Jlekums 1

BeeneHne B UMMYHOJIOMUIO
DBO/OLMSA UMMYHHOW CUCTEMBI.

Laboratory of Biocatalysis
Jlaboparopua buokaranusa

Institute of Bioorganic Chemistry RAS
NHcTuTyT Brooprannyeckomn xumun PAH

[[abnbos A.l.




~
o
O
o
C
-
-
£
U
o
|
D
-
-
SO
O
-
)

Edward Jenner




smallpox vaccine, the world's first vaccine.
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OnpeaeneHne MMMYHOI0IMU

BnaronpuATHbIe NOCNEACTBUSA uMMyHuTeTa

EcTecTBeHHan PE3UCTEeHTHOCTL BouiapoposnexHue NpuoGpeTéHHan Pe3UCTEHTHOCTL

pPeuHdexuni

«HE CBOE»

BakuuHauvsa

-
: N 3abonesaHue
‘¢ B Nérkoi popme
WNW ero OTCYTCTBME

.Cneundpunyeckan namaTb
(MMMYyHHaR)

«CBOE»

(8 HOpME
He Bbi3bliBaeT

UMMYHHbIN oraer) MospexaeHve
TKaHen
UMmMmyHOocynpeccus
AyTOMMMYHHUTET OTTopXeHue Mnep4yyBCTBUTE/IbHOCTbL

HexenaTenbHbie NOCNEACTBUA UMMYHUTETA



[ naBHast GyHKIIUS UIMMYHHOM CHUCTEMBI —
PACIIO3HABAHUE «CBOU-YYKOM»

3r1o0Ka4yeCcTBEHHAas
TpaHcdopmauus




JBONOLUMS NWMMYHHbIX MEXAdHU3MOB

OaHoK/IeTOUYHbIE MHoroknertouHbie BTOpUYHOMNOJ/IOCTHbIE NMo3BOHOUHbIE
IIpocreiimue / OTtropkeHue TpaHc- Darouut,3an10MHUHAHUI CxomnieHue
JuM@pOUUTOB, IUIAHTATA, pacno:;nfl- TPaHCIJIaHTaTa

)y AHTUTEJIbHBINA OTBET BecuentocTble CCVEe NMGOLIMTC

daroLuTo3 BaHHe KHE\CBOET0» ArCTIOTHHUHEL, U TOMIWISYbHbIN OTBET
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Routes of infection for pathogens

Mode of

Route of entry franemiasion Pathogen Disease
Mucosal surfaces
Inhaled droplet Influenza virus Influenza
Airway Neisseria meningitidis ||| Meningococcal meningitis
Spores
Bacillus anthracis Inhalation anthrax
: Salmonella typhi Typhoid fever
Gastrointestinal tract Contaminated
water or food » -
Rotavirus Diarrhea
Treponema pallidum Syphilis
Reproductive tract Physical contact
HIV AIDS
External epithelia
External surface Physical contact Trichophyton Athlete’s foot
Minor skin abrasions Bacillus anthracis Cutaneous anthrax
Wounds and = .
abrasions Puncture wounds Clostridium tetani Tetanus
Handling infected animals ||| Francisella tularensis Tularemia
Mosquito bites o
(Aedes aegypti) Flavivirus Yellow fever
Insect bites
Deer tick bites Borrelia burgdorferi Lyme disease
Mosquito bites Plasmodium spp. Malaria
(Anopheles)

Figure 2-2 Immunobiology, 6/e. (© Garland Science 2005)




Intrinsic epithelial barriers
to infection

)

Skin Gut Lungs Eyes/nose
) Epithelial cells joined by tight junctions
Mechanical ;
Longitudinal flow of air or fluid ||| Movement of
mucus by cilia
Fatty acid Low pH Salivary
‘ atty acids enzymes
gl ce Enzymes (pepsin) (lysozyme)

Antibacterial peptides

Microbiological

Normal flora

Figure 2-4 Immunobiology, 6/e. (© Garland Science 2005)




OCHOBHbIE 371EMEHTbl UMMYHHOW CUCTEMBI

NeikounTbi
Apyrmne

nMmpouuThbl darountsl BCNOMOrare/ibHble KNeTKu
Bonbliown

rpaHynspHbin MOHOHYKNeapHbIi TkaHeBble
B-knetka  T-knetka numoouut daroumt  Heutpodpun 3o3uHopun Basodun TyyHas knetka TpoMbGouuTel  KNeTku

N

I

AHTUTENA LMTOKUHBI Komnnement Mepuaropel UHTepdepoHsl,
BOCNaneHus UWUTOKWHbI

N

KOMMOHEHTbI KOMMNIEMEHTA CUHTE3UPYIOTCA MPEUMYLLECTBEHHO KJIETKaMWU
MEYEHM N B HEKOTOPOM KOJIMYECTBE - MOHOHYK/IEapHbIMK haroumTamMu. Kaxxabin
TUN KNETOK MNpoAyUMPYET W  BbIAENSET CTPOro OMNPeAEeNneHHbI  Habop
MeAMaTopoB BocraneHus (B TOM 4ucie, UMTOKMHOB). KpoMe Toro, cywecTByeT
NBa TWMa [OEHAPUTHbIX K/ETOK, KOTOpPble WMEKT Ba)XHOE 3HauyeHuMe B
Npe3eHTaUnn aHTUreHoB NMMMGOLIMTAM.



[lponcxoxxaeHme KIeToK MMMYHHOW CUCTEMbI

| Peuvpkynupyio-
wme nuMeoumnTbI

—  Temonoatnyeckas
CTBONOBAS KNeTka
e

KocTHbit Mmo3r/
neYyeHb nNnoaa

TEN

LMaxpmbar WHtepaurutar-  AeHppuTHas

Has Knetka Knetka
AHTUrEHNPE3eHTUPYIOWLME KNETKM

Bce u306paxxeHHble Ha pPUCYHKE KIETKM MNPOUCXOAAT OT FeMOMOSTUYECKOW CTBOJIOBOM KNETKM.
TpoMboUnTbI, MPOAYLIMPYEMbIE MEraKapuoLMTaMK, NOCTYNAOT B KPOBOTOK.

[paHyOUMTbl U MOHOLIMTBI MUrPUPYIOT U3 KPOBOTOKA B TKaHW. Ty4dHble KNETKU MPUCYTCTBYIOT BO BCEX
TKaHSIX.

B-KNETKN Yy MIEKOMNUTAIOLMX CO3PEBAlOT B MEYEHW MNOAA M KOCTHOM MO3re, a T-KNeTku - B TUMycCe.
MecToM 06pa3oBaHusi 60MbLIMX FPaHYNAPHbIX TMMGOLMTOB, 06M1afaloLWMX aKTUBHOCTbIO €CTECTBEHHbIX
knetok-kunnepoB (NK-KNeTok), CAY>XUT, BEPOSATHO, KOCTHbIN MO3T. JIUMGbOLUTLI MUFPUPYIOT M3 KPOBOTOKA,
NPOXOAAT 4epe3 BTOpUYHble NMMdOMAHbIE TKaHM W BHOBb MOCTYNalT B KPOBOTOK. POMb aHTUreH-

MPE3EHTUPYIOWNX KIETOK BO BTOPUYHBIX JIMMAPOUIHBLIX TKaHSAX BbIMOMHAOT WHTEPAUrUTATHbIE W
NEHAPUTHbIE KIETKMN.



[lponcxoxxaeHme KIeToK MMMYHHOW CUCTEMbI

Tpom6ouuTbl CrtBonosas
paHynouuTsl o0 ®  KpPOBETBOPHas
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OCHOBHbIE NTNMC

Tumyc

KpacHbii
KOCTHbIW
MO3r

HonaHble opraHbl 1 06pa30BaHUS

BropuuHbie numponaHbie
opratbl n 06pa3oBanus

Jinmbartuyeckoe konbuo
Banbaeiepa [MUHOaNUHbI
W ageHonabl]

NumoounaHsie
obpaszosaHus
B Gpoxxax

Numdartunyeckue yansl

KpacHblin KOCTHBIN MO3T

CeneseHka

OanHoYHbIE NUMPO-
naHble Gonankynbl

BpbixeeyHble
nmmdaTtuyeckume y3nol

MNeveposbi
_6nawku
JlumdonaHeie o6pa-
30BaHuUA B OpraHax

1O BOV

JinmdaTtunyeckune
y3nbl




Peumpkynaums nMMdoLUTOB U
dHTUTEH-MPE3EHTMPYIOWNX KITETOK

\[;: KOCTHbI MO3r

Tumyc

Y%

HenpumuposaHHble nuMooL,

UThl HeHaputHbie MoHOHYKNeapHbie
. KNeTku darouuTbl

CeneseHka u
nnMmaooy3nbl

:5‘&"-‘

MpuMUpoBaHHbIE NMMPOLMUTDI




[loBEpXHOCTHbIE MapKepbl
T-KNeTok
4yes10BEeKa U MbllN

)

CD45R0 N
CD45RA ~

cD3_

TR ) CD4[=L3T4]

CD2
CD28

CD5[=Ly1]

(CD7)
Tonbko y yenoseka

CD8[=Ly2,3]
[Thy-1]
Tonbko y Mbilwn

[loBEpXHOCTHbIE MapKepbl
B-kneTok
4yesioBeKa U MblLn

Mbiwb Yenosek

lgo
Igp slg
I-A/I-E
Ly2 [CDT72] \ g;’;"z D
CR1 CR1 (CD35)
CR2 (CD21)
B220 [CD45]
Ly-1[CD5]

FeyRIl ME-R

Mapkepbl, yka3aHHble B KBaflpaTHbIX CKO6KaX, - 3TO MbIlUMHbIE 3KBMUBaJIEHTbl MapKepoB
yenoBeka. boNbLWMHCTBO MapKepoB OTHOCUTCA K UMMYHOI106y-/IMHOBOMY CyrnepceMeicTBy

MoOJieKyn MEXXKJIETOUHON aaresum.



EcTecTBeHHble 1 aAanTUBHbIE
UMMYHHbIE MEXaHU3MbI

EcTecTBeHHbIe NWMMYHHbIE MEXAHNU3MbI AganTuBHbIE UMMYHHbIE MEXAHU3MBbI
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darounTapHblie kKnetku. Cucrtema
MOHOHYKJ/1€apPHbIX (ParoumnTosB

/ TkaHu

KoCTHbIA MO3r

KpoBeHOCHbIe
cocyAab!
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. y3nbl, TUMYC,
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OYHKLMN KOMI/IEMEHTA B
aHTUbaKTepManbHOM UMMYHUTETE

@ 1. Cncrema KoMrzieMeHTa crnocobHa 6e3
y4acCTus aHTUTEN pa3pyLuaTb
MeMbpaHbl  MHOrMX BUAOB
@ 6akTepun.

y 2. NMpoayKTbl aKTUBaLMK KOMMEMEHTa
\ &’  (XeMoaTTpaKTaHTBi) Mp1BNEKAIOT K

. D S MECTy peakumm  darouunTbl (XxemMo-
BaK:pMM a)agum EaxTr;apmm TaKCMC) .
‘\ 1. lnauc 1 2.XemoTakcuc 3. OncoHunzauus 3. nOKprBaFI B pe3yanaTe CBﬂ3b|BaHMﬂ

E+ NOBEPXHOCTb 6aKkTepuii
63 (oricoHu3aLmnsi),  KOMMOHEHTbI
KOMMJieMeHTa obneryatoT
cdarounTam nx pacrnosHaBaHue n
nornoweHune. Bce 3Tn peakumm MoryT
NpoTEKaTb 3a CYET COBCTBEHHOM
CNOCOOHOCTM KOMM/IEMEHTA K
Pacno3HaBaHMO MUKPODBHbBIX CTPYKTYP
WK Xe C NOMOLLbIO aHTUTEN,
CBS3aBLUMXCSA C BaKTepunsiMu




daroumnTtos

O6pa3oBaHue

darocombi JlInzocoma Pa3pywenue n nu3nc

daroios Cnusaxue ) Buibpoc npoaykToB
NM30COM C $harocomon nu3uca mukpoba

darounTbl NOCTYNalOT B o4ar BocnaneHus 6narogaps XemoTakcucy. 3aTeM KX

NOBEPXHOCTHbIE Hecneunduieckue peuenTopsl:

e 160 NpsiMbIM 06pa30oM CBA3LIBAOTCS C MUKpObamu;

e 1nbo, ecnM MUKpOOHast MOBEPXHOCTb OMNCOHM3MpPOBaAHa @parMeHTOM TpPeTbero

KOMMoHeHTa koMnnemeHTta (C3b) n/unn aHtTutenamu, ces3biBaHNe NPONCXOAUT C y4acTUeM

darouuTapHbix peuentoposB ansg C3b n/vnn Fc. Korga B pesynbTaTe CBA3bIBaHUS aroumT

aKTUBUPYETCH, OH OKpY)XXaeT WHMEKLUNOHHBbIN areHT MCeBAONOAMAMU, 3aKioyas B

parocomy; npu 3TOM nNpoucxoamT obpa3oBaHue bakTepunaHbIX MeTaboMToB KUCIOpOoAa.

Kak ToNbKO MMKPO6 MOCTYNUT BHYTPb KJIETKW, JIM30COMbI C/IMBAKOTCS C (harocoMoun, obpasys

(aronmM3ocomMy, B KOTOPON MHMEKLMOHHbIM areHT yHuMUToXaeTcs. OcTaTkn Mnkpoba moryT

6blTb 3KCKPETUPOBaHbI KJIETKOW HapyXy.



darounTos

endocytic vacuole
gp22phox gp91phox

p47phox '.‘ p67phox

Rac
p40phox

Figure 2-7 Immunobiology, 6/e. (© Garland Science 2005)




B3anmoaencrene mexay nmMmdoumTamm
1 barounTamMu

NvumdpoumnTui darounTsi

l Momouws B pacnosHasaHum

.
| IS
- AHTuUTEna [ %

AKTUBaUUA

B-nMMdoUnTbl  CEKPETUPYIOT aHTUTENA, B3aUMOJENCTBYIOLWME C MATOreHHbIMU
MWUKPOOPraHn3MaMmM 1 NPOAYKTaMU UX XU3HEAEATENbHOCTU. ITUM B-nuMdo-unThl
MOMOratoT haroumTam, CnocobHbIM CBSA3bIBaTb aHTUTENA CBOMMU Fc-peuentopamu,
B pacrno3HaBaHMM 4yXXepoAHbiX aHTUreHoB. CekpeTupyemble T-nuMdpounTamm
LIUTOKMHBbI CTUMYNUPYIOT baroumTapHble KNeTKU ANS AaNbHEN-ero paspyLlleHus
MOr/OLEHHOr0 UMK MaTepuana. B cBolo ouyepeab, MOHO-HyK/leapHble (arouuThbl
MOryT NpeacTaBnsAiTb (MParMEHTUPOBAHHbLIA @HTUreH T-KNEeTKaM, Bbi3blBasi, TEM
CaMbIM, UX aKTUBALMIO.



Cytokines secreted by macrophages and dendritic cells
Cytokine [Main producer | Acts upon Effect
s Macrophages || Lymphocytes Enhances responses
Keratinocytes |II") i ey Induces acute-phase protein secretion
Macrophages ||| Lymphocytes Enhances responses
IL-6 s
Dendritic cells (e Induces acute-phase protein secretion
CXCL8 Macro.p.hages Phagocytes Chemoattractant for neutrophils
(IL-8) Denderitic cells
Macrophages : Diverts immune response to type 1,
ol Dendritic cells nalve Tieells proinflammatory, cytokine secretion
Induces changes in vascular
endothelium (expression of cell-
TNF-a I\Dllac(rjog_h agelf Va:c;:tl]a:_ adhesion molecules (E- and P-
endritic cells |f) endothelium 111 selectin), changes in cell-cell
junctions with increased fluid loss,

Figure 2-15 Immunobiology, 6/e. (© Garland Science 2005)




KneTo4yHbIW

Mamartb

/

/

/  Kunnunr j NepdopuH
b e,

J_J'\-} R

= ORIENL y

MNamaTtb

-

'\-‘, -0‘“' \r\

~

W

MMMYHHbIN OTBET

BHYTPUKNETOYHbIN
KWNAUHT

BHyTpukneToyHoe
PAOLTO3 /-\. fgxueaume
MOD
@ P4 &
g rkre i, “Uuro- ,\&&\ Breioie-
\ = e p KMH% o TO4HBIN
\ Ve s
Bakrepuu, s y K‘f:."""“r
npoctehwwve |7 ) s “,
7/ \ - %

n ap.

BHYTPUKNETOYHbIN
KUNNWUHT

n3onuposaHue



CynepceMercTBO UMMYHOIIIOOYJIMHOB — OCHOBA CUCTEMBI
pPAaCIIO3HOBAHUS «CBOM-UYKOM»

Membrane of some
antigen-presenting cell

HLA class 1
~

f

kv) Membrane of a1 Ik ! - [~ Membrane of a
‘v CD8+ T cell N, A CD4+ T cell
jL T Cell Receptor

HLAclass1 HLA class 2

- rmapodobHble B3anMoOeENCTBUS
- ArekTpocTaTndeckmne Cusbl

- BOOOPOAHbLIE CBSA3N

- BaH-gep-BaanbcoBbl cunbl



Y4yacTKM aHTUreHa, pacno3HaBaeMble MoseKynamMu
rN1aBHOro KoMmmnJsekca rmcrocoemectmumoct (MHC) u
T-KNeTo4YHbIM aHTUreH-pacro3Hatowmm peuentopom (TKP)

AHTUreHHbIN oparmMeHT,
npeacraBnsaeMbin ons
pacno3HaBaHua TKP, nmeet
ABa y4yacTKa:

arpeTon n anNuUTon.

ArpeTon - YaCTb @aHTUI€HHOrOo
nenTtnaa,
B3aMMogeucTBytoLas

¢ monekynamm MHC npwu
npeacrtaBrieHUM nentuaa B
UMMYHOreHHoun chopme

Ha NOBEpPXHOCTU
aHTUreHNpPe3eHTUpPYLLEen
knetku (AlK).

JnuTon - YacTb
aHTUreHHOro nenTuaa,
HenocpeacTBEHHO
pacno3HaBaemas TKP.
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TpuMonekynsapHbii KOMNNEKC
T-Knetka

IR \
. }T-Kne'roqnuﬁ peuenTop

AHTUIreH

AHTUreH-npe3seHTupyrowan knerka (AlK)



T-cell activation requires both antigen and co-stimulatory signals

No antigen

No co-stimulation

Both antigen and
co-stimulation

APC

T-cell
receptor

CD4

@ foreign antibody

MHC
class Il

T-cell
receptor

CD4

@ pathogen
e

CD80
or CD86

CD28

4] i

hr{

‘Naive T cell Naive T cell
g o o —J o
\/ N Yt' \
S - o activation

unresponsive

Figure 2-17 Immunobiology, 6/e. (© Garland Science 2005)




Pacrno3HaBaHue 1 nepepaboTka aHTUIeHa

Bupyc

@& LuToTokcuyeckum /
T-numdouur ,/ AHTUreH

T-xennep
@ Uvronnaama
)

Mporeocoma

Makpodar

AdeHaputHas
Knerka



NK

CD94:NKG2

MHC ey
class | [

“NK cell

activating ligand

Figure 2-50 Immunobiology, 6/e. (© Garland Science 2005)
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MZ

IgM Y B cells Follicle
IgD v
it |
s ||

(a) BCR-MEDIATED
P EMIGRATION

PRE-BCR-MEDIATED

Mature follicular
B cells

Bone marrow POSITIVE SELECTION :
. A
\ ‘<
Earl
pro-é — [ Late pro-B |~ | Large pre-B | ( Small pre-B | —» Matiio B

DH'TO‘JH VH'TO'DJH VL'TO'JL
REARRANGEMENT REARRANGEMENT REARRANGEMENT

Current Opinion in Immunology



KnoHanbHaga cenekuma B-KneTok

Cenekuns aHTUre 1OM

B-knetku

Knouanb.aq
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namaTn
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O6pa3zoBaHue aHTuTen 2




CtpoeHue IgG
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Nnerkue uenu Fc TaHXKenble uenu
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OCHOBHble (bOpMbl NATOIOrMU UMMYHHOU CUCTEMB

bes3spenHbiin
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Figure 2-1 Immunobiology, 6/e. (© Garland Science 2005)
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Systemic antimicrobial immunity in drosophila
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molecular structures

;o Innate Adaptive

Receptor characteristic immunity immunity
Specificity inherited in the genome Yes No
Expressed by all cells of a particular type Yes No
(eg, macrophages)
Triggers immediate response Yes No
Recognizes broad classes of pathogen Yes No
Interacts with a range of molecular structures of a
given type Yes No
Encoded in multiple gene segments No Yes
Requires gene rearrangement No Yes
Clonal distribution No Yes
Able to discriminate between even closely related No Yes

Figure 2-10 Immunobiology, 6/e. (© Garland Science 2005)
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The Toll pathway is involved in the control of
drosomycin but not diptericin expression
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How is infection sensed in insects?
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The mutant semmelweis reveals differences in
the sensing of bacteria and fungi
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The PeptidoGlycan Recognition Protein (PGRP)
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Sensing Gram-negative infections in
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TCT/PGRP-LC complex
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Drosophila recognition proteins for
microbial structures
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1988 IL-1R1 is cloned.

1989 Charles Janeway proposes the concept of pattern-recognition receptors.

CD14 and LPS-binding protein are identified as components of the LPS
receptor complex.
FELEFR Sequence similarity between Toll and IL-1R1 identified

el kil Pathogen-specific immune signalling found to involve induction of antimicrobial
peptides by members of the NF-kB family in Drosophila melanogaster.

Plant protein N is shown to be involved in disease resistance and to have a TIR

domain that is similar to Toll and IL-1R1.

The Toll pathway is shown to regulate the antifungal response in D.

melanogaster.

The first human homologue of Toll receptor is cloned (hToll; later renamed

TLR4).

A role for MYD88 in IL-1 receptor signalling is identified.

Four further human TLRs are identified.

TLR4 is identified as the signalling receptor for LPS.

LPS signalling is found to require MYD88.
The requirement of MD2 for TLR4 responsiveness to LPS is identified.

2000-2002 Ligands for TLR2- heterodimeric complexes are identified

Viral antagonists of TLRs are identified.

TLR9 is characterized as the receptor for CpG-DNA.

The first TLR that recognizes viral components is identified (TLR3).
Flagellin is identified as a ligand for TLRS5.

MAL (also known as TIRAP) is discovered.

PILPI TRIF is discovered.
2002-2009 Endogenous ligands for TLRs are identified.

PIDERTT TRAM s discovered.
PILEE TLR7 and TLR8 are reported to recognize viral ssRNA.

The first function for mammalian SARM1 (a regulator of TRIF) is reported.

2007-2009 Structures of several TLR-ligand complexes (including TLR4, TLR2-TLR1,
TLR2-TLR6 and TLR3) are solved.



Prizes won for discoveries in the
field of TLRs

In 2009, Hofmann and Medzhitov shared the Rosenstiel award for
distinguished work in basic medical science.

In 2010, Hoffmann and Akira shared the Keio medical science prize for the
discovery of the insect innate immune system and the Toll receptor, and
for the elucidation of the molecular mechanisms of innate immune
response to microorganisms, respectively.

In 2011, Medzhitov, Hoffmann and Beutler were awarded the Shaw Prize
in life science and medicine for their discovery of the molecular mechanism
of the initiation of innate immunity, which is the first line of defence
against pathogens.

In 2011, Hoffmann and Akira shared the Canada Gairdner international
award, and

In 2011, Hoffmann, Beutler and Steinman were awarded the Nobel Prize
for Medicine or Physiology.



Innate immune recognition by
Toll-like receptors
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Figure 2-12 Immunobiology, 6/e. (© Garland Science 2005)
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Mammalian TLR signalling pathways.
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Figure 2. Association between human TLRs and adaptors determine each TLR-specific signaling pathway. Topology of the adaptor proteins in the TIR domains of
TLR2, TLR3 and TLR4 is shown in the schema. The complex consisting of each TIR and adaptors delivers TLR signaling to activate NF-xB and the IFN-f

promoter (IRF-3). In pDC, activation of TLR7 or 9 happens to activate IRF-7 in a MyD88-dependent way followed by induction of IFN-a. Representative
ligands of TLRs are shown on the top.



<
BCG-inducible genes —> CTL/Ab <+ IFN-inducible genes —> NK/NKT

Figure 5. The two signaling pathways of TLR in myeloid DCs. MyD88-dependent pathway are indicated to the left and TICAM-1 pathway are shown to the right
in blue. Many signaling molecules are involved in the two pathways leading to different outputs. NK and CTL are generated by the resultant mDC activation. In
particular, cross-priming must occur in mDC to induce CTL, the molecular mechanism of which are largely unknown.



Innate immunity: sensing and signalling
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Innate immunity and virus infection

Viruses are unable to reproduce in the absence of a host cell, so their evolution is
inexorably linked to the fate of their host.

Influenza viruses have been among the most common causes of mortality
throughout history, which highlights their successful evolution. Intriguingly, studies
of the pattern of CpG dinucleotides in the genomes of influenza A viruses since the
flu pandemic in 1918 indicate that when an influenza virus crosses from birds to
humans, the virus evolves to reduce its CpG content, thus mimicking the lower CpG
content of human genes compared with avian genes141,142. Consistently, influenza
B virus, which has been infecting humans for longer than influenza A virus, has
evolved to contain extremely low levels of CpG141.

Greenbaum and colleagues141 favoured the interesting hypothesis that host gene
mimicry may reflect a mechanism through which viruses avoid detection by innate
immune receptors. It has been speculated that still-unidentified intracellular
receptors may be able to sense unmethylated CpGs of RNA viruses. This has proven
to be the case for DNA viruses, wherein unmethylated CpG DNA of the virus can be
detected by Toll-like receptor 9 (TLR9)143. Interestingly, the 1918 H1N1 influenza
strain had a much higher CpG content than other human-adapted influenza strains,
and this might have triggered an exceptionally strong, aberrant immune response,
known as a cytokine storm, in H1IN1-infected patients144, killing up to 50 million
people worldwide. Deaths from the SARS epidemic in 2003
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