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CucreMa KOMILIEMEHTA

*BriepBbie 0612 00Hapy:xeHa B 1889 1. kak cocTaBIsAIOMIAss HOPMAJIbHOM
CHIBOPOTKH, YYBCTBUTEJIbHASI K BBICOKHUM TEMIIEPATYPaM U 0ONOJIHAIOW A
(pyHKIUU aHTHUTEJIa B Ipolecce paspyeHus 0akrepui. [lomo0Hass akTHUBHOCTD
ObLIIa MPU3HAHA «TOTNOJHSAIONIEN», KKOMIIEMEHTHPYIOIIE); OTCIONA U HA3BaAHHUE

=Ha ceronusitiHuii 1eHb u3BecTHbI 0os1ee 30 0e/IKk0B, COCTABJIAIOIIUX CHCTEMY
KOMILJIEMEHTA, YaCTh U3 KOTOPBIX PACTBOPUMBbIE H YaCTh MeMOpPaHaJIbHbIE,
(PYHKUMOHUPYIIIHE B KAYeCTBE OTJIAKEHHOH CUCTEMbI 3allIMTHI OPraHU3Ma,
SIBJISIIOIIHMECSH YACTHI0 KAaK BPOKIEHHOIO TAK M MPUOOPETEHHOI0 MMMYHHMTETA

sbeJIKH KOMILIEMEHTA COCTABJIAIOT CUCTEMY, KOTOPasi Y3HAET, CBA3bLIBACT U
JIMKBHIMPYET MATOTCHHbIX areHTOB U Yy KePOIAHbIE KJIECTKH ¢ BHICOKOM
3P PEeKTUBHOCTHIO M CIEHUPUIHOCTHIO
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CucreMa KOMILIEMEHTA

DVHKIIUN:

Tuzuc: knerok, 6akTepuii (rpaM-HeraTHBHBIX), IAPa3UTOB, BUPYCOB

JOnconuzayus xoOMIIIEKCOB anmMuzeH-aHmumeso ¢ IOMOIbIO POAYKTOB
pacmensiennsi kommiiemenrta (C3b/iC3b/C4b) ¢ nesbio nociaeayomero
(arouurtosa

OImmune clearance — ynanenne IMMYHHBIX KOMILJIEKCOB W3 UPKYJISIIUH

JAxkmueayus socnanumenbuvix npoueccos ¢ NOMOIIbI0 MPOIYKTOB
pacuienJieHusi KOMILIEMEHTA (AHA(PUIOTOKCHMHBI). XeMOTAKCHUC JIEMKOIUTOB,
HEUTPO(PUJIOB.

[/lecpanynsayus TyYHBIX KJIETOK U 0a30(p)1JI0B (0CBOOOKIEHHE IMCTAMMHA)

[Pecynayus desmenvnocmu B ki1emok (IpOU3BOACTBO AHTUTEJ, CETEKIUA
BHYTPH CeJIe3EHKH)

OAxmueauus T knemok
[JAnonmo3: *¥Ynanenue anmonrorudeckux kiaerok (Clq)

*IPo- U AHTH-AMONTOTHYECKHE PYHKIMH KOMILIEMEHTA
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Y710 1ej1aeT KOMILJIEMEHT?

Cell killing C5b-9 (MAC)

Opsonization iC3b, C3b, C4b

Chemotaxis C5a

Inflammation C3a, C4a, C5a

IC adherence C3b
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KoMnmoHeHTHI KOMIIJICMEHTA

'HpOTeI/IHbl U INIMKOIMMPOTCHUHBbI, COCTABJIAIINEC CUCTEMY KOMILJICMCHTA,
CHHTC3UPYIOTCH B OCHOBHOM IermaToquraMi Nne€UYCHU, a TAK’KC KPOBSIHBIMU
MOHOIIMTAMU, MaKpO(l)aFaMI/I U INMUTCINAJTBHBIMA KICTKAMM KEJIYT0THO-
KHIICIHOI'0O 1 MOYECBOI'0O TPAKTOB

sKOMIOHEHTHI KOMILJIEMEHTA COCTABJIAIOT 15% o1 ¢ppakuuu Bcex ri100yJIMHOB B
CHIBOPOTKE U UPKYJUPYIOT B Hell, HAXOASACh B HHEPTHOM HEAKTUBHOM dopme

sbosibast 4acTh 0€JIKOB ABJISIIOTCS NMPOTEa3aMu, KOTOPbIE MPOXOAAT AKTHBALUIO
nocJjie pacienjeHusi __y, AKTHBMPOBAHHAS MPOTEA3a pacllenisieT MOCJIeAY O
0€JIOK M TaK JaaJjiee

=*CylniecTBYIOT TPHU OTJIMYHBIX APYT OT APyra myTH, Yepe3 KOTOpbie MPOUCXOAUT
AKTHBAIMS KOMILIEMEHTA HA OBEPXHOCTH MUKPOOPTaHU3MOB:

*kaaccuueckui (classical)
*aJibTepHATHBHBIN (alternative)

*nekTuHOBBIN (lectin)
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PacrBopumsie
0esKku
KOMILIEMEHTA

No. of Chromosomes Serum
Pathway omponent MW chains location concentration
(human) (pg/ml)
Classical Clq 460,000 6x3 1 80
Clr 83,000 1 12 50
Cls 83,000 1 12 50
C2 102,000 1 6 25
C4 206,000 3 6 600
C3 185,000 2 19 1,300
C1 1HN 110,00 1 11 200
C4bp 500,000 7x1 1 250
Alternative C3 190,000 2 19 1,300
Factor B 93,000 1 6 200
Factor D 24,000 1 X? 1
Factor H 150,000 1 1 500
Factor I 88,000 2 4 34
Properdin 224,000 4x1 X 20
Lectin MBL 32,000 1 10 1
MASP-1 93,000 2 3 6
MASP-2 76,000 2 1 ?
Terminal C5 190,000 2 9 70
Ceé 120,000 1 5 60
C7 110,000 1 5 55
C8 154,000 3 1 55
Cc9 72,000 1 5 60
S protein 75,000 1 17 500
Regulator SCPN 280,000 2x2 2 30
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Pannue coObITHA BCeX TPEX MyTeH
AKTUBALUM ITO PAJ peaKIHH
pacuienjieHus, 3apepuiaeT KOTopbie
oOpa3zoBanue C3 KoHgepma3wl, KOTOPasi
pacumervisier C3 Ha C3b u C3a.
OoOpa3zoBanue C3 KOHBEpPTAa3bl - MECTO
BCTPEYH BCeX TPEX myTell KOMILJIEMEHTA
U HA4Y2J1a OCHOBHBIX 3(pPeKTOPHBIX
(pyHKIuii.

C3b npuss3bIBaeTCs KOBAJEHTHO K
MOBEPXHOCTH OAKTEPHH U ONICOHM3HPYET
UX, B pe3yjbTrare 4ero (parouursbl MOy T
HUX «IPOIJIOTHTH.

C3a - nenTua, KOTOPbIN SABJISAETCS
MOCPEIHUKOM BOCHAJIUTEIbHBIX
peakuuid. CSb u CSa nosiBIsilOTCH B
pe3yiabrare pacmenseHus CS ¢
noMoubi C5 Kkonsepmasol.

CSa Takike sIBJIsIeTCH CHWIbHBIM
NMOCPeAHUKOM BocnajgeHuid. CSb
NPUBOAUT B AeHCTBHE MO3AHUE COOBITHS,
B pe3yJibTaTe KOHEYHbIe KOMIIOHECHTHI
CcOOMpPAaKOTCH B KOMILICKC aTaKYIOLINH
MeMOpaHy, ClIOCOOHBIN Pa3pPyILINTH
MeMOpaHy OaKTepHu.

CLASSICAL PATHWAY ALTERNATIVE PATHWAY
Antigen-antioody complexes Mannar-binding lectin binds
(pathogen surfaces) mannose on pat suriaces Paliogen sutiess
T 2z S z =il
V V V
Clg,C1r, Cts MBL. MASP-1, MASP-2 (0%
C4 C4 B
C2 2 D
Ll J 1 IJ
T 5
V
C3 conventase
|
f P Y
V V =)
Terminal
complement components
(Ctal® Cb > &
Ca Cla
C7
C8
o
- S 2 S Z
A4 A4
Peptida medaiors Binds to complement Membrane-atiack
of inflammaton, recepiors on phagecyles :o13pie)(‘,1
oovta reciime yss of certain
phagocyte recruliment - pathogers an ol
Opsonization
of pathogens
Removal of

mmune complexes
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: Kaaccuyecknii nvrh AKTHBAIINA
Classical pathway LeMUeC Y 1
C4b2b Is an active C3 convertase One molecule of C4b,2b can

Activation (1 Activated Cis cleaves is
C3 to C3a and C3b, cleave up to 1000 molecules of
e b ouisce | | “ivea by L b C2a and C20: | | yich binds to the microba | | €3 to Cab, Many C3b molecules

surface or to the convertase itself bind to the microbial surface

C4,C2

C3
convertase C4b.2a

AN

So
H

2

X
[ ==

X
o
oaf
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Q

C5
convertase C4b.2a.3b

Cdb Cdb.2o 04% C“b'mm& &C(ib
| s>
AN

C5

C6,C7,C8,nC9

C5b,6,7,8,9n

(MAC)
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Lectin pathwa Mannan-binding lectin

MBL./ficolin MASP

Activation

C4,C2

C3
convertase C4b.2a

C5
convertase C4b.2a.3b

CSs

C6,C7,C8,nCY

C5b,6,7,8,9n
(MAC)
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C3 undergoes spontaneous hydrolysis fo
C3(H;0), which binds to factor B allowing it
to be cleaved by factor D into Ba and Bb

-..8

facsor B
C3 H.,0j @

The C3(H;0)Bb oonp}e{ls a C3 converiase,
cleaving more C3 into C3a and C3b, C3b Is
rapidly inactivated unless it binds to cell surface

8b

O Ccx
C3(HLO) C3
/- \
i
e~ 3
b4
Factor B binds noncova to C3b on a
cell surface and Is to Bb by
factor D
factor W B o
lfactor O

@39

Alternative pathway

C3b < C3(H20)Bb <= C3(H,0)

C6,C7,C8,nC9

\/

C5b,6,7,8,9n
(MAC)
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DAF/CDS5S5 MCP/CD46, CRI

DAF dissociates C3 convertases at MCP dissociates C3 convertases at
human cell surfaces human cell surfaces and makes them
susceptible to cleavage by factor |

human cell surface

human cell surface

Ligure 7-50 The Immune System, 2/e (© Garland Science 2005)
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Factor H

C3b

microbial surface

Figure 7-49 part 2 of 2 The Immune System, 2/e (© Garland Science 2005)
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Tuoddpupnas csa3p B 0eaxax: C3b u C4b

C3b, C4b
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Classical pathway Lectin pathway Alternative pathway
o 3 B,D

Activation C1 MBL/ficolin MASP C3b L C3(H20)Bb«<—C3(H,0)

C4, C2 C4, C2 B,D
C3
convertase C4b.2a C4b.2a C3b.Bb
C5
convertase (C4b.2a.3b C4b.2a.3b C3b.Bb.3b

C5
C6,C7,C8,nC9
C5b,6,7,8,9n
(MAC)
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I. Parouuro3: penenTopbl KOMIJIEMEHTA

Receptor Specificity Functions Cell types
Promotes C3b and C4b decay Enythrocytes,
CR1 C3b. C4b Slimuiales phagocylosis macrophages, monocytes,
(CDas) iCH Erythrecyle transport pelymorphonuclear leukccytes,
of immung complexas B cells, FDC
C3d, «C3b.
CR2 Cadg Part of Bell co-receplor B cals,
(CD21) Epstein— Epstan-Barr virus receplor FOC
Barr virus
CR3 _ Macrophages, monocytes,
(CD11b/ iIC3b Stimulates phagocytosis pelymorphonuciear leukocytes,
CD18) FDC
ChR4
Macrophages, monocytes,
(gp150,95) iC3b Slimuales phagocylosis polymorphonuclear laukocyles,
(CD11e/ dendiitic cells
CD18)
Endothelial cefis.
Csa o Binding of C5a mast cells,
recepior activates G protein phagocyles
= Endothelial cails,
ca e i ros ol

V4V
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I. Parouuro3: penenTopbl KOMIJIEMEHTA

1) CR1-C3b
—> Dazouumos
2) C5aR-C5a
Bacterium is coated with When only C3b binds to C5a can activate macrophages
lement by the alternative CR1, bacteria are not agocytose
mand uetypemﬂ)s o o

21
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I11.Bocnnajenue

*Manenbkne ¢pparmeHTnl Komiiementa — C3a,
C4a, C5a - akTuBUpPYIOT cienupuIecKue
Small complement-cleavage products

PE€HENTOPLI U BbI3LIBAIOT JIOKAJIBHbLIC act on blood vessels 1o increase vascular
permeability and cell-adhesion molecules

BOCIIAJICHHUA.
Cha

C3a Cda
*Eciim npousBoasiTcsi B 00JbIIHX KOJI-BaX, JH00 o ©
BIIPBICKHUBaeMble CHCTEMHO, BbI3bIBAKOT 001N b

KOJLJIAIIC UMPKYJIALNH, MIOX0KUN HA LIOK
CUH/POM, HATIOMHUHAKIINH CUCTEMHY IO
AJUIEPrUYeCKYI0 peaKklMI0 KOTOPas 3aTparuBaer
IgE anauiakTH4ecKuil HIOK.

*U3 Bcex 3 Hanbosiee ycrouuBbIM siBJsieTcsi CSa, i T C o,
OH 00J1aJJaeT caMOil BbICOKOH crienupuieckoit V- 3 2
v Increased permeability allows increased Migration of macropha ymorph lear
OUO0JIOTMYECKOii AKTHBHOCTBIO. ek oo Pt sy o e v
and extravasation of immunoglobulin increased. Microb| activity of
and complement molecules macrophages and PMNs is also increased

*Bce 3 BbI3BIBAKOT COKPALICHUE IVIAJAKOMI
MYCKYJIATYpPbl, YBeJINUYEHHE COCYTUCTOM X @

nponunaemoct, Ho C5a n C3a TakiKke @ =YD

JAEeMCTBYIOT HA JHA0TEIHATbHbIE KIETKH IR
KPOBSIHBIX COCY/I0B M HHAYLUHMPYIOT BbIPA:KEeHH e g w*
MOJIEKYJI aJIre31H. o oM
*C3a u C5a MOIyT aKTUBHPOBATH TY4YHbIE ot

KJI€TKH, BbI3bIBasi BLICBOﬁO)KIleHI/Ie ruCcTraMmmHa.
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I1I. MAK - KoHeunpie 0eJKH KOMILIEMEHTA

The terminal complement components that
form the membrane-attack complex
Concentration
Protein '(';3?1';""11; Function

C5 85 On activation the soluble C4b fragment initiates assembly of the
membrane-attack complex in solution

C6 60 Binds to and stabilizes C5b. Forms a binding site for C7

C7 55 Binds to C5b,6 and exposes a hydrophobic region that permits
attachment to the cell membrane

c8 55 Binds to C5h,6,7 and exposes a hydrophobic region that inserts
into the cell membrane

c9 60 Polymerization on the C5b,6,7,8 complex to form a membrane-spanning
channel that disrupts the cell’s integrity and can result in cell death

Figure 7-43 The Immune System, 2/e (© Garland Science 2005)
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C5b67 C5b678 C5b6789, (MAC)
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10-16 molecules of C9
bind to form a pore
in the membrane

Pathogen

@
&
S
9

==

lipid % |

Membrane lesions —end on (rings)
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C9Y — «majsay» cucreMbl KOMILIEMEHTA

Monomer C9

I'mapoduabHbBIN 0€JI0K

C5b-8

C5b-8,9n

poly(C9)

A
PL
v

anpogpoﬁﬂblﬁ 0eJI0K
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Komiuiekcebl aTakyomue MeMOPaHy NPUBOAAT K MOBPEKICHUIO KJIETOYHOMN
MeMOpaHbl, pa30yXaHUI0 KJIETKHU U, B UTOTe, K 0CMOTHY€CKOMY JIM3UCY KJIETKHU

Transmembrane channel
Membrane lipids
rearrangement
Loss of membrane integrity
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Necrosis

Pores in plasma membrane

ATP | \
(by consumptlon,

leakage Calcium influx Sodium influx
and decreased
production)

l

Activation of:
phospholipases,

Inactivation of Penetration
ion pumps BIOIEE of water
nucleases

Damage to
Sy Tt Cell swelling
and
mitochondria

Cell death




Mitochondria are damaged within S min of MAC attack

5min TGN 750,

Papadimitriou et al. J. Immunol. 147: 212, 1991
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Complement in pathogenesis

Alzheimer’s disease (Rogers et al., 1992)

Allotransplantation (Pruitt and Bollinger,
1991)

Asthma (Regal et al., 1993)

ARDS (Robbins et al. 1987)

Arthus reaction (Szalai et al., 2000)
Bullos pemphigoid (Liu et al. 1995)
Burn injuries (Gallinaro et al, 1992)
Crohn’s disease (Ahrenstedt et al., 1990)
EAE (Davoust et al., 1999)

EAN (Vriesendorp et al., 1995)
Forssman shock (Higgins et al., 1997)
Glomerulonephritis (Couser et al., 1985)

Haemolytic anemia (Schreiber and Frank,
1972)

Hemodialysis (Amadori et al., 1983)

Hereditory angioedema (Gadek et al., 1980)

Ischemia/reperfusion injuries (Kilgore et al.,
1994; Weiser et al., 1996)

IC-induced vasculitis (Cochrane, 1984)

Multiple system organ failure (Heideman and
Hugli, 1984)

Multiple sclerosis (Williams et al., 1994)
Myasthenia gravis (Piddlesden et al., 1996)
Post-CBP inflammation (Pekna et al., 1993)
Psoriasis (Rosenberg et al., 1990)
Rheumatoid arthritis (Wang et al., 1995)
Septic shock (Hack et al., 1992)

SLE (Buyon et al., 1992)

Stroke (Huang et al., 1999

Vascular leak syndrome (Hack et al., 1994)

Xenotransplantation (Dalmasso, 1992)

30



Complement in pathogenesis

Complement deficiencies:

Homozygous deficiencies in any of the
early components (Clq, Clr, C1s, C4, C2)
increase in immune-complex diseases:
SLE, Glumerolunehritis, Vasculitis.

Deficiency in C5-C9 leads to susceptibility
to Neisseria species (Gonorrhea, bacterial
meningitis)

Deficiency in C1 inhibitor-autosomal
dominant disease: Hereditary
angioedema

Factor H, C1q esterase - Hereditary
angioedema

Deficiency in DAF and HRF proteins-
hemolytic anemia

31
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CIVJIANNA CUCTCMbI KOMIIJICMCHT A

Classical Lectin Alternative

Pathway Pathway Pathway
A

C4b,22,3b C3b Bb,3b

“
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Per VIALIMNA CUCTEMbI KOMILJIEMECHTA

% Soluble complement regulatory proteins:

= Factor H, Factor I, C4bp, Properdin,
= S protein (Vitronectin), Clusterin (SP40,40), C1INH

% Membrane complement regulatory proteins:

= Complement receptor-1 (CR1, CD35)

= Decay accelerating factor (DAF, CDSS)

= Membrane cofactor protein (MCP, CD46)
= CD59-Protectin

33 —>



Complement resistance of tumor cells:

basal and induced mechanisms

Fishelson et al., 1999, Mol Imm

34
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*JPpPekT KOMILIEMEHTA HA OIYX0JIeBble KJIeTKH HEOTHOKPATHO
JAEeMOHCTPHUPOBAJICS, TEM He MeHee OJHO3HAYHBIX I0KA3aTeJIbCTB AHTH-PAKOBBIX
(pyHKI U TOKA3aHO He ObLIO.

*B onbITax IMPOU3BCACHHDBLIX HA MbIIIAX JIMIICHHBIX I/IMMyHHOﬁ CUCTEMDI,
KOTOPbIM ObLIN BHECAPCHbLI YC/I0BCIYCCKUC OIIYXO0J/ICBBIC KIICTKH, ObLIIH
HCIIOJIb30BAHbI AHTUTEJIA ITPOTHUB 3THX KJIICTOK, ObLJI0 MOKA3aHO IPAMOEC yIaCTHE
KOMILIEMCHTA B UX YHHYTOKCHHUH.

*MaHHaH - cBs3bIBaOIUK 0es10k (MBP) y3HaéT u cBsI3bIBaeTcCs ¢
0JIMIOCAXAPUAAMM HA MOBEPXHOCTH KJIeTOK human colorectal carcinoma.

*PekoMOMHAHTHBIA BUPYC BAKIUHNM, Hecymui reH MBP o0snamaer
HHIHOMPYKIIEHd POCT AKTUBHOCTHI0, KaK ObLIO MPOAEMOHCTPUPOBAHO HA
kiaeTkax human colorectal carcinoma, KoTopbie ObLIM TPAHCIJIAHTHPOBAHDI
MbIIIAM, JUIIEHHBIM HMMYHHOUW CUCTEMBI.

Complement resistance of tumor cells: basal and induced mechanisms Fishelson e38, 1999, Mol Imm
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*3BeCTHO, YTO KJIETKH, 00JIa1al0IHe SIIPAMHU, OTJIHYAIOTCS APYT OT ApPyra B
YYBCTBUTEJIbHOCTH K KOMILJIEMEHTY, 3TH Pa3JIMYUA NPUHATO MPUINIUCHIBATH K
PAa3JIMYHBIM MEXaHU3MaM 3aLUTHI, KOTOPAasi IPOU3BOAUTCS € MOMOIIbIO

PeryJsiTopoB KOMILIEMEHTA.

*MexaHM3Mbl, OTBETCTBEHHbIC 32 YCTOMYMBOCTH KJIETKH K KOMIIJIEMEHTY
NPUHATO JAeJUTH HA 2 BUAA: OCHOBHOM ¥ MHAYUUPYEMbIH

Q OCHOBHOU - KOHCTUTYTHUBHBIH, MOCTOSTHHO IKCIIPeccUpyeMble O0eJIKH KakK
MeMOpaHaJibHbIE TAK U CEKPeTHPYeMbIe

0 UHOYYUDPYeMblil - TPUXOANT B JIeliCTBHE MOC/Ie CTUMYJISIAH KJIETOK ¢
MOMOIIBI0 HUTOKUHOB, TOPMOHOB, JIEKAPCTBEHHbIX MPENaparoB WJIH e 103aMH
KOMILJIEMEHTA, KOTOPbI¢ He SIBIASIOTCH JUTHYECKUMH.

Complement resistance of tumor cells: basal and induced mechanisms Fishelson e3@, 1999, Mol Imm
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CTOMYMBOCTD OIIVXO0JICEBbIX KJICTOK K CUCTEMEC KOMILJICMECHT A

0OcHOBHBIE MeXaHU3MBbI YCTOHYHBOCTH K KOMILIEMEHTY:

I. sKcnpeccusi MeMOpPaHAJbHBIX 0€JIKOB-PEryJIiTOPOB

Classical

By mCRPs (membrane Complement
/ o
] Regulatory Proteins)
MCP \C3
Tumor cell
DAF v
CS
proteases
Alternative C3b C5b-C9
pathway N
N
N Ecto-protein kinases

= J

Complement resistance of tumor cells: basal and induced mechanisms Fishelson3€al., 1999, Mol Imm
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YCTONYHUBOCTH ONYXO0JIEBbIX KJIETOK K CUCTEME KOMILJIEMEHTA

Classical
CR1
MCP
Tumor cell
DAF
CS
proteases \
Alternative C3b C5b-C9
pathway N
N
N Ecto-protein kinases

-

)

CD46, CD355 - KOHTPOJHUPYIOT

KacKa/Jl KOMIJIEMEHTAa HA YPOBHeE
C3, Takum o0Opa3zom He 1aBas
BO3MOKHOCTH 00pa30BaThCs
aHapujI0oTOKCHMHAM, a Takke MAK.

Complement resistance of tumor cells: basal and induced mechanisms Fishelson38al., 1999, Mol Imm
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YCTONYHUBOCTH ONYXO0JIEBbIX KJIETOK K CUCTEME KOMILJIEMEHTA

Classical
— | CR1
= — CD39 - cBsi3bIBaercs ¢
MCP C3 KOHEYHbIMH 0eJIKAMM
Tumor cell \ komiuiemeHnTa (C8 u C9) u He
DAF no3BoJIsieT BO3HMKHOBeHns1s MAK.
proteases
Alternative
pathway
\<\ Ecto-protein kinases A

N N 7

Complement resistance of tumor cells: basal and induced mechanisms Fishelson3al., 1999, Mol Imm
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FORMATION OF THE

C9

CD59 binds mene: ({}:
to C8 and S
C9 and |
prevents
further
build up of
the
Membrane
Attack
Complex

MEMBRANE ATTACK COMPLEX

Unfolded

Poly C9 (n=12-18)

Complement resistance of tumor cells: basal and inducedmechanisms Fishelson 8l., 1999, Mol Imm
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e mCRPs Haxoasimuecsi HA MOBEPXHOCTH HOPMAJIBHBIX M OIYyX0JIEBBIX KJIETOK U
YPOBEHb UX IKCIPECCUH JaKe B OHUX M TeX K€ TKAHAX OY€Hb OTJINYAK0TCS.

Ha MHOruMX 0myxojieBbIX TKaHAX ObLIa POAeMOHCTPUPOBaHa IKcnpeccuss CD46,
CDS5S5, CD59. boJiee Toro, MHOro4McJaeHHbIE HCCJIET0BAHNS MMOKA3aJ1, YTO ITH
0eJIKH BbIPasKeHbI B 00JIbIINX KOJIMYECTBAX, YeM HA HOPMAJIbHBIX KJIETKAaX, T.€
pedb UAET 0 over expression.

*B KiIeTOYHBIX JJUHUAX PaKa Jeérkux sxkcnpeccus CDSS, CD46 u cooTBeTCTBEHHO

YCTOMYHMBOCTh K KOMILVIEMEHTY BbILIE€ Y€M B HOPMAJIbHBIX KJIETKAX TeX e
TKAHEeu.

Complement resistance of tumor cells: basal and induced mechanisms Fishelson4dial., 1999, Mol Imm



K562 ERYTHROLEUKEMIC CELLS ARE EQUIPPED WITH MULTIPLE
MECHANISMS OF RESISTANCE TO LYSIS BY COMPLEMENT

— 3000007
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K562 PMN  erythrocytes

Expression of membrane-bound complement regulators on K562 cells, PMN and
erythrocytes. Cells were treated first with

MADbs: (A) anti-CD35, (B) anti-CD46, (C) anti-CDS5S5, or (D) anti-CD59, i(ﬂlowed by
FITC-labeled goat anti-mouse IgG.
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Blocking of mCRPs

*Baxnocts mCRPs kak MexaHu3Ma YCTONYMBOCTH K KOMILIEMEHTY ObLIIa TAKKe
MOKA3aHA ¢ MOMOLIBI0 IKCIIEPUMEHTOB ¢ 0JIOKMPOBAHMEM ITHUX 0€JIKOB.

*HeiTpanuzanusa mCRPs ¢ nomombio ciennpuaecKMX MOHOKJIOHAJIbHBIX
AHTHUTEJ YCHUJINJIA JIU3HUC JIEHKEMHYECKHUX KIETOK, a TAKKe KeJTYI0YHO-

KHIICYHbIX KJICTOK U MCJIAHOIIUTOB.

HauOoJs1ee pe3ko BoIpaskeHHbIN 3Q(eKT HA JU3MC HAOJIOTAJICA B pe3yJbTare
omoxupoBanus CDS9.

Complement resistance of tumor cells: basal and induced mechanisms Fishelson48al., 1999, Mol Imm



O

Blocking of mCRPs

medium

aCD46 |

aCD5SS :

o CD59

aCD46 + aCD5S5 §
+ aCD59

0 20 40 60 80 100

Specific lysis (%)

Effect of neutralization of membrane complement regulatory proteins on
complement-mediated cell lysis. Cells were treated with rabbit anti-K562 antiserum in
combination with anti-CD59 (BRIC229), anti-CDS55 (BRIC110 1 BRIC216) or anti-CD46
(GB24)

(10 mg/ml each) IgG and incubated at 37°C with NHS (1:10). Lysis was measured as percent
release of TDA-forming fluorescent complexes with Eu31. Results are presented as means 6 SD
of triplicates of 1 (out of 4) representative experiment. 44
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OcHOBHBIE MEXaHU3MBbI yCTOﬁqHBOCTH K KOMIIJICMCHTY:

I. 3xcrpeccuss pacTBOPUMBIX 0€JIKOB-PErvJIATODPOB

Cl unzuoumop, OTHOCUTCH K
Siasnicn paiway ceMbe CEpIHHOB -
: : HMHIHOMTOPOB NpoTeas u Activati
eClusterin S-protein - P P Su,,ace”?
SIBJISIETCH €JMHCTBEHHbIM
NMPUHUMAIOT YYacTHE BO (+)
H3BECTHBIM ILJIA3MATHYE€CKHM C3b
MHOT'HX OMOJOrHYeCKHX
uHruouropom Clr u Cls. e
peaKkumusix, BKJIYasi (- .
Ouennb S(I)(I)GE[BHBII/I + 1D
Peryjasinuio KOHeYHbIe = s - fH
HHTHOUTOP, €ro CUHTE3 ObLI o) BT
3Tanbl AKTUBAIIUH \
KOMILIEMEHTA, OHH fl, fh-ghakmop I u H- xoTopbie o8
COPEBHYIOTCS C pacmemasirlor C36 u C
MOBEPXHOCTbIO KJIETOK- 00HapYKeHbI B CyIIEPHATAHTE
MHUIIIEHEH 3a KJIETOK ovarian carcingma, a TaKk:xe
ruaApogoOHbIE MeCTa HA MOBEPXHOCTH KJeTOK glioma wu
CBA3BIBAHUS HA rhabdomyosarcoma
koMmILiekce CSb-7. O0a
0ejika ObLJIM OOHAPY:KEHbI |of
B KJIeTKax astroglioma ici
neuroblastoma T
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Un HpPVEMbIEC MEXAaHM3MbI VCTOMYNBOCTH K KOMILJIEMEHT

(A)- popmupomanne MAK Ha
MOBEPXHOCTH

(B) - cBsi3bIBaHME IUTOKUHOB,

%
11
TOPMOHOB

Tumer cell | —| DAF ‘

— | MCP

—1 CD59 (I)- yBesiMUeHHE YCTOMYMBOCTH K
KOMILJIEMEHTY MO:KET BbI3BATh
yaanenne MAK ¢ momMombio 3K30- "

MAPK JHA0IMTO32

I
@ (II) - yBesiMueHH e IKCTIPECHH

/& MeMOpaHAJbHBIX PEryJIsATOPOB
2% ~—PL
C\DAG

(III) - yBesimueHHe ceKpeunu
PacTBOPUMbIX HHTUOUTOPOB
KOMILJIEMEHTA
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Induced Complement Protection

Reiter Y., 1992, Eur.J.Immun

*IHTEepeCcHO, YTO OJJHUM U3 HandoJee MOTEHIMAJIbHBIX MOJ00OHBIX AT€HTOB
saBjaserca cam MAK.

JIJIsi TOr0 YTOOBI JIM3MPOBATH KJIETKHU 00J1aJaI0IMMHU SIIPAMHU, €CTh
He0o0X0IMMOCTh B 00JbII0M KoJIMYecTBe KaHa10B MAK, Toraa kak Ju3uc
0e3siIepHBIX KJIETOK HAIIPUMEP IPUTPOLMTOB, TPedyeT BCEro JUIIb OAUH
(pyHKIHMOHAIBLHBIN KaHAJI.

*BHenpenue cyosmmTuueckoro koj-sa MAK B KiIeTOUHYI0 MeMOpPaHy KaK
HOPMAJIbHBIX KAK U OIYX0JIEBBIX KJIETOK BbI3bIBAET Pa3HoOOpa3ue OHOJI0rHYeCKUX
3¢ PeKTOB TAKUX KAK:

OBbICBOOOKIEHNE PEAKTHBHBIX KHCJIOPOIHBIX META00JIUTOB

Ocexpenuro mpo-BocnaauTeIbHbIX MEIHATOPOB

OBxoa B KJI€TOYHBIN IUKJI

OycToliumBoOCTh K anonTo3y

yBesmmuenne ycToiYMBOCTH K KOMILIEMEHTY.

*JT0T peHOMEH HA3BIBAEMbIN «MHAYIUPYEMAs KOMILIEMEHTOM 3aINUTA» =
“induced complement protection”, tpeéyer noanoro ¢popmuposanus
MAK, cunre3a 0eqkoB 1 PHK 1 ¢cBO0OOIHOI0 BHEKJIETOYHOI0 KAJbIIHA.
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nduced Complement Protection

*Takuke ObLII0 MOKA3aHO, UTO KJIETKH K562 MOryT ObITH 3alMINEHBI OT JIU3MCA
KOMILJIEMEHTOM € MOMOIIbI0 00PAa00TKH ¢ TOPMOHOM JieiKOpe2yiuH, Jnodo ¢
OesikamMu (POPMUPYIOIIUMHU MOPHI TAKUMHU KaK: nep@opun, meaumun, 3K30TOKCUH
CTPENTOKOKKA cmpenmonusun O.

*Cy0uTHYeCKUI KOMILUIEMEHT, B CBOI0 04epe/lb, BbI3bIBACT YCTOMUYMBOCTH K
ausucy neppopurom B K562 kiaerkax. Ilepexoa B cTajinio moBbImIeHHOMN
YCTOMYHUBOCTH TPeOyeT MPUTOK KAJbUNUA, AKTUBAIMIO HUuTOoMJIasMaTudeckoin PKC
u kackaga MAPK Ttakike kak ¥ cuHTe3 0€JIKOB.

*B nepBy1o ouepeab NPOUCXOAUT YBEJIUYCHHUE KOJI-BA BHYTPUKJIECTOYHOI0 KAJIbIIMA,
MPOUCXOIUT 3TO 32 CYET TOI0, YTO BHEKJICTOYHbIN KAJLIUMI NPOHUKAECT BHYTPb
KJIETOK, MPEeANO0JIOKUTEIbHO Yepe3 kaHaabl MAK.

*Eciin yBesin4eHue KajJblUUsd HHIHOMPYETCH ¢ MOMOIUBI0 YCTPAHCHUS
BHEKJIETOYHOI0 KAJbIus - yiajeHue MAK ¢ KJIIeTOYHOU MOBEPXHOCTH TAKIKE
UHIHOMPYeTCH M JIM3UC KOMILUIEMEHTOM ycuiiuBaercs. U3 yero Mo:kHo ceJiathb
BbIBOJI, YTO YBeJIMYCHHUE KAJbLMA HE00X0AUMMO /Il HHAYKIUU YCTOUUYMBOCTH.

eBa:xnocth PKC n1 MAPK 0b171a TaKKe MOKa3aHAa ¢ IOMOIILIO MCITOJIL30BAHUSA
UHIHOUTOPOB MX AKTUBHOCTHU. X HCNO/Ib30BaHUE YBEJINYHUJIO YYBCTBUTEJIbHOCTD
kjIeToK K562 K KoMIJIeMeHTY.
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3aKJII0UYeHHEe:

0O6padoTKa KJIeTOK ¢ IOMONIBIO CYO-TUTHYECKOT0 KOMILJIEMEHTA MMPUBOIANT B
neficTBHE KJICTOYHbIA MEeXaHU3M, KOTOpPbIX Youpaer MAK ¢ moBepxHocTH
KJIETOK C MOMOIIbI0 BE3UKYJIAIMH U HHTEPHAJIU3ALUM.

OKyeTku, moBpe:KaeHHbIe KOMILJIEMEHTOM HJIH APYTHMHU 0eJIKaMHu
GopMupyrOImIMMHA MOPHBI, CTPAAAIOT OT 00JIHIIOI0 KOJI-Ba MOBPEKIEHUNA B
MHOTOYHMCJIEHHBIX KJIETOYHbIX OpraHeiax.

OWm Tpedyercsi akTHBALMS OXHOIO H 00JIbIIIE MEXaHU3MOB JIJISA
BOCCTAHOBJICHUA. B UTOre CrOCOOHOCTH OMYX0JIeBBIX KJIETOK MPUBOAUTH B
HefCTBUE ITH MEXAHU3MbI U PelIaeT BHIKMBET JIM KJIETKA aTaKy
KOMILJIEMEHTOM WJIH HET.

OOnyxosieBbIe KJIETKH CHAGKEHBI 00JILIINM KOJI-BOM Pa3IHYHBIX
MEXaHU3MOB, KOTOPbIE€ MPUIAIT UM KOMIUIEMEHT - YCTONYUBbII ()eHOTHII.
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Mortalin/GRP75 promotes release of membrane
vesicles from immune attacked cells and
protection from complement-mediated lysis

D. Pilzer and Z. Fishelson, 2005, Inter Imm

50



g
Be.mm, VIACTBYIOIIIMEC B BEC3UKVJIAIINNU

Method: K562 cells treated with various (sub-lytic) concentrations

of anti-K562 antisera and NHS or HI-NHS*

v

Supernatants collected, cells separated

\

Supernatants analyzed by SDS-PAGE

\

Silver or Coomassie staining

\

Mass Spectrometry

* NHS-normal Human Sera

HI-NHS-Heat Inactivated Normal Human Sera o1



 SEE———

Pe3yibTarhl: Mortalin

NHS HI-NHS

TOXOHAPHAJIBLHBINA 0€JIOK

, KOTOPbIN ObLI O0HAPYXKEH B
juromiazme, EP n
[eCKHX Be3MKYJIax.

IPakeH B KJIEeTKaX, y4acTByeT B
DEeCC, UMIIOPTE B MUTOXOH/IPHIO,
10 ObIBAET MOBBINIEHO B PAKOBBIX

Te ¢ C9 BHYTPHM BHEKJIETOYHBIX
)CBOOOK/IEHHE 3aBUCUT OT

l MAK, akTuBanuu 0ejJKoBoi

2 f‘. 1) 1 BHEKJIETOUHOM 0eJIKOBOM

Mortalin/GRP75 promotes release of membranevesicles from immune attacked cells and protection
from complement-mediated lysis. D. Piltzer and Z. Fishelson, 2005, Inter imm
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Mortalin is secreted from cells after sub-lytic complement
attack

K562 cells treated with sub-lytic complement (anti-K562 Ab+NHS/HI-NHS)

SDS-PAGE of the supernatants

Western Blot with anti-Mortalin rabbit Abs and pre-bleed rabbit sera

\/

NHS HI NHS HI NHS HI

T5KkD A e
. — -

|

Anti-mortalin Pre-hleed
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Mortalin and C9 are associated with membrane vesicles

K562 treated with sub-lytic complement

v

Sedimentation at S000Xg (removal of cell debris)

*Pretreatment of supernatants with triton-x100 (1% or 0.1%)

v

Centrifugation at 100, 000Xg (spin down of small vesicles)

v

SDS-PAGE of high-speed pellet and supernatants

v

Western Blot with anti-Mortalin or anti-C9 Abs

* optional
519
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Results:

HI-NHS NHS D HILNHS D NHS D

Anti-Mortalin

Ab ime(ming 5 10 20 5 10 20 Time (min); 5 10 | 2pnti-C9 Ab
—_—

Sup - - e Sup ".

HI-NHS . NH HI-NHS . NHS

Anti-Mortalin
Ab Petiet - - | __PBth

ti-C9 Ab

é

Conclusion: Analysis with anti-mortalin antibodies or with anti-C9 antibodies indicated that both mortalin and

C9 released frofipjifXH)¢ells treated Wl-th sulb-lytlc complelffmmq()w‘}ﬂ be spuri-down-at 10{9,000 X g.
Pre-treatment of the su : i{on-X100, prior to ghe-k gation, resulted in

translocation of both mortalin and ellet to thesupgrn : t“r“) lue ¢ bilization of the
membrane vesicled¥ba ing mortali up | ’




Mortalin is translocated to the cell cortex after sub-lytic
complement attack

= Confocal microscopy - 10’ after sub-lytic attack

NHS + HI +

anti-mortalin ) .
anti-mortalin

o . . .



Anti-Mortalin Ab lowers cells’ protection
against complement

4% Addition of anti-Mortalin Ab to the experiments

K562 cells treated with anti-K562

l

Treatment with anti-Mortalin Ab

l

Treatment with NHS or HI-NHS

l

Count cell lysis (Trypan blue exclusion)
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Results:

-0 - O HENHS

B NHS
O NHS + anti nortalin

60

50 - B NHS + prebleed Ab

1:30 1:40
anti-K562 dilution

)
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Increased sensitivity of early apoptotic cells to
complement-mediated lysis

Gitit Attali, Dana Gancz and Zvi Fishelson,
Eur.J.Immun, 2004

60



g

Apoptosis & complement

'I/IHTepaKHI/Iﬂ 0€eJIKOB KOMILJIEMEHTA C alONTOTHYeCKUMMH KJIeTKaMM ObLjIa
MNPOACMOHCTPHUPOBAHA, OIHAKO 3Ta TEMaAa MaJI0 U3ydUcCHA.

*ANIONITOTHYECKHE KJIETKH MOTYT AKTUBHPOBATH KOMILJIEMEHT H
ces3biBaThes ¢ Clq, C3b u MBL.

*Cy1iecTByeT NMpeamnosoKeHue, 4To 0eJIKM KOMILJIEMEHTA BeAYT ce0sl Kak
OINICOHMHBI, IOMEYas AMONTOTHYECKHUE KICTKHU IJIsl JUKBUIANUN
¢arouuramu. ITO NPeEANOJI0KEeHNE MOATBEPAUIOCH C IIOMOUIbIO
ucnouab3oBanusa Mbimiein Clq knock-out koropsie moxkazajau yMeHbIICHHE
CIIOCOOHOCTH YOUPATH ANONTOTUYECKUE KICTKH.

*JTa padoTa JIeMOHCTPUPYET, YTO PAHHHME ANONTOTHYECKHE KJIETKH,
00padoTaHHbIE KOMILJIEMEHTOM, IIPOXOAAT O4eHb 3P PeKTUBHbIN JU3UC.

*Tax:ke IMOKa3aHO, YTO IMMOBLIIMICHHAN YYBCTBUTC/IBbHOCTD AIIONITOTHYCCKHUX
KIICTOK K JIU3UCY KOMIUVIEMCHTOM 3aBUCHUT OT aKTUBAIlUU KacClia3s.
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Pannmue ANOITOPHUYCCKHUE KIICTKN YYBCTBUTECIbHDBI K JIM3UCY
KOMILJICMEHTOM

ﬂenb: npoeepums UHMEPAKUUIO Meafwypauuumu anonmomuyvyecKkumu
KJ1emKamu u CUCMEMOU KOMNIeMeHma

Jrcnepument: Jurkat T lymphoma cells treated with anti-Fas Ab for 1 h in 37C

\

Treated with rabbit anti-Jurkat Ab 30’ on ice

\/

Treated with NHS 60’ in 37C

\/

Lysis determined with >'Cr release assay
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Pannmue AMOIITOPHUICCKHUE KJICTKHN YVYBCTBUTEC/JIbHLI K JIM3NUCY

KOMIJICMCHTOM
1 (W
Results: | |
S0 .
E-E\ Ev[]- , EAp-Jurkat
5 | N
w &
4y | *‘ .
n
2 Jurkat
ol me
[J. t 1 T T
50 8i 100 wio
I/Ab dilution Ab

BI)IBOQZ PAHHHUE AaNIONITOTHICCKHUE KICTKH 0oJ1ee YYBCTBUTEC/IbHBI K JIM3UCY

AHTHUTEJIOM + KOMILIEMEHTOM, YeM KJIeTKH He o0padoTranHblie anti-Fas Ab
BbI3bIBAKIIUM aNOITO3.
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IloBBIIIEHHAS YYBCTBUTEIBLHOCTh K JH3HCY MOCPEACTBOM
KOMILIIEMEHTA 3aBHCHT OT Kacma3 (caspases)

ﬂe.m,: IMPOBEPUTH YIACTBYIOT JIM KaClla3bl K JIM3UCC PAHHUX AIIOIITOTUYCCKUX KIICTOK

IKCIEPUMEHT: Jurkat cells treated with caspase inhibitor zVAD 30’ 37C

v

Jurkat cells treated with anti-Fas Ab 1h 37C

v

Treated with anti-Jurkat Ab and NHS

v

Lysis determined with >Cr release assay
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IloBBIIIEHHAS YYBCTBUTEIBLHOCTh K JH3HCY MOCPEACTBOM
KOMILIIEMEHTA 3aBHCHT OT Kacma3 (caspases)

a5
Results: ‘ O Jurkst
50 4 ®mFAp-Jurkat
o A0}
o
e
iz A0 4 e
¥
I
J ZLF -
il
il ¥ e :
NI eV ALY DAISCE =W ALY
001 % L ITRL (L03"%s SO vl
Treatment

BoiBoa: 10 uM 4acTH4YHO YMEHBINWIM TH0€JIb KJIETOK, PO EAIInX 00padoTKy
anti-Fas Ab Torna kak 50 uM noJTHOCTHI0 0JIOKHPOBAJIN YBEJIUYEHHYIO
YYBCTBUTEIbHOCTH PAHHUX ANIONTOTHYECKHUX KJIETOK K JH3HCY KMILJIeMeHTOM.
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igBeﬂuqenue arcnpeccuu Bel-2 B3aUMOCBA3aHO ¢ YCTOMYHUBOCTBIO
K JIM3UCY KOMILJIEMEHTOM

OAnTH-anonTornyeckue 3pdexthl Bel-2 xopomno u3BecTHBI. ITOT 0e10K
oTHOocuTcs K Bcl-2 family u urpaer o4eHb BasKHYI0 poJib B mpouecce
anomnro3a, 00/1a1aeT aHTH-ANONTOTUYECKUMHU (PYHKIMAMM.

[leab: npoBepuTh BiusiHUue over-expression Bel-2 B kierkax Jurkat Ha ux
YYBCTBUTEJIbHOCTD K JIM3UCY KOMILJIEMEHTOM.

Jurkat cells transfected with Bcl-2

\/

Treated with rabbit anti-Jurkat Ab 30’ on ice and NHS 60’ in 37C

\/

Percentage of lysis was determined by *'Cr release

IKCIEePUMEHT:
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BegaryeHue yxrcnpeccuu Bel-2 B3anMOCBA3aHO ¢ YCTONYMBOCThIO

K JIM3UCY KOMILJIEMEHTOM

80 -
A =120 OpEBS7
Results: £ \ 0 Bel-2/C4.1
’ S 6 W Bcl-2/C6.1
60 - s 4 \‘_ 0 Bel-2/C5.2
2 5 O Bel-2/A8
i S 0 10 20 30 40 50
e Bel-2 (MFI)
S
o 407
- pf
w
>
- I
20 - T
0 - . ° ]+1 >
1:50 1:80
1:Ab dilution

BoiBon: HaOuronaercs: npsiMast CBI3b MeKIy over-expression Bcel-2 B TpancdennpoBaHHBIX
KJIETKAX U YCTOMYMBOCTHIO ITHX KJIETOK K Ju3ucy. KonrpoibHubiii BekTop pEB37 nmoka3saJ, 4to
KJICTKH €ro cojeprkaiue HaudoJiee 4YyBCTBUTEIbHBI K JIM3UCY, TOIA KAK 0CTAJbHbIE
TpaceKTAHTHI MOKA3AJIM MOHUKEHHYI0 YYBCTBUTEJIbHOCTb.

0 B kaerkax Jurkat Bel-2 urpaert poJpb 3allIMTHUKA OT JJU3HCA KOMILJIEMEHTOM.
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