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INTRODUCTION 

The principal functions of the immune system are to 
racognize, destroy, and protect against reappearance of pathogenic 
agents and altered cells. Recent studies have unequivocally 
demonstrated that the complement system plays criUcal roles :i.n 
!tumoral immunity, some forms of inflar,mlation, inmunoregulation, 
and in certain forms of disease susceptibiltiy (1-10). Complement 
is now regarded as, " .•• the essential effector mechanism in 
humoral immunity to infection" (R.R. Porter, 1). 

Complement has not always been held in such high esteem by 
imr.JUnologists and clinicians. As recently as 30 years ago the 
nobel laureate immunologist Burnet spoke for a majority of 
scientists \·lhen he commented that cornplement p~·obably v>~as an in 
vitro hemolytic artifact with an importance no greater than serum 
albunin allotypes. Continued studies have proven hiin wr·ong. 

Knowledge of complement has come in three major phases (11, 
Table 1). Recognized because of ~he lytic property of the C5b-9 
mr;r,l>J~a. ne attack complex, complement came to be seen as synonymous 
'·:i th i n vitro hemolysis. Investigators were slow to recognize the 
biolouic importance of complement 1.) because of this emphasis on 
the method of assay. 2.) because many stimuli can activa te either 
o~ ~oth of the two separate activation pathways, and 3.) because 
the firs t genetic deficiencies were d e tected in apparently healthy 
subjects. 

Clinicians have been largely blind to the full importance of 
compl ement in host defense, dinease susceptibility, tumor 
immunology, and some fonns of inflammation. This has been the 
case largely because available methods for detecting complement 
activation and corr.plement mediated tissue dar.1age have been 
insensitive and because sophisticated clinical application of 
bCJsic knowledge of complement often has had a glacial pace. 

Serum complement and human disease has been the topic of 
these Grand Rounds three time s over the past 18 years (7-9). Drr.. 
Stastny (1968), Smiley (1973), and J a sin (1979) thoroughly updated 
advances in complement investigation and placed thera in a c} inical 
context. Two years ago at these rounds Dr. Jas i n (10) revie\·Wd 
i~munc cor:1plex diseases and the role of complement as they were 
undcrr.tood at that time. 

I hav e chosen to pre~ sent .:t 1ww v j uion o[ cor.1plt~mcnt in Cl 

medical context. Clinically important insights have emerged 
recen tly that demand recognition and incorporation into clinical 
pract ice. Thi s protocol is intf!ndod to illu Btrate the principal 
conc e pts involved and to act as a 9uidc to the sca tt c1·ed 
literature on recent breakthr·oughs in concepts and technology. 
Clearly we have markedly improved our understanding of compleme nt 
and our ability to monitor complement activation :;.n vivo. 

4 



1 
Table 1 

HISTORICAL PHASES OF CONPLEMENT INVESTIGATION 

.................................................................. 
1888-1900 Initial recognition 

1888 Nutta Jl DiDcovcry of a heat labile serum activity llli li . 
kills anthrax organinms 

1889 nuchnet- Heat labile serum activity that kilJ s typJJOj,; 
01~ani smn and lyses RRC 

1898 Bordet Recognition of heat stable and heat labi le 
serum factors that lyse cholera vibr·ios and 
RBC 

1899 Ehrlich Recognition of the sequence of binding: 

1900-19 <: 0 

1950-1970 

1970-Present 

Ligand bound by 
Heat stable specific serum factor 

then able to bind 
HeaL labile nonspecific lytic facto1 

GJ:atlual recouniUon und characterization of 
properites of Cl, C2, C3, C4 using hemolytic assays 

Ir:~proved methods in protein chemistry permit 
isolation of principal complement proteins and 
initial quantitative estimates of reactions 
involved in sequential activation 

Increasingly diverse and sophisticated studies of 
the chenical, immunologic, phenotypic and molecular 
gene tic, bi.ol 00i c and medical dimensions of tl 1c 
complement sys te;;~. 

An appreciation of the roles of complement, cliseaser. r c.lilt ed 
to complement activat.ion, di f;eases related to complement 
deficiencies, and the usefulness of new diagnostic methods c<:tn 
only follow a basic understanding of the complement system. After 
a brief review of the anatomy of the system, complement deficiency 
states will be reviewed. The surprisingly high incidence of 
autoimmune disease among patients with C' deficiencies will be 
reviewed from the perspective of the role of C' in nonpathogenic 
metabolism of immune complexes. The linkage of normal level c; of 
specific cor:tplen1ent allotypes to disease will discussed in a 
s imilar context. Newer assays for clinical monitoring of C' 
activation \vill be reviewGc: . ~ly intent is to provide a pat!J to 
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understanding and effective use of new knowledge of the medical 
aspects of complement. 

Complement Activation (References 11-24) 

Initial I 
Enzyme C3 ConvertaH C6 Converuou --Attock 

Cl'-r,.s,, 

(/b.27c~.~ 
C4 C3-~~ C6 --C:::B~.C:-I,C:::B~.C:-9 -• MAC 

/C3Ub.3b 
8b 

C3tHoOI,Bb Colt Actlvotion CoH KHiing 

lnflornnwuion 
""vo<rtolil 
IC "'-sin~~ 
-...ion 

Figure 1 

(From reference 6) 

This depiction of the classical and alternative pathways 
visually stratifies the system in a useful manner. The system can 
be approached in blocks consisting of activation mechanisms, 
convertases, and membrane attack complex. 

Classical Pathway Activation (references 11-17) 

Activation of the classical pathway is accomplished by the 
binding of diverse activating molecules or surfaces to Cl (Figure 
2). In addition to the well known ability of antibodies to 
activate the classical pathway, numerous microorganisms, 
parasites, membranes, proteins, lipids, and carbohydrates are now 
known to be able to activate this pathway (Table 2). Regulation 
of the pathway is exerted by the Cl esterase inhibitor (Table 3), 
intrinsic decay of the convertase (Figure 3), and by the actions 
of regulatory proteins I and the C4-binding protein. Cl-INH binds 
to activated Clr (the basis for a new assay described below). 
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Collagen·like Non-collegtn·likl Colllgtnous ponion Gk)bular portion 

sequence JeqUenCe 

Cl 

Figure 2 

Structure and Organization of C1 
(from reference 11) 
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1 
Table 2 

SUBSTANCES THAT BIND AND Acn\'ATE Cl 

Bacteria 
E. coli strains 
Kkbrie/UJ strains 
Solmone/14 strains 

Mycoplasma 
Mycop/DsmD pneumonia< 

Viruses 
Retroviruses 

Parasite structures from 
Schistotomo man.~oni 
TrwHJnosoma bructi 

Proteins 
lmmlln~lobulins 
CRP (phosplmf)·khnlint') l'Omplt•Xt'J 

pl5£ tf'troviralsurfa~~<.'t' prutein 
Myelin bask protein 

Carboh)·drates 
Ant venom pol)·saccharide 
Cer1ain di- and trisa<'Charides 
Dextran sulfate 

Lipids 
Upid A 

Polyions 
Heparin 
Pol)'\'inyl sulfate 
Pol\'anethol sulfonate 
Pol~nucleotides 

Mist:ellant"Ous 
Monosodium urate t'rystals 
Mitochondrial membranes 
Cert;~in cellul.u mt"mbnmes 
Nitrophenyliltt'd molt"C.:ules 

(From reference 11) 

............................................................ 

Table 3 
PJIYSICOCIIEMI<.:AL PROPERTIES 

Of' Ht•MAN Cl lNIIIBJTOJl· 

Extinction coefficient 

(EJ!,l 
Sedimentation coefficient 

(S20.w} 
Carbohydrate content 

(by weight, average} 
Carbohydrate typos and 

amounts 
Molecular composition 

and subunits 
Relative charge 
Concentration in serum 

4.50 

3.7 

34% 

17% sialic acid 
12% hexose 

Singl• polypeptide chain 

a 
137 f<g/ml 

From reference 11 
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Figure 3 

REGULATION 

From reference 16 

Alternative Pathway Activation (References 18-24) 

Table 4 

Proteins or the alternative pathway 

l 
Symbol Name Functions Molecular Serum 

weight concentration 
~g/ml 

C3 C3 lnitiatmn as C3(Hl0); after 185000 1300 
enzymatic activation covalent (105(}-1650) 
attachment via thiocster as 
C3b, which is nonenzymatic 
subunit of C3/C5 convertase 

B Factor B Zymogen of Bb (M, - 60000) 93000 210 
which is a serine protease that (17~260) 

forms C3/C5 convertase with 
C3(H 10) or C3b; activated by 
Factor D 

D Factor D Serine protease which activates 24000 
Factor B when in complex 
with C3b or C3(H,O) 

H Factor H Negative regulator which 150000 475 
accelerates decay- (3~550) 

dissociat ion of C3/C5 
-convertase; cofactor or 
Factor I 

Fa.ctor I Serine protease regulating C~b 88000 35 
by conversion to C3bi and (3~) 

Clbi by fragmentation to Clc 
and Cldg; requires Factor H 
or CR 1 as cofactor 

p Properdin Positive regulator stabilizing 220000 26 
C3/C5 convertue by binding (~30) 

to the complcl 

(From reference 19) 
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I . 

Oopooition of C3tl 

FLUID PHASE "C3b-llke" C3 
C31CH3NHal C31Ha01 

Figure 4 

. ·Fa&- I. Proposed molecular reaction mech­
anism of alternative pathway activation . 
Initiation results from spontaneous hydrolysis 
or the putative thioester in native C3, which 
produces a C3 molecule with C3b-like func­
tional properties. The resulting C3 conver­
tase C3(H10),Bb generates metastable C3b. 
Deposition or metastable C3b occurs ran­
domly from the Ruid phase, but only on 
activators does the bound C3b escape control 
sufficiently to cause C3 convertase formation 
which then mediates positive feedback ampli­
fication , progressive C3b deposition, proper­
din recruitment, and CS convertase formation 

MET ASTABLE C3b SURFACE BOUND C3b 

·~ 
GOH 

FLUID PHASE C3b 

Fie. 2. Proposed chemical reactions at the activated carbonyl site of C3. Curren I evidence suggests that 
an intramolecular thioester bond in the a-chain or C3 becomes the reactive group or the metastable 
binding site or proteolytically produced C3b. C3 altered by nucleophilic attack or hydrolysis or the 
thioester becomes functionally C3b-tike without proteolytic release or C3' 

Mechanisms of Alternative Pathway Activation 

(From reference 19) 
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Table 5 

Initiation of alternative complement pathway. Tick-ova maintained by spontaneous hydrolysis 
of C3 internal thioester bond to 'C31>-Iike' molecule 

Tick-over "fired" by 
I. Mechanisms that increase C3b production 

a) 'Exoaenous' C3 spliuing enzymes eg CmD 
Plum in 

b) Stabilisation of CY,llD 
Properdin 
Nephritic Factor 
~ 

Leucocyte protease• ea elastase 
Bacterial protea~e~ 

2. Mechanisms that reduce C3b dcstruction 
a) Fixation on "protected surface" 
b) Deficiency of Factor H and Factor I 
c) local sequestration of Factor H 

(From reference 19) 

.................................................................. 

100 
.li 

I ... ... 
t 
.; 
:1 

Figure 5 

10 
r ... 11 37' tminl 

12 

• 

14 16 18 

Time course of C3b deposition on alternative pathway activators. Deposition on rabbit 
erythrocytes (E,) was measured by incubating a mixture of 300 ~I C7 depleted human aerum containin@ 
2 ~~ "'1-labeled C3. 100 ~I GVB, 25 ~I 0.1 M MgEGTA, and 125 ~I E0 (4 x 109/ml in GVB). Samples 
were removed at the indicated times and l~yered on 300 ~I of 20'}; sucrose in a Beckman microfu@t tube. 
The cells were sedimentcd by cenuifugation at 8000 xu for 30 s. The pellet and supernatant were 
tepa rated by cutting the tube just above the pellet and the percent bound radioactivity was determined. 
Zymosan and E. roli 04 (S x JO' particles/ml) were treated similarly. The C3 bound by E •• zymosan, and 
E. roli at the plateau were 7.0"/~ 4.1~~ and 2.3% of input, respectively 

(From reference 19) 
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Table 6 

Summary of Initial Mechanisms of Complement Activation 

....................................................... 
I. 

II • 

III. 

Zymogen Cleavage (Classical) 

"Tickover" (Alternative) 

Exogenous Proteases 

Coagulation, Kinin, Fibrinolytic Systems 
Microorganisms 
Neutrophils 

........................................................ 

AgAb~ 
~-Lc~r 
§J ~ . 

Figure 6 

CJ 

:1=· 
C3b.B 

~ 
' .. c'Jb.Bb 

,-'\~ 

A Summary of Complement Activation and Regulation of Activation 

(From reference 19) 
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Biological Effector Systems (References 25-57) 

Receptors for Complement Proteins: 

Table 7 

Summary of spccif~tily, cellular dislribulion, and biological activilies of lhe complernenl 
receptors 

Receplor Ligand Celllype Biologic response 

Clq Collagen-like region PMN Increases oxidative 
on C I q expoJ<d af1er metabolism 
dissociation of Cl 
complc11. Monocytcs 

Lymphocytes Enhancernenl of A DCC 
Lymphoblasloid lnduclion of cytolylic 
cells activity toward 

chicken E 

C3a C3a, C4a Mas! cells Secretion of vuoactivc 

requires C·tcrminal amines 

arg!nine 
Macrophages Secrelion of IL-l, 

stimulation of 
proslaglandin and 
thromboxane production 

T Lymphocylcs \nhi~ilion of antibody 
response 

CRI C3b Erythrocytes Acts as Factor I cofactor 
to produce C3d,g from C3bi 

C3bi and C3c bind wilh Clearance of immune 

lower affinity complexes 

PMN Enhances lgG depcndeni 
phagocylosis 
Induces lgG indepcndenl 
ingestion under certain 
conditions 
Secretion reactions 
Induction of respiralOry burst 

Monocyle/ AsPMN 
Macrophage 
B Lymphocy1es 
Subscls of 
T lymphocyles 
K Cells Enhancernenl of ADCC 
Glomerular 
podocy1es 

CR2 C3d,g or C3bi B Lymphocyte Regula lion of lymphocyle 
activation 

C3d binds wilh K Cells wilh Enhanccmenl of ADCC 

lower affinity T ccH markers 
Lymphoblasloid 
cells 

CR3 C3bi Like CRI Enhancement or induction 

. except not on of phagocy1osis 

crylhrocytes Induction of respiratory 
burst 
Secretion reactions 
Enhancernenl of ADCC 
Genelic deficiency of CR3 
linked to severe, 
recurrent bacterial 
infections 

13 
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l 
1 C3e 

H 

CSa 

Table 7 (continued) 

C3e or C3d·K Neutrophils 

M uhimeric forms of B Lymphocytes 
Factor H 

Monocytcs 

PMN 

CSa 
CSa desAra binds Mast cells 
with lower affinity 

PMN 

Monocytes 

Mobilization of 
leukocytes from bone 
marrow 
Secretion or annule­
aaociated enzymes 

Factor lecc:rction, 
blastoaencsis 
Induction or rapiratory 
bunt 
Factor I ecc:rction 

Secretion or vasoactive 
amines 
Leukotriene production 
illc:ludin& SRS.A 
Chemotuis, 
Cftlyme aecretion, 
aurcaation 
Chemotuis, 
Jeukotriene production 
includina SRS.A, 
enhancement of immune 
response 

From reference 2~ 

C3 and C3 cleavage products: 

Figure 7 

C3b 

Schematic representation or the human CJ molecule. The nwmbiTs indicate molecular wciJhts in 
kilodahons (excepl 992 at the C·terminus of <he a-chain and 64S at the N-terminus of the/1-<:hain, which 
indkatc the number of amino acid residues in each chain). The information is derived from eDNA 
sequence analysis [4). The shaded areas 10ftther repraent C.k I, Factor I cleavages; K, kallikrein 
cleavaae point 

(From reference 6) 
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IS-Sin 
I 

C3 Convtrlasa 

s-c-o 

IS·Sio 
I {J 

Figure 8 

C3d,g 
I +{CR1 or HI j o-~-M 
~-~43K~E".4:1E!i~ 

IS- Sin 

~l~~~~~~,o~-f~-M~~~~~ 
sK tJ:& e if·~ a'}c3b 

IS-Sio 

}c3bi 

From reference 17 

............................................................. 
Table 8 

MEMBRANE RECEPTORS ro• BouND FIIACMENTS OF CJ, CR1, CR2, CR3, AND CR, 
ST'M-UCTURE, SPECIPJcrn, CELL TYPE D1srinatmoN, 

Receptor 
type 

CR2 

CR3 

AND 0 JSTINCUISIIIN C MONOCLONAL AmtBODIES 

Specificity 

C3b> C4b 
> iC3b 
C3i, C3c 

iC3b~C3d~ 
>C3d 
t>C3b 

IC31o, S. 
ceriviseae , 
rabbit 
erythro­
cytes, S. 
<pidennidil 

iC3b=C3dg 
>C3d 

Structure 

Four allotypes ' 
160K, 190K, 
220K, 250K 

HOK 

Two chu.ins: 
165K a -chain 
95K jl-chain 

Two chains: 
!50K a-chain• 
95K jl-chain • 

Cell type 
distribution 

Erythrocytes, granuiOC)1es, 
monocytes, B 1.11d some T 
cells , kidney podocytes, 
dendritk reticulum cells 

B lymphOC)•Irs 

Monocytes Uld macrophaRt'S, 
granulocytes, NK cells 

Monocytes and macrophages, 
granulocytes, (NK cells?) 

From reference 26 
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Monoclonal 
antibodies 

4.fDD, 57f e~, 

57H, 310, 
C3RTu5. 
Ell 

AnH-821•, 

Hl!·5" 

Anli-Mil('- l r, 

OKM! •1• 
OKM9rl, 
OKMIOrl, 
MN~l. 

anti-Mol. 
anti· 
Leu-IS• 

Anti-Leu­
MS•·• 

}c3c 

}c3c' 



Figure 9 

A 
C4+C2 +C3 

. . \ . \ 
A A ~ ~ \ 
~~ 

R R R R · • 

B 
C3+B+6 +C3 

~~ 
R R R R 

Ftc. I. Assembly of C3-converta.se and deposition of C3b on substrates. (A) Classical path· 
way, Interaction of C4 with activated Cl-antibody complexes (Cl-Ab) generates nascent C4b. 
The nascent C4b fragments form hydroxy lester and amidoester bonds with nucleophilic accep­
tor groups (R) in the antibody or on the substrate surface in close proximity to their sUe of 
generation. The bound C4b provide the required binding sites for C2. The same Cl-esterase 
that cleaves C4 also cleaves C2. Cleavage of C2 to C2a and fonnation of the classical pathway 
C3-convertase C4b2a complex can only occur on bound C4b fragments that are positioned such 
that C2 is in close proximity to Ab-C! complexes. The C2a portion of the C4b2a complex is a. 
serine esterase. but it is only active when complexed with C4b. The C4b2a complex spon· 
taneously and irreversibly dissociates with a half-life of 5 minutes at 3'rC, and this dissociation 
is accelerated by C4bp and OAF. Interaction of C3 with the substrate-bound C3-convertase 
complex (C4b2a) generates nascent C3b. The nascent C3b fragments. in tum, fonn covalent 
bonds with substrate acceptor groups (R) in the immediate vicinity of their site of fonnation 
adjacent to C4b2a. but do not bind to C4b2a. R groups for C3 (or C4) may be carboxyl groups of 
carbohydrates or amino groups of proteins. and are not Spe-<"ific C3 ret"'eptors . (B) Alternative 
pathway: The inherent instability of the internal thiolester in the native C3 molecule spon­
taneously and continously generates small amounts of fluid-phase and bound C3• (C3i). This 
C3• fonns a magnesium-dependent complex with factor B (B). such that the B in the complex 
becomes labile to cleavage by the serine protease factor D {D). Cleavage- of 8 in the comple-x 
generates bound C3• Bb complexes that fonn the initial C3-convertase of the alternative path­
way. Interaction of additional C3 with C3• Bb leads to cleavage of C3 into C3a fragments and 
nascent C3b, followed by covalent attachment of a proportion of the nascent C3b to substrate 
acceptor groups (R) in the immediate vicinity of the C3-convertase. These bound C3b then form 
C3bBb C3-convertase sites that cleave more C3. As with the C4b2a complex. spontaneous 
decay dissociation ofC3bBb (half-life 2 minutes at 37"C) is accelerated by a control protein, in 
this case H rather than C4bp. However. properdin (not shown) associates with C3bBb bound to 
activating surfaces. generating a C3bBbP complex with extended half-life of20 minutes at 37"C. 
This action of properdin that stabilizes bound C3-convertase, as well as the action of H that 
rapidly dissociates both fluid-phase C3bBb and C3bBb bound to host membranes (see text), 
works to focus the C3-convertase on the substrate surface rather than in the fluid phase. Furthe"r 
'nteractlon ofB and more C3 wtth these complexes extends C3b deposition outward to acct"plor 
sites progressively more distant from the site of the initial Cl--convertase fonnation . 

From reference 26 
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Figure 10 

AA \(o, 
y.ll\L --'-:ilL. 

.iii .. ·,: 
" '\~~Ji· .~ ~ ~ 

m - - ~ c:. C» It» ~bl. 
II II~ cp" RR RR RR 

_ffl.. c 1••11 Hl* 1••11 ttl 
~ ~ ~~b 2-~ 
~ :.JJ[L 

R R R R 

Fa c . 3. Formation of C3 receptor ligands . C3b clusten can eithe-r interact with H or with 
CR1• displacing Bb. lnleraction of C3b3h with H ~•ulh in !-mediated convenion to iC3bi3b 
(releasing 3K M, C3f fragments), but does not permit further iC3b breakdown, probably be­
cause of the low affinity of H for fued iC3b (Ross el ol. , 1983.). lnle111Ciion ofC3b3b with CR1 

also results in conversion of the C3b3b to iC3bi3b, but can additionally lead In further !­
mediated breakdown of the iC3bi3b to C3dg3dg. This latter cleavaRe releases C3c fragmencs 
into the fluid phase. The iubsequent interaction of I and H-generated iC3bi3b with CR1 can 
similarly result in production ofC3dg3dR and C3c. The ability ofCR 1 to support iC3b fragmen­
tation may be a consequence of its capacity to cluster in the membrane and fonn multipoint 
bonds with the iC3b. C4b3b clusters can interact with C4hp and H. or with CR1, releasing C2a, 
and permillng !-mediated cleavage to iC4bi3b. 

°C4bp alone may be able to support this reaction, because C4bp may serve as an !-cofactor 
with both C3b and C4b to iC3b and iC4b, both in the fluid-phase (Fugila and Nussenzweig, 
1979) and bound (Gottlieb and Medof, unpublished observation). Interaction with CR1 ~suits 
in !-mediated conversion of iC4bi3b to C4d3dg. AI high C4b densities, C4hp can also support 
cleavage of iC4b to C4d, perhaps because it exists as a multi mer of7 covalently bonded subunits 
(Dahlback el al. , 1983). that may be able to mediate multipoint binding. 

From reference 26 
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A 

Slructure and Function of the Anaphylatoxin• 

l..::-llloo ..... 

pH 4.5 
Crystelline form 

pH 7.4 
Physiologic form 

Fig. 3. A The peptide backbone structure for crySiallinc human Cla was determined at pH 4.S by Huber 
rt al. [28]. The main features include an N·terminal portion that suggests alpha heHcalstructurc and a 
long C-terminal helical segment. The disullide-linked .. core" rcgion ·contains three intra-chain disulfide 
brid~es. The "active site" porlion of Cla (e. g. , residues 73-71) is folded back in a pscudo-P-turn 
conformation. B A representative model is given orthc extended or "open" crystalline form of Cla at pH 
4.S with two hypothetical models proposed for the folded or "compact" Cla conformation under 
physiolo~ic conditions. The "active site" reJion (LGLAR) is llhaded for easy identification and the 
guanidino and carboxy groups arc indicated by (+)and (-), rnpeetivcly 

A . C3ll.IC4e RECEP'TOft 

F'11- .C. A Features of the molecular interac­
tions between the C3a "active site·· and the 
C3a/C4a receptor arc illumatcd. Binding sub­
sites arc indicated for the Jcucyl side chains at 
positions 73 and 75, and for the charged 
guanidine- and carboxy-groups of arginine 
77. Similar interactions are proposed ror hu­
man C4a except that substilution ofalaninc at 
position 73 and glutamine at position 75 
causes the proteins to bind less effectively to 
the receptor. B The molecular intcraclions 
between CSa and CSa receptor arc more 
complex than th0sc proposed forCJa . Binding 
subsitcs for the mcthionyl side chain at po­
sition 70, 1he leucine 11 position 72. and the 
guanidino and carboxy groups of arginine 74 
are believed quite similar 10 those in I he C3a 
receptor. However, a separate and essential 
interaction with a site somewhere in the N­
terminal portion orcs. molecule is presumed 
to also occur based on the experimental results 
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Table 9 

(From reference 27) 

CRI expression and allinity for dimeric,ooluble lipnd on various human cells 

Cell type Number of Ka (M- 1 ) for Comments 
CRI/cell C3b dimer 

Erythrocyte soo 6.S X 10' Normal ranae from 200-1000 roccpton/cell 

PMN sooo 2x JO' Cells isolated at 4 •c 
PMN 30000 4x 10' Cells iwlated at 23 'C. 

4 'C cells warmed to 37 •c or 
treated with chcmoattractants 

Monocyte• 30000 4x 10' Exprcllion reauloted by chernoattractonts 

8 Lymphocytes 20000 6x 10' No apparent reaulation of receptor expression 

Figure 13 

• 
PBS 

• 
C512. 1o-oM 

l'tgu" I . Cytomdr1< anolyoto of CR I .. pr ... ton on human peripheral 
blood leukocytes alter atlmulatlon with PBS control (top) or 2 x 1~ M 
human C5o (bouom). Unproceued leukocytes In cttrated vmoua blood 
were •Umulated for 30 min at 37-c, weft pJaced on Ice. and were then 
llatned with uncon.Juiated 309 followed by f'JTC-pt f'(ab ' J, antl•mouoe 
JgG. The x axta tn thooc figures represent• CR I .. preulon with data 
coll<cted with the Ul< of logor1thmfc amplification; the y axlo preoenta 
akl• acatter with data coll<cted by u.tng linear amplification. The right· 
hand ahlfl In the dtatr1buUon ol monocytes and neutrophil• alter attmu· 
latlon wtth human C5a olgnlfle81nc:reued CRI exprnoton on theae cella. 

(From reference 37) 
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Table 10 

(From reference 37) 

CR3 rxprnolon on lturnan pnjplvral blood rnonocl/fn aumuloted 
IIJitlt lturnan C&l. niLP. « I'BS control (N • 21 

.......... 
PBS control 
C5o 2" JO...,M 
C5o5" JO...,M 
C5o2" JO..., M 
FMLP2" JO...,M 
FMLP2)( JO...,M 
FMLP2" IO...,M 

28.65:1: 1.75 
113.25 :1: 6 .55 
117.00:1:6.20 
110.85 :1: 0 .35 
118.110 :1: 0 .50 
411.15:1:5.45 
43.411:1:11.85 

123:1:36 
101:1:34 
78:1:10 

105:1:14 
71:1: II 
114:1:30 

• Tht mean percent lncrea.e •bove control wee caaculated for ach 
nper1mont u foJiowo : HMCF ol monocytH treated With !HI ragent/MCF 
ol monocytes trated With PBS) - I) " 100. Tho resulto ol repltcato 
aperlmonta were !Mil aYeftled to determine the.,_, pm:a~t lncreaao 
In CR3 npreMIOn at ..-a ~tratlona oil .. .....,.Ia . 

. . . . . . . . . . . . . . . . . . . . . . ~ .......................... ................ . 
Figure 14 

S - SCSb· 7 !! SCSb·B !! SC5b·9 

( tl tl , 
CS- CSb•- C5b.6- C5b·7• 
\/ I 
C3b C3b ' tf 

C5b· 7 - C5b·B '!/ C5b·B(poly C91 

Enzym11ic 
tnitillion 

Schomatic "'PrHentltion of auembly or the MAC and ita 
control by S-prott in . The asttrulu do note metutable form• or C6b and 
C6b·7, rupectively. 

Propertu• of the proteins of thr membront att~k pothu:ay 

M, S.Nm 
Protein M, Subuniu S·rote concentration Carbohydraw 

1~1/mll 

C6 191,000 o: 115,000 (;,200 8.7S 70 
11: i5,000 

C6b 180,000 o ': 104,000 3,000 7.5S 
IJ: i5,000 

C6 120,000 Single chain 4,000 6.0S 64 
C7 110.000 Single chain 6,000 6.6S 56 
C8 1S1,000 o : 64,000 N.A.• 8.0S 5S 

fJ: 64,000 
-y: 22,000 

C9 71,000 Single chain 6,500 4.75 119 
5-prottin 83,000 Sincle chain N.A. 4.0S 605 
• N.A.: lnformotion not available. 

(From reference 48) 
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d) I) 

l~ 
g) 

f)\~ -e 
'? ,--. 

' .. .... : .. ~ .. __ ... . ' __ .. - ' :i ' - ' ... -- .. .. __ .... 

Poly tC91 

MAC 

SC5b·9 

Schematic models of poly C9. MAC and SCSl>-9. a-c: Hypothetical model for C9 polymerization. 
Monomeric C9 (a) interacts "ith another C9 mole<:ule causinr rHtricted unfoldinJ to activated C9 lb) 
which interacts ailh further C9 molecules until the tubule is complete (c). d-f: C9 polymerization in the 
MAC. CSI>-8 interacts with the fint C9 molecule (d) causinr C9 unfoldinr and activation (e.t and tllbular 
C9 polymerization as in a-<: . Pan of CSI>-8 (C6. C7. C8•-;·_..., text) becomes inteJ71ited into the tubule 
" ·hereas CSb and C8P form the 170-.-'·lonr atw:hment. ,-b: Lack of C9 polymerization in SCSI>-9. 
Binding ofS..protein(s) block< C9 polymerization either by preventinJ unfoldini ofC9 (i) or by interferinJ 

v.ith the poi)meriz.ation of unfolded aaivated C9 (h). 

Role of complement in removal of target blood cells. • Adherence of a human erythrocyte bearing 
C3 fragment to a complement receptor-bearing mononuclear cell. b Holes in an erythrocyte membrane 
resultmg from complement-mediated damage 
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Figure 15 

From Ref 
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Figure 16 
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Regulatory Proteins (References 52-57) 

Table 11 

Known Inhibitors of Activated Complement Components 

Reactants 

Activated Cl 

Classical pathway C3 convertase 
(C4b, C2a) 

Alternative pathway C3 convertase 
(C3b,Bb) 

C3b 

Membrane Attack Complex 
(CSb-9) 

C3a 

CSa 

Nembrane associated 

Soluble 

Inhibitors 

Cl-INH 

C4b-bp, OAF, CRl 

H, OAF, CRl 

H, I, CRl 

CS-bp 

Carboxypep~idase N 

Carboxypeptidase N 
CSa Inhibitor 

OAF, CRl, CS-bp 

Cl-INH, C4-bp, H, I 
Carboxypeptidase N, 
CSa Inhibitor 

As noted in several places above these regulatory proteins 
work in diverse roles in regulating fliud phase and membrane 
associated complement activation. Recent studies and the 
precedents set by the known factors predict that several more 
regulatory proteins and receptors will be discovered in the near 
future. In turn we are likely to discover the causes of disparate 
clinical syndromes. Deficiencies in these proteins, discussed 
below, result in or contribute susceptibility to infections, 
autoimmune diseases, hemolytic anemia (PNH), chronic urticaria, 
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anaphylaxis, angioedema, and Familial Mediterranean Fever. 

Biological Activities of Complement (References 58 - 71) 

The principal physiologic activities of complement are well 
known. Viruses are neutralized by application of a coat of 
protein consisting of antibody and complement components, by 
aggregation, by lysis, by inducing an inflammatory reaction, by 
activating infiltrating cells, by facilitating the binding of 
effector cells to organisms and infected cells, and by lysing 
virus infected cells (58). The diversity of the roles of 
complement is illustrated in the results with different classes of 
viruses presented below. Similar mechanisms are mobilized to deal 
with various bacterial organisms with the addition of C3 
facilitated immune adherence and phagocytosis. These concepts are 
illustrated in the next illustrations. 

la.g., mnorwinls 
itlactocl t:lll. _...,... .. 

ferligll rtn.cturul 

Figure .l7 

llulcrtllio 
""ifti;N .... 

OpsoNzomn 
fdtatod itpstion 

Smoottl ....... aotlltliolt 

Hiltll!linlllld_or_ 
------:-;::~ 

C 1 , , ,,, j =Alt~lrtd~WIIIII~='"'=nwlli1=='=~ C4.C2 , ,:'I :: ,:' ,' l CllkUr ICii'lltiolt h s..dlty --
,;' 

1
' Socondory IIOIIiltor..... J-Y _.,ation 

,, ..I'., 
,'r..' 1/ MEMBRANE ATTACK , cJ .. cs-...;...;........,....,....,--lysis 

CS. C7, CB. C9 

AlTERNATIVE 
PATHWAY 

From reference 58 
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Table 12 

Components of the Human Complement Sv•tern 

CO~IPOS£!'1-T 

Classical p;Ath\.,·ar components 
Clq 
Clr 
Ch 
C2 
C3 
C4 
C5 
C6 
C7 
cs 
C9 

Regulatory proteins of classical pathway 
Cl inhibitor 
C4 binding protein 
C3b inactivator (I) 
l!· l·H globulin (H) 
S protein 

."-lterniltive pathway components 
Factor B 
Foetor D 
C3b 

Regul~tory proteins of alternative pathway 
C3b in>ctivator (I) 
l!·l·H globulin {Hl 
Pro~rdin 

•Concentration is given in t.Lg per mi. 

From reference 72 

SEIU"~t COSCE:\"TR.~TIOSS• 

70 
34 
31 
2.5 

1600 
600 
S5 
75 
55 
55 
60 

ISO 

34 
500 

7300 

200 
1 
0 

34 
500 

2.5 

The pivotal role of C3 is reflected in the relatively and 
absolutely high serum level of the protein. The critical labile 
thiolester bond in C3 and C4 that permits covalent coupling to 
soluble or membrane .ligands is presented in Figure 18. The 
resulting C3b and C4b decorated material can then interact with 
many cells as discussed above and summarized in Table 13. 

The specific impact of complement activation is as diverse as 
the agents that provoke the process. Figure 19 illustrates, while 
the Pneumococcus activates complement via the alternative pathway, 
the C3b binding occurs at the cell wall, below the capsule and 
functionally buried. Antibody to the capsule leads to the 
deposition of C3b at a functionally useful site. Tables 14-16 
demonstrate the varying roles of complement in responses to 
viruses and virus infected cells. 
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Figure 18 

COOH 
I 

CH3 
I s 
I 

5 CH2 I CH2 CONH2 CH2 
I I I I I 

HI CH2 H CH2 I CH2 CH2 CH2 
I I I I I I I 

-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-
Gly Cys Gly Glu Glu Asn Met 

The (XlSiulolled thitllcster SlrUC..'IUI'I! uf c~ und u~M . In C4, lhc scqucnc.: is idcnlkotl U~pl thai 
oa~paraginc: i!l. rcpla~o·cd hy threonine. 'fht: dast"tC..J linc..' shnw!~. the rn1h.ahlc IOnmlliun uf an N-rerminal pyrolli.Junc 
carho,ylic ou:ii.J residue wilh 1he hrealing uf tiK.' Glu-Giu rcrtitk buru.J on «knouuralinn of the notlivc prutcin. 

lO 40 50 • • 60 10 110 
(4 DPITJDT [@ SEG~l 5 PGGVA S(illlR~R@fml!EJj)V l~T(gU SR{!I!JOI@EIQ)wS T L PP 

C3 AD MTE P0v 0 A E RLK H(ili}v 1(3sJG!c&JEJElNl'1ilGMT[BT01 A V sEJYor[ild.~WEK 

•29·,~~~;,~- Asf!lsvlli]o 1 L@ls AMONTilN!ili]ll~viGlCIGIEi[l#lL ~N[!jv v L offi}NE{]aiQlLT PE 1 K • • • • ••• • • • • f • • 
CHO 

The amino add scqul·n.,;cs uwwK.IIhe pn!-.tulah:tllhinlcstcr hoOO in C4, Cl ulkl o~M . 8&lXcLI~J!~.iduc~ 

are hnmnlognu!\ and spots !r~hnw identity. Ash:risl!\ dclllJlt 1h&: cytilcine ilnd ~lularnk residue' ftwming the intnt<:hain 
lhinlestcr btmd . 

CELL TYPE 

Neutrophil 
Basophil . 
Eosinophil 
Macrophage 
~last cell 
Platelets 
Smooth muscle 
Lymphocyte 

From reference 101 

Table 13 

Complement R.ctpto,., on Crlu 

CO~IPLBIEST RECEPTOR• 

C Lq. C3b. C3d. C~b. C3a, Ba 
C3a. C5a 
C3b, C3d, C~b 
C:Jo, C3b, C~b. CS., Bb 
C3a, CSa 
C:Jo, C3b 
C3o, C5a 
C lq. C3b. C3d. C5b 

•Complement receptors identified in \'itro on human ur ilnimal leukocrtes, or both. 

From reference 72 
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Figure 19 

Sdu:matlc repracutation of Clb faed ID pDCWDo­
coccal aurfaccs. Wbca C3 il actiYai.Cd -ria tbe altemativc pathway 
by the pneumococ:caJ ccU waD, Clb fila 1D lbe ceU waD, deep to 
lbe capsule. In contrast, wben Cl lo activai.Cd via tbe clauic:al 
pathway by utlcapslllar antibody, Clb tl&a ID lbe capsule. 

From reference 63 .................................................................. 
Table 14 

Neutralization of EBV by cross·reacting lgG antibody and purified C components 

Reactants added to purified EBV 

Cross·reacting lgG antibody 
Serum containing cross·reacting lgG antibody 
Purified Cl , C4, C2, Cl 

Cross-reacting lgG antibody 
+ purified Cl, C4, C2 

Cross·reacting JgG antibody 
+ purified Cl. C4, C2, Cl 

• ' 

From reference 58 

Percent 
neutralization 

-2 
gs 
4 

2 

69 

.................................................................. 
Table 15 

C9mplement requirc:mcnts ror neutralization of polyoma virus 

Reagents added to 
polyoma virurantibody 

None 
Human ~erum 
Human Clq 
Human Cl 
Human Cl,C4 
Human Cl, C4, C2 
Human Cl , C4, C2, Cl 

Percent 
neutralization 

0 
go 
60 
0 
0 
0 

i4 

From reference 58 
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Table 16 

Rcquiremcnu for the altenlativc complement pathway for tho lysio ol measles virus iafocted 
human ceiiJ' 

Tratmcnt or human acrum 
o:ontainin& apecifiC antibody 

None 
Factor 8 depleted 
Factor 8 depleted +purified factor 8 
F:u:tor D depleted 
Factor D depleted + purifocd ll>ctor D 
C4 depleted 
C2 dc:fiCient 

Pcrc:ent lyail 

9$ 
$ 

9$ 
7 

9$ 
9$ 
9$ 

From reference 58 

.................................................................. 

Complement Factor Deficiencies (references 72-98) 

As preDented below, deficiencies in specific C' factors or 
regulatory proteins can be compatible with apparent good health, 
but characteristic syndromes are recognized. Not surprisingly, 
patients with hoQozygous C3 deficiency have frequent, severe 
infections, since this protein is pivotal for classical or 
alternative pathway activation of most effector systems. Patients 
with early classical pathway deficiencies may have recurrent 
infections, but most do not. Patients with MAC defects are 
unusually prone to Nisserial infections. 

Surprisingly, these patients are remarkably prone to 
illnesses thought to be the result of autoimmune inflamnation, 
particularly SLE. Recent studies indicate that marked reduction 
in C' as a result of consUQption, as in hereditary angioedema, 
also is a risk factor for autoimmune disease. The specific 
illnesses acquired appear to be dictated by other factors such as 
disease associated HLA genes. 

This paradox, inc.reased complement mediated disease in early 
classical pathway complement deficient patients, may be the result 
of faulty clearance of immune complexes, infection with low 
virulence organisms that induce immune complexes, or faulty 
immunoregulation. 

While C' deficiencies are rare in the general population, the 
prevalence of such defects is significant in specific patient 
groups. ApproxiQately 6% of patients with SLE have genetic C' 
deficiencies. Some 10% to 25% of adults with sporadic 
meningococcal disease have a C' deficiency. Patients with late 
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component deficiencies have a 40% chance of acquiring disseminated 
N. ~eningitidis or B· gonorrhoeae infections. Relapses occur 10 
times more frequently in these patients and recurrences are seen 
in 45% . 

Clearly physicians must be aware of the association of C' 
deficiencies with these syndromes. 

Table 17 

<:o.plemeDI compoDeDIII aDd defteleDey -·* Activation/ Known 
Component Synonym Breakdown 

Product(i) 
Deficiency 
Syndrome 

Clq yeo 
C!r yao 
Ch Clesterue yao (with 

Clr) 
C4 lllE C4e, C4b yet 
C2 C2a, C2b yet 
B C3 Proactivator Ba, Bb no 

C3PA; GBG; 
Glycine-rich 11 
clyeoprotein 

D C3 proactivator DO 
convertue 

p properdin yeo 
C3 lllC C3a, C3b (lllA), yeo 

C3e, C3d, C3e 
C5 lllF C5a,C5b yet 
C6 yet 
C7 yet 
C8 yeo 
C9 yeo 
C4 bindinc C4bp DO 

protein 
ProteinS Fraction V protein DO 
Cl esteraae Cllnh yel 

inhibitor 
H lllH yee • I C3b lnac:tivator; yeo 

KAF 

From reference 76 
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source 

Husig ttlll. ( •¢4) 

Torisu ttlll. (1970) 

F. Stranon 
(personal 
communication) 

Lachmann ttlll. 
(1978) 

Table 18 

INCIDENCE OF COMPLEMENT D£nCI£NCY IN NORMAL POPULATIONS 

number 
population uudied 

Swiss army recruiu -&0000 

Japanoe mus 42000 
medical examination 

.Manchester blood 15000 

transfwion panel 

Cambridge hospital 2000 
outpaticnu 

c:omplement 
deficiency 

encountered ., 
3 

natun: af 
deficiency 

largely low Cl + C2 
(no genetic data) 

Cllow (sera 
inactivate C.) 
no genetic data 

C2-deficienl 
(no family data) 

C6 + C7 deficient 
(inherited) 

low Cl, C., C2, Cl inhib 
and C3, hereditary 
angjo-oedema with systemic 
lupw erythematosw 

2 low Cl, C4, C2, Cl inhib 
1/C+ +. 

Caldwell's syndrome 

From reference 73 

Table 19 

DIMue auoc:lationa In 1enetlc complement deficiency -•' 

Immunologic DiM&ae Bacterial lnfeetion 
Mycobacterial or 

+ + Streptococcal Intracellular Viral Normal 
Total I 

of Deficiency 
Stat.e Alone Neiaaerial Other Neiaaerial or 

s. 
GNR' Bacteria bomoZ)'IO!eO aureua 

C1, C2, C4 
Properdin 
C3,1,H 
CS, C6, C7, 

C8,C9 

72 (64) 
0 

9 (41) 
11 (11) 

Infection Infection 

I (.9) 21 (19) 
0 0 

1(4.5) 5 (22.7) 
0 2 (2) 

H. i~llla.t 

3 (2.7) 11 (9.8) 5(U) 
1 (25) 0 0 
5 (22.7) 8 (36.4) 2 (9) 

52 (50) 1 (1) 1(1) 

I Numbeno in parenthesis repreaenll " or total number o( homozycotn. 
'GNR- rram negative rods. 

3 (2.7) 
0 
0 
0 

From reference 76 
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0 0 I (4.5) 22 
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Table 20 

Compardclaa of dlaeaae freq11eacl• I') Ia pro-ita.a (P) ud aoa-pro-itlll (NP) bomozyiJOill 
complemaat-daficieat ladividllala 

Menin- BKter- Pneu- SLE' DLE' Vasculitis Glomerulo-
N' ptia emia monia nephritis 

C1 p 14 21 7 7 71 14 0 14 
NP 8 13 0 13 25 0 25 25 

C4 p 9 0 11 0 78 0 0 11 
NP 4 25 25 0 25 0 0 25 

C2 p 56 13 16 16 38 13 7 21 
NP 21 10 0 5 0 5 0 14 

C3 p 9 33 22 44 II 0 II II 
NP 5 20 0 0 20 0 40 40 
p 5 60 20 40 0 0 0 0 
NP 1 0 0 100 0 0 0 0 

p p 2 50 0 50 0 0 0 0 
NP 2 50 0 0 0 0 0 0 

H p 1 0 0 0 0 0 0 0 
NP 1 0 0 0 0 0 0 0 

C5 p 7 71 29 0 14 0 0 14 
NP 6 50 33 0 0 0 0 0 

C6 p 24 63 29 8 4 • 0 • NP 9 II 0 0 0 0 0 0 
C7 p 16 50 19 0 6 0 0 0 

NP 6 17 0 0 0 0 0 0 
C8 p 22 50 18 0 9 0 0 5 

NP 9 0 0 0 0 0 0 0 
C9 p 5 20 0 0 0 0 0 0 

NP 0 
1 number of individuelo. 
'systemic lupua erythematollll. 
' diacoid lupua erythtma!Dolll. 

From reference . 76 

Table 21 

Compardcla of tbe freq11eacy of Nei.,eria op., S. pneumoniae and H. innuenzae infection a.ad ace at tint 
lafectioa In complement deficiency otatea 

Deficiency 
No. of homozygotH 
Nei ... riasp. 

No. of patients ('1!;) 
Median ace at ht opiaode (yra) 

S. pMumonie» 
No. of patients 
Median ••• at ht tpioode (yra) 

H. in{IUf!nZG~ 
No. of patients 
Median age at ht epioode (yra) 

C1, C4, C2 C3, I, H 
112 22 

3 (3) 5 (23) 
21 II 

12 Ill) 8 (36) 

• 2 

3 (3) 2 (9) 
6.5 18.5 

From reference 76 
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p 
4 

1 (25) 
15 

0 

0 

CS-9 
104 

52 (50) 
17 

1 (1) 
49 

0 

Total 
242 

61 (25) 
17 

21 (9) 
2.5 

5 (2) 
6.5 
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Table 22 

Clinical Manifestations of Hertditary Dtficiencitl of tht Complemtnt 
System 

CO~IPLE~IE~I COMPOSE~I 

DEF!CIESC\' 

Clq 
Clr 
Ch 
c~ 
C2 

C3 
C5 
C6 
Ci 

C8 
C9 
Properdin 
RegultJtory Proteins 

Clinh 
C3bina 
Carhoxnll.' llt icJase 

CLlSIC.\L. 
) L\..'-;IfEST.\nOs 

SLE . inf~ctions , glom~rulonrphritis, normal• 
SLE, infections, renal failure, norm;&) 
SLE. normal 
SLE . glomerulonephritis, Sch6nlt>io-Henoch purpura. normal 
SLE, OLE , glom~rulonephritis . vasculitis , ckrmatomrositls, 

common ,·aria.hle immunodeficl~ncy , Hodgkin's dis~a.s~. in­
Aamm:atory blood diseas~. atrophoderm.t, cold urtic:aria, in­
r~ctions, normal 

Infections. SLE 
~'tintria infections , SLE, norm...! 
NtisstriD inrections, SLE, normal 
.\'t is.t~rio infE'ctions, SLE . ank)·losing spondylitis , Rayn.1ud's 

diseilSe, normal 
.\'~ i.sscrio infections , SLE, normJI 
Sonnal 
Nti.s.stria infections 

H~r~dit ouv an'!;iOt:'dema. SLE , OLE 
lnfe<:tions: aq~agenic urtic-.aria 
.~ ugioedt"ma 

• uu rm.al = .1 pt> rson w&th 110 cl inical mo.uuft.'~ ta.t ious of .1 di~ t.> a.se 

From reference 72 

Table 23 

lUOlT!D CASES Of COMPLEMENT DU'1CDIOU AND ASSOCJ.ATED 
DISEASES 

Aaaociated diKuet 
Number 

wi1b homo1YJOUI 
CompoMnt ckfiCiency ICdiiCa~t Jnf«t~ns 

Cllusiu.J patlntJGy. 
Clq 15 14 t ClrorCh 8 6 Many 
C4 16 14 pyoccn.ic 
C2• 66 31 I 
Cl in.bibi1or >500 ~ 

CJ GJtli dlumDtitJt 
pGtltaay. 
C3 II I 10 P7'01tniC 

(+Nft ....... ) 
BID .. .. .. 
Proptrdia lt .. 2 (+3dicd 

fulmintnt 
ialectioca 
NNMrN 

C3b ioac1 (I) 5 I 4 pyocnic ,.H (H) ~ I (}{US) 
.A(,..6nuw OJtodtM _,_, 

}N--C5 12 I ' C6 17 2 10 
C7 14 I 6 
Cl 14 2 I 
C9 MaD)' ·· I 
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Table 24 

lmmunoregulatory diaeases in HAE 

P.tlent Autoimmune llelevent Autoimmune dl ..... 
No. Phenotype diNaH HL.Atype SerolotY .._ ... ... onset(yr) 

6 SLE DR2,DR3 Pos ANA, extracl.lble w F 29 
nuclear anribodies, 
SS·8 

7 Drug-induced lupus DR4 Pos ANA. syphilis w F 62 
scree a 

8 Thyroiditis DR3 (I : 6400) Anlilhyroid w F 31 
microsomal anli· 
bodies 

9 Thyroidilis (I : 6400) Anlilhyroid 8 F 43 
miao5omal anli· 
bodies 

10 Primary Sj6gren's 88 Neg w F 67 
syndrome DR3.DR4 

II Secondary SjOgren's DR2,DR4 Rheumaroid faclor, w F 19 
syndrome, rheu· 16001U 
maloid arthrilis 

12 Secondary SjOgren's DR4 w F Sl 
syndrome 

13 Sicca syndrome 88 Neg w M 2S 
DR2.DR3 

14 Juvenile rheumaloid w M 22 
arthrilis, lgA 
de6ciency 

15 u lncipienl pernicious DR2 Anliparieral cell anli· w F 37 
anemia bodies 

16 I Ulceralive colilis w M 36 
17 I Crohn's disease -(DR4) w M 23 
18 II Crohn • s disease -(DR4) w M 32 
10 I Parlial lipodys- Normal C3 w M 

trOphy 
20 II Raynaud's disease w F 36 
21 I Raynaud's disease w F Sl 
22 I Alopecia universalis w M s 

- • No infonnatioa; pos • posirive; nea • •aativc; W • while; 8 • blKk. 
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I Table 25 

Hereditary Angioedema 

Clinicopathologic features of p•tienta with renal involvement 

htlent No. 

2 J 4 I 

Sex F F F M F 
HAE phenOI)'pe I I I I 
At renal biopsy 

Age (yr) 18 47 44 32 10 
Duration HAE symptoms (yr) 17 37 40 22 0 
Creatinine (mgidl) 0.8 1.3 1.2 1.2 0.9 
Clearance (mlimin) 103 76 70 95 116 
Proleinuria (gmiday) 0.2 2.6 0 0.2 10.9 
Urinalysis 

Hemoglobin 3+ 2+ 2+ 0 Trace 
RBC 10 S to 10 S to 10 0 to 3 3to 6 
Cellular casts RBCiWBC RBCiWBC RBCiWBC RBCiWBC Not known• 

Biopsy 
Date 11177 2179 3179 3/81 5116 
Class MPGN MES MES MES MPGN 

fOllow-up: 
Date 10182 7183 6179 6183 2184 
Duration (months) 72 53 3 26 93 
Creatinine (mgidl) 1.1 1.0 1.1 I.S t 
Sediment 

Prole in I+ 0 0 Trace 
Hemoglobin I+ Trace I+ 0 
RBC s to 10 S to 10 Ito S 0 
Casts Hyaline, Hyaline , Hyaline Hyaline, 

granular granular Jr1111Uiar 
Significant lab results 

HLA/DR phenotype DR6 DR3.DR4 Not known DR6 88,DR3.DR6 
Immune complexes Pos Pos Neg Pos Pos 
ANA Neg Neg* Neg Neg Neg 

Pol • posilivc; Ne& • nesa1ivc. 
•Performed at St. Louis Cllildren's HospiLII of WuhinJlon Univcnity. 
tPatient on hemodialysis. 
;Titcn ranae hom neaative to I :40 with ntrative anti-DNA. SS-A and SS-B, and extnocllble nuc:leat antiren antibodies. 
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Table 26 
HLA type In pltienta whh HAE 

HLAIDR-eAOc:leted lmmunoreguletory 
diseases 

Apresoline-incluced SLE 
Idiopathic SLE 

Thyroiditis 

Primuy SjOgren's syndrome 

Secondary SjOglen 's syndrome, 
rheumatoid arthritis 

Secondary SjOgren's syndrome 
Sicc1 syndrome• 

Pernicious ~nemi1, incipient 

HLA-DR4 
HLA-DR2, 

DR3 
HLA-88, 

DR3 
HLA-DR3, 

DR4 
HLA-DR4 

HLA-DR4 
HLA-DR2. 

DR3 
HLA-DR2 

Alleiaht potienl5 with HAE who doYeloped an autoimmune disease 
with • known HLAIDR usociotii>n developed the di,.ue u­
socioted with their HLAIDR boplorype (p • 0.014). One lld­
ditionol potient hll aicc• 1yrnp1oms and ctuoaic conjunctivitis 
but 1101'11\11 rooe bena•l and alit lamp euminotions, 110nn111 
S.:hirmer"S tell, and no objective findinJS of lerootomio Ucepl 

for an obnormll puo<id ~e~n. Her DR phenotype included DR3. 
•sicco syrnp1oms: ter.loconjunctivitis, pooitive Schirmer's and po­

rocid IICUI , nondi..,_;c minor lllivlr)lallnd biopsy specimen. 
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Figure 21 
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0 1luflon of NHS 

_, _ Dose-response ~un·cs for th.: inh ibition of immun( pra:ipitall llO by normal s..:rum lD--0) and 
; lOJCtlon mixtur..:s cont:~ i n i nll C3. B. P and 0 (0-0). C3. R. P. 0 anJ H {6-6). CJ. B. P. D :tn_d I 
~~~~4) and C3. B. P. 0 . H ;.md.l (e-e). "!h.: concc:ntr.uio~ of the ahcm~ l i \:c path" a.~ c~n1~nc:n~s ~'ere 

JUsted so that th..: v were the same: as those v. h1c h were pn:Sc:ntan I he $rerum 1.hluunns. A I . ~ Jlluuon o l ~rum 
~on~ai ned 300 wg ci SO 1 ,~ B. 6 11g P. SO 1,~ H Jnd 10 l'g I. 0 was add\!d to th..: high..:st c~.mc..:ntr ;u i\.'" at 100 u mi. 

a~: point repn:s.:nts the mean 1 = s.c: .) or three: dc:h:rminations. 
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Table 27 

Summary of lmmunoregulatory eflects 

Immune ruponw CSa CSa 

Specific antibody production 
SRBC Supprnoion Enha~t 

Polyclonal antibody production 
Fe fragment Suppreaion Enhancement 
PWM No effect No effect 
LPS No effect No effect 

B cell proliferation 
Fe fragment No effect No effect 
LPS No effect No effect 
PWM No effect No effect 

T cell prolifcntion 
Tetanus loxoid Suppreooion Enhoncemmt 
Concanavalin A No effect No effect 
PHA No effect No effect 
PWM No effect No effect 
Mixed lymphocyte ""'ction No effect Enhancement 

T cell-mediated cytotoxicity Supprftlion Enhancement 

Natural killer cell activity No effect No effect 

From reference 67 

35 



l 
c: 
.2 -.= 
;; 
E 

5 
'0 

w 
Q:: 
!::: .... 
i!i 
0 
CD 
.... 
z ...: 

lo' 

IO' 

10' 

101 

102 

104 

Figure 22 

STRAIN 13 GP A 

8 

c 

7 " 21 • 7 t l""""niUIIGn t eo-t 
.. 21 21 DAYS 

Antibody ~sponoeo or strain 13 GP (A. n • 6). C2D-GP (B. n 
• II). and C40-GP (C. n • 12). Phagt wulnjteted at a doee or 1 >< ID" 
Pf"U/kg body weight at days 0 and 28 as Indicated by arrowa. Antibody 
Uters. expreu.ed as reciprocal of that eoerum dilution that gives 50~ 
neutralization In the neutralization asaay. were determined at weekly 
Intervals. For normal animals. median and range are given; for complt· 
ment-deflcltnt GP each animal 11 repr"eKnted by a etngle eymbol. For 
Hch eerum aample. total phage·speclflc anttbodln and phage·tpectflc 
lgG antlboclles were detenntnnl. TotaJ antibody Utera are given by open 
aymbols and solid lint: lgG titers a~ g1ven by closed aymbolo and broken 
lint (only dettetablt lgG titers ""' ftgu~J : note the log scale. In aome 
complemtnt-ddlclenl OP. antibody detennlnatlone tn pr1mary phaK 
were done only on day1 7 and 28 In order to take ure of the anlmale. 
lnasmurh aa the courw of antibody titer waa ev~nt . Thll ta Indicated 
by an lntenupted aolld line(- -J. 
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Regulatory Protein Deficiencies 

(a I 

( c I 

Figure 23 

SLE fom1ly 

3400 (01 2295 
HH 1062 HL 

0~361 

LL-HL 

Normatfo..,;ll< 

HL LL 

( b I 

1123 1947 

HL HL 

~98 lBO 229~ 

HH LL HL 

(d I Nannat lomill< 

1282 420 
HL LL 

1368 1014 137 

HL HL HL 

Familystudies ofCR I numbers in normal (c and d) and SLE (a and b) families. The phenotypo:sshown 
below the CRt numbers have been desisruued tentatively on the pouibility that the infttctions in the cumulative 
frequency curve for normal individuals (18~. and 64' 0 ) distinguish the phenotypes Ll. HL and HH (Wilson t1 

a/., 1982). 
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partly shaded square, C2 heterozygote. From Walport 11.!. (1984 ). 
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Scatter diagram or CRo/E In nonnal Individuals and peuent 

Scatter diagram o( C3dg·rragments/E In normallndlvlduala 
and the ume pellrnt groupe Uated In FigUre 2. Becau .. E bore little. If 
any. C3<: antigen. 1M amount o( bound C3C antigen detected With 1'"1· 
monoclonalanu-<:3£ repreaented the amount o( rtxed C3dg per E. E rrom 
nonnallndlv1duala carried <100 C3c111E (ohaded aru), With a mean of 
!;() ~ 23 C3cii/E. 
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Table 28 

Analysis qfCR, and]l>ced C3frogm6nll on Efrom JIGll6nla with AJHA and PNH ..., __ PorE 

at, esc C3d ac 
Mean Volloe lor NonnaJ Subf«t.t 101 21 52 48 

clleeueUh• 

AIHA Potlenle 

BH active hemolyala 328 7tl 8145 5e91 
DA 11/14/83 active hemolyala 413 86 4112 3357 

1/25/84 poot-aplenectomy: remlUion 1184 38 845 324 
MC active hemolyala 182 n.d.• 4117 413 
EB active hemolyal• 278 II 1184 1172 
LW 2/16/84 active hemolyala IIIII 110 17110 260 

2/20/84 active hemolyala 417 lOll 23111 1187 
2/27/84 reduced hemolyala 418 Ill 1232 171 

JA 1/3/85 SLE and active hemolyala Ill n.d. 24118 !110 
1/10/85 SLE and aotlve hemolyata 84 n .d . 1440 !199 
1/31/8!1 SLE and acttvr hemolyate 122 n .d . 1859 874 
3/14/85 SLE. hemolyala Improving 1711 n .d. 1138 423 

PNH Pouento 

MK 23" PNH type n E 273 20 303 91 
DL 38" PNH type 0 E 401 3!1 207 180 
BS 98" PNH type DE 70 5 718 104 
FK 20" PNH type m E 407 D6 371 3118 
FZ 28" PNH type mE 1110 26 281 154 
MB 35" PNH type In E 283 9 145 49 
AV 39" PNH type Ill E 267 45 614 566 
SM !1!1" PNH type m E 285 21 231 201 
FY !16" PNH type Ul E 32!1 81 478 404 
KG 90" PNH type 01 E 821 29 107 !16 
FN 95" PNH type Ul E 851 18 102 113 

•n .d. • Not done. 
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Table 29 

Anaii/Sis 'If CR, and fixed C3frtJ41rrwnto on Efrom a patf6nl wllh 
mycoplaama p<WUrnonla 

PaUentW.R. 

...., __ ...,E" 

DIIII:Ue AcUYtty 
at, CSc ac C3d 

11/3/83 Pneumonia: eold ogglutlnln 
titer of 1024 

834 82 254 312 

11/4/83 Pneumonia. '-pltallzed 118!1 90 310 3!17 
11/29/83 Improved. returned to work 853 4 139 1112 
4/30/84 TotAlly reeovued 9112 I 23 72 

• See Table n lor mean valuea ol the normal papulatb>. 
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Table 30 

Cornp/trnenl Profile in Angiatdema 

Clinh Clinh 
FCSCTIOS LE\'EL <:.j 

Classioal HAE ! ! or nl 
\ "ariant HAE nl ! or nl 
Acquirl'd deficiency ! ! 

ofClinh 
Idiopathic angioe'dema nl nl nl 

nl•normal 

From reference 72 

Figure 27 

60 

Capacity or intact normal E and PNH-E to acl.orb neu­
lr:tlizing anti·DAF-lgG. Arter in~raction with the daee orE indic:at.ed, 
the nonbound anli·DAF-JgG wu quantitated by ita c:apKity to neu­
Lraliz.t 2 unita or runctional DAF activity; lOO'h or lgG added neutral· 
i:oec! 91i'k orthe DA1activlt;r. Type U PNH-E Mn Cram patie~~t K; type 
ill PNH-E wert ltom patient L. 
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CompariJon of the 
bindina or C3 and C9 to nor­
mal (c), PNH II (a), PNH Ill 
(•). and AET-treated (o) eryth­
rocytes after classical pathway 
activation of whole serum 
complement. The values de· 
pi~ by the ban rep=cnt the 
mean: I SO, n • 3. 
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Figure 1. lnhibijion of Chemotaxis by Peritoneal Fluid from Pa· 
tients with Familial Mediterranean Fever (FMF) and Controls. 

Chemotaxis was measured In the presence and absenCe of 10 
per cent (vollvol) of the fluid to be studied, wijh 1 per cent 
zymosan-activated aerum as a chemoattractant. In the absance 
of fluid, random migration was 44.1:2.6 ,.m and chemotaxis 
46.5:2.8 ~tm for controls; random migration was 35.1 :3.8 ,.m 

and chemotaxis 53.3:6.0 ,.m for patients. 
Each data point represents the mean of replicate determinationS 
of chemotactic activity In each sample -I.a., 28 experiments wijh 
16 specimens from controls, and 12 experiments wijh 5 speci· 
mens from patients. The bars indicate the means :1 S.E. for 

each group. 
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Genetic Polymorphisms (References 99-107) 

Table 31 

POLYMORPHIC COMPLEMENT COMPONEY.."n 

component ~n< frequency linked to chrom010m< m<rence 

C4 (2 loci) HLA 6 O'Neill t1 ol. (1978) 

C2 0.05 HLA 6 Hoban&: Lachmann (1976) 
Alper It Ill. (1976) 
Meo II ol. (1976) 

factor B 0.28 HLA 6 All<n (1974) 

C3 0.22 Le 19 

CS "-Y 0.~ PG~Il :l.levag tllll. (1984) 

ll Alper <till. (1983) 

C6 0.33 C7 Hobart tllll. (1975) 

C7 0.01 C6 Hobart <till. (1978) 

C5 0.05 ::o.Id) Hobartttlll. ( 1981) 

factor D 0.05 (!\<g) Hoban & Lachmann (1976) 

C4-bincing protein 0.0~ Rodrigues d< Cordoba ttlll. (1983 ) 

CRI 0.1 Wong IIIli. (1983) 
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Figure 30 
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GLO D(R) CI.A B c A 
I ~~---~CI.~B~~.L,.--L.----'--- HLA 

centro mer•-----. n Ill 'f Chromosome 6 
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Table 32 

Elf eel of amino group modification of£, on I he uptalcr qf C4A and 
C4B onto £AC J c~us• 

C4Depollltft! C4 D<poottod on R.IUoo/ 
C4 Depo.IUon on Norm~~ I £thylaC'ftlmklat~-

loolypr 
~ll•tn&J TrutedCel .. Elhylacrttmw:lat~ : 

Normal 

C4A (V.J 202 (:t 4) 100 (:t 9) 0.50 
C4B (II<) 609(:t 101) 666(:t 44) 1.09 

• Valuu •~ mtan 2: SO or tnpllcalt meaaurrmrnla. Thf' number of 
crll peora ... y was I .e M 10". 
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Table 33 

Comparison qf lh~ uptake qf C4A and C4B onlo uanouo C 1-boanng ulls 

CHI"'r1"i &mattiltn& c. c. C4B:C4A 

C. II" AnUbDdy .... "'"' Depooltcd ll<poolllon 

("II RallO 
Expl. 

1. Eo. Humananli·A C4A (Bu) 58± 12 2.2 C48 (Ca) 125± 6 
U937 RabblllgG anU·IIo·mlcro- C4A (Bu) 64± 5 2.0 globulin C48(Ca) 131 :t 13 
K562 Human lgM anll·l C4A(Bu) 166± 19 

1.5 C48 (Ca) 245:1: 9 
E. Rabbit SCM anU-Foruman C4A (Bu) 125± 4 

4.8 C48 (Ca) 603± 16 

Eo. Human anli·A C4A(Vc) 323 1.7 C48 (II<) 552 
Eo. Human lgM anll· l C4A (Ve) 275 2.4 C48 (Cal 1154 
Eo. (group 0) Human ICC anti·P C4A(Vc) 20 1.5 C48(Ca) 29 
U937 RabblllgG anll·llo·mlcro- C4A(Ve) 990 1.6 &Jobulln C4B (II<) 1546 
K562 Human I&M antH C4A (Ve) 805 1.8 C48 Ill<) 1463 
E. RabblllgM anli·Foroaman C4A(Ve) 623 4.7 

C48 (II<) 2940 
E. RabblllgG anli·E. C4A(Ve) 1544 4.9 

C48(Ca) 7513 

• For Ett and £., the number of etlls ptr aasay wa& 1 .6 x 1 O'. ·f'or U937 and K562 cells. the number per assay was 3.4 
X 10". . ~../' 

• The C4 phenotypes of the donors wen aa follows. eu, A3.3.2 BQO.QO, v., A3.3 BQO.QO, Qo, AQO.QO 81.1 , II< ' AQO.QO 
81.1 . 

r Tht valuts repon~ In rxptr1ment 1 repi'Htnt the means and atandard dev1aUon1 ol tr1pllcate measurements done 
by ustng the otl phaSC' aeparauon technique (see Mat~rtals and ltf~thods} . 

• The values reprned In tx~riment 2 were obtalntd from cells beartng ••1~4 ol each ttotype before tht preparation 
of membranes for SDS·PAGE analysis (~ott Matt"rtals and M~thods). For E.. and£., the number of cell& per auay was 2.5 
x Jo-. For U937 and K562 cells. the number per a ... y wa1 1.0 X JO'. 
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Figure 2. life-Table Analysis of Kidney Survival (Serum Creati­
nine .. 2.0 mg per decil~er [177 p.mol per liter) without Dialysis 

or Transplantation) in Patients w~h Membranoprol~erative 
Glomerulonephritis. 

Nine patients had the extended h8plolype 88,DR3,SC01 ,GL02, 
and 25 patients (lid not. 
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Anaphylatoxins and Disease (References 108-135) 

Table 34 

Bioloaktll oDd Pbyllicodonakol Clwld..U.Iloa of Aupl!ylltodu 

Approxlmaie order Cu ED so Csa EDso 

(1) Smooth muscle 
contraction 6-9x 10-9 "' 4-6 X 10-IOM 
GPIIeum 

(2) Vascular Permea· 
bilityln 1o-•o - 1o-•2 moles 1Q-13.1o-u moles 

human skin 
(3) Mast cell , 

histamine release 10-15-10-6M yes, not quant itated 
rat mast cells 

(4) Induce PMN 
migration: Human Inactive 1-3x1o-sM 
Neutrophils 

Phyolco-chemlcol choracterlallcs 

Molecular weight 9000 11000 

Amino acid residue 77 74 

Carbohydrate + 

lp 9.4·9.6 8.4·8.6 

Alpha-helix 40·45% 40% 

Heat stability > 90C >90C 

Acid stability pH0-13 pH0·13 
(rm temp/1 hour) 
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FtG. I . Dose-response relationships for the effects of purified human Claanaphylatoxin on sinus rate (A), atrioventricular conduction time 
(i .e ., P-R interval) (8), left ventricular conlra<tile force (C), and coronary now rate (D) in isolated auinea pia heans. Each point (mean , 4-6 
heans; ::tSEM) represents the maximum chanae from control occurrina within 4 min of the administration of each C3a dose . Control values 
(mean::!: SEMJ were as follows : sinus rate, 219::!: 5 beals/min; P-R interval, 65::!: 2 msec; contraction, 6.4::!: 0.3 a; coronary now. 4.S::!: 0.2 
ml/min (n - 30) . 
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Table 34 

Relative cardiac effects of Cla and Cla de .. A 'I 

Sinus rate 
P-R interval 
Contractility 
Coronary now 

C3a C3a des·Arz 

+25 :!: 3 +7 :!: 5 
+ 18.0 :!: 5.1 + 1.0 :!: 1.0 
-24.1 :!: 3.6 -3.1 :!: 1.1 
-19.2:!: 4.3 -4.7 :!: 1.0 

Numbers indicate mean percentaae changes in atrioventricular 
conduction time , lefl ventricular contraclility , and coronary now, or 
chanaes in beats/ min for sinus rate (:!:SEM ; " • 4), in isolated 
suinea pis heans. after administration of a 6-1'8 dose of Cla or Cla 
des-Ara . C3a was incubated for 30 min at 37"C (pH 7.6) with 
carboxypeptidase 8 or saline. respectively. Each chana• caused by 
C3a was sianificantly different (P < 0.03) from the correspondina 
C3a des-Ara value . 
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Figure 35 
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FIG. 5. Effects of cimetidine , FPL 55712, and indomethacin on 
chanaes in cardiac function induced by administration or purified 
human C3a anaphylatoxin into isolated suinea pia heans. Each bar 
represents tbe chanse from control (mean :!: SEM;" • 4) caused by 
I 24-1'8 dose of C3a, either in the absence or in the presence or each 
pharmacoloaic antaaonist. •. Sianificance at P < O.OS . Cimetidine, 
FPL 55712, and indomethacin did not by tbemoelve• modify linus 
rate, contraCtility. and coronary now. 
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Figure 36 

Representative light-microscopic views of lung thin sections of 
inflated lower lobes from guinea pigs sacrificed 5 minutes after 
treatment 
The guinea pigs were infused via the carotid anery with (A) 40 mg of SCPN inhibitor, 
(8) cobra venom factor (CVFI alone, or (C) both SCPN inhibitor and CVF. Inflation 
fixation was performed with buffered formalin at 2S em H,O pressure for all sec­
tions. The alveolar wall thickness, alveolar space size . bronchiole <+I and aneriole ( + l wall thickntss in lungs of inhibitor-treated animals (Pan<! AI is indistinguishable 
from that obs<rved in lung of untreated animals . The lunas of CVF-treated animals 
(Panel 8) save evid<nce of some irreaularity in the alveolar matrix but otherwis< 
appear unaffected . The tissu< section in Panel C appear> markedly abnormal with 
alveolar matrix, bronchioles and anerioles arossly distoned (H and Ex60). 

From reference 127 
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Figure 38 

Till laiHtnl 

FIG. 1. Pleama hiatamine Ieveii following lnfualon of 
RCM. Of 43 patients llludled, 10 petlent8 hed tlevMed 
pl11ma hiatamlne levelufter RCM lnfualon. F.C .. t>. E. W .. 
o.o•••~. An addklonal 18 petlenta hed atevMad 
prelnfualon hllllamlne levela, and 1!1 pMienta hed no ct. 
tecteble la1111a before or titer RCM lnfualona. 

From reference 131 
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Table 35 
Inflammatory octivities or synthetic CJo ond C4o peptides ond onaloas compared to 

the natural anaphylatoxins 
SiOOlh ~sc It tOfliuct 101'11 

U fedlvt liieiht iffKttwe itieilvt 
fous• actlvttr tiOUI .c;thtty 

• er) 

6-9 I Jl)'-1 (tOO) 0.1-4 .2 (tOO) 

70 77 
At .. Str-Ht~o-Lt....Ct.r-Lfti-AI.-Arg 

~!!!-!!!-Ltu-51.r-Lt~1....,..g 

,_ll 1 ur7 

S-7 • 1(~7 

0. 7 

1.1 

••ttvt "-.an Ch rtstch.lts (1-77) J-2 • to-7 (tOO) (tOO) 

70 77 
l)'S-'l,..,l~Al W1l'""Lty....51~Art 

AI .. Al .. !.!.!-Al..,;l,_ltMl~Arg 

t.~J . 5 .u~-3 

l.G-1.5 I Jo-f 

0. 1 

1.0 

O.l-0.6 

0 ,3-(1,6 

•Minimum concentration of factor required to elicit full contraction of auinea-piJ ileal strip 
in a 1.5 ml bath. 

'Quantity or factor that induces 1 wheal 8-11 mm in diameter when injected intradcrmally 
in guinea-pig skin. 

From reference 110 

Modern Assays for Complement Activation (References 136-146) 

Table 36 

Methods to Detect and Quantitate Complement Activation 

Complement Activation Mechanisms 

Complement factors acti­
vated partially or completely 
by proteolytic cleavage 

Complement factors acti­
vated in part or completely 
by protein-protein 
complexing 

Complement fac­
tors normally not 
requiring 
activation 

Classical Pathway Ctr, Cis, C2, CJ, C4 Clq (Ciq, Cis, Cis), C2, C4 Clq 

Alternative Pathway Factor B, CJ 

Membrane Attack 
Mechanism 

Control factors 

C5 

None 

Factor B, C3, properdin 

C5, C6, C7, C8, C9 

NOne 

From reference 136 
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Factor D 

C6, C7, C8, C9 

Factor H, Factor 
I, C4b binding 
protein, 
Carboxypeptidase 
N 



Figure 39 

CLASSICAL PATHWAY WSA 

Acti¥1101 IIIUITI mrUurts 111 jMitld in lllti·C 11 t:Jittd wtllJ 
ltld ructtd wrth entyi'T'II ltbtltd anti·C l ·inhitlitor 

.I .1 1.0 

From reference 136 

Figure 40 

Alternative Pathway ELISA 

_,._ ............. __.. ...... ___ _ 
---·tl. 
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1111 IU M _IIAl W Ill Ca ¥1 
Detection of neoanttgen by MoAb 130 In patients' plasma. 

The percentag« or C3 conversion In the plasma or 14 nonnaltndlvlduals 
(Nm), 26 patient• wllh oyatemlc lupus erythemotoou• (SLE). 12 patients 
wllh meumatold 1rthrtt11 (RA) . .nd one patient each with hemlt.ary 
IJI&Ioedema (HAE), urtte~rtal vueuUt11 (UV). nephrtU. (Ne). e~ncer (Ca). 
and vuculltla (Va)IR praented. 

From reference 143 

Figure 42 

Medium-Sized Perimytlal ArteriOle (Arrow) In a Biopsy 
Specimen from a Patient with Childhood Dermatomyositis, 

Showing Transmural Staining of the V-1 Wall. 
This ve88811a aurrounded by Inflammatory ~lis (arrowhead&) that 
did not react with antibody to the membrane attack complex. Vn­
aela that did react with the attack complex are '"" In the endo-

mysium at the left. - · 

From reference 146 
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Table 37 

Pluma CoiiCIIIIIratioli ol C3A DMArg 
after Thtmoal Injury. 

CAlaVols 

l'loienu(cllytaftcrbum) 

G-5 
~ 

9-13 
14-19 
20-50 

•Me• :t:SEM. 
tP<O .~f«IM~,._ .. _.._.__ 

-100:!:5 

:!05:t42t 
546:!:69t 
490!:721 
409:!:541 
260:t361 
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Figure 44 
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Time Courae of Neutrophil (PMN) Exprntlon o1 CR1 (Open Circles) lind 
CR3 (Cioeed Circles) in Individual Palientl with Burna, a MeiiiUilld by lncli!IICI 

lmmunofluor-... 
Results are expressed a percentages of fluorescence oblalned with '*llrOphlls from 

nonnaleubjecta. Pen:entages In ~ refer to 1he IOtal 
body..autface .,.. burned. 
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Complement Activation during Hemodialysis with New 
Cuprophane·Membrane Oialyzers in Patients with and without 

the Flrat·U118 Syndrome. 
Each data point Is the mean :!:S.E.M. for all patienta In that group. 
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C3a desArg Levels In Spontaneously Activated and 

Zymosan-Activated Plasma from Patlenfl with and withOut the 
First-Use Syndrome during Hemodlary.te. 

The bar Indicates the mean value for the group. Nota that !tiara Ia 
no overlap between C3a daaArg lllvels In zymoun-activated 

plalma. 
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Figure 45 

From ref. 134 

Figure 46 
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Absolute Neutrophil Counts (CloSed Circles) and Abso­
lute Monocyte Counts (Open Circles) after the Firll tnfulion 

(Panel A) and the Second Infusion (Panel C). 
Levels of C3a desArg (solid line) and CSe desArg (dashed line) In 
~erum are shown as determined by radioimmunoassay alter the 

first (Panel B) and the I8COI1d infusion (Panel D). 

LEVELS OF C3a AND C4a IN ARDS PATIENT PLASMA 
AND BAL FLUID 

C3a 

Preliminary data obtained for anaphylatoxin let•els in plasma and 
BAL fluid taken from a patient with adult respiratory distress 
syndrome (ARDS) 
The patient developed ARDS followin& bone marrow transplantation 
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Figure 47 
From ref 141 

Figure 48 
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Table 48 

lllwumotic ow-. 
Systemle lupus erytbelllltooul 
Sj6pen's syndrome 
Sderoclerma 
Mi&ed """"ectlve tluue cllo.M 
llheumatoid uthrltll 
Polyarteritll DOC!ooa 
WeJen~·, panulomatos!J 
Temporal arterltll 
Juvenile rbeumotoid uthrltll 
EooiDophllk &.sclltll 
Be~t s syndrome 
Ankyloslnl ~po~~dylltll 
1\eiter"a l}'lldrome 

lnf~Cti~Jw OW..a 
Bacterial endocudltll 
Menlngococ:cemla 
Conoc:oceemla 
Leprosy 
Syphllia 
Streptoeoccal illfect10111 
Salmonelloail 
Infected venbiouloatrial ahunts 
Dengue 
Viral hepatitis 
lnfectjous mooonucleoail 
CytomegaloviruJ 
Subocute sclerosing panenoepbalitis 

Ntoplutic Dintut 
Carcinomas. (breast, lung, bead and neck, gynecologic, pstrointtrtinal, kidney) 
Melanoma 
Seurobla.rtoma 
Acute and cbn>nic lymphocytic leukemia 
Hodgkin's and non·Hodgkin's lympbomaa 

Mitctll4ntmu Diwutl 
Inllammatory bo"·el dlsease 
Intestinal bypass arthritis dermatitis 1)11dromt 
Primary biliary cirrhosil 
Multiple aderoail 
Amyotrophic lateral acleroail 
Myuthenia gravis 
Optic neuritb 
Cuillain-Bam syndrome 
Thrombotic thrombocytopenic purpura 
Sickle oeU dilease 
Pemphigua 
Bullous pemphigoid 
Idiopathic interstitial pneumonltll 
Idiopathic &Jomerulonepbritis 
Scb6nlein-Henocb purpura 
Diabetea meUituJ 

From reference 145 
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Pharmacologic Modulation of Complement Activation and Actions 
(References 147-152) 

While pharmacologic strategies to manage the complement 
system are primitive for most situations, the knowledge gaine d t o 
date is encouraging. The use of gene activating drugs (eg 
danazol), of effective premedication for radiocontrast reactions, 
of specific factor replacement (C1-INH), colchicine for FMF, and 
other approaches indicate that many avenues are opening for the 
future. The complexity of the complement system dictates care 
when the intricately interacting components are modified in hopes 
of clinical benefit. 

Summary and Speculation 

The data reviewed at these rounds indicate that major stride~ 
have been made toward understanding the role of complement in 
human health and disease. New laboratory methods for assessin9 
cl a ssical pathway activation, alternative pathway activution, 
membrane attack complex assembly, anaphylatoxin generatjon, and 
compleme nt receptors on cell surfaces have rendered the 
conventional C3, C4, and total hemolytic complement values a r chai c 
for most uses. 

Our new knowledge and powerful new assessment methods open 
the door for more rational and effective investigation, diagnosis, 
and monitoring of a wide range of diseases (at a minimum the 
diseases associated with immune complexes - Table 38). Hopefully 
these rounds wi ll have made the transition to the future easier. 

Until recently the human complement system was obscure and 
relatively inacces sible to the clinician. Neither is true any 
longer. Ne are rapidly reducing our ignorance while beginnino; t o 
effectively monitor and control the complement system. 
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