Biologists reveal the proteins that first see

dangerous microbes

bout 3 weeks after a 4-year-old hoy
visited the emergency room for a

T -nagging eye infection—which dec.
tors easily cured—the boy's mather
arrived at the same Canadian hospital.
She was infected with the same bacteri-
um, though it had done much maore than
redden her eyes. She showed signs of
shock: plummeting blood pressure and a
racing heart.

Physicians suspected sepsis, the de-
structlive overreaction of the immune sys-
tem to an overwhelming bacterial infec.
tion of the bload. They gave Lthe woman
massive doses of antibiotics, but it was
too late. Just hours after arriving at the
hespital, she died.

Both mother and son had heen infected
with Neisseria meningindes. Why had the
boy beat the bacterium but his mother
had succumbed? No one knows for sure,
but the answer could Jie in the two having
hail differences in certain proteins that
stud the surfaces of white bload cells,
These so-called tolllike receptors, or
TLRs, are the key sonsors guiding the

BUAYE initial reaction to bacteria, viruses,

or fungi. Scientists call this first line of de-
fense the innate Immune response.

Gver the past 4 years, scientists have
found that T1.Rs respond to microbial fea-
tures such as a bacterium’s ceil wall, tail,
ar even its DNA. In doing so, the recep-
tors trigger white blood cells to engulf
and kil infectious ricrobes or to signal
other imrnune cells to rally to the cause,

Tolllike receptors are the “eyes of the in-
hate immune system,” according to Bruce
Beutler of the Scripps Research Institute in
La Jella, Calif. “These receptors are the
main way that the innate immune system
sees pathogens. That had been a biy niys-
tery for the last 100 years or so," he says.

The recent discovery of the husnan ver-
sions of these immune sensors has ignited
aresearch frenzy. “The number of papers
that have besp published on toll-like recep-
tors in the last 2 years is astounding. It's
hard to keep up,” 5ays Steven R. Kleeberg.
ar of Johns Hopkins University Schoal of
Public Health i Baltimore.

Insights from TLRs could help immuy-
nologists tight sepsis or design vacceines
that ward off infections in the first place.
Someday, profiting a person's TLR genes
“could tell who's at risk to get sepsis,”
suggests Beutley, Moreaver, drugs that
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block TLRs may stup the immuone overre-
action respaonsible for sepsis or thwart
other disorders of the immune system
The field is “moving at the speed of
light,” says Fabio Re of DanaFarber Cancer
Institute in Boston. T scientists’ surprise,
they have even found that TLRs show up
on fat cells (see box, pate 153), may play a
role I premature bivths, and may con-
tribuite to lung damage from air pollution,

bout a century ago, Russian biojo-
gist Elie Metchnikoff olfered the

<7 first glimpse af the innate Imiamuie

system when he reported that a thorn
stuck in a starfish was rapidly surround-
ed by amoeba-like cells. Tn people, white
blood cells called macrophages, ne-
trophils, eosinophils, and dendritic cells
lead this front line of immunity.,

Steinman/Rockefeller Uriversity

The innate immune system depends
upon white hiood cells called
macrophages (balls) and dendritic ceiis
(sail shapes}.

While these soldiers of the jnnate im-
mune system can sometimes Jend off in-
vading microbes on thejr own, they oiten
simply hold the pathogens in check until
the adaptive, or acquired, immune sys-
tem comes to the rescue, This later phase
of the immune response depends upon
socalled T and B cells.

Traditionally, immunology researchers
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have focused on adaptive iminnnity, a

bias that Douglas T Fearon of the Unjver. .

sity of Cambridge in England noted sever.
al years ago. "Despite jts evelutionary
success, innate immanity has been treat-
ed with condescension by immunologists.
It has been considered a stopgap mea-
SUre, atemporary expedient for host de-
fense, buying tine until acquired irmuni-
ty took over” he remarked. "I short,
innate immunity was unsophisticated, un.
intetligent, indiscrest, and obsolescent.”

With the discovery of TLRs in the 1990s,
that viewpoint has itself become obsalete,
Fearon and other immunologists argue,
They contend that the innate system naot
only calls forth the adaptive systern but
provides it with chemical cues that tailor
the response of T and B cells. “It's sbsolute-
ly clear that the triggering of the innate im-
MUNe System is a required first stepin the
recruitinent of cells of adaptive mmunity
and in the training of those colls to see
things," says David M, Underhill of the Uni
versity of Washington in Seattle

The original receptor named Toll was a
fly protein first found to have a role in de-
velopment, not immunity. Then, scien-
tists observed that flies with a mutation
in the protein’s gene were unable to fight
off fungi. Further investigation reveaied
that the ity protein recognizes a separate
insect protein producer during a fungal
infection and in turn, activates the fiy's
immune response.

In 1997, a group ted by Charles A.
Janeway Jr., a Howard Hughes MsdicaT .
stitute” mvestigator at Yale University,
identified the human version. of this re-
ceptor. Its activation in a human immune
cell triggers the syathesis of molecules
called cytokines, which contribute to in-
flammation, his team found. Moreaver,
the stimulated immune cell produces an-
other protein that activates quiescent T
cells. In short, this work suggested that
TLRs link the innate and adaptive arms of
the human immune system.

Despite their recent discovery, the re-
Ceplors appear to have a long history,
notes Robert Madlin of the University of
California, Los Angeles. Related mole-
cutes help plants fight off infections, so
TLR ancestors were probably present
hundreds of milliong of years ago, before
plants and animais evolvad into scparate
kingdoms, he explains.
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sts foilowing up on Janeway's
on discovered that the human
contains at least 10 genes encod-
SRS, Jnvestigators quickly‘confirn_xed
“ir[ Rs in mammals help innate im-
|ls recognize pathogens.

o's group, for example, studied
pt . MiCe that don't respond to
O]ysaccharide, or'l;lii a cell wall
aponent of certain bacteria. The mice

re suscaplible to infection by LPS-
(ing microbes than other mice are. In
%1008, the scientists discovered that their

e tolerant mice had mutations in the
“se gene that corresponds to TLR4,
i human gene originally identified by
aneway and his colleagues. LPS is also
srnown as endotoxin because it's impor-
t in sepsis. When the mammalian
ody reacts to LPS, the immune system
oes into overdrive, releasing a flood of
ytokines that produce fever, shock, and

en death.

e realized that toll-like receptor 4
“was the endotoxin receptor,” says Beutler.
- Jmmunclogists now conclude that
R4 and at least one other protein form
2 complex on immune cells that binds to
PS5 and goads the cells into action.

Different TLRs seem to recognize dis-
1" tinct microbial features. For example,
. TLR2 was once thought to recognize LPS
also, but recent studies have linked it in-
stead to other molecules made by a vari-
“ely of bacteria, including the ones that

cause tuberculosis. And in the April 26
SciEncE, Underhill and his colleagues pre-
sented evidence that TLRS detects fla-
gellin, a protein found only in the whip-
like tails of many bacterla.

Last year, a research team led by
Shizuo Akira of Osaka University in Japan
reported that TLR? helps the human im-
mune system recognize bacterial DNA.
Scientists have sought to exploit this un-
usual capability by creating vaccines

g
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arate made of pure DNA (SN: 12/4/99, p. 385),
““5?1 ‘ but such vaccines tend to work better in
ly's mice than in people.
OfHering an explanation, a German re-

s A search team reported in the July 31 Pro-
3‘.1“' CEEDINGS OF THE NATIONAL ACADEMY OF SCI-
sity, ences that the two species have slightly
P re- dissimilar TLRYs and recognize different
une bacterial TINA sequences.

Hes o

in- a

rer,

an-

T

at

of k

e.

4 ‘

of : '

)

s
In a process cailed phagocytosis, this
mouse cell enguifs a bacterium. Toll-like
receptors may help such cells recognize
microbes.
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Immune. receptors offer new view of fat cells -

Scientists are rethinking the [at cell, and the newly discovered tolldike receptors
may play an integral part in that reevaluation. e S B

.

LI

Until recenly, biologists considered fat cells relatively uninterestirg. “For decades,

they were pretty much viewed as fat blobs,

as inert storage compartments for trigyl- :

cerides,” says Philipp Scherer of the Albert Einstein College of Medicine inNew York. .=
That worldview shifted in 1994, when scientists discovered that fat cells secrete
leptin, a hormone that travels to the brain and regulates feeding (SN: 12/3/94, p- 372).

All of a sudden, fat was seen as an endocrine organ. .. - 0. 00U T hahs g e T
© Now, says Scherer, there's growing evidence that fat cells can do inany of the -
things that immune cells so. For example, they-can release and respond to the chemi- !
cals called cvtokines, which regulate the immune systeru, particularly the inflamra-

tory reaction. -

Last year, Scherer’s group reported th

at faf-ééiié m.éke TLRA. 'M'dreé;;ér, when

the researchers exposed fat cells to lipopolysaccharide (LPS), one of the bacterial
components that activates TLR4, the ceils began to'make a related receptor TLRZ, |

and to synthesize secreted immune molecules such as interleukin-6.

Scherer plans to test whether LPS-activated fat cells produce small, pathdgen—
killing proteins called antimicrobial peptides. He's also curious whether fat cells can -
swallow and kill microbes as the immune cells called macrophages do.“We basically =

view the fat cell as an extremely fat macrophage,” he says.

- orting out what microbial fea-
tures a white blood cell’'s TLR
u detects will take some time. The
complexity of the situation has grown
with the discovery that different TLRs
may work together.

Last December, Underhill and his col-
leagues demonstrated that TLR2 can pair
with TLRS to recognize different bacterial
proteins from those that TLR2 alone de-
tects. If such pairings are common
amnong the 10 or so known human TLRs,
combinations of the receptors may be
able to distinguish a far greater variety of
microbial parts than single receptors do.

“That changes the thinking [about
TLRs] a great deal,” says Underhill.

A looming controversy for those work-
ing on TLRs is whether the proteins re-
spond to products of the mammalian
body itseli. Several research groups have
reported TLR reactions to products of
mammalian cells: molecules called heat-
shock proteins and specific fragmerts of
the blood-clotting protein fibrenectin.

Why would the receptors react to such
products? One explanation may li¢ in the
controversial “danger hypothesis” put
forth by Polly Matzinger, an immunolo-
gist at the National Institutes of Health in
Bethesda, Md. She challenges the tradi-
tional notion that the immune system
distinguishes between self and nonselt
and responds directly to the latter. She
argues, instead, that the ilnmune system
reacts to microbes only when danger sig-
nals have been released by infected or in-
jured cells.

Damaged cells discharge heat shock
proteins and fibronectin, providing a pos-
sible connection between TLRs and
Matzinger's ideas. "Besides sensing dan-
ger from the outside, they may see dan-
ger signals from the self,” says Modlin.

Other researchers say it’s difficult to
establish that TLRs recognize mam-
malian molecules. “I don't think the evi-
dence is good enough yet,” says Beutler.
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‘ hatever molecutes induce TLRs
{ to action, researchers are striv-
ing to understand what hap-
pens next in the immune respense. In the
Feb. 23 Scince, for example, Medlin and
his colleagues showed that activating one
TLR leads directly to the death of a
microbe. They reported that triggering
TLR2 on macrophages infected with the
tuberculosis bacterium prompts the
immune cells to destroy the pathogens .

Of perhaps greater interest is the link
that TLRs provide between the innate
and adaptive immune systems. [n the
simplest scenario, the innate immune
cells could send up a generalized distress
call for T and B cells. There are hints of
greater sophistication, however.

In a paper recently pubiished online by
the JOURNAL OF BlorocicaL CHEMISTRY, Re and
his colleague Jack L. Strominger report
that dendritic cells of the innate immune
system behave differently depending on
whether their TLRZs or TLR4s are trig-
gered, Activate TLR2 on the white blood
cell’s surface and it releases one broth of
immune molecules; stimulate TLR4 and
the dendritic cell secretes a ditferent soup.

Re calls the dendritic cell the “orches-
tral conductor” of adaptive irnmunity, not-
ing that the chemicals secreted by it
shape the manner in which 't and B cells
act. Consequently, dendritic cells, through
the activation of their various TLRs, may
inform the adaptive immune system what
type of pathogen has invaded and guide
the body's overall response.

Figuring out the roles of all the TLRs
and learning how to stimulate them artifi-
cially may open up new ways to combat
infections and improve vaccines. "We will
be able to tailor a specific immune re-
sponse,” suggests Re.

On the other hand, in diseases such as
sepsis, in which the immune response is
the problem, activating TLRs is the last

Continued on p. 158
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TOLL-LIKE RECEPTORS AND INNATE IMMUNITY

CYTOPLASM

HNUCLEUS

Tolt-like Receptor Signaling Pathway

Innate and Adaptive immunity

The immune sysiem is divided into two parts, the innate and adaptive systems.
The adaptive immune response depends on B and T lymphocytes which are
specific for particular antigens. This system invotves clonal selection of antibody
producing B cells to respond to foreign antigens, and works weli, but has a major
limitation in that it takes from 4 to 7 days 1o ramp up. In that time period, patho-
gens could overwhelm the organism.

In cantrast, the innate immune system is immediately available to combat threats,
There is no complicated methad of selecting cells that react to foreign substances
from those that react to seld. There is no memory to change how the system
responds to the same threat upon the second or third exposure. Instead, the
Hnate immune system responds 1o common structures shared by a vast majerity
of threats. These common structures are called pathogen associated molecular
pattems, or PAMPs, and are recognized by the toll-like receptors, or TLRs. In
addition to the cellular TLRs, an tmportant part of the innate immune system is the
humoral complement system that opsonizes and kifls pathogens through the PAMP
recognition mechanism.

PATHWAYS

These highly conservad soluble and membrane bound proteins are collectively
called Pattern-Recognition Receptors (PARs), and it is the PAMP/PRR interaction
that tsiggers the mnate immune system. While the history of TLR-dependent
observations goes back 100 years, most of the definitive work started about fifteen
years ago. A tremendous amount of work has been done during this time,
including the discovery of other PRR pathways. The cytosolic NOD {nucleotide
oligomerization domain) proteins have been shown to be impartant innate immune
BSponse components.

Figure 1: Binding of a Pathogen via lts PAMP {Palhogen Associated Motecular Pattesn}
to a TLR's PRR {Pattern Recognition Receptor) Domain. The Extracellular Leucine-Rich
Repeats of the TLR, constitute the PRR Region.

Toll-like Receptors (TLR)

TiRs are transmembrang proteins exprassed by cells of the innate immune system,
which recognize invading microbes and activate signaling pathways that launch
immune and inflammatory responses to destroy the invaders. Tofl receptors were
firstidentified in Drosaphila. tn mammais, the TLR family includes eleven proteins
{TLERT-TLR11). Recently, two new members, TLR1Z and TLR12 have been discov-
ered in musine celts, but not much information is known ahout them. Mammalian
TLRs consist of an extracellufar portion containing leucing-rich repeats, a
yansmembrane region and a cytoplasmic tail. catled the TiR {ToR-IL-1R
(Interleukin-1-Receptor)}) homology domain. Different TLRs serve as receptors far
diverse ligands, including bacterial cell wall components, viral double-stranded
RNA and small-molecule anti-viral or immunomodulatory compounds [Table 1},

Activaticn of TLRs occurs after binding of the cognate ligand 1o the extracellular
leucine-rich repeats portion of the TLR. In humans, TLR1, 2,4.5 and 6 are outer
membrane associated, and respond primarly 1o bacterial surface associated
PAMPs. The second group, TLR3,7.8 and 9 are found on the surface of endosomes,
where they respond primarily to nucleic acid based PAMPs from viruses and
bacteria. Upon binding with their cognates, TLRs activate two major signaling
pathways. The core pathway utilized by most TLRs leads to activation of the
transcription factor NF-xB {Nuclear Factor-«B) and the MAPKs (Mitogen-Activated
Protein Kinases) p38 and JNK (c-Jur N-terma! Kinase).

The second pathway involves TLRI and TLR4 and lzads to activatian of both NF-xB
and another transcription factor IRF3 {Interferon Regulatary Factar-3), atlowing for
an additional set of genes 10 be induced, including anti-virat genes such as IFN-B
(Interteron-Beta) and others {1). The innate immune response is a complex set of
interactions that have evalved to optimize the response to pathagens. While the
structure of the TLRs has been highly conserved, the innate immune response for
gach organism has selectively been driven to best protect against the pathogens
found in the host’s environment.

888.503.3187



Yabte 1: The TLRs and Their Pathogen Derived Activators (2).

PAMP . PRR

Pam3CSK4, PG
Zymosan et &

Pathogen

TLR12.6

LPS, Lipid A TLRY
Flagetin TLRS

asRMA TLR3
sSRNA TLR7 8

CpG DNA TLR9 Bacteria, DA

Innate Defense Against Bacteria

As shown in Table 1, the defense against bacteria involves all the TLRs except for
3.7 and 8 which are virus specific. Gram positive ang negative bacteria ditfer in
their surface PAMPs and bind to different TLRs. The specificity of the TLs for
bacteria! cell wall fragments has just recently been established, as early reports
were later found to be due to trace contaminants.

The signal transduction pathway for TLR4 activation by LPS (Lipopolysaccharide}
serves as a representative example of the surface bound TLRs (see the opening
illustration of the pathway.

LPS first binds to the CD14 (Cluster of Differentiation-14} receptor, which then
transfers it to TLR4. TLR4 homodimerizes and forms a complex with the protein
MD2. Cells need bath MD2 and TLR4 in order ta recognize LPS. TLR4 activation
engages a set of MyD88 tMyeloid Differentiation Primary-Response Protein-88}
adaptar family members, including TIRAP, TRIF, TRAM (all theee are TIA domains
containing adaptar proteins) and MyD88. This pattern of activaticn is general for
cell surface TLRs, but the subseguent intracetlular signal cascades. which include
a number of transcription factor activations, are unigue for each TLR. This results
in a response that is appropriate to each threat (1),

TLR? is activated by bacterial LAM {Lipoarabinomannan), BLP {Bacterial Lipopro-
tain), and PGN {Peptidoglycans). LAM and PGN act on TLRZ through the CD14
receptos, similar to the process followed by the TLRA with 3 simitar downstream
effect. BLP mediates both apoptosis and Nf-B activation through TLRZ. TLRZis
also responsivle for the recognition of the Yeast cefl-wall particle Zymosan.
Zymosan acts through the CD14 receptor to influence TLR2. The phagocytosed
TLRZ vessicle signals the production of TNF {Tumor Necrosis Factor), through the
NF-kB pathway. TLRG assaciates with TLRZ and recognizes diacylated MALF?2
{Mycoplasmal macrophage-Activating Lipopeptide-2 kD). Like TLR4, they also
signat through MyC88 and TIRAP. PI3K {Phosphatidylinositide-3 Kinase), RiP2
{Receptor-Interacting Protein-2) and Rac [Ras-Related C3 Botulinum Toxin
Substate} are alse involved in TLRB-TLR2 mediated signating. TLR1 aiso
associates with TLR2 and recognizes the native mycabacterial 19-kDa lipoprotein
along with TLRZ. TLRT-TLR2 also signals through MyDB8, TIRAF, P13K, RIPZ and
Rac. TLR1 and TLRG may participate in the activation of macrophages by gram
positive bacteria. TLRS is a signaling mediator of bacterial ffagellin, thus activat-
ing NF-B and may play a role in resistance to Salmonella intection {3). Human
TLR1Q is an orphan member of the TLR family. Genomic studies indicate that
TLRD is in a locus that also contains TLR1 and TLRG, two receptors known to
function as coreceprors for TLRZ. TLR10 not only homodimerizes but also
heterodimerizes with TLRs 1 and 2. It has been found to activate gene transceip-
tion through MyDB8. TLRS is responsible for the recognition of CpG islands of
bacterial DNA. The extracellular CpG fragment may activate TLRY, thus inducing
the endocytosis of the DNA along with TLRY, or perhaps the bacteria is phagocy-
tosed and TLR9. which has separately formed an the phagosome, is activated by
the CpG istands; whatever the exact method, TLRY activates the NF-«B pathway
fram the endocyiosed vesicle. Recently IRF8 (Interferon Regulatory Factor-8) has
been shown to be activated by TLR9 through MyDS8 (3)

Int AR?.Q200

COVER STORY:

Co-receptors on TLR-bearing cells play a critical rote in the intlammatory response.
in monacytes fos exampie, the CD36 and CD14 co-receptors are necessary for the
TLRZ response to gram positive bacteria.

The continued arms race between bacteria and immune defense mechanisms is
demonstrated by pyloric bacteria, which have evolved a modified flagellum that
evades detection by TLRS, helping this pathogen 1o establish residency in the
marnmatian digestive system.

Figure 2: The Flagella of H. pylori (Helicobacter pylori) Does Not Activate TLRS dus
to Sequence Changes in the Flagellar Protein That Prevent Detection by TLRS.

r

In addition to the TLRs, two NOD {nucleotide oligomerization domain) proteins in
the cytoplasm, bave recently been found to play an important role in the innate
defense against E. coli & S. aureus. The NOD proteins contain leucine-rich repeats
very simitar to those in TLRs that recognize specific components of these bacteria
(diaminopimelic acid) and form a cytoplasmic signaling platferm with other pra-
teins known as the inflammasome. This signaling teads to IL-1 & IL-6 production.

Recently it has been argued that whilg it is well established that a strong innate
defense response to bacteria is essential far survival, the most impartant role of
this TLR activation in the long term, may be in the induction of the adaptive immune
response. This is discussed further in the three sentinal cells section.

Innate Defense Against Viruses

Viral nucleic acids contain PAMPs that are recognized by intracellular TLRs. These
TLRs are located on the intracellular endosome membranes. The TLRs found on
endosomes are TLR3, TLR7, TLRB and TLRY. TLR3 activaies immune cells in
response to double-stranded viral RNA. The stimulation of the TLR3 triggers TRIF
activation that ultimately activates the IRF3 transcription factor through TBK1,
independent of MyD8B. This leads to the secretion of IFN-B TRIF also activates
RIP1 (Receptor-Interacting Protein-1) and TRAFG, which may further activate the
NF-xB pathway. Small anti-viral compounds activate immune cells via the
TLR7/MyD88-dependent signaling pathway. TLR7 binds MyD88 and activates IRAF
and TRAFE. TRAFS then activates TANK {alsa known as I-TRAF) TANK interacts
with TBK1 and IKX- to activate IRF3. TLA7 or TLRB may also activate IRF7 through
interaction of MyDB8, BTK and TRAFG, thus inducing anti-viral 1esponses by
groducing IFN-a {Interferan-Alpha). Recently, Mouse TLR11 has been identified as
a participant in defense against uropathogenic bacteria. The ligands for Mouse
TLR12 and TLA13 are curently unknown,

It should be noted that only glasmacytoid ceils use the TLR pathway for viral
defense. Other cells use RIG1 (retinaic acid inducible gene1)ike helicases {RLHs)
to recognize viral PAMPs which results in primarily an IFN response (4,5). The fact
that plasma cells utilize TLRs suggests that the TLR-gdependent response to viral
infaction is hoth important far immediate viral protaction, as welt as the activation
of adaptive immunity via the inflammatery cytokines. A number of studies have
shown that a weakened TLR respense to particular viruses Jeads to poer antibody
& Tha responses, and the combination leads to persisient viral infections.
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innate Defense Against Parasites

The study of TLR activation in paras:tic diseases is just beginning, but these early
results indicate a significant role. Polymorphisms in TLRs have been linked with
the severity of systemic malariat infections. In contrast, an intact TLR signaling
system has been shown to contribute to the severe cerebral malariai tnfection
that is often lethal [B). This is an example of how a vigorous TLR response to a
parasite can lead to a more severe disease.

Iri leishmaniasis, which affects 10 million people, TLR? and TLR4 are required for
proper parasite control, due to the activity of inducible nitric oxide {iNGS}, A
second factor induced by TLR4 activation, neutraphil elastase, is also important
for the leishmanicidal activity of macrophages (7).

Toxoplasma gondii, the commen parasite causing toxoplasmosis in humans, binds
to the newly discovered TER11, which has ro other known ligands in humans.

T. gondii

Figure 3: TLR11 Recognizes and Is Activated by the T. Gordit Parasite.
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The Three Sentinal Cells of Innate Immunity and TLRs

TLRs are primarily found on macrophages, mast cells and dendritic cells. the
three sentinal cells of the innate immune response. [t is interesting that the
surface expression of TLRs in humans is highly variabie and this has been linked
to susceptibility ta infections {8). It should be noted that the activation of TLRs
oan these celts begis a complex set of signaling cascades that are not yet
completely understood. These interactions are not restricled to the innate im-
mune respanse. but they also play an important rofe in adaptive imimunity.

We are at an exciting point in immunclogical research, whera our knowledge of
the innate immune respanse, and how it guides adaptive immunity, may lead to
more effective treatments of immurological diseases.

~ Activaled -
v Dentritic
Cell :

PR >
PN

ADAPTIVE IMMUNE RESPONSE

Figure 4; The 3 Sentinal Cells, Dendritic, Mast, & Macrophages Protect Against
Pathogens. Dendritic Cells Also Are Critical in the Adaptive iImmune Response.

Fine Tuning TLR Activation

Unchecked TLR activation by pathegens can lead to serious medical conse-
quences, such as sepsis and autoimmune diseases. In the Tast few years,
negative modulators of TLR activation have been identified, and their important
role in reducing the inflammatory response has been demonstrated in animal
models {9-11). The TAM family members are one example.

The TAM family, has been fourd to be central to the fine tuning of the TLR
response. Loss of function of the three members of this family [Fyro3/Ax)Mer)
in a triple knockout mouse results in a profound dysregulation of the immune
response {10} This includes massive splenomegaly and lymphadenapathy,
lymphocyte infiltration into all tissues, and high levels of autcimmunity. Even a
single knockout of just Mer is sufficient to elevate susceptibility to LPS induced
shock via the TLR4 signaling. These mice have elevated levels of dendritic cells,
and the cells express elevated levels of activation markers, including MHC class
Hl antigens. This effect was not restricted to TLR4, as hypersensitivity to the TLR3
activator polyIC was also observed. While the details of the mechanisms for this
modulation of the innate immune respanse are not yet known, the TAM receptor
ligands GasB and Pro$, piay an important role. The inhebitory effect requires the
synthesis of SOCSY suppressor of cytoking signaling 1) which had been
previously identified in the cytokine response.  Further downstream, the
transcription of STAT1 was shown to be essential, as was the IFN receptor
IFNAR1
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Summary SABiosciences Toll-Like Receptor Research Products

Innate immumty is recognized to play an important role in the response 10 S$ABiosciences offers a number of research tools for the study of toll-like
challenge by pathogens. recaptors and their signating pathways:

The immune functions in which toll-like receptors play important roles include:

Technology _ Produet ~ . Catalog #
= PAHS-018
PARN-018

© Orchestration of the immediate tissue specific and globat response of the
innate immune system to pathagens. This orchesteation is driven primarily PARM-018
by cytokine and chemokine production {TNF, Interferons, IL-1, IL-2, IL-6. fL-8 e ” W : . PAHS-064
and 1L-12 among others] Perhaps the most important of these early signals UR hrray ) : ‘ L PALIM-064
are the chemokines that draw the phagocytes to the site of infection.

Toil-ixe Recep

PCR Array e,

PR Array
© Transition from innate to adaptive immunity. In addition to the rele in the i
innate immune response, TLRs have an important role in adaptive immunity
by activating antigen presenting cells, The cytokine signaling cascade
stimutated by TLR activation, begins a complex series of interactions that
has evolved in each organism to maximize the odds for survival. Among the
more imporiant of these signals is T cell differentiation and regulation.
TURs on dendritic cells in particular, are essential in the T-helper-1 {Ths]
versus Thz pathways {12} An important early companent of the Tht
response is the activation of cytotoxic T cells that helps to control the
infection {Fig 4).

Our knowdedge of the complex innate immune response is rapidly increasing. An
organism’s survival depends on a prompt response to pathogens, but itis equally
important to avaid unregulated inflammatian that can lead to dangeraus patholo-
gies such as sepsis and autoimmune disease. It is this fing balance between
protection and self-damage that drives the complexity of the innale immune

response. ,
coean CCS-0081

womye C0S-0694
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