santa Cruz Biotechnology) and goat
anti-rabbit IgG (H+L) secondary antibody con-
jugated to FITC (working dilution 1.0 μg/50 μL) (In-
vitrogen, USA). The specificity of H-202 antibody
against bovine TNF-RII epitope was confirmed by
Ikeda et al. (2005). The same protocol was used for
controls, but no primary antibodies were added.
Smears were analyzed under a fluorescence micro-
scope (Axiolab-Zeiss, Germany), at 1000 x magnifica-
tion. Six hundred cells were registered per smear, and
the percentage of TNF-RII+ cells was calculated.

Statistical analysis

The levels of the TNF-RII gene transcript were
analyzed using the Relative Expression Software Tool
2009 (REST 2009) (Qiagen, USA), and the signifi-
cance of differences between the groups was verified
by the Pair-Wise Fixed Reallocation Randomization
Test (Pfaffl et al. 2002). In addition, a nonparametric
Kruskal-Wallis ANOVA for ranks, a median test for
the analysis of the percentage of TNF-RII+ cells (for
non-normal data distribution) and multiple compari-
sons in a nonparametric test at p<0.05 and p<0.01
were used to verify the significance of differences be-
tween animal groups. Data were processed using the
STATISTICA 9.0 software package (StatSoft Inc.,
USA).

Results

The effect of T>C nucleotide polymorphism
(rs42686850) on TNF-RII expression

at the mRNA and protein levels

In order to analyze the effect of T>C nucleotide
polymorphism on TNF-RII expression, the animals of
three genotypes (T/T, T/C and C/C) were identified

within BLV-positive (divided for AL and PL sub-
groups respectively) and BLV-negative cows with the
use of PCR-RFLP genotyping (Fig. 1).

The relationship between the polymorphism of
the TNF-RII gene and its expression at the mRNA
level revealed significant differences in BLV-positive
cows (Fig. 2A). In cows with the T/C genotype the
mRNA level was almost 50% lower than that in cows
with the T/T genotype (p<0.05). The TNF-RII gene
expression in C/C homozygotes was similar to that
noted in the control animals with the T/T genotype.
Differences in the amount of transcript in BLV-nega-
tive cows with different TNF-RII genotypes were
small and statistically insignificant (Fig. 2B).

The analysis of relationships between TNF-RII
gene polymorphism and the size of the PBMC sub-
population expressing the TNF-RII protein demon-
strated statistically insignificant differences in the per-
centage of TNF-RII+ cells between cows with diffe-
rent TNF-RII genotypes, both BLV-positive and
BLV-negative (Table 2). However, the percentage of
PBMCs expressing TNF-RII protein was higher in all
BLV-positive cows when compared to BLV-negative
cows. Moreover, in BLV-positive T/C heterozygotes
the percentage of TNF-RII+ cells was clearly higher
than in T/T homozygotes (p=0.16).

The effect of BLV infection
and disease stadium on TNF-RII expression

Statistical analysis demonstrated significantly
lower amounts of mRNA TNF-RII in BLV-positive
animals as compared to BLV-negative cows
(p<0.001). Differences were found both for BLV+AL
and BLV+PL animals (Fig. 3).

The analysis of the interaction of both factors
(TNF-RII gene polymorphism and BLV infection) on
the expression of the TNF-RII gene (Fig. 4) re-
vealed statistically significant differences between
BLV-positive cows with the T/C genotype and the
control group (T/T, BLV-). In BLV+AL cows with
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Fig. 1. PCR-RFLP/ApaLI genotyping of T>C polymorphism (rs42686850) within bovine TNF-RII gene. Line 1- PhiX
174/HaeIII, molecular marker; Line 2 – undigested PCR product (640 bp); Lines: 3, 5, 6 – C/C genotype (640 bp); Lines: 4, 8,
9 – T/C genotype (640 pz, 441pz, 199 pz); Line 7 – T/T genotype (441 pz, 199 pz).

Fig. 2. A) Relative levels of TNF-RII mRNAs in BLV-positive cows with different TNF-RII genotypes. B) Relative levels of
TNF-RII mRNAs in BLV-negative cows with different TNF-RII genotypes. Results are presented as the normalized ratio of the
gene expression level in a study group to the gene expression level in the control group ± SEM (standard error of the mean). T/T
homozygotic cows were used as the control. * statistically significant differences at p<0.05.

Table 2. Percentage of PBMCs expressing TNF-RII protein in BLV-positive and BLV-negative cows with different genotypes.

TNF-RII+ cells (%)

x̄ *SEMGroups of cows TNF-RII genotypes N

T/T 19 2,69 0,20
BLV+ T/C 28 3,28 0,43

C/C 23 2,75 0,31

T/T 11 2,03 0,24
BLV- T/C 18 2,52 0,26

C/C 18 2,25 0,17

* SEM – standard error of the mean

the T/C genotype the level of mRNA was three-fold
lower than in the control animals (p<0.01), and even
lower values were noted in BLV+PL cows (p<0.001).
Differences in the amount of the transcript were also
found between other TNF-RII genotypes of BLV+
cows and the control group (T/T, BLV-), but they
were not statistically significant (Fig. 4).

The analysis of the TNF-RII protein expression
levels demonstrated differences between percentages
of TNF-RII+ cells in BLV-positive and BLV-negative
cows (Table 3). Statistically significant differences
were found between BLV+PL and BLV- animals
(p<0.001). The percentage of TNF-RII+ cells in
BLV+PL cows was significantly higher than in
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Fig. 3. Relative levels of TNF-RII gene expression measured by RT-qPCR in cows differing with BLV infection and health
status. Results are presented as the normalized ratio of the gene expression level in a study group to the gene expression level in
the control group ± SEM (standard error of the mean). BLV-negative animals cows were used as the control. *** statistically
significant differences at p<0.001.

Fig. 4. Relative level of TNF-RII gene expression in BLV-positive and BLV-negative cows with different genotypes. Results are
presented as the ratio of the gene expression level in a study group to the gene expression level in the control group ± SEM.
BLV-negative T/T homozygotic cows were used as the control. ***statistically significant differences at p<0.001; **statistically
significant differences at p<0.01.

Table 3. Percentage of TNF-RII+ cells in BLV-positive and BLV-negative cows.

TNF-RII+cells (%)

x̄ SEM
Groups of cows N

BLV+AL 56 2,43A 0,15
BLV+PL 14 5,00AB 0,60

BLV- 47 2,25B 0,13

Mean values followed by the same capital letter A or B are significantly different at p<0.001
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BLV+AL or BLV- animals (Table 3), while differen-
ces between uninfected cows and BLV+AL were
small and statistically insignificant.

Discussion

The study revealed a relationship between
TNF-RII gene polymorphism at the position 16534
T>C in the first intron and the TNF-RII gene expressi-
on at the mRNA level, but only in cows infected with
BLV. This was also confirmed by the interaction ef-
fect of TNF-RII genotype and infection with BLV on
the amount of the TNF-RII transcript, suggesting
a modifying influence of BLV on the TNF-RII gene
expression at the mRNA level.

Previous studies have demonstrated a significant
role of the TNF-α/TNF-R signaling pathway in BLV
infection and EBL progression (Ikeda et al. 2005,
Konnai et al. 2005). Konnai et al. (2006) reported
higher TNF-α mRNA levels and higher surface ex-
pression of TNF-α in spontaneously proliferating
PBMCs isolated from BLV-positive cows as compared
to healthy cows. Konnai et al. (2005) also found a sig-
nificantly higher level of the TNF-RII transcript in
PBMCs isolated from cows with subclinical forms of
EBL (AL or PL) than in cows uninfected with BLV.
In contrast, in our study, the expression of this gene at
the mRNA level was found substantially lower in
BLV+AL and BLV+PL cows than in BLV-negative
cows. These opposite results could be attributed to
different methodological approaches used. The accu-
rate normalization of the expression level for the ana-
lyzed gene is a critical step of RT-qPCR (Bustin et al.
2009). Konnai et al. (2005) used a single β-actin gene
(ACTB) as a reference gene for normalization pur-
poses. However, recent studies demonstrated that
ACTB, because of its low expression stability due to
viral infection, is an unsuitable reference gene for
RT-qPCR normalization in leukocytes of cattle infec-
ted by viral agents (Anstaett et al. 2010, Spalenza et
al. 2011, Brym et al. 2013). The requirement of at
least two reference genes for proper normalization
was recommended (Bustin et al. 2009) and Brym et al.
(2013) suggested that UCHL5 and RPLP0 or RPLP0
and B2M could be used for the proper normalization
of expression levels in peripheral blood cells from
cows infected with BLV.

In our studies TNF-RII protein expression in
PBMCs was reflected in a significantly higher percen-
tage of TNF-RII+ cells in BLV+PL cows as com-
pared to BLV-negative cows. In cows with PL, more
than 2-fold higher percentage of TNF-RII+ cells was
noted in comparison to the non-infected animals. Pre-
viously, Ikeda et al. (2005) detected the TNF-RII re-

ceptor only on neoplastic cells from cows with LS. The
TNF-RII receptor was suggested to be the major fac-
tor responsible for the proliferative and anti-apoptotic
effect of TNF-α (Tartaglia et al. 1993, Aspalter et al.
2003). Furthermore, we observed that TNF-RII ex-
pression at the protein level had a different pattern
than the expression at the mRNA level, which was
particularly clear in BLV+PL animals. Such enig-
matic inconsistencies between the amount and the
pattern of changes at the transcript and protein levels
have already been reported (Tian et al. 2004, Stark et
al. 2006, Sarro et al. 2010) and it is also known that
viruses can influence the amount of mRNA and pro-
tein in host cells and modify the synthesis and metabo-
lism of these molecules or influence their stability
(Bolinger et al. 2010, Polakowski et al. 2011, Liu et al.
2012). Mechanisms used by BLV interfering with
a multistage process of host gene expression are still
poorly investigated and require further research.

Our results show the unclear effect of considered
T>C polymorphism on TNF-RII gene expression in
bovine leukocytes and they suggest the involvement of
BLV in modifying the TNF-RII expression in BLV-in-
fected cows potentially implying the EBL-associated
pathogenesis.
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