How do primitive metazoans survive without
an acquired immune system?
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Dscam, a Secreted Opsonic Protein with
Extensive Alternative Splicing in Drosophila

The Innate Immune Response




The Innate Immune Response is Conserved

Lipopolysaccharide is Composed of
Lipid and Polysaccharide




Collectins and Innate Immune Recognition
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The Scavenger Receptor Superfamily
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History of Endotoxin Research
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infection is” poisonous” (red); search for poisons culminating in the identification of endotoxin (green); the chemical and biological
characteriztaion of endotoxin (orange); the identification of the endotoxin receptor and its role in promoting the immune response (11rple)
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adaptive immunity

Ruslan Medzhitov-
& Charles A. Janeway Jr-

Section o Inmunobiloy, Yale UriversitySchool of Medicine,and * Homard
Hughes Medical Insttute, New Haven, Connecicut 06520-8011, USA

reston-Hurlburt

Induction of the adaptive immune response depends on the
expression of co-stimulatory molecules and cytokines

e procsting ol The macheaiems tht cnirl the ol al
induct erstood.

hain (Fi wellas a LINE-1 reverse |
e px:udegu\: in the 3-UTR. Alignment of the
of the human and Drosophila Toll proteins shows that
Tnre s homology over he enir engh o the protin s (F.
201, Notsbl, e imlariy bewen the ertoplaani domans b
bigher than beween the buman prteins Tl and IR (not
shown). The extra fhuman Tl (1) conmi
51 tandemly repeted eaciné rich motis separated by 2 n0n.
Seion,simiar toDrysophla ol (4Tol) A e N ermimaendr
the LRR domain there s a 31-amino-acid long N-flanking ségion
that i also present in several other LRR-containing; proteins, for
e RP105, T d Biglycan'”. The C. the

LRR domain is flanked by a cysteine-rich domain which is also
preen in dToll andsomeathertrsmenine rotins
resion pattern, of holl, a 720-bp cDNA
B e i coaslling pola)
RN from severl organs. Modorgans expresed o mRNA
species one of =5 Klobases %) g redompant in most G560

by pmpnsnd that their expression is poosler by the

Iegth o the <DNA e e loned.Theower band vas 416 long

ponent i in

enbrue' We epot bere the aning and characterzaton of
i Baclof o o rosophila toll protein (Toll) which
adult

|
e S diflznt mouse and uman i e
b using PCR i

I} Tollgene |

A o i e the (RTPCR)

Drosophila™. L fila Toll, human Toll is o type 1 Sepdierl y/ET(d\x,ThlandTl\Zu/B'{mlkzsm.\\lxmenma.\
an extracellular

ofa i

QL1 rcepor Bth Drosophil Tolland th [L-1 et

own 1o signal through e NF-<B pathway™" Weshow that
constitutively active mutant of human Toll {ransfected. into
human cell lines can induce the activation of NF-xB and the

Kines IL-1, IL-6 and IL-8, as well as the expression of the co-

i
in other tissues may be due to the presence of macrophages and
dendriic el in which i could o
inf

the conserved NF- NE-
& biquitous ranscrpton o

To characterize hToll functions Aml see whether it can induce
transcription of immune response genes like dToll, we generated a

naive T cels.
Toll Drosoph

positive mutant of HTol because the matura lgand of

we made formation from dTol: analysis of ventra-

Tn'adult Drosophi
pathway participates in an anti-fungal immune response’. Signal-
lnghrough Tl il thesipaln vy inducedb the -
n cell: L-1R signs
NFRE iy and Dor and b i Cacms are home-
Togous (0" NF-«B and 1B proteins, respectively*”. Morcover, the
plimic domalh of Drpile Toh i homslogess 10 the
cytoplasmic domain of IL-IR (ref. 9). Remarkably the tobacco-

s appcars tha the immine csponse e edined by ol
ts an ancient host defence mechanism To inves-
st the possbiy hat wis p.lmway e s Tk he
immune system of vertebraes, sequence and  patt
carches o the expresed-sequence mg (EST) database at the
National Center for Biotechnology Information (NCBI). A search
yith s seguence ol fthe TIL R ignling domain ds-

e lerlen lbrary Cenbanh scomson mmber Hoteln
<omsponding to cone 202057 fom the IMAGE consortim”);
Sequencing of his lo sembidl e 3
e reion (U8 e th-C i the o
icgon of the mesenger RNA. A gt of the cone et
by using ton (PCR)

ling the activity of dToll in signal transduction. In three dominant

pats

Npotn

Figure 1 Ancier immuna dofance systems of plans, nsacts and verisbrares. A

Buman spee complementary DNA ey by hvbndvuhon‘ and

wsedinplans, Inmammals,

e ot B <DNA clone

o

h (bp)
contained an open reading frame of 2,523 bp which encoded an

308

eystinerich domain: whita llpsoids, immunogobulin domais.

NATURE]VOL 3824 JULY 1997

Timeline | Discovery In the endotoxin fleld

Henla and the

A Re-interpretation of the Endotoxin Research Timeline

Use of adjuvant
to stimulate the
immune response

Coley abssrves fumaur rec
inchucer by bacterid toxire

—
Discovery of the NF-xB
signaling pathway by Toll
in Drosophila by
Hoffman and colleagues

Molecular basis of
adjuvant discovered
by Medzhitov and Janeway

“Infectious-non-self”
model of immunity
described by Janeway

Primary TLR2 s the

Erieger describes

peecns in Hlection ‘ol

| puifies 'sapsil

==

‘Cerarri dascribes the pyageric
affact of bactsrial osie.

structure of
LPS reported|

syriresi
ipid

receptor
for PG

1894

1947 1965 1966 1978 1985 1990 1988 1999 2004 2002

Pasteur, Koch:
the germ theory
of disease

infection is” poisonous” (red); search
oh .

The post-microbial era began with the discoveris of Koch and Pasteur (1865). Four phases of discovery are depicted: the recognition that
for poisons culminating in the identification of endotoxin (green); the chemical and biological
aracteriztaion of endotoxin (orance); the identification of the endotoxin receptor and its role in promoting the immune response (pir/c)

TLRE in ths recepior for flael
TLRD s theraospior for GpG DNA

LPS=TLR4 I

Discovery
of CD14




TLR Signaling: Not So Simple
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Positive Feedback Loops in Innate Immunity
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Recruitment of TLR2 to Yeast Phagosomes

Phase Contrast

Specificity of TLR Transcriptional Programs

Pegtidoglycan
ipoproluns Flagellin CDG LFS

4
LR | TLRS
~!—~ Tissue
C rnacmphaga

dendrllic dell

10



NOD Proteins:

Intracellular Peptidoglycan Sensors
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Mutations in Pyrin, Another CARD-containing
Innate Immune-like Protein,
is Responsible for Familial Mediterranean Fever
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The Dendritic Cell and Development of
The Primary Immune Response
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Dendritic Cell Maturation
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The Innate Immune Response Orchestrates
DC Trafficking to Secondary Lymphoid Organs
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Functional Differences Between
Immature and Mature DCs
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The Early Antiviral Response:
Cytokines of the Innate Immune System
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The Antiviral Response: a
Cascade of Transcriptional Events

Some targets of IRFs
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Summary

1. Innate immunity is conserved throughout evolution and is triggered by recognition
of repetitive molecular patterns (e.g., LPS) by “pattern recognition receptors.”

2. Collectins (e.g., SP-A, C1qg, MBP) recognize carbohydrates on pathogen surfaces
and perform multiple anti-microbial functions (e.g., opsonization). Collectins are
essential for innate immunity, but also help clear apoptotic debris.
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