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Effects of TLR Ligands on the Expression of Cytokines and Possible Role
of NFkB in its Process in the Theca of Chicken Follicles
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The aim of this study was to determine the effects of Toll-like receptor (TLR) ligands on the expression of
cytokines in chicken follicular theca and to investigate whether nuclear factor-«B (NFxB) was involved in their
expression. The follicular theca was collected from the largest follicle of laying hens. In experiment 1, the expression
of TLRs in the theca interna and externa was confirmed using RT-PCR. The theca tissues were then incubated with
or without Pam3CSK4 (TLR2 ligand), poly I:C (TLR3 ligand), LPS (TLR4 ligand), flagellin (TLRS5 ligand), R837
(TLR7 ligand), and CpG-ODN (TLR21 ligand) for 3 h, after which cytokine expression (IL-15, IL-6, TNFSF15,
CXCLi2, IFN-, and IFN-/5) was analyzed by real-time PCR. In experiment 2, the theca tissues were incubated in a
medium containing Pam3CSK4, poly I:C, LPS, or CpG-ODN with or without BAY 11-7085 (an inhibitor of NF«B)
for 3h. The results of experiment 1 revealed that all TLRs, namely TLR1 (type 1 and 2), TLR2 (type 1 and 2), 3-5,
7, 15, and 21, were expressed in the follicular theca, although the PCR products of TLR1 (type 2) and TLR21 were
faint. Moreover, Pam3CSK4 and LPS upregulated the expression of all detected cytokines, except for IFN-c, whose
expression was not upregulated by LPS. Poly I:C upregulated the expression of IL-6, CXCLi2, and IFN-53, while
CpG-ODN upregulated IL-15. Flagellin and R837 did not significantly affect cytokine expression. In experiment 2,
the expression of IL-153, IL-6, CXCLi2 and TFN-5 in tissues incubated with LPS was downregulated by BAY 11-
7085. These results suggest that the innate immune system, including pattern recognition by TLRs and cytokine
synthesis, occur in the theca; whereas, functions for recognition of bacterial patterns is more developed than that of

viral ones.
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Introduction

The hen ovary contains cortical follicles embedded in the
ovarian stroma, and numerous white follicles, several hierar-
chical yellow follicles, and postovulatory follicles protruding
from the ovarian surface. The oocyte is surrounded by the
granulosa and theca layers (Johnson, 2000; Barua et al.,
2001), and microbes in the blood stream may colonize these
tissues (Takata et al., 2003). Ovary infections by bacterial
and viral pathogens may cause not only ovarian functional
disorders, but also the contamination of eggs (Yoshimura,
2015). Therefore, the immune function of the follicular wall
is essential for protection from pathogen infection and the
production of hygienic eggs.

Toll-like receptors (TLRs) are pattern recognition recep-
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tors that recognize pathogen-associated molecular patterns
(PAMPs) in the innate immune system. Previous reports
have indicated that the hen ovary expresses TLR1-2, 2-1, 3,
4,5,7,15,and 21 (Subedi et al., 2007; Woods et al., 2009;
Michailidis et al., 2010). TLR2 forms a heterodimer with
TLR1 and recognizes lipoproteins, lipopeptides, and peptido-
glycans of Gram-positive bacteria (Keestra et al., 2007).
TLR3 and TLR7 can recognize double- and single-strand
RNA (dsRNA and ssRNA) viruses, respectively (Alexopoulou
et al. 2001; St. Paul et al., 2013). TLR4 recognizes lipo-
polysaccharides (LPS) of Gram-negative bacteria, and TLRS
can be stimulated by bacterial flagellin (St. Paul ez al., 2013).
TLR15 is a unique TLR found in birds, which recognizes
non-secreted, heat-stable substances and virulence-associ-
ated bacterial proteases (Nerren et al., 2010; de Zoete et al.,
2011). TLR21 interacts with CpG oligodeoxynucleotides
(CpG-ODN) that contain unmethylated CpG motifs of micro-
organisms (Brownlie and Allan, 2011).

Subedi et al. (2007) demonstrated that the follicular theca
of laying hens expresses TLR2, 4, 5, and 7. They have also
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reported that the intravenous injection of LPS in hens
upregulated the expression of interleukin (IL)-15, IL-6, and
chemokine CXCLi2 in association with the recruitment of
heterophil-like cells in the theca (Abdelsalam et al., 2011).
Abdelsalam et al. (2012) also found that IL-1/3 stimulated the
expression of avian S-defensin (AvBD) 12 in the theca.
These reports suggest that the TLR-mediated immune system
is developed in the follicular theca (Abdelsalam et al., 2012).
However, it is unknown whether theca cells recognize TLR
ligands other than LPS. Nuclear factor-«B (NF-£B) is known
to be the major transcription factor involved downstream of
the TLR signaling pathway. NF«B is known to induce the
expression of cytokines downstream of TLRs in oviduct cells
(Kamimura et al., 2017); however, the transcription factor(s)
that induce the expression of cytokines in the theca tissues is
unknown.

The aim of this study was to determine whether the ex-
pression of proinflammatory cytokines was induced by dif-
ferent TLR ligands, so as to improve our understanding of the
innate immunodefense system in the theca. We also ex-
amined whether NF«B is the transcription factor responsible
for the induction of cytokine expression in the theca. BAY
11-7085, which inhibits the activation of NFxB, was used as
the inhibitor of NF«B.

Materials and Methods

Experimental Birds

White Leghorn hens, approximately 350-day-old and lay-
ing five or more eggs in a sequence, were used for this study.
They were kept in individual cages under a 14h light:10h
dark regimen, and provided with feed and water ad libitum.
The hens were euthanized under anesthesia with sodium
pentobarbital (Somnopentyl; Kyoritsu Pharmaceutical Co.,
Tokyo, Japan), and the largest preovulatory follicles were
collected 3 h after oviposition (approximately 22 h prior to
predicted time of ovulation). This study was approved by the
Hiroshima University Animal Research Committee (No.
C15-17).
TLR Ligands and Inhibitors

Pam3CSK4 (TLR2 ligand; a synthetic triacylated lipopep-
tide), poly I:C (TLR3 ligand; a synthetic analog of double-
stranded RNA), flagellin from S. typhimurium (TLRS ligand),
and imiquimod (R837; TLR7 ligand; an imidazoquinoline
amine analog to guanosine) were purchased from Novus
Biologicals (Littleton, CO, USA). LPS from S. minnesota
(TLR4 ligand) was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan), and Class B CpG-ODN
(2007) (TLR21 ligand) was purchased from InvivoGen (San
Diego, CA, USA). The sequence of CpG-ODN was 5'-
TCGTCGTTGTCGTTTTGTCGTT-3". Stock solutions of
Pam3CSK4 and poly I:C were prepared by dissolving them
in sterile water (100 #g/mL and 100 mg/mL, respectively).
LPS and flagellin were dissolved in phosphate-buffered
saline (PBS) (1 mg/mL and 100 xg/mL, respectively), imi-
quimod was dissolved in dimethyl sulfoxide (DMSO) (100
mg/mL), and CpG-ODN was dissolved in water (10 mg/mL).
BAY 11-7085 (NF«B inhibitor) was purchased from Abcam

Co. (Cambridge, MA, USA), and was dissolved in DMSO at
a concentration of 1 mM and stored at —20°C until use.
Experimental Design

In experiment 1, we first examined the expression of TLRs
in the theca before culturing. The effects of TLR ligands on
cytokine expression in the cultured theca tissues were then
studied. In experiment 2, the effect of the NFxB inhibitor,
BAY 11-7085, on the induction of cytokine expression by
TLR ligands was examined.
Experiment 1. Effect of TLR Ligands on Cytokine Expres-
sion in the Theca

The largest follicles were collected from seven birds for
each treatment group and washed with sterile PBS contain-
ing 10 U/mL penicillin and 10 zg/mL streptomycin (Cosmo
Bio Co., Ltd., Tokyo, Japan). The superficial tissue was re-
moved, and an incision was made in the follicular wall to
remove the yolk and granulosa layer from the theca. First, a
piece of the theca layer was put on a rubber plate with the
theca interna on the upper side, and then the theca interna
was gently scraped off with a scalpel blade (as evidenced by
a change in the tissue color from pink to near white). The
theca interna and the theca externa where the theca interna
was removed were then used. The absence of the theca
interna tissue in the theca externa sample was confirmed by
histology. Second, the remaining theca tissues were cut into
small specimens (approximately 5 mm X 5 mm) and placed in
polystyrene tubes (Bio-One Ltd., Tokyo, Japan) containing 2
mL TCM-199 medium (Nissui Pharmaceutical Co. Ltd., To-
kyo, Japan) with 10 U/mL penicillin and 10 xg/mL strepto-
mycin. Different doses of TLR ligands were then added into
the culture medium to produce the following concentration
ranges: Pam3CSK4 (0-100 ng/mL), poly I:C (0-100 g/mL),
LPS (0-1000 ng/mL), flagellin (0—100 ng/mL), R837 (0-100
pg/mL), and CpG-ODN (0-10ug/mL). The theca tissues
were incubated for 3 h at 39°C under 5% CO; and 95% air in
a CO; incubator. Seven trials were performed for each TLR
ligand.
Experiment 2. Effect of NFkB Inhibition on the Induction
of Cytokines in Response to TLR Ligands in the Theca

The theca tissues of the largest follicles were cultured in
polystyrene tubes in the same manner as that described in
experiment 1. Different doses of the NF«B inhibitor, BAY
11-7085 (0-104M), and different TLR ligands, such as
Pam3CSK4 (100 ng/mL), poly I:C (100 xg/mL), LPS (1000
ng/mL), and CpG-ODN (10 xg/mL), were then added into the
culture medium. BAY 11-7085 is an inhibitor of IkB phos-
phorylation, resulting in the prevention of NF«B activation,
and has previously been used to inhibit NF«B in chicken
vaginal cells (Kamimura ef al., 2017). The TLR ligands were
selected as they were found to upregulate the expression of
cytokines in experiment 1. Tissues were incubated for 3 h at
39C under 5% CO, and 95% air. The experiment was re-
peated five times.
RNA Extraction and cDNA Preparation

Total RNA was extracted from cultured follicular theca
tissues in experiments 1 and 2 using Sepasol RNA I Super
(Nacalai Tesque Inc., Kyoto, Japan) and a Polytron ho-
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mogenizer (Polytron PT1200ci Kinematica AG, Switzer-
land), and then dissolved in TE buffer (10 mM Tris, pH 8.0,
with | mM EDTA). The concentration of RNA in each sam-
ple was measured using Gene Quant Pro (Amersham Phar-
maciaBiotech, Cambridge, UK). RNA samples were mixed
with RQ1 RNase-free DNase (Promega Co., Madison, WI,
USA) in a 10 #L reaction mixture (10 g of total RNA, 1X
DNase buffer, and 1 U DNase) and incubated in a PTC-100
programmable thermal controller (MJ Research, Inc., Wal-
tham, MA, USA) at 37°C for 45 min and at 65°C for 10 min.
The RNA samples were reverse-transcribed using ReverTra
Ace (Toyobo Co. Ltd., Osaka, Japan), according to the
manufacturer’s instructions. Reverse transcription (RT) was
performed at 42°C for 30 min, followed by heat inactivation
at 99°C for 5 min, using the PTC-100 Programmable Thermal
Controller (MJ Research, Inc.). The reaction mixture (10
L) contained 1ug of purified RNA, 1X RT buffer, | mM
dNTP mixture, 20 U RNase inhibitor, 0.5 mM oligo (dT) 20
primer, and 50 U ReverTra Ace.

PCR and Agarose Gel Electrophoresis (AGE) for Iden-
tifying TLRs

PCR was performed to identify the expression of TLRs in
the theca interna and externa using the PTC-100 thermal
controller (MJ Research, Inc.) in experiment 1. The reaction
mixture (104L) contained 0.3 L ¢cDNA, 1X PCR buffer,
0.2mM of each ANTP, 0.4 mM of each primer, and 0.625 U
Takara Taq (Takara Bio Inc., Shiga, Japan). Primer se-
quences used are shown in Table 1. The cycle parameters
were as follows: initial denaturation at 94°C for 30s; 38
cycles of denaturation at 94°C for 30s, annealing at 56°C (for
TLR1-2, 2-1, 2-2, 3, 4, 5, 15, and 21) or 58°C (TLR1-1 and
7) for 30s, and extension at 72°C for 1 min; and a final
extension at 72°C for 10 min. The PCR products were sepa-
rated by electrophoresis on 1.5% (w/v) agarose gels with
ethidium bromide (0.5 1#g/mL) and photographed under UV
illumination.
Analysis of Expression of Cytokine Genes

The expression of cytokines (IL-153, IL-6, tumor necrosis

Table 1.

Primer sequences of TLRs, cytokines, and RPS17 for PCR

Target genes

Sequences 5" -3’

Accession No.

TLRI1-1 F: AGGTTGGACTTCTTATTGAGGCATAC

R: AGATGAATCCCAAACTAGCAGAAAAA
TLR1-2 F: AGTCCATCTTTGTGTTGTCGCC

R: ATTGGCTCCAGCAAGATCAGG
TLR2-1 F: ACATGTGTGAATGGCCTGAA

R: TTGAGAAATGGCAGTTGCAG
TLR2-2 F: AGGCACTTGAGATGGAGCAC

R: CCTGTTATGGGCCAGGTTTA
TLR3 F: TCAGTACATTTGTAACACCCCGCC

R: GGCGTCATAATCAAACACTCC
TLR4 F: AGTCTGAAATTGCTGAGCTCAAAT

R: GCGACGTTAAGCCATGGAAG
TLRS F: CCACATCTGACTTCTGCCTTT

R: TGCACATGTTTTCTCCTAGGT
TLR7 F: CCTGACCCTGACTATTAACCATT

R: CGTAAAGTAGCAGGAAGACCC
TLR15 F: GTTCTCTCTCCCAGTGGGTGAAATAGC

R: GTGGTTCATTGGTTGTTTTTAGGAC
TLR21 F: TGCCCCTCCCACTGCTGTCCACT

R: AAAGGTGCCTTGACATCCT
IL-18 F: GTGAGGCTCAACATTGCGCTGTA

R: TGTCCAGGCGGTAGAAGATGAAG
IL-6 F: AGAAATCCCTCCTCGCCAAT

R: AAATAGCGAACGGCCCTCA
TNFSF15 F: CCTGAGTTATTCCAGCAACGCA

R: ATCCACGAGCTTGATGTCACTAAC
CXCLi2 F: GGCTTGCTAGGGGAAATGA

R: AGCTGACTCTGACTAGGAAACTGT
IFN-«a F: ATCCTGCTGCTCACGCTCCTTCT

R: GGTGTTGTGGTGTCCAGGATG
IFN-A F: GCTCTCACCACCACCTTCTC

R: GCTTGCTTCTTGTCCTTGCT
RPS17 F: AAGCTGCAGGAGGAGGAGAGG

R: GGTTGGACAGGCTGCCGAAGT

NM_001007488
NM_001081709
NM_204278
AB046533
NM001011691
NM_001020693
NM_001024586
NM_001011688
NM._001037835
NM_001030558
NM._204524
NM_204628.1
NM_001024578
AJ009800
XM_004937096
NM_001024836

NM_204217

F, forward; R, reverse.
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factor superfamily 15 (TNFSF15), CXCLi2, interferon-a
(IFN-@), and IFN-5) in response to the TLR ligands and
NF«xB was analyzed by real-time PCR using a Roche Light
Cycler Nano System (Roche Applied Science, Indianapolis,
IN, USA) in experiments 1 and 2. The reaction mixture (10
#L) containing 1 zL ¢cDNA, 5 uL Thunderbird SYBR qPCR
mix (Toyobo Co. Ltd., Osaka, Japan), and 0.54M of each
primer was mixed in the PCR tubes (Roche Diagnostics
GmbH, Mannheim, Germany). Primer sequences used in
this study are shown in Table 1. The amplification was car-
ried out with 45 cycles at 95°C for 10s and 62°C for 30's (for
IL-6 and ribosomal protein S17 (RPS17)), 63°C for 30 (for
IL-15), 64°C for 30's (for TNFSF15), 60°C for 30's (for IFN-
@), or 58°C for 30s (for IFN-5). Real-time PCR data were
analyzed by the 2725€T method to calculate the relative level
of each gene in each sample and were expressed as a ratio in
relation to the RPS17 housekeeping gene (Livak and
Schmittgen, 2001). A sample cultured without TLR ligands
was used as a standard for analyzing the effects of TLR
ligands (experiment 1). A sample cultured with each TLR
ligand, but without the NFxB inhibitor, was used as a
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Fig. 1.

TLR2 (type 2)
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standard for the analysis of the effect of the inhibitor on
cytokine expression by the TLR ligand (experiment 2).
Statistical Analysis

The relative expression levels of the cytokines were shown
as the mean+SEM (n=7 in experiment 1, and n=5 in ex-
periment 2). Significant differences among different treat-
ments were assessed by the Kruskal-Wallis test, followed by
multiple comparisons (Steel-Dwass test). Differences were
considered significant at P<0.05.

Results

Experiment 1. Effects of TLR Ligands on Cytokine Expres-
sion in the Theca

In both the theca interna and externa of preovulatory
follicles, the PCR products of TLR1 (type 1 and 2), 2 (type 1
and 2), 3, 4, 5, 7, 15, and 21 were detected, whereas those of
TLR1 (type 2) and 21 were faint (Fig. la, b).

Stimulation of the theca by Pam3CSK4 increased the
expression level of proinflammatory cytokines (IL-15, IL-6,
TNFSF15, and CXCLi2) (Fig. 2a—-d) and interferons (IFN-
and IFN-5) (Fig. 2e and f), as compared to that in the control,

TLR3
TLR4
TLR5
TLR7
TLR15
TLR21
Marker

TLR3
TLR4

| TLR5
TLR7
TLR15
TLR21
Marker

Reverse transcription-PCR products of TLRs in the theca

interna (a) and externa (b) of the largest preovulatory follicle of a
hen. The products of TLR1 (type 1), 2 (type 1 and 2), 3-5, 7, and 15
are clearly visible. The products of TLR1 (type 2) and TLR21 are faint-

ly visible.
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Fig. 2. Changes in the expression of cytokines in cultured follicular
theca from laying hens in response to Pam3CSK4 stimulation. Cul-
tured tissues were stimulated with 0-100 ng/mL Pam3CSK4. Values are
the mean+=SEM (n=7). Asterisks indicate significant differences (** P
<0.01).

in which no TLR ligands were added. Poly I:C significantly =~ IFN-5 (Fig. 3a, ¢, and €) when compared with the control.
increased the expression of IL-6, CXCLi2, and IFN-58 at a  LPS significantly upregulated the expression of IL-15, IL-6,
concentration of 100 z#g/mL (Fig. 3b, d, and f), but had no TNFSF15, CXCLi2, and IFN-8 as compared with the control
effect on the expression of IL-153, TNFSF15, IFN-a, and (Fig. 4a, b, ¢, d, and f), but not that of IFN-a (Fig. 4e).
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Fig. 3. Changes in the expression of cytokines in cultured follicular
theca from laying hens in response to poly I:C stimulation. Cultured
tissues were stimulated with 0-100 #g/mL poly [:C. Values are the
mean+SEM (n=7). Asterisks indicate significant differences (* P<

0.05, ** P<<0.01).

Experiment 2. Effects of NFkB Inhibition on the Induction

Flagellin and R837 had no significant effect on the expres-
of Cytokines in Response to TLR Ligands in the Theca

sion of the six cytokines (data not shown). Only IL-15 ex-

pression increased significantly by CpG-ODN (10 zg/mL) as To examine whether NF«B is the transcription factor re-

compared to the control (Fig. 5a). sponsible for the induction of cytokines by Pam3CSK4, poly
I:C, LPS, and CpG-ODN in the theca, the theca tissues were
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Fig. 4. Changes in the expression of cytokines in cultured follicular
theca from laying hens in response to LPS stimulation. Cultured tis-
sues were stimulated with 0-1000 ng/mL LPS. Values are the mean=+
SEM (n=7). Asterisks indicate significant differences (** P<0.01.).

IFN-B) that were induced by Pam3CSK4 (Fig. 6a, b, d, e,
and f). As shown in Fig. 7, the LPS-induced (1000 ng/mL)
expression of IL-1/53, IL-6, CXCLi2, and IFN-8 in the theca
was downregulated by BAY 11-7085 (Fig. 7a, b, d, and e).
The poly I: C-induced (100xg/mL) expression of IL-6,

incubated with TLR ligands along with 0-10x4M BAY 11-
7085 (inhibitor of NFxB). The effect of Pam3CSK4 (100
ng/mL) on TNFSF15 was downregulated by BAY 11-7085
(Fig. 6¢). However, BAY 11-7085 did not affect the expres-
sion of the other cytokines (IL-15, IL-6, CXCLi2, IFN-«, and
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Fig. 5. Changes in the expression of cytokines in cultured follicular
theca from laying hens in response to CpG-ODN stimulation. Cul-
tured tissues were stimulated with 0-10 g/mL CpG-ODN. Values are
the mean=SEM (n=7). Asterisks indicate significant differences (** P

<0.01).

CXCLi2, and IFN-£ in the theca was not suppressed by BAY Discussion
11-7085 (Fig. 8a—c), whereas the expression of IL-15 in
response to CpG-ODN (10 zg/mL) increased following BAY
11-7085 exposure (Fig. 8d).

This study investigated whether the stimulation of TLRs
in the theca could induce the expression of inflammatory
cytokines (IL-15, IL-6, TNSF15, and CXCLi2) and IFNs
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Fig. 6. Effects of the NFxB inhibitor, BAY 11-7085, on the expres-
sion of genes induced by Pam3CSK4 in cultured follicular theca

tissues.

Cultured follicular theca tissues were treated with Pam3CSK4

(100ng/mL) in the presence or absence of BAY 11-7085 (0-10uM).
Values are the meantSEM (n=35). Asterisks indicate significant dif-

ferences (* P<<0.05).

(IFN-a and IFN-B). The major findings included: (1) stimu-
lation of the theca by TLR2 and TLR4 ligands (Pam3CSK4
and LPS, respectively) upregulated the expression of all
cytokines and IFNs, except for IFN-a by LPS; (2) TLR3

ligand (poly I:C) induced the expression of IL-6, CXCLi2,
and IFN-8; and (3) inhibition of NF«B suppressed the
induction of IL-13, IL-6, CXCLi2, and IFN-53 by LPS. We
also identified the expression of TLR1 (type 1 and 2), TLR2
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Fig. 7. Effects of the NFxB inhibitor, BAY 11-7085, on the expres-
sion of genes induced by LPS in cultured follicular theca tissues.
Cultured follicular theca tissues were treated with LPS (1000 ng/mL) in
the presence or absence of BAY 11-7085 (0-104M). Values are the
mean+SEM (n=5). Asterisks indicate significant differences (* P<

0.05).

(type 1 and 2), TLR3-5, 7, 15, and 21 in the theca interna
and externa, whereas the PCR products of TLR1 (type 2) and
TLR21 were faint. The results support the previous report
that showed the expression of TLR2, 4, 5, and 7 in the theca

among TLRs 1-5 and 7 (Subedi et al., 2007), and further
demonstrate that TLR 3, 15, and 21 are also expressed in that
tissue. These results suggested that these TLRs could rec-
ognize bacterial and viral patterns in the theca interna and
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Fig. 8. Effects of the NFxB inhibitor, BAY 11-7085, on the expres-
sion of genes induced by poly I:C (a, b, and ¢) and CpG-ODN (d) in
cultured follicular theca tissues. Cultured follicular theca tissues were
treated with poly I:C (100xg/mL) or CpG-ODN (10xg/mL) in the
presence or absence of BAY 11-7085 (0-104M). Values are the mean
+SEM (n=15). Asterisks indicate significant differences (* P<<0.05).

externa.

The expressions of TLR2 and TLR4 suggest that they can
recognize both Gram-positive and -negative bacteria. In-
creased expression of IL-153, IL-6, TNSF15, CXCLi2, and
IFNs by Pam3CSK4 and LPS supports that these TLRs are
functional and could recognize the patterns of Gram-positive
and -negative bacteria in the theca. However, stimulation
with flagellin showed no significant effect on the expression
of the detected cytokines, suggesting that recognition of
flagellin by TLRS may not play a significant role in cytokine
induction. Generally, the real-time PCR data for each cyto-
kine was highly variable. This may suggest the response to
TLRs and the synthesis of cytokines may differ between
individuals. Inflammatory cytokines are multifunctional in
their modulation of immune cells. Salmonella enteritidis is a
major bacterial species that can contaminate the egg yolk and
other internal contents in the ovary and oviduct. Experimen-
tal inoculation of hens with Salmonella enteritidis resulted in
the colonization of the ovarian stroma and the follicular wall,

including the surface layers, theca, and occasionally, the
granulosa layers (Takata et al., 2003). The LPS released by
those Salmonella organisms may be recognized by TLR4 in
the theca, inducing the expression of inflammatory cytokines
and causing an immune response.

We reported that the ligands of TLR3, 4, and 21 up-
regulated the expression of IL-153, IL-6, and CXCLi2, and the
ligands of TLR5 and 7 induced the expression of IL-15 in
cultured oviduct tissues (Sonoda et al., 2013; Kamimura et
al., 2017). AvBDs and cathelicidins (CATHs) are antimi-
crobial peptides that are expressed in the hen oviduct
(Yoshimura, 2015). We found that, in cultured vaginal cells,
the expression of AvBD1 and 3 was upregulated by IL-15,
and that of AvBD12 was upregulated by IL-6 (Sonoda et al.,
2013). Furthermore, the expression of CATHI, 2, and 3 in
the vaginal cells was upregulated by IL-15, and that of
CATHS3 in the uterus cells was upregulated by IL-6 (Abdel-
Mageed et al., 2017). In the theca of follicles, the synthesis
of AvBD12 was upregulated by IL-153 (Abdelsalam et al.,
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2012). CXCLi2 is a chemokine responsible for attracting
heterophils (Redmond et al., 2011), monocytes (Barker et
al., 1993), and CD3 + T cells (Min et al., 2001) to infection
sites. We had previously reported that the injection of hens
with LPS caused the upregulation of CXCLi2 expression
along with T cell recruitment in the oviduct (Nii ez al., 2011).
Thus, the observed synthesis of IL-15 and CXCLi2 in re-
sponse to bacterial pattern recognition in the current study
may upregulate AvBD synthesis and leukocyte recruitment
in the theca for protection against infection.

Apoptosis of the granulosa and theca cells causes follicular
atresia (Kitamura et al., 2002), and this apoptosis is at-
tributed to tumor necrosis factors (TNF) (Bridgham and
Johnson, 2001; Johnson et al., 2007). The follicles may un-
dergo atresia when infected by pathogenic microbes. As the
expression of TNFSF15, a member of the TNF family, was
upregulated by Pam3CSK4 and LPS, it may induce atresia in
the follicles infected with Gram-positive and -negative bac-
teria.

The expression of IL-6, CXCLi2, and IFN-3 was upregu-
lated in the theca by the TLR3 ligand, poly I:C. This result
suggests that immunomodulation by IL-6 and leukocyte re-
cruitment by CXCLi2 may be induced by TLR3 stimulation.
IFN-A is an antiviral factor that may be involved in the
defense against dSRNA viruses. However, stimulation of the
theca by R837, a TLR7 ligand, had no significant effect on
the expression of any of the cytokines studied. The PCR
products of TLR21 in both theca interna and externa were
faint, and stimulation by CpG-ODN, a TLR21 ligand, up-
regulated the expression of only IL-15. This may suggest
that the ability to recognize DNA viruses may be less de-
veloped in those tissues. The fact that fewer cytokines were
induced in response to the ligands of TLR 3, 7, and 21 sug-
gests that the pattern recognition system for viruses is less
developed than that for bacteria in the theca.

Inhibition of NF«B using BAY 11-7085 resulted in the
suppression of IL-18, IL-6, CXCLi2, and IFN-53 in the theca
stimulated by LPS, suggesting that NF«¥B is one of tran-
scription factors responsible for the effect of LPS on those
cytokines. In vaginal cells, NF«B is responsible for the ex-
pression of inflammatory cytokines and chemokines, includ-
ing IL-18, IL-6, and CXCLi2 in response to the ligands of
TLR3, 4, and 21, and IL-18 in response to the ligands of
TLRS and 7 (Kamimura ef al., 2017). The expression of IL-
153 in the culture with CpG-ODN was upregulated by 1xM
BAY 11-7085. Although the exact reason for these results is
not known, we hypothesize that the inhibition of NFxB by
BAY 11-7085 might positively affect the other transcription
factors or signal transduction factors involved in the induc-
tion of theses cytokines. Since the transcription factors re-
sponsible for the cytokine expression induced by the other
TLRs in the theca remain unknown, further studies are nec-
essary.

In conclusion, inflammatory cytokines are induced by the
stimulation of theca tissues with the ligands of TLR2 and 4,
suggesting that Gram-positive and -negative bacteria are
recognized by those TLRs in the theca. The number of cyto-

kines whose expression was upregulated by TLR3, TLR7,
and TLR21 was limited. These results suggest that the innate
immune system, including pattern recognition by TLRs and
cytokine synthesis, is induced in the theca, and the ability of
these cells to recognize bacterial patterns is more developed
than that for viruses.
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