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Abstract

TLRs are important innate immune receptors. It has been found that vanadium can affect the immune function
in broilers. However, vanadium action in the regulation of TLRs is unknown. A total of 420 one-day-old avian broilers
were divided into six groups, and fed on a corn-soybean basal diet as control diet (vanadium 0.073 mg/kg) or the same
diet supplemented with vanadium at the doses of 5, 15, 30, 45 and 60 mg/kg in the form of ammonium metavanadate.
TLR4 and TLR7 mRNA expression in lymphoid organs of each group were studied by real time RT-PCR form. The
results indicated that the TLR4 and TLR7 mRNA expression in thymus and TLR4 mRNA expression in bursa were
down-regulated in the 60 mg/kg group. The TLR7 mRNA expression in bursa was down-regulated in 30 mg/kg, 45
mg/kg and 60 mg/kg groups, and up-regulated in the 5 mg/kg group. Also, the TLR4 and TLR7 mRNA expression
in spleen was down-regulated in the 45 mg/kg and 60 mg/kg groups, and up-regulated in the 5 mg/kg group. The
abovementioned results showed that dietary vanadium in excess of 30 mg/kg could down-regulate the TLR4 and
TLR7 mRNA expression in lymphoid organs, which finally impaired innate immunity in broilers.
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Introduction

Vanadium is widely distributed in the environment, and its
biological importance appears to be significant [1,2]. Vanadium has
been proved to be potent inhibitors of several phosphohydrolases, such
as ATPase and an activator of adenyl cyclase [3-5]. It has also been
suggested to be potent anti-carcinogenic agent [6]. The most of reports
about vanadium were focus on the action of insulin as an antidiabetic
agent [7-9]. Meanwhile, the toxicity of vanadium also has been found
in animals [10].

Recently, there are some studies on the effects of vanadium on
immune function. It has been reported that vanadate can affect
proliferation and differentiation of the T-cells [11] and activate
macrophages [12]. The immunotoxicity of vanadate has been proved
[13]. At the same time, the results of our recent studies have shown
that high levels of dietary vanadium can cause the lesions in lymphoid
organs, inhibit the growth of lymphoid organs, splenic oxidative stress
and splenocyte apoptosis, and affect the secretion of immunologic
factors and cytokine contents in the mucosal immunity of broilers [14-
18].

Toll-like receptor (TLR) family mediates the initial interactions
of microbial pathogens with cells of an infected host and initiates
signaling processes central to the host’s innate and adaptive immune
responses [19,20]. Eight TLR family members have been identified in
chick (TLR 1~7 and TLR 15) [21,22]. The TLR4 is the first identified
and is responsible for the sensing of lipopolysaccharide (LPS) [23,24].
The TLR7 has been proved to recognize single stranded RNA, as often
occurring in viruses [23]. However, there are no reports about the effect
of vanadium on the mRNA expression of TLR family. As a part of our
study on the effects of dietary vanadium on lymphoid organs (including
the bursa of fabricius, spleen, and thymus), the same broilers were used
in the present study to investigate the effect of vanadium on the TLR4
and TLR7 mRNA expression in lymphoid organs, and to evaluate the
effect of different levels of dietary vanadium on innate immunity of
broilers.

Materials and Methods
Chickens and diets

Four hundred and twenty healthy, one-day-old avian broilers were

divided into six groups. There were seven replicates in each group and
ten broilers per replicate. The birds were housed in electrically heated
cages and were provided with water and experimental diets ad libitum
for 42 days.

A corn-soybean base diet formulated by the NRC (1994) served as
the control diet (vanadium 0.073 mg/kg). Ammonium metavanadate
was mixed into the corn-soybean basal diet to produce experimental
diets with vanadium at the doses of 5, 15, 30, 45 and 60 mg/kg,
respectively.

All experimental procedures involving animals were approved by
Sichuan Agricultural University Animal Care and Use Committee.

Sample selection

At the end of experiment, five chickens in each group were
humanely killed. The thymus, bursa of Fabricius and spleen were
frozen immediately in liquid nitrogen and stored at -80°C until RNA
extraction was performed.

RNA isolation and reverse transcription-PCR

Total RNA was isolated from tissue by sequential extraction with
Trizol reagent (Invitrogen). RNA integrity was confirmed by agarose
gel electrophoresis, and RNA was quantified by spectrophotometric
analysis. Prior to amplification, all RNA samples were treated with
RNase-free DNase to preclude genomic DNA contamination.

Reverse transcription (RT) was carried out in a total volume of 10
uL containing 2 uL 5xPrime script™ Buffer, 0.5 uL Prime script™ RT
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Enzyme Mix, 0.5 pL Oligo dT Primer (50 uM), 0.5uL Random hexamer
primers (100 uM), 1 uL Total RNA, 5.5 pL RNase Free ddHZO. The RT
reaction was performed at 37°C for 15 min and 85°C for 5 s. A negative
control was included in which reverse transcriptase was omitted during
the RT reaction.

Real-Time PCR

Real-Time PCR was performed to analyze mRNA expression in the
lymphoid organs using SYBR Green PCR Mix (TaKaRa, Japan). A total
volume of 12.5 pL reaction system contained 6.25 uL SYBR Premix
Ex Taq (2x), 0.25 pL each of forward and reverse primers (10 pM),
1 uL ¢cDNA and 4.75 pL ddH,O. The sequences for the forward and
reverse primers and p-actin were showed in Table 1. PCR conditions
were as follows: pre-denaturation at 95°C for 1 min, followed by 40
cycles of denaturation at 95°C for 5 s, annealing at 60°C for 30 s, and
extension at 72°C for 30 s. Melting curve conditions were 95°C for 0
s, 50°C for 30 s and 95°C for 0 s (temperature change velocity: 0.5°C
/s). Amplification and melting curve analysis was performed using
iQ5 Real-Time PCR Detection System (Bio-Rad, USA). Melting curve
analysis was conducted to confirm the specificity of each product. The
experiment was repeated three times. The expression of TLR4 and
TLR7 mRNA normalization with f-actin mRNA sample was applied to
calculate the relative expression level of each gene.

Serum INF-y by ELISA Assay

The serum of five birds in each group were taken at 14, 28 and
42 days of age during the experiment. The serum INF-y content was
assayed by ELISA Kit for chick (GBD Ltd, USA) according to kit
introduction. These results were determined by the standard curve and
were expressed as nanogram per milliliter.

Statistical analysis

The significance of difference among six groups was analyzed by
variance analysis, and results presented as means + standard deviation

(} + S). The analysis was done under SPSS 12.0 for windows.
Results
Clinical Observation
Results showed in the reference [16].
Changes of TLR4 mRNA expression

The melting curves produced for TLR4 were shown in Figure 1.
The Tm of TLR4 was 83.5°C. At the Tm, the PCR products produced
a melting curve with a single peak. The gene transcripts TLR4 detected
by RT-PCR analysis were confirmed by real-time PCR analysis.

The similar TLR4 mRNA expression pattern was observed in the
thymus and bursa. The relative expression of TLR4 mRNA in thymus
and bursa were depressed (P<0.05) in the 60 mg/kg group. The relative
expression of TLR4 mRNA in spleen were significantly depressed
(P<0.01) in the 45 mg/kg and 60 mg/kg groups, and increased (P<0.05)
in the 5 mg/kg group. The details were presented in Figure 2.

Changes of TLR7 mRNA expression

The melting curves produced for TLR7 were shown in Figure 3.
The Tm of TLR4 was 84°C. At the Tm, the PCR products produced a
melting curve with a single peak. The gene transcripts TLR7 detected
by RT-PCR analysis were confirmed by real-time PCR analysis.

The relative expression of TLR7 mRNA in thymus was depressed

(P<0.05) in the 60 mg/kg group. The similar TLR4 mRNA expression
pattern was observed in the bursa and spleen. The relative expression
of TLR7 mRNA were significantly depressed (P<0.01) in bursa of 30
mg/kg, 45 mg/kg and 60 mg/kg groups and significantly depressed
(P<0.01) in spleen of the 45 mg/kg and 60 mg/kg groups, and increased
(P<0.05) in bursa and spleen of the 5 mg/kg group. The details were
shown in Figure 4.

Changes of the Serum INF-y Contents

Compared with that of control group, the serum INF-y content
was increased (P<0.05) in the 5 mg/kg group at 28 days of age, and was
markedly decreased (P<0.01 or P<0.05) in the 45 mg/kg and 60 mg/kg
groups from 14 to 42 days of age. The results were shown in Table 2.

Discussion

It is well known that TLR function plays a central role in both
host defense against infection and pathological processes such as host
toxic reactions to bacterial lipopolysaccharide [25]. Previous reports
have described that TLR4 appears to be expressed by macrophages

GeneBank accession

Gene |Primer sequences
number

Expected size

F: gagtttgacattgctcggtcct

TLR4 R: ctccagataagtgttcctcctcag 141bp NM_001030693.1

LRy b gettatocceagtctigtagage 117 bp NM_001011688.1
R: cttagggtttccaggttagagagg

B-actin F: cccaaagccaacagagagaaga 146 bp NM_205457.2

R: gtaacaccatcaccagagtccatc

Table 1: The primer sequences of target genes and house-keeping gene.
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Figure 1: Melting curve analysis of TLR4 gene transcripts detected by real-
time PCR: cDNA samples are amplified in real-time PCR with specific set of
primers and melting curve analysis is performed to confirm the identity of the
PCR products.
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Figure 2: Changes of TLR4 mRNA relative expression.
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Figure 3: Melting curve analysis of TLR7 gene transcripts detected by real-
time PCR: cDNA samples are amplified in real-time PCR with specific set of
primers and melting curve analysis is performed to confirm the identity of the
PCR products.
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Figure 4: Changes of TLR7 mRNA relative expression.
14 days 28 days 42 days
control 4.30+0.09 4.34+0.08 4.33+0.13

5 mg/kg group 4.45+0.08 4.62+0.15 4.46+0.09

15 mg/kg group 4.26+0.05 4.55+0.14 4.34+0.06

30 mg/kg group 4.14+0.09 4.30+0.14 4.31+0.07

45 mg/kg group 4.09+0.02° 4.01+0.14 4.06+0.08"

60 mg/kg group 3.92+0.15™ 3.90+0.13" 3.82+0.08™

Data are presented as means + standard deviation (n=5)
*p<0.05, compared with the control group
**p<0.01, compared with the control group

Table 2: Changes of the serum INF-y content (ng/ml).

and other immune cells, such as mature T-cell and B-cell [26,27] and,
TLR7 mRNA is expressed by immune cells including macrophages and
B-cell, and is expressed mostly in spleen, lung, and placenta [28-30].
In the present study, we have selected TLR4 and TLR7, and evaluated
their mRNA expression in lymphoid organs associated with different
levels of dietary vanadium. The data indicated that the TLR4 mRNA
expression in thymus and bursa were down-regulated in the 60 mg/
kg group. The TLR4 mRNA expression in spleen was up-regulated in
the 5 mg/kg group and significantly depressed in the 45 mg/kg and 60
mg/kg groups. The TLR7 mRNA expression in thymus was the same
as TLR4. The TLR7 mRNA expression was down-regulated in bursa of
the 30 mg/kg, 45 mg/kg and 60 mg/kg groups, and down-regulated in
spleen of 45 mg/kg and 60 mg/kg groups. However, The TLR7 mRNA
expression was up-regulated in bursa and spleen of 5 mg/kg group.

To our knowledge, no direct evidence to explain the reason that
different levels of dietary vanadium can affect TLR4 and TLR7 mRNA
expression. A possibility is associate with the lesions of lymphoid organs

and the cytokines secretion. The lesions in lymphoid organs induced by
dietary high vanadium have been observed in our recent research [14-
15] and other previous reports [31]. The lesions can cause decrease in
cell population in the lymphoid organs, which leads down-regulation
in TLR4 and TLR7 mRNA expression. Meanwhile, the TLR mRNA
expression can be regulated by cytokines, such as INF-y [32,33]. INF-y
is produced by T-cell and NK cell [34], and can activate macrophages
[35]. It was observed in the present study that dietary vanadium at the
doses of 45 and 60 mg/kg could inhibite INF-y secretion. Therefore,
decreased INF-y contents could inhibit the activity of macrophages,
and lead TLR4 and TLR7 mRNA expression down-regulation finally.

The other factors, such as oxidative stress induced by vanadium, also
should be concerned. The oxidative stress induced by high vanadium
has been proved in broilers [16,36,37]. Oxidative stress induces free
radical generation that may modulate TLR mRNA expression [38].
Also, free radical generation induced by high vanadium could damage
DNA and RNA directly [39] and, the TLR mRNA expression was
down-regulated by high vanadium through this way. In additional, the
changes of TLR4 and TLR7 mRNA expression in the three lymphoid
organs induced by vanadium were different. The effect of vanadium
on TLR4 and TLR7 mRNA expression in bursa and spleen were more
obvious than in thymus. This distinction may be concerned with
the components of cells in these lymphoid organs and the extent of
vanadium-induced lesions.

In conclusion, dietary vanadium in excess of 30 mg/kg can down-
regulate TLR4 and TLR7 mRNA expression in lymphoid organs, which
finally impairs the innate immunity in broilers.
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