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Toll-like receptors (TLRs) can recognize conserved molecular patterns and initiate a wide
range of innate and adaptive immune responses against invading infectious agents. The aim of
this study was to assess the transcript profile of mink TLRs (mTLRs) in mink peripheral blood
mononuclear cells (PBMCs) and a range of tissues, and to explore the potential role of mTLRs
in the antiviral immune response process. The results indicated that the mTLR partial
nucleotide sequences had a high degree of nucleotide identity with ferret sequences (95-98%).
Phylogenetic analysis showed that mammalian TLRs grouped into five TLR families, with a
closer relationship of the mTLRs with those of ferret than the other mammalian sequences.
Moreover, all the mTLRs were ubiquitously expressed in lymphoid organs (spleen and lymph
nodes) and PBMCs. Interestingly, the mTLR expression patterns in lung, uterus, and heart
showed quite a lot of similarity. Another remarkable observation was the wide expression of
mTLR1-3 mRNAs in all tissues. Among the analyzed tissues, skeletal muscle was revealed to
being the lowest repertoire of mTLR expression. Additionally, mink PBMCs exposed to the
canine distemper virus revealed significant upregulation of mTLR2, mTLR4, mTLR7, and
mTLR8 mRNAs, indicating that mTLRs have a role in innate immunity in the mink.
Collectively, our results are the first to establish the basic expression patterns of mTLRs and
the relationship between mTLRs and a virus, which will contribute to better understanding of
the evolution and the functions of mTLRs in the innate immune system in minks.
Keywords: Neovison vison, Toll-like receptors, transcript profiling, innate immunity

Introduction
Innate defense mechanisms provide an essential first line
of protection against invading microorganisms through
employing germline-encoded pattern recognition receptors
(PRRs). Mammals have several distinct classes of PRRs
consisting of Toll-like receptors (TLRs), RIG-I-like receptors,
NOD-like receptors, AIM2-like receptors, and C-type lectin
receptors [7]. TLRs are the first discovered, the most
extensively studied, and the best characterized PRRs. In
recent years, many TLRs have been recognized as essential
sensors for recognizing the invading pathogens, depending
on a range of conserved molecular patterns known as
J. Microbiol. Biotechnol.

pathogen-associated molecular patterns (PAMPs) that can
be distinguishable from host molecules. These microbial
molecular markers are constituted by carbohydrates,
lipids, proteins, and nucleic acids, and each member of the
TLR family is able to recognize a unique set of PAMPs [5].
The TLR family is an ancient PRR family, highly
conserved in different species, and is also a bridge between
the innate and acquired immunity. All of the TLR molecules
are structurally similar and have N-terminal extra
cytoplasmic leucine-rich repeat (LRR), transmembrane,
and intracellular Toll/interleukin-1 receptor (TIR) domains.
The LRR domain is highly variable and plays a significant
role in ligand binding and/or TLR dimerization. However,
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the TIR domain is highly conserved in different TLR
molecules, interacting with TLR adaptor proteins, such as
myeloid differentiation primary-response protein 88, TIR
domain-containing adaptor protein, and TIR domaincontaining adaptor molecule-1, to activate the downstream
signal molecules [20]. At least 13 TLRs have been identified
in mammalian animals. TLR1-TLR10 have been identified
in humans, sheep, cows, and pigs. Besides these, TLRs 11,
12, and 13 have been reported in mice. Among them, TLRs
1, 2, 4, 5, 6, and 11 are expressed on the cell surface.
However, TLRs 3, 7, 8, and 9 are mainly located in
endosomes. Upon activation of TLRs, they induce specific
downstream signaling pathways that produce a series of
responses, including cell proliferation or maturation, and
the secretion of various cytokines, chemokines, or effector
molecules [7]. Over the past decades, considerable progress
in studying TLRs in different animals has been made,
helping the elucidation of their potential roles in disease
outcome. TLRs are extensively expressed in a wide range
of tissues and cells, which is a significant important
characterization of TLRs and affects the capacity in
immune surveillance of different microorganisms in
different tissues. Various species such as mice [1], humans
[12], bovines and ovines [10], buffaloes [23], goats and
sheep [21], chickens [15], felines [4], and spotted hyenas [2]
have been studied and show quite different expression
profiles of the TLRs in diverse tissues and immune cells [1].
Mink (Neovison vison) is a special economic animal that is
reared as an animal husbandry activity to increase income
in the northeast and western parts of China [26]. Associated
with the rapid development of mink culture in China,
however, great economic loss caused by bacteria, virus,
and parasite infections has been frequently reported. The
health problems of mink have become the important issue
for the mink husbandry industry. Different approaches
have been employed to reduce the mink negative economic
impact. Although several achievements have been made,
there is still a long way to go to efficiently and ultimately
solve this tough problem [24, 25]. Understanding more
details of the molecular mechanism of mink innate
immunity will be more helpful to control the rapid spread
of infectious diseases through boosting the innate host
defense.
Although knowledge about the TLR immune functions
of mice and human is most advanced, and a variety of
TLRs have been identified in other species, there is a
scarcity of reports on the gene sequences, expression
profiles, and contribution to the innate immunity of mink
TLRs (mTLRs). In this study, we reported partial sequences
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of mTLRs 1-8 and 10, and assessed homology and
phylogenetic relationship of mTLRs with those of other
mammals. We also quantified the relative expression levels
of these mTLRs in selected tissues and detected the gene
expression of mTLR mRNAs upon canine distemper virus
(CDV) infection in peripheral blood mononuclear cells
(PBMCs), which will be helpful to better understanding of
the evolution and functions of mTLRs in the innate immune
system in minks.

Materials and Methods
Animals, Virus, and Tissues
Six-month-old minks were purchased from a fur animal farm in
the Jilin Province of China. These minks did not receive any
vaccination against any disease, and had no previous records of
any disease. They were kept under the same nutrient and
management conditions at the animal house of the Central
Laboratory for Animal Diseases of the Institute of Special Animal
and Plant Sciences. All experiments were conducted according to
the Animal Experimentation Guidelines and approved by the
Institution Animal Care and Use Committee of the Institute of
Special Animal and Plant Sciences. The canine distemper virus PS
strain (a high-virulence field isolate) was provided by the State
Key Laboratory for Molecular Biology of Special Economic
Animals, for Animal Diseases of the Institute of Special Animal
and Plant Sciences. The virus had a 10−3.13/ml tissue culture
infective dose (TCID50).
Peripheral blood and tissue samples were collected following
humane sacrifice of the minks. PBMCs were separated using
Histopaque 1077 (Sigma Aldrich, USA) according to the
manufacturer’s instructions. After separating, cells were washed
three times with phosphate-buffered saline (PBS), and 5 × 106 live
cells were used for RNA isolation. Tissue samples (viz., lymph
node, spleen, skin, liver, duodenum, lung, kidney, heart, uterus,
and skeletal) were collected in sterile tubes, frozen on dry ice, and
transported to the laboratory and stored at −80°C for the extraction
of total RNA.
RNA Isolation and cDNA Synthesis
Total RNA was isolated from collected tissues by using TRIzol
Reagent (Invitrogen, USA) according to the manufacturer’s protocol.
The concentration of RNA was determined using a biophotometer.
Aliquots of RNA were subjected to electrophoresis through a 1.4%
agarose formaldehyde gel to test their qualities. For cDNA
synthesis, 1 µg of total RNA from each sample was mixed with
1 µl of Random primers, 5 µl of M-MLV RT 5× reaction buffer, 1 µl
of dNTPs mix (10 mM), 1 µl of Avian myeloblastosis Virus Reverse
Transcriptase (Promega, UK), RNasin ribonuclease inhibitor, and
nuclease-free water up to 25 µl. The reaction was incubated at
37°C for 60 min and inactivated at 70°C for 15 min. The cDNA
samples were stored at -80°C until used.
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Table 1. Sequences of primers used for amplification of the mink TLR mRNAs.
Primer sequence 5’-3’
Forward/reverse

Gene

Accession No.

TLR1

KT984858

TCTGCTGCTTGTCACCATT

TLR2

KT984859

TAGCACATTGGAGGCTTTGG

TLR3

KT984860

CATAAACTGAACCACGCACTC

a

PCR amplicon
size (bp)

Tm (°C)

380

51

263

57

310

49

324

50

277

55

356

51

341

50

337

50

512

50

249

54

TGGCACCACTCACTCTGAAC
TAGCACATTGGAGGCTTTGG
TGATGAAAGACCAGCAATAGA
TLR4

KT984861

CGGAATAACTTTGCTTGTG
TCATCCTGGCTTGAGTAGAT

TLR5

KT984862

AGGTCTTGAAGGCTCTACGGT
GTTGAATCTGTTCTGGGCACTA

TLR6

KT984863

TTTCAGTGGACCCAGACCC
AGCCCTCAGCTTGTGATACTT

TLR7

KT984864

GAACAACAATGACATCGCTAC
CTTGAGGCTTCTGGAACAG

TLR8

KT984865

TCAGCGGATATGGAGTTTG
CCTGCTATTCGGAAGTAGTG

TLR10

KT984866

GGGGACTCTGCTAAAGGAC
AATGGCACCACTCACTCTG

GAPDH

AAGGTCGGAGTCAACGGATTT
CCATTTGATGTTGGCGGGAT

a

Accession numbers of mink TLRs sequenced in this study.

Cloning of mTLR Gene Fragments
Ferret is the closest phylogenetic relative to mink for which TLR
sequences have previously been predicted from a genomic
sequence annotation, so we first attempted to use ferret TLR
primers to amplify mTLR sequences from RNA extracted from
PBMCs. The primers were selected and designed based on
available ferret sequences using Primer 5.0 (Table 1). PCR was
performed according to the following cycle condition: 94°C for
2 min denaturing; 30 cycles of 94°C for 30 sec, annealing (the
temperatures specific to each mTLR are listed in Table 1), 72°C for
45 sec; and a final extension at 72°C for 10 min. Reactions were
implemented in a 20 µl total volume, containing 1 µl of mink
cDNA, 10 pM of each primer, 200 µM of dNTPs (Takara, China ), 1
unit of EX-Taq DNA polymerase (Takara), and 2 µl of 10× reaction
buffer containing 15 mM MgCl2. The PCR products were
separated on 1.5% agarose gelelectrophoresis in TBE buffer at
80 mA for 40 min. To ensure that the samples were not
contaminated with genomic DNA, a negative control was
performed and no specific bands were amplified (data not
shown). A fragment of the mink GAPDH gene was amplified to
verify the quality of the extracted RNA and the efficiency of the
RT reaction. The PCR products were purified utilizing the
QIAquick PCR purification kit (TransGen Biotech, China) and
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cloned into the pEASY-T1 simple Cloning Vector (TransGen
Biotech, China) according to the manufacturer’s protocols.
Plasmid DNA was extracted and purified using the Easypure
Plasmid MiniPrep Kit (TransGen Biotech, China) and sequenced
using the M13 primer.
Sequence Analysis
Sequence results of mTLRs were compared with the GenBank
database using the BLASTX search program (http://blast.genome.
ad.Jp). The homology analysis of mTLR sequences (mTLRs1–8
and 10) with sequences from ferret (Mustela putorius furo), dog
(Canis lupus familiaris), cat (Felis catus), human (Homo sapiens),
cattle (Bos taurus), and mouse (Mus musculus) was done by
MegAlign. The phylogenetic tree was created using the maximum
likelihood method by MEGA ver. 5.0 based on the partial
nucleotide sequences of the above seven species. Bootstrap values
were counted with 1,000 replications to assess the robustness of
internal branches. The GenBank accession numbers of the
nucleotide sequences analyzed in this study are presented in
Table 2.
Expression Profiling of the mTLR mRNAs in Selected Tissues
Expression profiling of mTLRs was performed depending on
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Table 2. Accession numbers of TLRs used in this study and percentage of nucleotide sequence identity of mink TLR genes with
those of other species.
Nucleotide identity
percentage to mink

Ferret

XM_013062225

97

Cat

XM_011281921

Dog

XM_014112328

Cattle

FJ147090

89

Human

NM_003263

89

Species

TLR1

TLR2

TLR3

TLR4

TLR5

a

Accession No.

Name

Accession No.

Nucleotide identity
percentage to mink

Cattle

NM_001040501

68

93

Human

NM_003268

70

92

Mouse

NM_016928

65

Ferret

XM_004763997

97

Cat

XM_003985467

93

Name

TLR6

Species

Mouse

NM_001276445

83

Dog

XM_005618638

94

Ferret

XM_004772000

98

Cattle

AY487803

91

Cat

XM_003984930

85

Human

XM_005262637

90

Dog

NM_001005264

76

Cattle

NM_174197

75

Human

NM_001318796

Mouse

NM_011905

Ferret
Cat

Mouse

AB020808

85

Ferret

XR_199914

98

76

Cat

NM_001080133

92

71

Dog

XM_005641003

93

XM_013059017

96

Cattle

NM_001033761

86

XM_006930561

78

Human

NM_016562

85

Dog

XM_005629968

85

Cattle

NM_001008664

79

Human

NM_003265

Mouse

NM_126166

Ferret

TLR7

Mouse

AY035889

81

Ferret

XM_004813666

98

79

Cat

EF484949

89

72

Dog

JF681168

93

XM_004807841

97

Cattle

NM_001033937

80

Cat

NM_001009223

89

Human

DQ023138

83

Dog

NM_001002950

89

Mouse

NM_133212

79

Cattle

NM_174198

84

Ferret

XM_013062218

95

Human

U88880

82

Cat

XM_006931168

90

TLR8

TLR10

Mouse

NM_021297

74

Dog

NM_001173127

90

Ferret

XM_013050637

96

Cattle

NM_001076918

84

Cat

XM_011290807

76

Human

DQ011516

84

Dog

NM_001197176

74

Mouse

NA

a

NA, not available.

the presence or absence of specific bands of TLRs in 1.5% agarose
gels. The expression profiles are representative of three
independent experiments from three different mink samples, and
the housekeeping gene (GAPDH) served as an internal control. In
addition, analysis of the relative quantities of PCR products was
performed by image analysis software (Quantity One; Bio-Rad,
USA), and normalized against the level of GAPDH. In order to
acquire the corrected intensity values, each mTLR product was
processed to exclude the background intensity from the band
intensity. Each of the different expression levels of the mTLR
mRNAs in selected tissues was shown by arbitrary units. An
arbitrary unit of 0.5 and above with an obviously visible band was
regarded as a higher expression level. The arbitrary units of mTLR
mRNAs bands less than 0.5 were regarded as lower expression
levels or no expression.

qRT-PCR Analysis of the mTLR mRNA Expression in PBMCs
during CDV Infection
The PBMCs were isolated from minks by density gradient
centrifugation as previously described. The mononuclear cells
were washed three times, counted, resuspended in AIM-V (Gibco,
USA) supplemented with 10% fetal bovine serum (Invitrogen,
USA). Purified PBMCs were cultured at a cell density of 2.0 × 105
cells/well in 24-well plates (Corning, USA) at 37°C, 5% CO2 in a
humidified atmosphere. The cells were infected with 1 ml of
2 × 10-3.13 TCID50/ml CDV-PS for 72 h. PBS was used as a mock
infection and each treatment was performed in triplicates. Cells
were harvested after 0, 24, 48, and 72 h. The samples analyzed at
0 h were collected immediately after adding the supplemented
AIM-V. RNA was extracted and then the mRNA expression levels
of mTLRs were quantified by qRT-PCR using the primers in
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Table 1, with the exception of TLR10, for which primers were
Forward 5’-TGACCCTGGCAAGAGTATTA-3’, Reverse 5’-ATG
GGTTCCAGAAAGATAAA-3’. All samples were amplified in
triplicates. Amplification efficiencies were validated and normalized
against raccoon dog GAPDH using the 2-ΔΔCt method. Statistical
analysis was conducted using SPSS13.0 software (SPSS Inc., USA).
One-way analysis of variance followed by Duncan’s post hoc test
for multiple comparisons were used to assess the significance of
the differences in the data, with p < 0.05 indicating statistical
significance.

Results and Discussion
Cloning of mTLR Gene Fragments
The TLRs, important components of innate immunity,
play a key role in the detection of invading pathogen and
development of an antipathogen immune response. Given
the important roles involved in immune system functions,

the characterization of mTLRs will be essential to elucidate
the features in the immune response to infectious agents. In
this study, we successfully amplified partial cDNAs of
mTLRs 1-8 and 10 and the reference gene GADPH in mink
using annealing temperatures of between 56°C and 61.8°C.
The amplified mTLR products were cloned and sequenced.
The accession numbers of these sequences are showed in
Table 1.
Nucleotide Sequence Comparison and Phylogenetic Analysis
Compared with other mammalian TLR sequences, the
mink partial mTLR nucleotide sequences showed a
significantly higher similarity to ferret (95-98%; Table 2),
indicating that TLRs have highly evolutionary conservation
in both animals, which belong to the weasel family of the
Carnivora order. Roach et al. [16] suggested that TLRs are
highly conserved across taxa because their PAMP ligands,

Fig. 1. Phylogenetic analysis of partial mTLR nucleotide sequences of mink and other mammals using the maximum likelihood
method with 1,000 bootstrap values of MEGA ver. 5.0.
The accession numbers of the TLR sequences are presented in Table 2.

J. Microbiol. Biotechnol.
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such as flagellin, cannot be easily mutated without reducing
the microorganism's fitness [16]. Moreover, compared with
the rest of the selected species, 65-94% identity to mouse,
human, cattle, dog, and cat was found, in which the lowest
identity (65–85%) was to the mouse. These findings are
largely in accordance with previous studies on goat and
cattle TLR genes, which showed a high homology across
species [10, 21, 23].
To further reveal the evolutionary relationship of mTLRs
in the context of mammal TLRs, phylogenetic analysis of
TLRs of mink and other mammals was conducted using 62
TLR nucleotide sequences covering the TLR repertoires of
ferret, cat, dog, human, cattle, and mouse. The phylogenetic
analysis indicated a closer relationship of the mTLRs with
those of ferret than the other mammalian sequences, which
was completely in agreement with the result of the
homology analysis and fully accords to the evolutionary
relationship among mammals, suggesting that mammalian
TLRs are conserved in the process of evolution. The tree
also revealed that the mTLR genes, like other species,
grouped into five TLR families. As depicted in the tree
(Fig. 1), the TLR2 family/clade I was composed of TLR1,
TLR2, TLR6, and TLR10; the TLR9 family/clade II contained
TLR7 and TLR8; and the remainder three families/clades
contained TLR3, TLR4, and TLR5, respectively. It is
reported that TLRs 1, 2, 6, and 10 function as heterodimers
for TLR ligand binding, whereas TLRs 7 and 8 are located
in endosomes, recognizing the viral RNA.
Expression Profiling of mTLR mRNAs
Investigating the mRNA expression levels of mTLRs in
healthy animals can indicate the ability to fight against
various infections. Differences in expression profiles of
TLRs have been involved in disease resistance for
microorganisms [6]. In an effort to further understand
mTLRs, we investigated the expression profile of mTLR
mRNAs in mink PBMCs and a range of tissues. The tissues
included those with primary immunological function
(spleen and lymph nodes), dominated by epithelial cells
(kidney, lung, and liver), and muscle (skeletal, heart, and
uterus) as well as tissues that contacted with the internal
(duodenum) and external (skin) environment. In optimizing
the sensitivity of PCR, except for the extensive screening of
reaction parameters, testing of several primer pairs is also
important. In this study, primer sensitivity was determined
by PCR analysis of serially diluted cDNA. The primers
with lowest cDNA dilution that provided a reproducible,
unambiguous visible signal after electrophoresis on 1.0%
agarose gels were retained. In some RT-PCRs, sometimes
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nonspecific bands were observed in some tissues, such as
mTLR6 mRNA in heart or mTLR2 and mTLR7 mRNAs in
duodenum. However, sequencing of specific bands confirmed
their identity. These nonspecific bands did not disturb the
investigation of the expression profiling of the selected
tissues, and only the visible bands with expected sizes were
considered as indicators of the specific TLR expression.
Previous studies showed that lung, uterus, intestine, and
spleen of sheep had the expression of TLRs 1-8 and 10 [11],
and these TLRs were expressed in the lymph node, spleen,
and lung of spotted hyenas [2], and spleen, lung, and liver
of water buffalo, but the expression of TLRs 1, 3, 4, and 6 in
the uterus of water buffalo and the expression of TLR3 and
TLR10 in the skin of goat could not be detected [21, 23],
indicating the specific expression profile of TLRs present in
different species. The transcript profiling of the mTLR
mRNAs in the different tissues of mink is shown in Figs. 2
and 3. The TLR2 family, which includes TLRs 1, 2, 6, and 10,
form extracellular heterodimers that recognize lipopeptides.
The study suggested that TLR2 in many species may be

Fig. 2. Agarose gel electrophoresis of mTLRs 1-8 and 10
amplicons in different tissues.
Lane 1, M (DL 2 000 Marker); Lane 2, GAPDH (249 bp); Lane 3, TLR1
(380 bp); Lane 4, TLR2 (263 bp); Lane 5, TLR3 (310 bp); Lane 6, TLR4
(324 bp); Lane 7, TLR5 (277 bp); Lane 8, TLR6 (356 bp); Lane 9, TLR7
(341 bp); Lane 10, TLR8 (337 bp); Lane 11, TLR10 (510 bp).
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Fig. 3. TLR mRNA expression levels in arbitrary units.
Normalization of the TLR expression in all experiments was achieved by taking the ratio of the TLR expression to the GAPDH expression in the
corresponding sample. The resultant expression levels of the TLR (in arbitrary units) are compared to show the expression levels of the different
TLR mRNAs in each tissue or cell type. An arbitrary unit of 0.5 and above was obtained for a clearly visible thick band and hence was considered
to denote higher levels of expression. The TLR mRNA bands having arbitrary units of less than 0.5 were considered to denote lower levels of
expression or no expression. The expression profiles were representative of three independent experiments. Values are the mean ± standard error.

under strong stabilizing selection, whereas TLR2 heterodimer
mates, such as TLR6 may be under fewer evolutionary
constraints than TLR2 itself [7]. Despite members of the
TLR1 family (TLR1, TLR2, TLR6, and TLR10) forming
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homodimers or heterodimers with TLR2, our results did
not appear to show a relationship among the TLR1 family
members.
In this study, ubiquitous expression levels of the mTLRs

Transcript Profiling of TLR mRNAs in Mink

were observed in spleen, lymph node, PBMCs, and skin,
and extensive mTLR expression was observed in liver
merely lacking the TLR10 expression. It is interesting that
the skin and liver of mink expressed all of the mTLRs
relatively highly, except mTLR10, which is quite different
from some mammals [6]. For example, goat showed the
lowest TLR mRNA expression with lower or no expression
of TLRs 2, 3, 4, 8, 9, and 10 mRNAs in skin [21]. The PRR
profile in the tissues is associated with the main cell types
in the tissues. Skin constantly contacting with the external
environment consists of three distinct regions, including
the epidermis, the underlying dermis, and a small number
of subcutaneous tissues. The major cell types involved in
PRR expression in the skin include Langerhans cells
(dendritic cells unique to the epidermis), macrophages, and
keratinocytes (skin epithelial cells), which will be
responsible for the high expression of TLRs [19]. The liver
is an important hematopoietic organ in the mammalian
fetus and plays a key role in the development of the immune
system. After birth, the liver keeps immunologically
important functions and contains a large number of
immune cells, including T and B lymphocytes, Kupffer
cells, liver-adapted natural killer (NK) cells (pit cells),
natural killer cells (NKT cells), and dendritic cells. Kupffer
cells and dendritic cells have an important role in
nonspecific phagocytosis. Hepatic NK and NKT cells are
important in nonspecific cell killing, which could be
responsible for the high expression of TLRs in liver [14].
The wide range of TLR expression in the liver indicates that
it could act as a primary portal of entry of microorganisms,
and enhancing innate immunity by TLR signal in this
tissue would be of evolutionary advantage to this species.
The intestinal tract is commonly exposed to both food
proteins and intestinal microorganisms, and the intestinal
immune system has developed mechanisms for maintaining
immune tolerance to them, and it is also able to detect the
invading microorganisms and produce proper effective
immune responses to clear them [22]. Previous studies also
showed various TLRs can be expressed in the intestine,
reflecting the complicacy of the tissue, which has a large
number of immunological elements [6]. Moreover, intestinal
epithelial cells have been demonstrated to express a variety
of TLRs. Our results also showed that all mTLRs, except
mTLR10, have high expression in mink duodenum. mTLR7
showed the highest expression in mink duodenum. Similarly,
TLR7 has been detected to be abundant in the intestine of
dogs, but low expression was detected in humans [13, 27].
TLR7 is capable of recognizing ssRNA in mammals.
Activation of TLR7 induces secretion of type I interferon,
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functioning with a crucial role in the host immune
response against virus infection. Given mTLR7 was
abundant in mink duodenum indicated that this tissue was
armed with receptors able to respond against viral infection
through mTLR7 in the intestine. Also interesting was that
mTLR5 was relatively more abundant in the kidney than
other tissues, suggesting kidney epithelial cells probably
expressed these molecules. mTLR5 has as an essential role
in the host defense against bacterial pathogens by
recognition of flagellin [3]. If the abundance of these TLRs
is responsible for elevating the ability to recognize the
PAMPs, it is supposed that due to the capacity of TLR5 to
detect flagellin, the kidney or kidney epithelium is sensitive
to the invading bacteria. The general pattern of TLR
expression is similar to lung, heart, and uterus, with
mTLRs 5-10 being low or virtually absent from these
organs. Among the tissues studied, skeletal tissue had the
lowest levels of TLR expression, with certain lower
expression of mTLR2, mTLR5, mTLR7, and mTLR9.
Another interesting observation was that, despite of the
variedness, wide expression of mTLRs 1-3 mRNAs was
detected in all tissues. TLR2 along with TLR1 or TLR6 are
capable of recognizing a wide range of PAMPs, such as
lipoproteins, peptidoglycans, lipotechoic acids, and tGPImucin. TLR3 can recognize ssRNA in mammals and can be
activated by ssRNA viruses such as rabies virus and
influenza virus [7]. Similar expression profile of TLRs 1-3
had been shown previously in humans [27]. The results
indicated mTLRs 1-3 would be essential in the immune
surveillance system in a variety of the host organs, and the
microorganisms scouted by mTLRs 1-3 were probably
high-risk pathogens for mink. When the precise function
of mTLRs 1-3 against infections is confirmed, it will
contribute to the programming of reasonable immunological
intervention strategies in mink. Among all the mTLRs
investigated, mTLR10 expression was at the lowest limit of
detection with comparative higher expression in lymphoid
organs, and lower expression in the liver, skin, and uterus.
Gene Expression Levels of mTLRs Upon CDV Infection
To further explore the relationship between mTLRs and
viruses, and the potential role of mTLR-mediated signaling
pathways in the antiviral immune response process, we
analyzed mRNA expression levels upon CDV infection in
the PBMCs derived from the minks. With respect to ssRNA
viruses that contained two main classes of PAMPs, including
ssRNA and envelope glycoproteins, four TLRs (TLR2, TLR4,
TLR7, and TLR8) were investigated in this study. The
result revealed that the mRNA expression levels of mTLR2,
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Fig. 4. qPCR analysis of mTLR expression levels upon CDV infection in mink PBMCs.
(A) mTLR2; (B) mTLR4; (C) mTLR7; (D) mTLR8. Error bars represent the standard error for triplicate samples. Differences between mRNA
production in CDV- and PBS-treated cells were detected using one-way analysis of variance followed by Duncan’s post hoc test; * p < 0.05; ** p <
0.01; ***p < 0.001.

mTLR4, mTLR7, and mTLR8 genes were significantly
upregulated after CDV infection for 24 h or even later
(Fig. 4), indicating that the CDV, a ssRNA morbillivirus,
could arouse the innate immunity in response to its
infection. A previous study has demonstrated that specific
PAMPs have the ability to activate the TLRs [9], and TLR7
together with TLR8 can recognize ssRNA viruses [28].
Activation of TLR7 and TLR8 induces production of
proinflammatory cytokines TNF-α and type I IFNs, showing
their essential role in the host immune system. A similar
result was detected in human hepatocytes, in which both
TLR7 and TLR8 were obviously upregulated after an ssRNA
virus, hepatitis C virus (HCV), challenge. Therefore, our
results suggested that mTLR7 and mTLR8 were functionally
conserved. The functions of both TLRs on viral infections
in mink need further investigation. Besides this, although
the ssRNA virus recognized by TLR7 and TLR8 is a major
PAMP type for CDV, it might serve as a ligand for mTLR2
or mTLR4 for a PAMP, since one TLR can adjust the other
TLR expression as confirmed by Sepulcre et al. [18]. For
example, HCV infection enhanced the expression of TLR2
and TLR4 in human PBMCs [8]. In addition, another
member of morbilliviruses, measles virus (MV), can
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indirectly modulate TLR4 signaling through influence on
the entry receptor CD150 in macrophages, and TLR2 has
been identified to possibly support receptor-mediated
virus uptake in the MV infection process [17]. That is to
say, CDV possibly carries some PAMP types able to trigger
the mTLR2 or mTLR4 signaling. Collectively, our findings
provide a probability that mTLRs have a role in the
immune responses against ssRNA viruses in mink.
In summary, TLRs are of great interest to researchers on
account of their capability of recognizing pathogens and
initiating development of an immune response. Prior to
this study, it was unknown which, if any, mTLRs were
expressed in mink tissues. Here, we have characterized
partial sequences of mTLRs 1-8 and 10 genes, examined
the mTLR homology and phylogenetic relationship with
other mammals, established the basic expression profiles in
a variety of tissues, and investigated the gene expression
levels of mTLR mRNAs upon CDV infection. Together,
these findings may provide new insights into mTLR
molecules and their immunological characteristics and
more understanding of TLR-mediated innate immunity in
mink during viral infection. We recognize that these data
represent merely a starting point, and further studies are

Transcript Profiling of TLR mRNAs in Mink

required to demonstrate the relationship of TLR expression
levels with resistance against invading pathogens by
challenge experiments in vivo, which will contribute to
better comprehension of the roles of mTLRs against
pathogens infected in mink.
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