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In the first line of defense against viruses, innate immune responses including
type 1 interferons and cytokines such as IL—1 betta initiate host antiviral
responses. The discovery in 2000 that two proteins from vaccinia virus
interfere with Toll—like receptor (TLR) signalling was the first indication that

TLRs might be important in the sensing of viruses. TLRs are type 1 integral
membrane glycoproteins consisting of an extracellular ligand binding domain
composed of leucine rich repeats, as well as an intracellular
Toll/interleukin 1 receptor (TIR) domain. Lig— ands for TLRs are conserved
structural motifs on microbes, termed pathogen (or microbe) —associated
molecular pat— terns (PAMPs). These PAMPs include lipopolysaccharide (LPS),
flagellin, lipoproteins, glycolipids, and nucleic acids of bacterial, viral, parasitic
or fungal origin. After ligand binding, various adaptor molecules are recruited
to the intracellular domain of TLRs. These adaptor molecules include myeloid
differentiation factor 88 (MyD88), TIR domain—containing adaptor protein
(TIRAP), TIRAP induc— ing interferon B (TRIF). Signalling culminates in the
activation of transcription factors, such as nuclear fac— tor (NF)—-KB, activating
protein (AP)—1, interferon regulatory factor (IRF) 3 and 7, thereby leading
to the production of pro—inflammatory cytokines, such as interleukin
(IL)—18, chemokines and type I interferons (IFN). In addition, signalling
promotes the maturation of antigen—presenting cells (APCs). Importantly, TLR
ligands may promote certain cytokine milieus that influence the
differentiation of naive T— helper (T ) cells towards either a Tu 1 or To 2
phenotype, conferring protective immunity in the host. This ability of TLR
agonists to modulate both the innate and the adaptive immune system has led
to their exploitation as both prophylactic agents to enhance host immunity to
pathogens, as well as being used as vaccine adjuvants to induce robust immune
responses. As a new compound, poly—gamma—glutamic acid was revealed by
us showed TLR 4 agonist and induce innate immune responses in animals
and human. In this project, we have performed to explored the possiblility of
PGA for antiviral agent against viral infections ( NewCastle Disease Virus
and Influenza Virus) in chicken. We have shown the results that the PGA
induce the Iimmune responses relating innate i1immunity in animals. Even
though the absence of TRIF signal protein in chicken the immune responses
induced by PGA reduced the replication of less pathogenic influenza virus but
not effect to highly pathogenic NDV. The PGA also induce robust immune
responses to protect lethal challenge of influenza virus. The PGA as a TLR
agonist would be very useful strategy to protect the animal and human

infectious diseases.
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o
) Fnpol A &4 FAY Y
O AF&3F= virus @ GFP (Green fluorescence protein)E 3 3} PRS Influenza virus A
© 99 : yv-PGAE A g3 Raw cell 264.7 mouse macrophage cell lineo] GFP %3 PRS8
virus9] A aas g
O SAUH
@D 24 well plate®] 1well Z 3 x 10° cellin 500 1l DMEM media) 4]
*DMEM media &4 @ DMEM + 10% FBS + antibiotic/anti-mycotic
@ °F 16417t 5 mediaE A A3t PBS® 13] washing3dtal PGA *#]+, negative control,
positive control & o] =] st
*DMEM media 24 @ DMEM + 0% FBS + antibiotic/anti-mycotic
[2 2] ]
Negative Control: replace with DMEM + 1% FBS
Positive Control: replace with DMEM + 1% FBS
PGA treatment 0.025% PGA
@ 9 hour incubation (37°C, 5% CO-)
@ Medias A A3 PBS® 13] washing § PR8-gfp virusE& PGA X3+, positive
control®l infection A] %
® 2 hour incubation ¥ infectantE A4 3%3 PBS#Z 1% washing
® AZF mediaz 1A
* DMEM media 74 : DMEM + FBS 1% + antibiotic/anti-mycotic
@ 12 hour incubationd}il FFHu] 7 2

Antiviral analysis

—_—

Cell attached on plate

l Incubation for 16h

[y-PGA(X200)]
;_é Media + y-PGA

Sample treatment

l Incubation for 9h

i :=|.,_; Media + Virus

— e [PR&-GFP Virus]
Virus infection

[Positive control(X200)]

l Incubation for 2h

—

Media change [Negative control(X200}]
17 53 gHo|ZA Y ZW W BYE U ZD}
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(}) A AEE o] &3 TNF-a cytokine ¥4 &4 BAwW 317

cell line : RAW264.7 macrophage cell line

Y y-PGAE Al d Raw cell 264.791 4 #38]5+= TNF-a &4

= HH

24 well plate®] Twell Z 2 x 10° cell (in 500 ul DMEM media) 4]
*DMEM media 74 : DMEM + 10% FBS + antibiotic/anti-mycotic

@ 16417+ & PGAS FBS7F $1& DMEMZXZ 0.025%, 0.005%2 3] 4 3le] % g
@ 24413 incubation

@ A=9%4S centrifuge (13000rpm, 10min) & = i

(® TNF-a ELISA 43 (Mouse TNF ELISA Set, BD 555268)

@@@@

(th) A A A EE o] &3 IFN-B cytokine ¥#4] &4 24 3¢

cell line : RAW264.7 macrophage cell line

28] ¥y-PGAE A3 Raw cell 264.701 4 &4 5= IFN-B &4

= HH

24 well plate®] Twell Z 2 x 10° cell (in 500 ul DMEM media) 4]
*DMEM media 74 : DMEM + 10% FBS + antibiotic/anti-mycotic

@ 16A17F & PGAS FBS7| ¢l DMEMZE 0.025% % 243l Plateo] =
@ 9417}t incubation

@ A=94-S centrifuge (13000rpm, 10min) § A=< & u

® IFN-B ELISA 3 (Mouse IFN beta ELISA Kit, PBL 42400-1)

@@@@

TNF-a ELISA analysis IFN-B ELISA analysis

. r - " r - | 1

Capture Antibody & Blocking

1 ==

Sample treat

| S oo s 1

Sample treat

1 oo A = = A

s IE53Mp 1
L 1
Addition secondary antibody e
and enzyme mix solution R e e
1 Addition enzyme
:'-'«J..,' A= =T ’
e S 7] S St (o
Addition substrate o S et ;
1 Addition substrate
BJe :_’, = .'-)F“ dJ : '—‘)" =
Stop solutlon Stop solution

Capture Antibody & Blocking

Addition secondary antibody

32 54. TNF-a % IFN-B ELISA 2M DAE
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+3 2 A HE HI
0 |1 |2 3 4 5 6
50 |[I=1=| 12 |10 | 2 0.2 04
50 |[PGA1E| 12 |9 | 3 0.3 05
60 DE 2= | 12 7 | 4 1.5 | 0.7
6.0 PGA2E 12 6§ & 1.6 | 0.7
70 DE3IFE | 12 8 3 22 06
7.0 [PGA3E 12 1.8 06
a0 MHE4= 12 2|6 |4 22 | 07
8.0 [PGA4FE 12 g |2 21 | 05
00 HEEE | 12 2 |7 |3 21 | 0.7
0.0 PGAGE| 12 21 | 0.3
20 HE8E 12 0 20 04
20 IPGASE 12 2 |7 |3 21 | 0.7
E 3.IB HO 2 A ELISA 8K %7 XK
AL 2 At 4J18 o 5
LAk g7 =i
e e ] s 2 01 2 3 45 6 7T 8 9 10 11 12 &
PBS CH== 1= IBD VYN log?2 12 3 & 2 31 35 2%
PGA 1 5 IBD WM logZ 12 211 3 2 21 30 20
PBS = 2= IBD VYN log?2 12 1 3 1 4 3 6.0 19
PGA 2 3 IBD WM logZ 12 12 3 4 2 10 2b
PBES CHZE= 33 IBD VMW log2 12 T3 5 12 100 1.2
PGA 3 F IBD WM logZ 12 1 Bz 3 9b 22
PBS == 4% IBD VYN log2 17 T2 1 3 4 5 1 85 1.7
PGA 4 = IBD WM log? 12 1 12 4 4 7 15
PBS == 6= IBD VN log2 12 2 1 3 4 2 84 16
PGA B3 IBD WM log2 12 1 2 6 2 1 78 1%t
FBS == 8= IBD VN logZ 12 211 4 1 1 1 1 8.1 2.2
PGA 83 IBD WM log2 12 4 2 3 2 1 i5 14
3.IBD HO[2 2 F2%H Y47 FHA
st TR é(rPGAA Tol A8l gt wWale] ek dAaFs anE FUher] 9
skl 473 ¢ SPFwel G %‘ 5 9 AWANDV, IBV, IBDV)S #HE3la %F/lﬁu}g_ﬁ,‘_
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1. Prophylactic treatment with Toll-like receptor ligands enhances host immunity to

avian influenza virus in chickens

Avian influenza viruses (AIV) pose a threat towards the health of both poultry and

humans. To interrupt the transmission of the virus, novel prophylactic strategies

must be considered which may reduce the shedding of AIV. One potential is the
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prophylactic use of Toll-like receptor (TLR) ligands. Many cells of the immune
system express TLRs, and cellular responses to TLR stimulation include activation
and the production of cytokines. TLR ligands have been employed as prophylactic
treatments to enhance host resistance to pathogens both in mammals and
chickens. Therefore, the present study was conducted to determine whether TLR
ligands may be used prophylactically in chickens to enhance host immunity to
AlV. Chickens received intramuscular injections of either low or high doses of the
TLR ligands poly IC, lipopolysaccharide (LPS) and CpG ODN. Twenty—-four hours
post—treatment, chickens were infected with the low pathogenic avian influenza
virus H4N6, and both oropharyngeal and cloacal virus shedding were assessed on
days 4 and 7 post-infection. To identify potential correlates of Immunity, spleen
and lungs were collected on days 2, 4 and 7 post—infection for RNA extraction.
The results suggested that all of the TLR ligand treatments induced a significant
reduction in virus shedding, with the TLR3 ligand poly I'C conferring the greatest
AIV immunity compared to control birds, followed by CpG ODN and LPS.
Furthermore, transcriptional analysis of gene expression in the spleen and lungs
suggest IFN-a and IL-8 as correlates of immunity conferred by poly I'C, and IFN-y
for CpG ODN and LPS. In conclusion, TLR ligands, have the ability to enhance host
Immunity against AIV, and future studies should consider exploring the
combinatory effects of poly I'C and CpG ODN prophylaxis in conjunction with AIV

vaccination.

Vaccine 30 (2012) 4524-4531

2. In vivo administration of ligands for chicken toll-like receptors 4 and 21 induces the

expression of immune system genes in the spleen

Toll-like receptors (TLRs) are a group of conserved proteins that play an important role in
pathogen recognition in addition to the initiation and regulation of innate and adaptive immune
responses. To date, several TLRs have been identified in chickens, each recognizing different
ligands. TLR stimulation in chickens has been shown to play a role in host-responses to pathogens.
However, the mechanisms through which TLRs modulate the chicken immune system have not been
well examined. The present study was conducted to characterize the Kinetics of responses to TLR4
and TLR21 stimulation in chickens following intramuscular injections of their corresponding ligands,
lipopolysaccharide (LPS) and CpG oligodeoxynucleotides (ODNs), respectively. To this end, relative
expression of cytokine genes in the spleen was determined at 2, 6, 12 and 24 h after injection of
TLR ligands. The results indicated that LPS strongly induced the up-regulation of some immune
system genes early on in the response to treatment, including interferon (IFN)-, interleukin (IL)-10,
and IL-1. Furthermore, treatment with CpG ODN promoted the up-regulation of major
histocompatibility complex (MHC)-II, IFN-and IL-10. The response to CpG ODN appeared to be
somewhat delayved compared to the response to LPS. Moreover, we found a significant increase in
IFN-gene expression in response to LPS but not CpG ODNs. Future studies may be aimed to
further characterize the molecular mechanisms of TLR activation in chickens or to exploit TLR
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agonists as vaccine adjuvants.

Veterinary Immunology and Immunopathology 131(2009)285-289
3. GS-9620, an Oral Agonist of Toll-Like Receptor-7, Induces Prolonged Suppression of
Hepatitis B Virus in Chronically Infected Chimpanzees

GASTROENTEROLOGY 2013;144:1508 - 1517

4. Immunostimulatory properties of Toll-like receptor ligands in chickens

Toll-like receptors (TLRs) are evolutionarily conserved pattern recognition receptors that have been
identified in mammals and avian species. Ligands for TLRs are typically conserved structural motifs
of microorganisms termed pathogen-associated molecular patterns (PAMPs). Several TLRs have
been detected in many cell subsets, such as in macrophages, heterophils and B cells, where they
mediate host-responses to pathogens by promoting cellular activation and the production of
cytokines. Importantly, TLR ligands help prime a robust adaptive immune response by promoting
the maturation of professional antigen presenting cells. These properties make TLR ligands an
attractive approach to enhance host-immunity to pathogens by administering them either
prophylactically or in the context of a vaccine adjuvant. In this review, we discuss what is known
about the immunostimulatory properties of TLR ligands in chickens, both at the cellular level as
well as in vivo. Furthermore, we highlight previous successes in exploiting TLR ligands to protect
against several pathogens including avian influenza virus, Salmonella, Escherichia coli, and

Newcastle disease Virus.

Veterinary Immunology and Immunopathology 152(2013):191-199
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