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(57) ABSTRACT 

The present disclosure relates to compositions and methods 
of modulating inflammatory and immune responses through 
binding of SAA to TLR2 in a Subject (e.g., human, non 
human primate, rodent, etc.), and compositions and methods 
for screening TLR2 agonists and antagonists. In the studies 
described herein, a potential role of SAA in neutrophilia was 
investigated and the results demonstrated that SAA is a potent 
inducer for macrophage secretion of G-CSF, which leads to 
neutrophilia in mice. Using G-CSF and TLR2 mice, it 
was found that the SAA-induced neutrophilia is dependent on 
TLR2-mediated production of G-CSF. Based on direct bind 
ing assay and gain-of-function studies in TLR2-transfected 
cells, SAA was identified as a novel ligand for TLR2 and a 
link between increased SAA concentration and TLR2-medi 
ated inflammatory responses Such as neutrophilia was estab 
lished. Additional embodiments are disclosed. 

16 Claims, 14 Drawing Sheets 
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TOLL-LIKE RECEPTORAGONSTS AND 
ANTAGONSTS AND METHODS OF USE 

THEREOF 

PRIORAPPLICATION 

The present application claims the priority of U.S. provi 
sional patent application No. 60/876,699 filed Dec. 22, 2006, 
by Richard D. Ye et al., entitled “IDENTIFICATION OF 
SERUM AMYLOIDA AS AN ENDOGENOUS LIGAND 
FOR TOLL-LIKE RECEPTOR 2. All Sections of the afore 
mentioned application are incorporated herein by reference. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

This invention was made with government Support under 
AI 040176 awarded by the National Institutes of Health/ 
National Institute of Allergy and Infectious Diseases. The 
government has certain rights in this invention. 

FIELD OF THE DISCLOSURE 

The present disclosure relates generally to the fields of 
molecular biology, genetics, and immunology, and more spe 
cifically to compositions and methods for modulating Toll 
like receptor 2 (TLR2) activity, inflammation, and immune 
responses in a mammal (e.g., a human, non-human primate, 
rodent, etc.) by serum amyloid A (SAA). 

BACKGROUND 

Increased neutrophil count in peripheral blood, known as 
neutrophilia, often results from bacterial infection. Since neu 
trophils possess highly specialized bactericidal functions 
Such as degranulation and Superoxide production, an increase 
in the number of available neutrophils is beneficial to host 
defense and can facilitate the elimination of invading bacte 
ria. Neutrophilia also results from noninfectious insults 
including trauma, malignancy, Surgery and certain autoim 
mune diseases. Neutrophilia is one of the clinical signs of 
systemic inflammatory response syndrome, which often 
lacks a proven source of infection (Robertson and Cooper 
Smith, 2006). An increase in the number of neutrophils can 
facilitate their tissue infiltration, contributing to tissue dam 
age as seen in Sterile inflammation and autoimmune diseases 
such as rheumatoid arthritis. Whereas the mechanisms by 
which bacterial infection causes neutrophilia have been 
clearly defined, the endogenous factors and pathways respon 
sible for neutrophilia under noninfectious conditions remain 
to be characterized. 

In response to inflammatory stimuli, neutrophils move 
from storage pools into blood circulation. This initial process 
is followed by mobilization of bone marrow reserves and 
expansion of pluoripotent marrow cells committed to granu 
locytic differentiation, which requires granulocyte colony 
stimulating factor (G-CSF), a potent cytokine and hemato 
poietic growth factor (Demetri and Griffin, 1991). In resting 
state, the serum concentration of G-CSF is <40 pg/ml in 
healthy individuals. It increases by up to several hundred 
folds during acute infection and sepsis (Hareng and Hartung, 
2002). G-CSF concentration also increases in response to 
noninfectious insults such as trauma, malignancy and Sur 
gery, collectively known as the acute-phase response 

(Kushner and Rzewnicki, 1999). The association between 
neutrophilia and increased serum G-CSF level has been well 
documented. All leukocytes express G-CSF when challenged 
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2 
with exogenous stimuli such as LPS, LTA, phorbo 
12-myristate 13-acetate (PMA), phytohaemagglutinin 
(PHA), endogenous cytokines and hematopoietic growth fac 
tors such as TNFO, IL-1 B, IL-3, IL-17, GM-CSF and M-CSF 
(Demetri and Griffin, 1991; Hareng and Hartung, 2002). 
However, a causal relationship between increased acute 
phase proteins, enhanced production of G-CSF and neutro 
philia has not been established. 
SAA is a major acute-phase protein of 104 amino acids 

whose concentration in plasma increases by up to 1.000-fold 
during acute-phase response (to trauma, infection and tissue 
injury) (Gabay and Kushner, 1999). A correlation between 
elevated SAA concentration and progression of inflammatory 
diseases such as arthritis, inflammatory bowel diseases and 
atherosclerosis has been reported (Chambers et al., 1983; 
Fyfeet al., 1997: Malle and DeBeer, 1996). Despite the wide 
use of these biomarkers, the biological functions of SAA and 
CRP were not known until recently. Several published reports 
demonstrate that SAA has cytokine-like activity and can 
stimulate production of other cytokines by monocytes and 
macrophages (Furlaneto and Campa, 2000; Patel et al., 1998: 
Vallon et al., 2001). Studies have shown that SAA can induce 
the expression of proinflammatory cytokines Such as IL-1B. 
TNFC, and IL-6, growth-stimulatory cytokines such as 
G-CSF, chemokines such as IL-8 and MCP-1, and immuno 
modulatory cytokines such as WL-12p40 and IL-23 (He et al., 
2003; He et al., 2006). The known SAA receptors and binding 
partners are formyl peptide receptor-like 1 (FPRL1), scav 
enge receptor BI (SR-BI), Tanis, the integrin O?3, and 
heparin and heparan Sulfate. These receptors and binding 
partners are not specialized in the induction of proinflamma 
tory cytokines, although activation of some (e.g. FPRL1) can 
lead to gene expression. Therefore the receptor(s) responsible 
for SAA-induced proinflammatory cytokine expression 
remain to be identified. 
The precise mechanism by which SAA regulates inflam 

mation, however, remains unclear. Elucidating the role of 
SAA in inflammation and immunity and identifying the bind 
ing partners of SAA involved in inflammation and immunity 
should prove useful for identifying therapeutic targets for a 
variety of diseases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a series of graphs showing SAA induction of 
G-CSF Secretion in monocytes and macrophages. Freshly 
prepared human PBMC (A), mouse BMDM (B) and mouse 
RAW264.7 cells (C) were stimulated with SAA (1 uM; same 
below) or buffer (NS), and the secreted G-CSF was deter 
mined with ELISA at the indicated time points. (D) Mouse 
BMDM was incubated with different concentrations of LPS 
from Escherichia coli strain 01 11: B4 as indicated or with 
SAA for 24h, prior to measurement of G-CSF concentration. 
(E) Mouse BMDM was incubated for 16 h with LPS (1 
ug/ml), SAA, heat-treated LPS and SAA (100° C. for 25 
min), or polymyxin B (50 ug/ml, 1 h)-pretreated SAA or LPS. 
The secreted G-CSF was determined using ELISA. Data 
shown are means SEM from three experiments. 

FIG. 2 is a series of photographs of gels showing SAA 
stimulation of NF-kB activation and G-CSF transcript accu 
mulation. (A) RT-PCR detection of G-CSF transcript in SAA 
stimulated mouse BMDM. B-actin was used as a PCR and 
sample loading control. (B) and (C) Electrophoretic mobility 
shift assays showing SAA-induced binding of NF-kB (B) and 
CK-1 (C) to the respective DNA sequence in the promoter 
region of G-CSF, using nuclear extracts prepared from SAA 
or buffer (CTL) stimulated BMDM. (D) Chromatin immuno 
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precipitation assay was conducted with SAA or TNFC. (50 
ng/ml)-stimulated RAW264.7 cells. An anti-p65/RelA anti 
body was used together with or without a specific blocking 
peptide. The immunoprecipitated DNA was purified and 
amplified with PCR. DNA in total cell lysate was amplified 
with PCR and used as an input control. 

FIG. 3 is a series of graphs showing a correlation between 
SAA-induced G-CSF production and neutrophilia in mice. 
(A) SAA or PBS was injected subcutaneously into C57BL/6 
mice (n=8) at a dose of 120 ug/kg in 0.2 ml of PBS at 24h 
intervals. Blood samples were collected before (Oh) and 48, 
120, and 168 h after the initial SAA injection. Neutrophil 
numbers in whole blood were determined with WBC differ 
ential counts and presented as fold changes. (B) The plasma 
concentration of G-CSF in SAA-injected mice was deter 
mined using ELISA at 0 hand 168 h after the initial admin 
istration as in A, and presented as fold changes (maximum 97 
pg/ml). (C)SAA was injected Subcutaneously into age- and 
sex-matched G-CSF and G-CSF mice (n=5), and 
peripheral blood neutrophil count was determined at the indi 
cated time points as described in A above. *P<0.05, 
**P<0.005, ***P<0.0005, as compared to control mice. 

FIG. 4 is a series of graphs demonstrating identification of 
potential receptors for SAA-induced G-CSF expression. (A) 
Effect of pertussis toxin (PTX) on SAA-induced G-CSF 
Secretion. Mouse BMDM were treated either with PTX at 
indicted concentrations or with buffer control overnight, and 
then stimulated with SAA for 16 h. The secreted G-CSF was 
determined with ELISA. (B) Mouse BMDM were stimulated 
with SAA, WKYMVm (W-pep), MMK-1 or buffer control, at 
indicated concentrations. After 16 h, secretion of G-CSF was 
determined with ELISA. (C) Inhibition of SAA-induced 
G-CSF secretion in mouse BMDM by an anti-TLR2 mouse 
Ab but not an anti-TLR4 rat Ab (functional grade, 5 lug/ml 
each). Antibody treatment of the cells was for 1 h. Isotype 
matching IgG controls for the mouse and rat antibodies were 
included. Maximal G-CSF production in the above experi 
ments was 446 pg/ml/10° cells. 

FIG. 5 is a series of graphs demonstrating a critical role of 
TLR2 in SAA-induced G-CSF secretion and neutrophilia. 
(A) The G-CSF mRNA level was determined by real-time 
PCR using RNA prepared from SAA (1 uM)-stimulated or 
unstimulated (NS) BMDM from wild-type C57BL/6 and 
tlr2 mice. The relative concentrations of the G-CSF tran 
script are presented as fold changes (means-SEM from four 
experiments, each in duplicate). (B) BMDM from wild-type 
C57BL/6 and tir2 mice were similarly stimulated as in (A) 
and the secreted G-CSF was determine at the indicated time 
points using ELISA. (C) SAA was injected Subcutaneously 
into age-and sex-matched C57BL/6 and TLR2 mice (n=7). 
The plasma concentration of G-CSF was determined at the 
end of the study (168 h). (D) SAA was injected into these 
mice as in (C). Blood samples were collected before injection 
(Oh) and at 48 h, 120h, and 168 h after the initial injection. 
Neutrophil counts in the whole blood were obtained from 
WBC differential counts and presented as fold changes. 
*P-0.05 compared with wild-type mice. 

FIG. 6 is a photograph of a DNA gel, a histogram, and a pair 
of bar graphs demonstrating identification of TLR2 as a func 
tional receptor of SAA. (A) RT-PCR analysis of TLR tran 
Scripts in mock-transfected and human TLR2-transfected 
HeLa cells, and in THP-1 cells (controls). Note that expres 
sion of TLR2 did not affect the level of other TLR transcripts. 
(B) Histogram showing expression of TLR2 on the surface of 
TLR2-transfected HeLa cells (open), compared to mock 
transfected cells (filled), using an anti-TLR2 mAb and FITC 
conjugated secondary Ab. (C) Enhanced NF-KB luciferase 
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4 
activity in TLR2-HeLa as compared to mock-transfected 
HeLa cells that were stimulated with SAA. (D) TLR1, TLR2, 
TLR4 and TLR6 were overexpressed in TLR2-HeLa cells. 
Also overexpressed were the ATIR domain mutants of these 
TLRs. The effects on SAA-induced NF-kB luciferase 
reporter activity were determined. Note that expression of 
TLR1 enhanced SAA-induced NF-KB activity, and expres 
sion of the ATIR domain mutants of TLR1, TLR2, and TLR6 
reduced the SAA-induced NF-kB activity. 

FIG. 7 is a series of studies showing SAA-induced 
response in transfected HeLa cells. FIG. 7A shows the 
response of a stable HeLa cell line expressing the transfected 
TLR2 cDNA and a 5xNF-kB luciferase reporter to SAA 
stimulation. Pam3CSK4 is a known agonist for TLR2 and 
was used as a control. TNFC. was used as another control, 
which does not use TLR2 for signaling. FIG. 7B is time 
course of SAA-induced IL-8 secretion in TLR2-HeLa cells 
compared to mock-transfected HeLa cells. SAA was used at 
1 uM and the cells were stimulated for up to 24 hours. The 
Supernatant was collected and secreted IL-8 was measured 
using ELISA. 

FIG. 8 is a series of protein gels and corresponding Western 
blotting graphs showing that SAA-induced TLR2-dependent 
signaling in transfected cells. Serum-starved TLR2-HeLa and 
mock-transfected HeLa cells were stimulated with SAA (1 
uM) or Pam3CSK4 (1 lug/ml) for the indicated time. The 
phosphorylation level of ERK1/2 (A), p38 (B) and JNK (C) 
was detected by Western blotting using antibodies recogniz 
ing the phosphorylated forms of the MAP kinases (blots). (D) 
The level of cytoplasmic IkBq was detected by Western blot 
ting using an anti-IKBo antibody and the B-actin levels in the 
corresponding samples were shown as loading controls. The 
relative levels of phosphorylation and IKBC. degradation were 
determined through quantification of the blots, and data are 
presented in bar charts as the ratio of phosphorylated species 
to the unphosphorylated kinases, or IKBO level over the B-ac 
tin level. A representative set of data, from 3 repeating experi 
ments, is presented. 

FIG. 9 is a series of graphs showing SAA interaction with 
TLR2. (A) Inhibition of SAA-induced NF-KB luciferase 
activity in TLR-HeLa cells by an anti-TLR2Ab. Isotype 
matching IgG was used as a control. (B) SAA binding to 
TLR2 was measured in an ELISA-like assay using a TLR2 
extracellular domain:Fc fragment fusion protein. Increasing 
concentrations of SAA, Pam3CSK4 and LPS (from 0.0625 to 
8 g/ml) were incubated with fixed amount (2 ug/ml) of the 
TLR2:Fc fusion protein. Binding was quantified using HRP 
conjugated anti-mouse serum. Data shown are means of trip 
licate measurements from one of the three similar experi 
mentS. 

FIG. 10 is a schematic representation of SAA deletions 
made (A) and the effects of these deletions on SAA-induced 
NF-kB activation in TLR2-HeLa cells cotransfected with 
TLR1 (B). The effects of N-terminal deletion on SAA-in 
duced, TLR2-dependent NF-kB luciferase reporter activity 
(B) were determined using full-length SAA (FL) and its pro 
gressive deletion mutants (N1-N6) fused to the C-terminus of 
glutathione S-transferase (A). The truncated SAA expressed 
with equal efficiency as the full-length SAA (data not shown). 
The same amount (~1 uM) of the SAA fusion protein was 
added to each sample. Results shown are means-SEM from 2 
experiments, each performed in triplicate. 

FIG.11 is a schematic illustration of the structural domains 
of SAA (A), the effect of high-density lipoprotein (HDL) on 
SAA-induced NF-KB activation (B), and the effect of HDL on 
the NF-kB activation induced by the L7A mutation (Leucine 
to Alanine switchat position 7) of SAA. In these experiments, 
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HDL was used at two different concentrations for preincuba 
tion with SAA. This treatment reduced SAA-stimulated NF 
KB activation. The L7A mutation partially reversed the reduc 
tion effect by HDL. 

FIG. 12 is a map of vector puNO-hTLR2. 
FIG. 13 is a map of vector pNF-kB-Luc. 
FIG. 14 is an expression of selected cytokine genes in 

SAA-stimulated mouse macrophages from wild type and 
TLR2 knockout mice. 

DETAILED DESCRIPTION 

The present disclosure relates to compositions and meth 
ods of modulating inflammatory and immune responses 
through binding of SAA to TLR2 in a subject (e.g., human, 
non-human primate, rodent, etc.), and compositions and 
methods for Screening TLR2 agonists and antagonists. In the 
studies described herein, a potential role of SAA in neutro 
philia was investigated and the results demonstrated that SAA 
is a potent inducer for macrophage secretion of G-CSF, which 
leads to neutrophilia in mice. Using G-CSF - and TLR2" 
mice, it was found that the SAA-induced neutrophilia is 
dependent on TLR2-mediated production of G-CSF. Based 
on direct binding assay and gain-of-function studies in TLR2 
transfected cells, SAA was identified as a novel ligand for 
TLR2 and a link between increased SAA concentration and 
inflammatory responses such as neutrophilia was established. 

In one embodiment of the present disclosure, a method 
includes providing a composition including SAA protein or a 
nucleic acid encoding SAA protein, and administering the 
composition to a subject. Administering the composition to 
the Subject stimulates an immune response in the Subject. The 
composition can include SAA protein that activates TLR2 in 
at least one cell (e.g., a plurality of cells, a tissue) in the 
Subject resulting in expression of at least one cytokine in the 
Subject. In one example of a method, the composition 
includes a nucleic acid encoding SAA protein, and SAA 
protein expressed by the nucleic acid activates TLR2 in at 
least one cell (e.g., a plurality of cells, a tissue) in the Subject 
resulting in expression of at least one cytokine in the Subject. 
Administering the composition to the Subject (e.g., human, 
non-human primate, rodent, etc.) can stimulate an inflamma 
tory response in the Subject. The composition can be an adju 
vant and administered to a subject (e.g., human, non-human 
primate, rodent) in combination with an antigen. The compo 
sition can further include a pharmaceutically acceptable car 
1. 

In one embodiment of the present disclosure, a method 
includes: providing a plurality of cells, each cell including a 
first purified nucleic acid encoding TLR2 and a second puri 
fied nucleic acid including a reporter gene; contacting the 
plurality of cells with a plurality of candidate agents; detect 
ing expression of the reporter gene in at least one of the cells, 
wherein expression of the reporter gene indicates activation 
of TLR2; and correlating activation of TLR2 with at least one 
of the plurality of candidate agents. In this method, the plu 
rality of candidate agents are screened for at least one agent 
able to activate TLR2. Expression of the reporter gene in at 
least one of the cells is compared to expression of the reporter 
gene in at least one control cell not contacted with the plural 
ity of candidate agents. 

In one embodiment of the present disclosure, a method 
includes: providing a plurality of cells, each cell including a 
first purified nucleic acid encoding TLR2, a second purified 
nucleic acid including a reporter gene, and at least one SAA 
protein; contacting the plurality of cells with a plurality of 
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6 
candidate agents; analyzing expression of the reporter gene in 
the plurality of the cells, wherein expression of the reporter 
gene indicates activation of TLR2 by the at least one SAA 
protein; comparing activation of TLR2 by the at least one 
SAA protein in at least one cell of the plurality of cells with 
activation of TLR2 by at least one SAA protein in at least one 
control cell; and correlating a decrease in activation of TLR2 
by the at least one SAA protein in the at least one cell of the 
plurality of cells compared to activation of TLR2 by the at 
least one SAA protein in the at least one control cell with one 
agent of the plurality of agents, wherein the one agent of the 
plurality of agents prevents activation of TLR2 by SAA in a 
cell. The plurality of agents includes at least one of a small 
molecule, a macromolecule (e.g., antibody), a peptide, and a 
nonpeptide, wherein the Small molecule, macromolecule 
(e.g., antibody), peptide, and nonpeptide can be naturally 
occurring or synthetic. 

In one embodiment of the present disclosure, a method 
includes providing a composition including a TLR2 antago 
nist and contacting a plurality of cells with the composition, 
wherein the composition disrupts binding of TLR2 to SAA in 
the plurality of cells and modulates induction of proinflam 
matory cytokines in the plurality of cells. The composition 
can decrease induction of proinflammatory cytokines in the 
plurality of cells. The TLR2 antagonist is one of a small 
molecule, a macromolecule (e.g., antibody), a peptide, and a 
nonpeptide, wherein the Small molecule, macromolecule 
(e.g., antibody), peptide, and nonpeptide can be naturally 
occurring or synthetic. The composition can further include a 
pharmaceutically acceptable carrier. The TLR2 can include a 
TLR2 extracellular domain (ectodomain) fused to an Fc frag 
ment and the composition can be a component of an ELISA 
assay, wherein an effect of the antagonist on binding of SAA 
to the TLR2 extracellular domain can be determined. 

In one embodiment of the present disclosure, a HeLa cell 
includes a first purified nucleic acid encoding TLR2 and a 
second purified nucleic acid including a plurality of NF-KB 
binding sites operably linked to at least one expression con 
trol sequence and a reporter gene. The expression control 
sequence can be a promoter. The reporter gene can encode 
luciferase. 

TLRs are a class of 11 receptors (TLR1, TLR2, TLR3, 
TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR 11) 
that recognize special patterns of pathogens, termed patho 
gen-associated molecular patterns (Medzhitov and Janeway, 
2000). These receptors are expressed in innate immune cells 
(neutrophils, monocytes, macrophages, dendritic cells) and 
in other types of cells such as endothelial cells. Their ligands 
include bacterial products such as LPS, peptidoglycans, 
lipopeptides, and CpG DNA. Since their discovery in the late 
90s, TLRs have been well characterized as receptors that 
bind to exogenous ligands and mediate innate immune 
responses leading to the elimination of invading microbes. 
The TLR-triggered signaling pathway leads to activation of 
transcription factors including NF-KB, which is critical for 
the induced expression of proinflammatory cytokines and 
chemokines (Akira and Sato, 2003). TLRs also interact with 
each other. For example, TLR2 can form functional het 
erodimers with TLR1 or TLR6. The TLR2/1 dimer has dif 
ferent ligand binding profile than the TLR2/6 dimer (Ozinsky 
et al., 2000). In some embodiments wherein a cell or plurality 
of cells includes a purified nucleic acid encoding TLR2, the 
cell or plurality of cells can also include a nucleic acid encod 
ing another TLR2, such as TLR1. In such an embodiment, 
both TLR2 and TLR1 are expressed, and form a functional 
heterodimer. 



US 7,629,135 B2 
7 

The term 'agonist’ as used herein refers to an agent that 
activates cell signaling through a TLR2. An agonist can be a 
naturally occurring activator of TLR2. Such as SAA, a ligand 
for TLR2. An agonist can also be a non-naturally occurring 
activator of TLR2. 
As used herein, the term “antagonist’ means an agent that 

inhibits the effect of an agonist. For example, a TLR2 antago 
nist inhibits SAA activation of TLR2. An antagonist can be a 
Small molecule, a macromolecule (e.g., antibody), a peptide, 
and a nonpeptide. A small molecule, macromolecule (e.g., 
antibody), peptide, and nonpeptide can be naturally occurring 
or synthetic. 
By the term “effective amount” is meant an amount of a 

composition as described herein that when administered to a 
Subject, is sufficient for therapeutic efficacy (e.g., preventing 
or mitigating an inflammatory response). 
As used herein, “immunologically effective amount.” 

means that the administration of that amount to a subject, 
either in a single dose or as part of a series, is effective for 
treatment, e.g., stimulating an innate or adaptive immune 
response in a Subject. 
By the term “gene' is meant a nucleic acid molecule that 

codes for a particular protein, or in certain cases, a functional 
or structural RNA molecule. For example, the saa gene 
encodes the SAA protein. Saa nucleic acids (e.g., genes) are 
known in the art (e.g., human Saal: accession no. CR542241; 
human saa2: accession no. NM 030754; and saa4: 
BC007026). 
As used herein, a “nucleic acid, or “nucleic acid mol 

ecule” mean a chain of two or more nucleotides such as RNA 
(ribonucleic acid) and DNA (deoxyribonucleic acid). A 
“purified nucleic acid molecule is one that has been substan 
tially separated or isolated away from other nucleic acid 
sequences in a cell or organism in which the nucleic acid 
naturally occurs (e.g., 30, 40, 50, 60, 70,80, 90,95,96, 97,98, 
99, 100% free of contaminants). The term includes, e.g., a 
recombinant nucleic acid molecule incorporated into a vec 
tor, a plasmid, a virus, or a genome of a prokaryote or eukary 
Ote. 
As used herein, “protein' or “polypeptide' are used syn 

onymously to mean any peptide-linked chain of amino acids, 
regardless of length or post-translational modification, e.g., 
glycoslylation or phosphorylation. By the term "SAA' is 
meant a protein, or a fragment thereof, encoded by any one of 
the SAA gene family (e.g., Saal, Saa2, Saa4), the expression of 
which can be inducible or constitutive. An example of a SAA 
protein is the acute-phase SAA encoded by the human Saal 
and Saa2 genes as described in the Examples below. 
A first nucleic acid sequence is “operably' linked with a 

second nucleic acid sequence when the first nucleic acid 
sequence is placed in a functional relationship with the sec 
ond nucleic acid sequence. For instance, a promoter is oper 
ably linked to a coding sequence if the promoter affects the 
transcription or expression of the coding sequence. Gener 
ally, operably linked nucleic acid sequences are contiguous 
and, where necessary to join two protein coding regions, in 
reading frame. 
By the phrase “expression control sequence' is meant a 

nucleic acid that regulates the replication, transcription and 
translation of a coding sequence in a recipient cell. Examples 
of expression control sequences include promoter sequences, 
polyadenylation (pA) signals, introns, transcription termina 
tion sequences, enhancers, upstream regulatory domains, ori 
gins of replication, and internal ribosome entry sites. The 
term “promoter' is used herein to refer to a DNA regulatory 
sequence to which RNA polymerase binds, initiating tran 
Scription of a downstream (3' direction) coding sequence. 
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As used herein, the term “nonpeptide' means any mol 

ecule, natural or synthetic, other than a molecule consisting of 
two or more amino acids linked by the carboxyl group of one 
amino acid to the amino group of another amino acid. 
Methods described herein include a composition including 

an agent (e.g., SAA protein or a nucleic acid encoding SAA 
protein) that when administered to a subject, activates a TLR 
and stimulates an immune response in the Subject. Such an 
agent can activate TLR2 by, for example, interacting with 
TLR2 (e.g., SAA binding to TLR2) or activating any down 
stream cellular pathway that occurs upon binding of a ligand 
to a TLR. An agent that activates TLR can also enhance the 
availability or accessability of any endogenous or naturally 
occurring ligand of TLR2. An agent that activates TLR2 can 
alter transcription of genes, increase translation of mRNA or 
increase the activity of proteins that are involved in mediating 
TLR2 cellular processes. For example, an agent that activates 
TLR2 (e.g., SAA) can induce expression of IL-8, IL-12p40, 
and IL-23. 
A composition including an agent that activates TLR2 

(e.g., an agonist, SAA, a mimetic of SAA) can be adminis 
tered to a subject (e.g., rodent, human, non-human primate) 
for stimulating an immune response in a subject in need 
thereof (e.g., a Subject Suspected of having exposure to infec 
tious disease, a Subject having cancer, etc.). 

Administration of a composition including an agent that 
activates TLR2 to a subject can induce expression of immu 
nomodulatory cytokines such as IL-12p40, IL-8, and IL-23. 
In some embodiments, a composition including an agent that 
activates TLR2 is an adjuvant and is administered with a 
specific antigen to potentiate the effect of vaccination against 
an infectious agent or abnormal cell such as a cancer cell. 
Such a composition includes an immunologically effective 
amount of the agent that activates TLR2. 

In other methods described herein, a composition includes 
a TLR2 antagonist that when contacted with cells, disrupts 
binding of TLR2 to SAA in the cells and modulates induction 
of proinflammatory cytokines in the plurality of cells. In a 
typical embodiment, the composition decreases induction of 
proinflammatory cytokines in the cells. A composition 
including a TLR2 antagonist can be administered to a subject 
having inflammation at one or more sites (e.g., tissues, 
organs, muscles, etc.). A composition including a TLR2 
antagonist can also be administered to a subject having an 
inflammatory disease. Examples of inflammatory diseases 
include arthritis, inflammatory bowel disease, and atheroscle 
rosis. Administration of a composition including a TLR2 
antagonist can Suppress the induction of proinflammatory 
cytokines (e.g., IL-8, IL-23, TNF family of cytokines, etc.), 
growth-stimulatory cytokines, immunomodulatory cytok 
ines, tissue factor, and tissue-degrading enzymes, by SAA in 
the subject. 

In the present disclosure, cells that can be used to screen for 
agents that modulate TLR2 activity (e.g., activate TLR2, 
inhibit binding of SAA to TLR2, etc.) are encompassed. As 
one example, HeLa cells transfected with a purified nucleic 
acid (e.g., vector) encoding TLR2 (or a TLR2/TLR1 het 
erodimer, for example) and a purified nucleic acid (e.g., vec 
tor) including a plurality of NF-kB binding sites operably 
linked to an expression control sequence and a reporter gene 
can be used to screen for agents that modulate TLR2 activity. 
In the methods described below, TLR2-HeLa cells were gen 
erated by transfection of HeLa cells with the expression con 
struct puNO-hTLR2 (InvivoGen). Stable transfectants were 
selected with Blasticidin at 20 ug/ml for 2 weeks. Mock 
transfected HeLa cells were generated similarly, with a 
pUNO empty vector. Cells were maintained in DMEM 
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supplemented with 10% heat-inactivated FBS, 2 mM 
L-glutamine, 100 IU/ml penicillin, and 50 lug/ml streptomy 
cin. This methodology can be applied to any suitable cells, 
however, for preparing cells that can be used to screen for 
agents that modulate TLR2 activity. A suitable cell is any cell 
that does not contain substantial levels of endogenous TLR2. 

Methods of screening for agents that modulate TLR2 activ 
ity (e.g., activate TLR2, inhibit binding of SAA to TLR2, etc.) 
are described herein. In a first example of Such a screening 
assay, TLR2-HeLa cells (or other suitable cells transfected 
with a construct encoding TLR2 or a TLR2/TLR1 het 
erodimer) are transfected with an NF-KB reporter gene. 
Although this can be done with transient transfection, a 
TLR2-HelLa-NF-KB reporter cell line can alternatively be 
used and provides convenience and consistency between 
experiments. This cell line is stimulated with SAA to induce 
NF-kB-driven luciferase reporter expression. This estab 
lishes a standard for the activation state of the receptor by 
SAA. As a negative control, a mock-transfected cell line 
(lackingTLR2 but containing the same reporter) is used (see 
below). Also, as a positive control, the TLR2-HeLa-NF-KB 
cell line is stimulated with Pam3CSK4, a known TLR2 ago 
nist, to determine the effectiveness of TLR2-mediated NF-KB 
activation. In another control, HeLa cells without any 
manipulation are transfected with the same reporter gene 
(e.g., a HeLa cell line having this reporter stably expressed), 
and then stimulated with TNF-alpha. This control is used to 
evaluate TLR2-independent NF-kB activation. Typically, in 
the first round of screening, only the TLR2-Hella with the 
NF-kB reporter (the TLR2-HeLa-NF-kB cell line) is used 
(ideally, the negative control cells are used for background 
subtraction), and these cells are stimulated with SAA in the 
presence of the unknown compounds which can be natural 
compounds or synthetic compounds in a combinatorial com 
pound library, for example, for the screening of compounds 
that can modulate SAA-induced, TLR2-mediated NF-KB 
activation. Modulation can be positive for enhancement of or 
negative for antagonism of the SAA-induced response. See 
FIGS. 12 and 13 for maps of vectors used to construct a 
TLR2-HeLa-NF-kB reporter cell line 

In this method, any agent (e.g., Small molecule, marcomol 
ecule, protein, nonpeptide, etc.) that can reduce the SAA 
induced NF-kB luciferase reporter is collected as a potential 
antagonist for SAA-induced TLR2 activation. In the second 
round of screening (described below), the HeLa cell line 
containing the reporter construct minues TLR2 is treated with 
the collected agents. If any of these agents also decrease 
TNF-alpha-induced NF-kB reporter expression, then the 
effect is deemed non-specific because it does not necessarily 
go through TLR2. Only the agents that specifically reduce 
SAA-stimulated, TLR2-mediated NF-kB reporter gene 
expression are considered antagonists of interest (i.e., candi 
date agents). This reporter-based screening method is highly 
sensitive, and can be used for high-throughput Screening 
(HTS). 

Another example of a method for Screening antagonists 
that disrupt the SAA/TLR2 interaction involves a binding 
assay that includes a TLR2 ectodomain (extracellular 
domain) fused to an Fc fragment of immunoglobulin (TLR2: 
Fc), such as the assay used in FIG.9B. This assay is typically 
used as a follow-up or secondary assay to that assay described 
above. In other words, any compounds collected from the 
assay described above are subjected to the TLR2:Fc-based 
binding assay to confirm that the antagonistic effect is on the 
disruption of SAA-TLR2 binding. This method is generally 
carried out as follows and is also described in the Examples. 
A TLR2:Fc fusion protein is generated such that the N-ter 
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10 
minal 588 amino acids of human TLR2 are fused in frame to 
the Fc portion of mouse IgG2a. The cDNA encoding for the 
resulting chimeric protein is cloned in pFuse-Fc vector (Invi 
voGen), and stably transfected into CHO cells. The fusion 
protein is purified from cell culture Supernatant by standard 
protein A affinity chromatography and eluted with 0.1 mM 
glycine (pH2.2). High binding EIA/RIA plates (Corning) are 
coated with increasing concentrations of SAA, Pam3CSK4. 
or LPS from E. coli strain 01 11: B4 overnight at 4° C. and 
blocked with 1% BSA in DPBS (Invitrogen) for 1 h, prior to 
incubation with 2 ug/ml of TLR2:Fc fusion protein for immu 
noadhesion. After 3 times wash with PBST (0.1% Tween-20 
in DPBS), an HRP-labeled anti-mouse antibody (Calbio 
chem) is used for detection of captured TLR2:Fc. Absorbance 
at 450 nM is measured on a SpectraMax 340 plate reader 
(Molecular Devices). 

Additionally, any SAA-stimulated, TLR2-mediated cellu 
lar response can be developed into a screening assay as 
described herein. For example, a SAA-induced MAP kinase 
phosphorylation assay can be used, in which TLR2-trans 
fected and mock-transfected cell lines are compared. Mock 
transfected cell lines are those cells transfected with an empty 
vector which is the same vector used for TLR2 transfection 
but does not contain the TLR2 cDNA. 
The compositions described herein can be administered to 

Subjects including human beings in any suitable formulation 
by any Suitable method. For example, compositions including 
an agent that activates TLR2 (e.g., SAA protein or a nucleic 
acid encoding SAA protein) or a TLR2 antagonist may be 
directly introduced into a Subject, including by intravenous 
(IV) injection, intraperitoneal (IP) injection, or in situ injec 
tion into target tissue (e.g., into the inflammatory joints in 
rheumatoid arthritis subjects, or into the GI tract of inflam 
matory bowel disease subjects). To improve patient compli 
ance, a drug may be made orally effective. When used as a 
vaccine adjuvant, it will go with the vaccination method or 
route. For example, a conventional Syringe and needle can be 
used to inject a composition including an agent that modu 
lates TLR2 activation into a subject. Parenteral administra 
tion by injection can be performed, for example, by bolus 
injection or continuous infusion. Formulations of injection 
may be presented in unit dosage form, for example, in 
ampoules or in multi-dose containers, with an added preser 
Vative. The compositions may take Such forms as Suspen 
sions, Solutions or emulsions in oily or aqueous vehicles, and 
may contain formulatory agents such as Suspending, stabiliz 
ing and/or dispersing agents. Alternatively, compositions 
may be in powder form (e.g., lyophilized) for constitution 
with a suitable vehicle, for example, sterile pyrogen-free 
water, before use. 
The compositions of the present invention can be formu 

lated according to known methods to prepare pharmaceuti 
cally useful compositions, whereby these materials, or their 
functional derivatives, are combined in admixture with a 
pharmaceutically acceptable carrier vehicle. Suitable 
vehicles and their formulation, inclusive of other human pro 
teins, e.g., human serum albumin, are described, for example, 
in Remington's Pharmaceutical Sciences (16" ed., Osol, A. 
ed., Mack Easton Pa. (1980)). In order to form a pharmaceu 
tically acceptable composition suitable for effective admin 
istration, Such compositions will contain an effective amount 
of the above-described compounds together with a suitable 
amount of carrier vehicle. 

In some embodiments, a composition including an immu 
nologically effective amount of agent that activates TLR2 is 
administered to a Subject to stimulate an immune response in 
the Subject. An immunologically effective amount varies 
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depending upon the health and physical condition of the 
subject to be treated, the taxonomic group of individual to be 
treated (e.g. human, nonhuman primate, etc.), the capacity of 
the Subject’s immune system to synthesize antibodies, the 
degree of protection desired, the formulation of the vaccine, 
the treating doctors assessment of the medical situation, the 
condition to be treated or prevented, and other relevant fac 
tors. It is expected that the amount will fall in a relatively 
broad range that can be determined through routine trials. 

EXAMPLES 

Example 1 

Identification of SAA as a Danger Signal Mediator 
for TLR2-Dependent G-CSF Production and 

Neutrophilia 

Increased neutrophil count or neutrophilia is a host 
response to bacterial infection as well as noninfectious insults 
Such as trauma, malignancy and Surgery. The mechanism by 
which noninfectious factors induce neutrophil expansion 
remains unknown. As described herein, the acute-phase pro 
tein SAA, a widely cited biomarker for inflammation, induces 
neutrophilia in mice. The SAA-induced neutrophilia is 
diminished in G-CSF deficient mice. In gain-of-function 
assays, SAA binds to the ectodomain of TLR2 and stimulates 
TLR2-mediated transcriptional activation, leading to 
increased expression of G-CSF. In TLR2 deficient mice, the 
SAA-induced G-CSF secretion and neutrophilia is signifi 
cantly reduced. The ability of SAA to relay danger signal 
through TLR activation suggests a potential mechanism by 
which this acute-phase protein contributes to sterile inflam 
mation. 

Results 

SAA induces G-CSF expression in monocytes and mac 
rophages: To determine whether SAA plays a role in neutro 
philia, the ability of SAA to stimulate G-CSF expression was 
investigated. Human peripheral blood monocytes (PBMC) 
were incubated with SAA, and the concentration of secreted 
G-CSF in the culture medium was determined at various time 
points after stimulation. The concentration of SAA used in 
this experiment (1 uM) was well within its physiological 
range (0.08 uM to 80 uM). As shown in FIG. 1A, SAA 
induced a robust production of G-CSF in PBMC that reached 
a level of 2.546 pg/ml/10° cells after 4h of stimulation. At the 
end of the 24 h incubation, the G-CSF concentration in the 
culture medium reached to 7.340 pg/ml/10° cells. Since sub 
sequent studies used mice for measurement of G-CSF secre 
tion and neutrophilia, SAA-induced G-CSF expression in 
mouse bone marrow derived macrophages (BMDM) was 
determined, of which 98% were F4/80 CD14 based on flow 
cytometry analysis. FIG. 1B showed that BMDM responded 
to SAA with a significant increase in mouse G-CSF (encoded 
by the cSf3 gene) secretion that reached a concentration of 
155 pg/ml/10° cells after 8 h and 965 pg/ml/10° cells after 24 
h. The basal level of G-CSF remained stable at approximately 
42 pg/ml/10 cells over the entire course of incubation. Like 
wise, SAA stimulation of the mouse macrophage cell line 
RAW264.7 resulted in a time-dependent production of 
G-CSF (FIG. 1C). 

It was next determined whether induction of G-CSF 
expression was a primary function of SAA or resulted from 
contaminating LPS in the SAA preparation. The LPS concen 
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tration in the recombinant SAA preparation was s0.1 ng/ug 
protein, translating intos 1.14 ng/ml LPS in a typical experi 
ment with 1 uMSAA. LPS at this or 10-fold higher concen 
trations was tested for its effect on the expression of G-CSF. 
As shown in FIG. 1D, LPS at 1 and 10 ng/ml did not induce 
G-CSF Secretion in BMDM. At an LPS concentration of 100 
ng/ml, a moderate increase in G-CSF secretion was observed. 
Therefore, the small amount of LPS found in the SAA prepa 
ration cannot account for the robust increase of G-CSF as 
seen in the above experiments. Given that most proteins are 
heat labile while LPS is heat resistant, the ability of heat 
treated SAA (1 uM) and LPS (1 lug/ml) to stimulate G-CSF 
secretion in mouse BMDM was examined. After boiling for 
25 min, LPS retained its ability to induce G-CSF production 
by ~83%. In contrast, the heat-treated SAA could no longer 
stimulate G-CSF secretion (FIG.1E). In parallel experiments, 
polymyxin B, an amphiphilic cyclic polycationic peptide that 
specifically binds to LPS and blocks the cytokine-inducing 
effect of LPS (Stokes et al., 1989), was used to treat SAA or 
LPS prior to incubation with BMDM. Polymyxin B (50 
ug/ml) had a minimal effect on the potency of SAA in stimu 
lating G-CSF expression (FIG. 1E). Under the same experi 
mental conditions, polymyxin B reduced LPS-stimulated 
G-CSF secretion by more than 70%. Collectively, these 
results confirmed that the observed induction of G-CSF 
secretion is a primary function of SAA. 
To investigate the mechanism for SAA-induced G-CSF 

production, the level of G-CSF transcript in SAA-stimulated 
BMDM was determined. Elevation of G-CSF transcript level 
was observed after 2 h of SAA stimulation (FIG. 2A), a 
relatively fast response suggesting that SAA-induced G-CSF 
expression was not secondary to another cytokine. The induc 
tion of G-CSF transcript peaked at 4 h after SAA stimulation. 
Since transcription of the G-CSF gene involves NF-KB bind 
ing to the RelA/p65 consensus element in the CK-1 site of the 
G-CSF promoter (Dunn et al., 1994; Hareng and Hartung, 
2002), the role of NF-kB in SAA-stimulated G-CSF expres 
sion was determined. Electrophoresis mobility shift assay 
(EMSA) showed that SAA stimulated the formation of 
NF-kBDNA complex after 30 min, which was effectively 
competed off with unlabeled NF-kB probe (FIG. 2B). Using 
oligonucleotide probe based on the sequence of the CK-1 site 
(-161 to -152 in the G-CSF promoter), a protein DNA 
complex (FIG. 2C) was identified. Finally, chromatin immu 
noprecipitation (ChIP) assay showed that a specific anti 
RelA?p65 antibody was able to pull-down the CK-1 DNA 
fragment in cells treated with SAA or TNFC. (50 ng/ml). 
Inclusion of a RelA/p65 antibody blocking peptide in the 
assay abrogated the immunoprecipitation (FIG. 2D). These 
results confirmed that SAA could stimulate binding of RelA/ 
p65 to the CK-1 site. 
SAA stimulates neutrophilia through G-CSF: To investi 

gate whether SAA-induced G-CSF secretion contributes to 
neutrophilia, in vivo studies were conducted with daily 
administration of SAA in mice. C57BL/6 mice were injected 
Subcutaneously (s.c.) with a daily dose of 120 ug SAA/kg 
body weight (-3 ug of SAA each mouse) for 7 consecutive 
days. At different time points after the injection was initiated, 
blood neutrophil numbers were determined and the results 
were compared to neutrophil numbers prior to SAA admin 
istration. Using PBS-injected mice as controls, daily injection 
of SAA was found to cause a significant rise of neutrophil 
numbers in peripheral blood starting at 48 hand continuing to 
the end of the 7-day period (FIG. 3A). The effectiveness of 
daily administration was demonstrated by a significantly 
elevated G-CSF level in the plasma at the end of the 7-day 
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injection scheme (FIG.3B), indicating that SAA could stimu 
late G-CSF production in vivo. To establish a causal relation 
ship between SAA-induced G-CSF production and neutro 
philia in mice, wild-type C57BL/6 mice wre compared with 
csf3 mice for changes in neutrophil count. As shown in 
FIG. 3C, csf3 mice exhibited a significantly reduced 
response to SAA based on peripheral blood neutrophil count 
at the end of 48, 120 and 168 h. These results support an 
important role of G-CSF in SAA-induced neutrophilia. 
TLR2 is a functional receptor of SAA for its induction of 

G-CSF expression: SAA has been shown to be a ligand for 
human formyl peptide receptor-like 1 (FPRL1) (Su et al., 
1999), which is coupled to the GCi proteins for transmem 
brane signaling. It was previously shown that FPRL1 is 
involved in SAA-induced IL-8 production in human neutro 
phils (He et al., 2003). It has also been shown that SAA binds 
to FPRL1 and stimulates the production of matrix metallo 
proteinase (O'Hara et al., 2004). In the experiments described 
herein, it was found that pretreatment of BMDM with pertus 
sis toxin of up to 200 ng/ml, which ADP-ribosylates the Gi 
class of Go. proteins (Bokoch et al., 1983) and blocks their 
interaction with G protein-coupled receptors such as FPRL1, 
produced no significant inhibition on SAA-induced G-CSF 
secretion (FIG. 4A). Moreover, FPRL1 agonists such as 
WKYMVm and MMK-1 were unable to Stimulate G-CSF 
secretion in BMDM (FIG. 4B). These results suggest the 
presence of an SAA receptor that is different from FPRL1 and 
that mediates SAA-stimulated G-CSF secretion and neutro 
philia. A role of TLR2 in SAA-stimulated G-CSF expression 
was examined. Functional grade antibodies against TLR2 and 
TLR4 were used to investigate the respective contributions of 
these receptors in SAA-induced G-CSF expression, and it 
was found that the anti-TLR2 antibody but not anti-TLR4 
antibody caused marked reduction of G-CSF secretion (FIG. 
4C). These results suggest TLR2 involvement in SAA-in 
duced G-CSF secretion. 

TLR2 mediates the effect of SAA in G-CSF expression and 
neutrophila: To further determine a role of TLR2 in SAA 
stimulated G-CSF expression and neutrophilia, wild-type and 
tlr2 BMDM were stimulated with SAA (1 uM) and the 
level of G-CSF transcript (FIG. 5A) was determined. SAA 
induced a 37-fold induction of the mouse G-CSF transcript 
within 2 h of stimulation. In comparison, a 2-fold induction 
over basal level was observed intlr2 BMDM, representing 
a 94% reduction. Under similar experimental conditions, 
SAA stimulated increases in the transcripts of M-CSF (en 
coded by csfl; 11-fold over basal) IL-12p40 (33-fold) and 
IL-1 receptor antagonist (2.7-fold). In tir2 BMDM, the 
SAA-stimulated induction of these transcripts was reduced 
by 84% (M-CSF), 86% (IL-12p40), and 80% (IL-1 receptor 
antagonist), respectively. Likewise, the ability of SAA to 
induce G-CSF protein secretion was drastically reduced 
(FIG. 5B). These results indicate that TLR2 is critical to the 
SAA-induced expression of G-CSF and selected cytokines. 
The effects of TLR2 gene deletion on SAA-induced G-CSF 
production and neutrophilia were determined in vivo. Subcu 
taneous injection of SAA was carried out in wild-type and 
tlr2 mice for up to 7 days. As shown in FIG.5C, tir2 mice 
produced significantly less G-CSF in the plasma than the 
wild-type mice. Consistent with this observation, the SAA 
stimulated increase in peripheral blood neutrophils was sig 
nificantly lower in tir2 mice than in wild-type mice (FIG. 
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5D). These data support a role of TLR2 in mediating SAA 
induced G-CSF production and neutrophilia. 

Example 2 

Identification of SAA as an Endogenous Ligand for 
TLR2 

Results 

To determine whether TLR2 is a receptor for SAA, a 
TLR2-expressing cell line was prepared in HeLa cells, which 
contain very little endogenous TLR2 transcript (FIG. 6A, 
upper panel). Stable transfection of HeLa with a TLR2 
expression construct (puNO-hTLR2, FIG. 12) resulted in a 
substantial increase in the TLR2 transcript (FIG. 6A, middle 
panel), along with abundant cell Surface expression of TLR2 
as determined by flow cytometry (FIG. 6B). A significantly 
increased NF-kB luciferase activity (p<0.01) was detected in 
SAA-stimulated TLR2-Hella cells compared to mock-trans 
fected HeLa cells (FIG. 6C).TLR2 is a class I transmembrane 
protein that contains an extracellular ligand binding domain 
(ectodomain), a transmembrane domain and a cytoplasmic 
domain consisting of the Toll/IL-1/receptor/Resistance (TIR) 
motif. Studies have shown that TLR2 forms heterodimers 
with TLR1 and TLR6 (Ozinsky et al., 2000), which display 
different preference for TLR2 ligands (Hoebe et al., 2005; 
Takeuchi et al., 2002). The C-terminal TIR domain is con 
served among TLRs and responsible for TLR signaling 
(O'Neill and Bowie, 2007: Takeda and Akira, 2004). To 
assess the relative contributions of TLRs to SAA signaling, 
TLR1, TLR2, TLR4 and TLR6 were overexpressed in the 
TLR2-HeLa cells, and their effects on SAA-induced NF-KB 
luciferase reporter activity were determined. As shown in 
FIG. 6D, exogenous expression of TLR1 but not TLR4 and 
TLR6 potentiated SAA-induced NF-kB luciferase activity, 
suggesting that TLR2 and TLR1 form a functional het 
erodimer for SAA signaling. In addition, the TIR domain 
deletion mutants (ATIR) of these receptors were expressed, 
which are negative regulators of TLR signaling. Expression 
of the ATIR mutants of TLR1, TLR2 and TLR6 caused sig 
nificant inhibition (p<0.01) of SAA-induced NF-KB 
luciferase activity. The observed inhibitory effect of the 
TLR6-ATIR mutant may result from sequestration of the 
adaptor molecules (MyD88, TLRAP/MAL) interacting with 
TLR2, although the full-length TLR6 apparently did not 
potentiate SAA signaling. Expression of the ATIR mutant of 
TLR4 did not significantly affect SAA-induced NF-KB acti 
vation in TLR2-HeLa cells (FIG. 6D), suggesting the absence 
of TLR4 involvement in this assay. 

In addition to the TLR2-HeLa cell line, a HeLa cell line 
stably expressing TLR2 and a 5xNF-kB luciferase reporter 
(pNF-kappaB-Luc, FIG. 13) was generated. This second cell 
line offers improved consistency between experiments by 
eliminating the need for transiently transfecting the NF-kB 
reporter each time an reporter assay is conducted. The effec 
tiveness of the TLR2-HeLa-NF-KB cell line has been dem 
onstrated in reporter assays comparing SAA- and 
Pam3CSK4-induced luciferase activity (FIG. 7A). The 
TNFC.c-stimulated reporter activity was used as an indepen 
dent indicator for comparison. Both cell lines have been and 
will be used in characterization of SAA-induced functions 
and in screening assays. Stimulation of the TLR2-HeLa cells 
with SAA (1 uM) caused a time-dependent increase in the 
secretion of IL-8, which was determined in the cell culture 
medium collected after the stimulation at given time points 
(FIG. 7B). The TLR2-independent effect in IL-8 secretion 
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was determined in parallel, in mock-transfected HeLa cells 
lacking the exogenous TLR2 (FIG. 7B). 
The ability of SAA to induce TLR2-dependent gene 

expression was evaluated using bone marrow derived mouse 
macrophages (FIG. 14). In this study, the cytokine gene 
expression profile in wild type and TLR2 knockout (TLR2 
deficient) macrophages was compared. The SAA-induced 
expression of selected cytokine gene transcripts was deter 
mined using DNA microarray analysis and expressed as fold 
induction, in both the wildtype and TLR2-deficient macroph 
ages. The ratio of the expression (TLR2-deficient over wild 
type) was also calculated. The smaller the number in the ratio, 
expressed as percentage with 100% indicating no change, the 
larger the reduction in cytokine expression in the absence of 
TLR2 which reflects more dependency on TLR2. 
SAA also induced robust phosphorylation of the MAP 

kinases ERK 1/2, p38 and JNK in TLR2-Hella cells, as com 
pared to mock-transfected cells that displayed little phospho 
rylation of p38 and JNK (FIG. 8A-C). In mock-transfected 
cells, SAA but not Pam3CSK4 also induced ERK 1/2 phos 
phorylation at 10 min, which could be mediated through an 
endogenous SAA receptor Such as the scavenger receptor 
SR-BI (Baranova et al., 2005; Caiet al., 2005). 

Also observed in TLR2-HeLa cells was a SAA-stimulated 
IKBO. degradation, which normally leads to NF-kB activa 
tion. No IKBC. degradation was observed in mock-transfected 
HeLa cells after SAA stimulation (FIG. 8D). 
The above results supporta role of TLR2 in SAA signaling. 

Whether SAA binds to TLR2 was then investigated. When the 
TLR2-HelLa cells were incubated with a neutralizing anti 
body against TLR2, significantly reduced NF-kB activation 
was observed (p<0.01, FIG. 9A). The specificity of SAA 
interaction with TLR2 was demonstrated in a binding assay 
using a TLR2 ectodomain fused to the Fc fragment of immu 
noglobulin (TLR2:Fc). A dose-dependent increase in SAA 
binding was observed (FIG.9B). In contrast, LPS showed no 
significant binding to the TLR2:Fc fusion protein. To identify 
the structural determinant for SAA interaction with TLR2, 
progressive deletions were made from the N-terminus of 
SAA and the resulting proteins were examined in NF-KB 
luciferase reporter assay using TLR2-HeLa cells. As shown 
in FIG. 10, removal of as few as 14 amino acids from the 
N-terminus, a region conserved among acute-phase SAA pro 
teins in humans and mice (Lowell et al., 1986; Uhlar and 
Whitehead, 1999), drastically reduced the ability of the 
resulting SAA to stimulate NF-kB activation through TLR2. 
The N-terminal domain of SAA is known for its interaction 

with HDL. The effect of HDL interaction on SAA-induced 
NF-kB activation was determined. FIG.11 shows a schematic 
illustration of the structural domains of SAA (FIG. 11A), the 
effect of high-density lipoprotein (HDL) on SAA-induced 
NF-kB activation (FIG. 11B), and the effect of HDL on the 
NF-kB activation induced by the L7A mutation (Leucine to 
Alanine at position 7) of SAA (FIG. 11C). In these experi 
ments, HDL was used at two different concentrations for 
preincubation with SAA. This treatment reduced SAA 
stimulated NF-kB activation. The L7A mutation partially 
reversed the reduction effect by HDL. 

Discussion 

Results from the studies described herein demonstrate that 
SAA is a potent, endogenous mediator that stimulates G-CSF 
expression in isolated macrophages and in mice. These find 
ings provide, for the first time, an explanation to the phenom 
enon that elevated level of acute-phase SAA is positively 
correlated with a contemporaneous neutrophilia. Neutrophils 
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provide first-line host defense against bacterial and fungal 
infection. These terminally-differentiated myeloid cells pos 
sess highly specialized bactericidal functions including 
phagocytosis and generation of reactive oxygen species 
(Nauseef, 2007). Approximately 60% of the resources in 
bone marrow are committed to generating neutrophils which, 
upon release to blood circulation, have a lifespan of only 8-10 
hours. Therefore, continual production of neutrophils is criti 
cal to innate immunity against invading bacteria and fungi. 
Because trauma, burn and Surgery may lead to infection, an 
increase in neutrophil count in response to these noninfec 
tious insults may be an evolutionarily conserved mechanism 
which prepares the host for possible insult by infectious 
agents. SAA apparently fills this important function by acting 
as an endogenous mediator of danger signal. Consistent with 
this notion, a study using sterile Surgical procedure to induce 
nonspecific acute-phase response resulted in an increased 
G-CSF production and enhanced host resistance to bacterial 
infection (Noursadeghi et al., 2002). SAA expression is 
induced with primary cytokines (IL-6, IL-1B) and with LPS 
(Uhlar and Whitehead, 1999) and SAA, therefore, can 
enhance innate immune responses to pathogens through its 
ability to stimulate inflammatory cytokine expression and 
neutrophil expansion. 

In the studies described herein, LPS contamination was 
addressed. First, it was shown that LPS, when used at con 
centrations 10-fold higher than those found in the SAA prepa 
ration, could not induce G-CSF expression in BMDM (FIG. 
1D). Second, whereas LPS at higher concentrations (e.g., 100 
ng/ml and above) induced G-CSF secretion, this effect was 
mostly heat-resistant while the SAA-induced G-CSF expres 
sion was heat-labile (FIG. 1E). Third, polymyxin B effec 
tively eliminated the G-CSF-inducing capability of LPS but 
did not significantly reduce SAA-induced G-CSF expression 
(FIG. 1E). Fourth, functional grade anti-TLR2 antibody 
reduced SAA-stimulated G-CSF secretion, while a functional 
grade anti-TLR4 antibody had no inhibitory effect (FIG. 4C). 
Fifth, in TLR2-HeLa cells, overexpression of TLR4 did not 
further increase SAA-induced NF-KB activation, and overex 
pression of the ATIR mutant of TLR4 did not significantly 
alter the ability of SAA to stimulate NF-kB luciferase 
reporter expression (FIG. 6D). Sixth, SAA was found to 
directly bind to the ectodomain similar to Pam3CSK4. In 
contrast, no LPS binding to the TLR2 fusion protein was 
observed (FIG. 9B). Lastly, deletion mutagenesis studies 
described herein led to the identification of an N-terminal 
fragment of SAA as being important for its function through 
TLR2. The fact that all GST-fusion proteins except the full 
length SAA-fused protein lacked the NF-kB activating capa 
bility strongly suggests a structural basis for TLR2 interac 
tion, arguing against the notion that minute contaminants 
caused the potent induction of G-CSF expression as observed 
in this study. 
The findings described herein that SAA induces neutro 

philia through TLR2-mediated G-CSF production corrobo 
rates several recent reports demonstrating that SAA Stimu 
lates neutrophils and monocytes to secrete proinflammatory 
cytokines, matrix metalloproteinases, and monocyte tissue 
factor. This activity of SAA may be important in the mainte 
nance of innate immunity and, in pathological conditions, 
prolong the inflammatory response. Sustained signaling 
through TLRs can trigger chronic inflammatory diseases 
without an identifiable cause of infection. Therefore, SAA 
stimulated TLR2 activation may be linked to inflammatory 
and autoimmune diseases such as rheumatoid arthritis, ath 
erosclerosis and Crohn disease, in which elevated SAA has 
been documented (Chambers et al., 1987: Fyfe et al., 1997: 
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Malle and De Beer, 1996; O'Hara et al., 2000). Taking rheu 
matoid arthritis as an example, local production of SAA by 
macrophages and synoviocytes can exacerbate disease pro 
gression through increased neutrophil infiltration and neutro 
phil production of tissue degrading enzymes. The biochemi 
cal property of SAA and its low level of expression in normal 
tissues qualifies it as a damage-associated molecular pattern 
which, when recognized by the host, can initiate tissue-con 
trolled immune response. 

The ability of SAA to activate the IL-23/IL-17 pathway can 
also affect the progression of autoimmune and inflammatory 
diseases. A T cell-derived cytokine that regulates innate 
immunity, L-17 stimulates the production of proinflamma 
tory cytokines such as IL-6 and IL-8, recruits neutrophils to 
site of inflammation, and contributes to the development 
arthritis, inflammatory bowel disease and experimental 
autoimmune encephalitis in animal models. Elevated SAA 
concentration was also foundinatherosclerotic plaque (Meek 
et al., 1994). Given that TLR2 is a major pattern recognition 
receptor and is recently implicated in the development of 
atherosclerosis (Mullicket al., 2005), the findings described 
herein of SAA as an endogenous mediator for danger signal 
Suggests that SAA production in atherosclerotic plaque may 
contribute to atherogenesis through persistent activation of 
TLR2. 

In summary, the results described herein establish a link 
between increased production of SAA and G-CSF-mediated 
neutrophilia in mice. The results also identified TLR2 as a 
receptor that mediates the cytokine-inducing effect of SAA. 
These results provide direct evidence for a novel function of 
SAA in inflammation and immunity, demonstrating that the 
widely used biomarker for inflammatory diseases is not just a 
byproduct of inflammation but plays an active role in the 
regulation of inflammation and innate immunity. 

Methods 

Reagents: Recombinant human SAA was purchased from 
PeproTech Inc., (Rocky Hill, N.J., catalog no. 300-13). The 
endotoxin level is less than 0.1 ng/ug of protein. PMB and 
LPS, from Escherichia coli 01 11:B4) were obtained from 
Sigma-Aldrich. Double-stranded consensus oligonucleotides 
for NF-kB were purchased from Promega and complemen 
tary oligonucleotides for the CK-1 site within the mouse 
G-CSF promoter region (mGcsf3-166: 5'-AGGAACA 
GAGATTCCCCGATTTCAC-3) (SEQ ID NO:1) were cus 
tom synthesized and purified. The peptide MMK-1 (LESI 
FRSLLFRVM (SEQ ID NO:2); >90% purity) was 
synthesized and purified by Macromolecular Resources (Fort 
Collins, Colo.) and W-peptide (WKYMVm) was obtained 
from Sigma-Aldrich. Pertussis toxin was purchased from 
Calbiochem. Anti-p65 antibody was obtained from Santa 
Cruz, Biotechnology. Functional grade anti-TLR2, anti-TLR4 
antibodies and their isotype control IgG were from eBio 
science. All ELISA kits were purchased from Invitrogen. The 
Limulus Amebocyte Lysate kit (LAL QCL-1000) was 
obtained from Cambrex. 

Plasmid Constructs: For deletion mutagenesis, DNA frag 
ments coding for full-length human SAA1 (amino acid resi 
dues 1-104), SAA1 N-1 (15-104), SAA1 N-2 (30-104), 
SAA1 N-3 (45-104), SAA1 N-4 (60-104), SAA1 N-5 (75 
104) and SAA1 N-6 (90-104) were PCR-amplified from a 
cloned cDNA encoding human SAA1, and ligated into the 
pGEX 4T-1 vector (Amersham Pharmacia). DNA fragments 
encoding human TLR1, TLR2, TLR4 and TLR6 without 
cytoplasmic domain (ATIR) were generated by PCR and 
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cloned into the puNO vector (InvivoGen). All constructs 
were verified by DNA sequencing. 

Knockout mice: Heterozygote G-CSF (csf3") and G-CSF 
knockout mice in the genetic background B6/129P2 were 
purchased from Jackson Laboratory (stock number: 002398) 
and bred in-house. Genotyping was performed by PCR of tail 
genomic DNA according to manufacturer provided oligo 
nucleotide sequence and procedures. Age and sex-matched 
littermates were used in experiments. TLR2 knockout mice 
(tlr2) were obtained from Jackson Laboratory (B6.129 
Tlr2"'/J, stock number 004650). The strain is maintained 
as a homozygote, and bred in house. Because this strain has 
been backcrossed to C57BL/6J for 9 generations, C57BL/6 
mice, also purchased from Jackson Laboratory, were used as 
wild-type control (WT). All procedures involving mice were 
carried out using protocols approved by the Animal Care 
Committee at the University of Illinois at Chicago. 

Cell preparation and culture: Human peripheral blood 
monocytes were prepared from fresh, heparinized venous 
blood by Ficoll-Hypaque density-gradient centrifugation. 
Blood drawing followed a protocol approved by the Institu 
tional Review Board at the University of Illinois at Chicago. 
Purified monocytes (>93% CD14" by flow cytometry) were 
kept in nonadherent condition in RPMI 1640 containing 0.5% 
FBS and maintained at 37° C. Mouse macrophages were 
differentiated from bone marrow cells. Mouse bone marrow 
cells were aspirated from the femurs of 8-12-week-old mice 
and cultured at 37° C. in 5% CO, in RPMI 1640 medium 
containing 10% FBS, 15% L-cell conditional medium, 10 
mM HEPES, 2 mM L-glutamine, 100 IU/ml penicillin, and 
50 g/ml streptomycin. The medium was changed every three 
days. Macrophages (about 98% F4/80+ by flow cytometry) 
were obtained after 7 days of culture. The mouse macrophage 
cell line RAW264.7 cells were maintained in DMEM 
medium supplemented with 10% FBS, 10 mM HEPES, 2 mM 
L-glutamine, 100 IU/ml penicillin, and 50 lug/ml streptomy 
cin. TLR2-HelLa cells were generated by transfection of 
HeLa cell with the expression construct pUNO-hTLR2 (Invi 
voGen). Stable transfectants were selected with Blasticidin at 
20 ug/ml for 2 weeks. Mock-transfected HeLa cells were 
generated similarly, with a puNO empty vector. Cells were 
maintained in DMEM supplemented with 10% heat-inacti 
vated FBS, 2 mM L-glutamine, 100 IU/ml penicillin, and 50 
ug/ml streptomycin. Expression of TLR2 was confirmed 
using an anti-TLR2 antibody (eBioscience) and FTTC-con 
jugated anti-mouse antibody, on a FACSCalibur flow cytom 
eter (Becton Dickinson). FIGS. 12 and 13 are plasmid maps 
of puNO-hTLR2 and pNF-kB-Luc, respectively. 
Measurement of G-CSF expression: To measure the 

secreted G-CSF from human monocytes and mouse mac 
rophages in vitro, cells were placed in serum-free DMEM 
medium and stimulated with the indicated ligands. Cell-free 
supernatants were collected by centrifugation at 1,000xg for 
30 sec and assayed for human or mouse G-CSF using ELISA. 
Human PBMC were used as 2x10 cells/ml/sample, and 
mouse BMDM were seeded at 10° cells/ml and used as 0.5 
ml/sample. To measure mouse plasma G-CSF, blood samples 
were collected and centrifuged at 1,000-2,000xg for 10 minat 
4° C. Plasma samples were appropriately diluted and then 
checked for G-CSF concentration using ELISA. To measure 
mouse G-CSF transcripts, mouse DMEM (10 cells/ml, 5 
ml/sample) were stimulated with 1 M SAA for different 
periods of time. Total RNA was isolated with an RNeasy 
isolation kit (Qiagen) and cDNA was prepared with Super 
script reverse transcriptase (Invitrogen). PCR amplification 
of G-CSF transcripts was accomplished with specific primers 
(F346: 5'-GAAGGCTTCCCTGAGTGGCT-3' (SEQ ID 
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NO:3) and R980: 5'-CAGGGCTCACTGATTTTTTGG-3') 
(SEQID NO:4), generating a 634-bp fragment. M-actingene 
(a 469 bp fragment) was used for verification of equal loading 
and of RT-PCR efficiency. Real-time quantitative PCR was 
performed on a ABI PRISM 7000 Sequence Detection Sys 
tem (Applied Biosystems) as described previously (He et al., 
2006). All data were analyzed with the ABIPRISM7000 SDS 
software (version 1.1). Relative level of mRNA for G-CSF 
was determined by normalizing with B-actin mRNA level. 
The sequences of the primers used are: F229 (5'-GGAG 
CAAGTGAGGAAGATCCAG-3") (SEQID NO:5) and R502 
(5'-ATCCAGCTGAAGCAAGTCCAAG-3') (SEQID NO:6) 
for G-CSF and F413 (5'-CCCTAAGGCCAACCGTGAA-3) 
(SEQ ID NO:7) and R882 (5'-CCAAGAAGGAAGGCTG 
GAAAA-3) (SEQID NO:8) for B-actin. 
EMSA: Nuclear extracts were isolated using the method of 

Dignam etal (Dignam et al., 1983) with minor modifications. 
For each sample, 5x10° cells were used. Radiolabeling of the 
NF-kB probe and CK-1 probe, binding reactions, electro 
phoresis, and autoradiography were conducted as described 
previously (He et al., 2003). 
ChIP assay: Reagents were obtained from Upstate Bio 

technology, and ChIP assay was performed as per manufac 
turers specifications with minor modifications. Briefly, a total 
of 1x10" RAW264.7 cells were harvested and resuspended in 
a serum-free DMEM medium absence or presence of 1 LM 
SAA, or 50 ng/ml of TNFC, and incubated for 30 or 60 minat 
37° C. Following stimulation, cells were crosslinked and then 
washed and resuspended in SDS-lysis buffer, and were soni 
cated (4 times for 10s each, with a setting at 4 on a Fisher 
Sonic 60 dismembrenator). Following centrifugation at 4°C. 
for 10 min, supernatants were diluted 1:10 with dilution 
buffer and were pre-cleared with salmon sperm DNA-satu 
rated Protein A beads for 30 minutes. Immunoprecipitation 
was performed by adding 3 g of polyclonal p65 specific 
antibody to the cell lysate overnight at 4°C. Specificity of 
interaction was verified via peptide competition for the anti 
body using a commercially available blocking peptide (721g) 
obtained from Santa Cruz, Biotechnology. Immune com 
plexes were precipitated by the addition of 50 ul of salmon 
sperm DNA-saturated Protein A and were washed with low 
salt buffer, high-saltbuffer, LiClbuffer, and Tris-EDTA. The 
complex was extracted with elution buffer and the formalde 
hyde cross-linking was reversed by heat. The samples were 
then treated with proteinase K and purified using a PCR 
purification kit (Qiagen). Input control DNA was prepared as 
well. PCR was then performed on the purified DNA. The 
primers used were F-346: 5'-AGCAGTCTTGATCTGAG 
CACCCAT-3'(SEQ ID NO:9) and R26: 5'-CTTCTGC 
CAGGGCCCAGCTC-3' (SEQID NO:10), which cover the 
region of murine csf3 gene promoter from -346 to +26 nucle 
otide that contains the CK-1 element. The PCR products were 
analyzed on a 2.5% agarose gel. 

NF-kB luciferase report assay. 
Methods for the generation of TLR2-Hella stable cell line: 

HeLa cells stably transfected with human TLR2 gene were 
generated by transfecting HeLa cells with the expression 
construct puNO-hTLR2 (InvivoGen, San Diego, Calif.; Gen 
Bank accession number for human TLR2 cDNA is 
NM 003.264) and selected with Blasticidin at concentration 
of 20 ug/ml for 2 weeks. The control HeLa cells were gener 
ated at the same time by transfecting with empty puNO 
vector. Cells were maintained in DMEM supplemented with 
10% heat-inactivated FBS, 2 mM L-glutamine, 100 IU/ml 
penicillin, and 50 g/ml streptomycin. Expression of TLR2 
was confirmed using an anti-TLR2 antibody (eBioScience) 
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and FTTC-conjugated anti-mouse antibody, on a FACSCali 
bur flow cytometer (Becton Dickinson). The TLR2-HeLa and 
control cells were then co-transfected with 5xNF-KB reporter 
plasmids (pNF-kB-Luc, Stratagene, Cedar Creek, Tex., cata 
log no. 219077) and empty SFFV vector bearing a neomycin 
resistant gene. The TLR2-Hella/NF-kB reporting cells were 
obtained after selecting with G418 at concentration of 400 
mg/ml for 2-3 weeks. Cells (5'10/ml) were grown in DMEM 
supplemented with 10% heat-inactivated FBS, 2 mM 
L-glutamine, 100 IU/ml penicillin, and 50 mg/ml streptomy 
C1. 

Methods for using HeLa cells in reporter assay: Mock 
transfected HeLa and TLR2-HeLa cells were maintained at 
~5x10 cells/well in six-well plates, transfected with plasmid 
expression vectors coding for a 3xKB-directed luciferase 
reporter, pCMVB vector DNA (Promega) and/or other 
expression constructs as indicated. Total DNA concentration 
was adjusted to 1 g/sample by addition of empty vector 
DNA. Transient transfection was performed using Lipo 
fect Amine Plus reagent (Invitrogen). Twenty-four hours after 
transfection, cells were serum-starved for 16-18 h, washed 
twice with PBS, and assayed with or without agonist stimu 
lation. All luciferase assays were performed with duplicate or 
triplicate samples, and 2-4 independent experiments were 
usually conducted. Normalized data were plotted using the 
Prism software (version 4.0, GraphPad). 

Assays for SAA-TLR2 interaction: The TL2:Fc fusion 
protein was generated such that the N-terminal 588 amino 
acids of human TLR2 protein were fused in frame with the Fc 
portion of mouse IgG2a. The cDNA encoding for the result 
ing chimeric protein was cloned in pFuse-Fc vector (Invivo 
Gen), and transfected stably into CHO cells. The fusion pro 
tein was purified from cell culture supernatant by standard 
protein A affinity chromatography and eluted with 0.1 mM 
glycine (pH2.2). High binding EIA/RIA plates (Corning) 
were coated with increasing concentrations of SAA (Pepro 
Tech), Pam CSK4 (InvivoGen), or LPS from E. coli strain 
01 11:B4 (Sigma-Aldrich) overnight at 4°C. and blocked with 
1% BSA in DPBS (Invitrogen) for 1 h, prior to incubation 
with 2 ug/ml of TLR2:Fc fusion protein for immunoadhesion. 
After 3 times wash with PBST (0.1% Tween-20 in DPBS), an 
HRP-labeled anti-mouse antibody (Calbiochem) was used 
for detection of captured TLR2:Fc with the appropriate chro 
mogenic substrates (Invitrogen). Absorbance at 450 nM was 
measured on a SpectraMax 340 plate reader (Molecular 
Devices). Each experiment was performed in triplicate. 
SAA-induced neutrophilia: For analysis of SAA-induced 

neutrophil increase, SAA was injected Subcutaneously into 
both G-CSF deficient (csf3) (n=5) and csf3"" (n=5), age 
and sex-matched littermates (8-9 weeks, male), at doses of 
120 ug/kg/d in 200 ul PBS. SAA was administered daily for 
7 consecutive days (168 h). Blood samples were collected 
before and at 48, 120, and 168 h after the initial SAA injec 
tion. Age and sex-matched mice of both tir2 (n=7) and 
C57BL/6 (n=7) were also used for this experiment. Blood 
was collected by eye puncture using heparinized capillaries 
and placed into EDTA-treated tubes. Total white blood cell 
(WBC) count and WBC differential count were determined 
using a Hemavet 950FS multispecies hematology analyzer 
(Drew Scientific). 

Statistical analysis: Data analysis was carried out using 
paired Student t-test, with P values less than 0.05 considered 
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statistically significant. The Prism software was used for sta 
tistical analysis (version 4.0, GraphPad). 

Example 3 

Additional Embodiments 

In one embodiment of the present disclosure, a method 
includes providing a composition including the expression of 
TLR2 with another TLR (e.g., TLR1) that is known to form a 
heterodimer with TLR2. The composition can increase acti 
vation of transcription factor in the plurality of cells after 
SAA stimulation. 

In one embodiment of the present disclosure, a method 
includes: providing a plurality of cells, each cell including a 
purified nucleic acid encodingTLR2; contacting the plurality 
of cells with SAA; analyzing changes in the phosphorylation 
pattern of signaling proteins including members of the MAP 
kinase family as an indication of cell activation; analyzing 
changes in the intracellular level of proteins including IKBC. 
as indication of signaling events leading to transcriptional 
activation such as NF-KB activation. 

In one embodiment of the present disclosure, a method 
includes providing a composition including the expression of 
a TIR domain deletion mutant of a TLR together with TLR2. 
The composition can decrease activation of transcription fac 
tor in the plurality of cells after SAA stimulation. 

In one embodiment of the present disclosure, a method 
includes providing an interaction of a molecule with SAA, 
and Such an interaction causes an alteration of the SAA 
induced, TLR2-dependent bioactivity such as NF-kB activ 
ity. The molecule includes high density lipoprotein (HDL), 
and mutation of Leucin-7 which is known to be critical to 
HDL binding partially alleviates this inhibition. The mol 
ecule can be a small molecule, a macromolecule (e.g., anti 
body), a peptide, and a nonpeptide, whereina Small molecule, 
a macromolecule (e.g., antibody), a peptide, and a nonpeptide 
can be naturally occurring or synthetic. 

In one embodiment of the present disclosure, a method 
includes providing a composition including fusion of the 
ectodomain of TLR2 to the Fc fragment of immunoglobulin 
for the measurement of the interaction of SAA with the 
ectodomain of TLR2. 

In one embodiment of the present disclosure, a method 
includes providing a composition including SAA fusion pro 
tein with GST including deletion of portions of SAA for the 
measurement of the biological activity of SAA. 

These are but a few examples of modifications that can be 
applied to the present disclosure without departing from the 
Scope of the claims. Accordingly, the reader is directed to the 
claims section for a fuller understanding of the breadth and 
Scope of the present disclosure. 
The Abstract of the Disclosure is provided to comply with 

37 C.F.R. S1.72(b), requiring an abstract that will allow the 
reader to quickly ascertain the nature of the technical disclo 
sure. It is submitted with the understanding that it will not be 
used to interpret or limit the scope or meaning of the claims. 
In addition, in the foregoing Detailed Description, it can be 
seen that various features are grouped together in a single 
embodiment for the purpose of streamlining the disclosure. 
This method of disclosure is not to be interpreted as reflecting 
an intention that the claimed embodiments require more fea 
tures than are expressly recited in each claim. Rather, as the 
following claims reflect, inventive subject matter lies in less 
than all features of a single disclosed embodiment. Thus the 
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following claims are hereby incorporated into the Detailed 
Description, with each claim standing on its own as a sepa 
rately claimed Subject matter. 
Upon reviewing the aforementioned embodiments, it 

would be evident to an artisan with ordinary skill in the art that 
said embodiments can be modified, reduced, or enhanced 
without departing from the scope and spirit of the claims 
described below. 
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SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS : 10 

<21 Oc 
<211 
<212 
<213> 
<22 Oc 

SEO ID NO 1 
LENGTH: 25 
TYPE: DNA 
ORGANISM: Artificial 
FEATURE; 

OTHER INFORMATION: oligonucleotide 

<4 OO SEQUENCE: 1 

aggaacagag attcc cc gat tt cac 

SEO ID NO 2 
LENGTH: 13 
TYPE PRT 

ORGANISM: ARTIFICIAL 
FEATURE; 
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- Continued 

&223> OTHER INFORMATION: SYNTHETIC PEPTIDE 

<4 OO SEQUENCE: 2 

Lieu. Glu Ser Ile Phe Arg Ser Lieu. Lieu. Phe Arg Val Met 
1. 5 1O 

<210 SEQ ID NO 3 
<211 LENGTH: 2O 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 3 

gaaggcttico Ctgagtggct 

<210 SEQ ID NO 4 
<211 LENGTH: 21 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 4 

Cagggct cac tatttitttgg 

<210 SEQ ID NO 5 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 5 

ggagcaagtg aggaagat.cc ag 

<210 SEQ ID NO 6 
<211 LENGTH: 22 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 6 

atccagotga agcaagtc.ca ag 

<210 SEQ ID NO 7 
<211 LENGTH: 19 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 7 

CCCtaaggcc aaccgtgaa 

<210 SEQ ID NO 8 
<211 LENGTH: 21 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 8 

cCaagaagga aggctggaaa a 

21 

22 

22 

19 

21 

26 
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- Continued 

27 

<210 SEQ ID NO 9 
<211 LENGTH: 24 
&212> TYPE: DNA 
<213> ORGANISM: ARTIFICIAL 
&220s FEATURE: 
&223> OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 9 

agcagt ctitg atctgagcac ccat 

SEQ ID NO 10 
LENGTH: 2O 
TYPE: DNA 
ORGANISM: ARTIFICIAL 
FEATURE: 
OTHER INFORMATION: OLIGONUCLEOTIDE 

<4 OO SEQUENCE: 10 

Cttctgc.cag ggcc.ca.gctic 

What is claimed is: 
1. A method for identifying a TLR2 antagonist comprising: 
providing a composition comprising a candidate TLR2 

antagonist; 
contacting a TLR2 polypeptide comprising a TLR2 extra 

cellular domain with a serum amyloid A (SAA) 
polypeptide in the presence of the composition; and 

determining binding of the TLR2 polypeptide to the SAA 
polypeptide, wherein a disruption in binding of TLR2 to 
SAA compared to TLR2 binding to SAA in the absence 
of the composition indicates the composition is a TLR2 
antagonist. 

2. The method of claim 1, wherein the candidate TLR2 
antagonist is selected from the group consisting of a small 
molecule, a macromolecule, a peptide, and a nonpeptide, 
wherein the Small molecule, macromolecule, peptide, and 
nonpeptide can be naturally occurring or synthetic. 

3. The method of claim 1, wherein the composition further 
comprises a pharmaceutically acceptable carrier. 

4. The method of claim 1, wherein the TLR2 polypeptide is 
expressed on the Surface of a cell. 

5. The method of claim 4, wherein the TLR2 polypeptide is 
expressed from a cDNA encoding full-length TLR2 
expressed in the cell. 

6. The method of claim 5, wherein the cell further com 
prises a nucleic acid encoding a plurality of NF-KB binding 
sites operably linked to at least one expression control 
sequence and a reporter gene. 
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7. The method of claim 6, wherein the reporter gene is 
luciferase. 

8. The method of claim 6, wherein determining the binding 
of the recombinant TLR2 polypeptide to the SAA polypep 
tide is by detecting expression of the reporter gene. 

9. The method of claim 5, wherein determining the binding 
of the recombinant TLR2 polypeptide to the SAA polypep 
tide is by detecting the expression of a SAA-inducible protein 
produced by the cell. 

10. The method of claim 9, wherein a SAA-inducible pro 
tein produced by the cell is a proinflammatory cytokine in the 
cell. 

11. The method of claim 10, wherein the cytokine is 
G-CSF. 

12. The method of claim 1, wherein the recombinant 
polypeptide comprising a TLR2 extracellular domain is fused 
to an antibody Fc fragment. 

13. The method of claim 12, wherein determining the bind 
ing of the recombinant TLR2 polypeptide to the SAA 
polypeptide is by ELISA assay. 

14. The method of claim 2, wherein the candidate TLR2 
antagonist is an antibody. 

15. The method of claim 1, wherein the SAA polypeptide 
is a recombinant SAA polypeptide. 

16. The method of claim 15, wherein the recombinant SAA 
polypeptide is fusion protein. 

k k k k k 


