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(57) ABSTRACT 
Complement is recognized as an important, humoral defense 
system involved in the innate (nonspeci?c) recognition and 
elimination of microbial invaders, other foreign particles or 
molecules, and antigen-antibody complexes from the body. 
The present invention makes use of the surprising notion 
that the handling of lipids by the body, rather than its 
antimicrobial activity, is the primary and most ancient 
function of the complement system. Consequently, athero 
sclerosis as observed in disorders associated With disturbed 
lipid metabolism must be ascribed to either genetic or 
acquired defects in ancient (activatory and/or regulatory) 
complement components. The surprising notion is of con 
siderable consequence to the treatment of diseases of the 
immune system and/or an infectious, autoimmune, neoplas 
tic and/or hematological disease related to complement 
mediated lipid metabolism and/or an underlying and/or 
related disease since lipids and immune complexes share the 
same transport pathWay in the human body. Other implica 
tions of the same invention, based on the notion that 
lipoproteins and lymphocytes share the lymph pathWay to 
arrive in the blood circulation, are that the lipid metabolizing 
system may be employed to effectively manipulate the 
immune system. Based on this aspect of the invention, novel 
oral vaccination and oral immunomodulation strategies are 
introduced as Well. 
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DIAGNOSIS, PREVENTION, AMELIORATION 
AND/OR TREATMENT OF DISTURBED IMMUNE 
FUNCTION INDUCED BY DISTURBED LIPID 

METABOLISM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of Inter 
national Application Number PCT/NL01/00672, ?led Sep. 
12, 2001, designating the United States of America, Inter 
national Publication No. WO 02/22160, published Mar. 21, 
2002, in English. 

FIELD OF THE INVENTION 

[0002] The invention relates to the diagnosis, prevention, 
and/or treatment of immunological diseases that are induced 
by disturbances in lipid metabolism. 

BACKGROUND 

[0003] According to the classical vieW, immunological 
diseases and impaired lipid metabolism are tWo quite dis 
crete disorders With distinct causalities. Auto-immune dis 
ease is an example of a disease of Which the ethiology is 
dif?cult to assess. Both metabolic and in?ammatory pro 
cesses play a role and a relationship exists With microbio 
logical factors. 

[0004] In discussing a possible relationship betWeen infec 
tions With pathogenic micro-organisms, MBL (mannose 
binding lectin) (an innate immune-defense plasma protein) 
de?ciency and atherosclerosis, Madsen et al. [12] suggested 
that unexpected non-infective mechanisms are equally likely 
to play a role in the development of atherosclerosis as are the 
possibilities of a relationship With infectious microorgan 
isms. The role of MBL in the immune system and the use of 
recombinant MBL in treating de?ciencies in the immune 
system is knoWn in the art (e.g., WO 0070043). The present 
invention teaches hoW lipid metabolism, complement acti 
vation, atherogenic processes and immune responses are 
physiologically related. 

SUMMARY OF THE INVENTION 

[0005] The present inventors have elucidated a mecha 
nism based on the relationship betWeen lipid metabolism, 
immune adherence and immunological disorders. As a result 
of this neW insight, a novel approach for the diagnosis, 
prevention, amelioration and/or therapy of immunological 
disorders that are induced by lipid metabolism and under 
lying and/or related diseases is presented, Which comprises 
a method for the treatment and/or prophylaxis of immune 
diseases involving complement activation elements associ 
ated With disturbances in the complement/lipid pathWay by 
modulating the activity of one or more elements in said 
pathWay. By this method, a disease of the immune system 
and/or an infectious, autoimmune, neoplastic and/or hema 
tological disease interconnected With complement-mediated 
lipid metabolism and/or an underlying and/or related disease 
may effectively be treated and/or its severity may be 
reduced. This neW method may be implemented in a large 
range of conditions and in combination With current strat 
egies to loWer the occurrence and/or severity of immuno 
logical disorders, such as autoimmune disease and neoplas 
tic disease. 
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[0006] The present invention makes use of the surprising 
notion that the primary and most ancient function of the 
complement system is the transport and targeting of lipo 
proteins (i.e., chylomicrons, VLDL’s, LDL’s, and their 
remnants) to the liver, rather than its antimicrobial activity. 
Based on this neW insight, novel preventive measures and 
treatment modulators of immune diseases involving comple 
ment activation pathWay elements are introduced. 

[0007] In accordance With the invention, it has surpris 
ingly been found that clearance of chylomicron remnants 
and in general clearance of all triglyceride-rich particles 
(chylomicrons, VLDL, IDL and their remnants) and LDL 
particles is positively regulated by the complement system; 
that is to say by the most ancient complement activation 
pathWays, the ‘lectin’ and ‘alternative’ pathWays. Delayed 
clearance of triglyceride-rich particles, in particular those 
containing apolipoprotein B as a structural protein is related 
to de?ciencies in the ancient complement activation path 
Ways. Moreover, in one embodiment the invention predicts 
that loW serum levels of the intercellular matrix proteins 
vitronectin and/or clusterin, Which function as regulators of 
the ‘terminal’ or ‘lytic’ pathWays of complement, leads to 
decreased intravascular integrity of chylomicron remnants. 
Such a decreased integrity is typically atherogenic and can 
result in concomitant disease of a more immunological 
nature. 

[0008] Accordingly, the invention relates to the use of 
puri?ed or enriched physiologic complement components, 
physiologic complement regulators and/or extrinsic comple 
ment modulators of natural (e.g. plant-derived), synthetic, or 
semi-synthetic origin in the prevention and/or treatment of 
atherosclerosis and underlying and/or related diseases by 
substituting for and/or at least diminishing de?ciencies in 
the complement activation pathWays. 

[0009] Because a thorough and mechanistic insight has 
noW been achieved, the invention provides novel diagnostic 
tools and formulations of speci?c and highly effective 
primary and secondary prevention strategies for distur 
bances of immune functions in?uenced by the complement/ 
lipid pathWay. Dependent on What the relevant element, of 
an individual patient, in the speci?c pathWays of the comple 
ment system is, a physician, based on the considerations of 
the invention, can modulate the activity of the complement 
system of the patient in order to prevent and/or treat mani 
festations of disease. 

[0010] The present invention provides neW and improved 
methods of prevention, amelioration and/or treatment of 
disturbed immune functions Which are interconnected With 
lipid metabolism and/or underlying or related diseases. The 
invention further provides neW and improved methods of 
determining the occurrence (diagnosis) of disturbed immune 
functions interconnected With lipid metabolism and related 
diseases and teaches hoW to classify these diseases accord 
ingly. 

[0011] The present invention provides for the coordinated 
design and discovery of neW drugs, useful for the treatment 
of disturbed immune functions interconnected With lipid 
metabolism and related diseases. In addition, the present 
invention provides compositions comprising modulators of 
the complement activation pathWays Which can serve as a 
basis, or an ingredient of a pharmaceutical composition or a 
food product. Therefore, the present invention also relates to 
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pharmaceutical products or food products that comprise 
such modulating compositions. The present invention pro 
vides the use of at least one complement factor or modulator 
for the manufacture of a medicament for the treatment, 
amelioration and/or prevention of disturbed immune func 
tions interconnected With lipid metabolism or an underlying 
and/or related disease. Typically, such treatments Would be 
combined With existing treatments of immune diseases. The 
invention may either inhibit the complement activation 
pathWay or enhance it, depending on the disease to be 
treated, by modulating the lipid component of the pathWay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs the complement system in schematic 
representation. 
[0013] FIG. 2 shoWs the tWo most ancient pathWays of the 
complement system in a schematic representation. 

[0014] FIG. 3 shoWs the relationship betWeen triglyceride 
rich particles (TRP), their remnants (TRP-R), the position of 
lipoprotein lipase (LPL), free fatty-acids (FFA), acylation 
stimulating protein (ASP), several complement components 
(C3, factor B and factor D) in relation to triglyceride (TG) 
uptake by adipocytes and liver-derived very loW density 
lipoproteins (VLDL). 
[0015] FIGS. 4A through E shoW the binding to chylo 
microns of C3, MBL, clusterin and vitronectin as described 
in example 1. 

[0016] FIGS. 5A and B shoW the effect of immune 
adherence of triglyceride-rich particles to erythrocytes in 
blood after staining With Sudan Black as described in 
example 2. 

[0017] FIG. 6 shoWs the How cytogram obtained after 
staining apo B on human erythrocytes as described in 
example 3. 

[0018] FIG. 7 shoWs the internaliZation of triglyceride 
rich particles in a blood leukocyte as described in example 
4. 

[0019] FIG. 8 shoWs the complement/lipid pathWay in 
schematic representation. 

[0020] FIG. 9 shoWs the potency of different substances in 
the activation of complement in vitro. 

[0021] FIG. 10 shoWs the effects of glycosylated plant 
stanols on fasting triglycerides, plasma apoB and plasma 
cholesterol levels over a four month period in a patient With 
heteroZygous Familial Hypercholesterolemia. 

[0022] FIG. 11A shoWs the effect of vitamin A on post 
prandial C3 plasma concentration after 2 h in healthy lean 
volunteers. 

[0023] FIG. 11B shoWs the effect of vitamin A on post 
prandial plasma triglycerid concentration after 2 h in healthy 
lean volunteers. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] In order to appreciate the importance of the inven 
tion, the inventors deem it necessary to explain the neWly 
developed concept in much more detail. The surprisingly 
intricate relationship betWeen the complement system and 

Sep. 4, 2003 

the clearance of chylomicron remnants unraveled by the 
inventors signi?es a pathWay not hitherto knoWn. This 
unexpected ?nding gives rise to measures for treatment and 
prophylaxis of atherosclerosis that are themselves surpris 
ing, and that lead to the identi?cation of additional risk 
factors and the development of novel therapeutic interven 
tions Which results in a signi?cant reduction of total mor 
tality due to CHD. 

[0025] I. The Complement System: General Description 

[0026] The complement system [9] is a complex signaling 
system comprising enZymes present in the blood. The 
complement system is involved in the early recognition and 
clearance from the circulation and tissues of foreign bodies 
and antigen-antibody complexes (also called immune com 
plexes). Complement is recogniZed as an important, humoral 
defense system involved in the innate (nonspeci?c) recog 
nition and elimination from the body of microbial invaders, 
other foreign particles or molecules, and antigen-antibody 
complexes. 

[0027] Upon the recognition of foreign material in the 
tissue or blood, the most crucial and abundant complement 
component, C3, is activated by C3 convertases. This acti 
vation triggers a cascade of events that ultimately leads to 
the clearance of the foreign material. C3, consisting of an 0t 
and [3 chain, is activated through a split-conversion into C3b 
and C3a (FIG. 1). C3a represents the N-terminus (77 amino 
acids) of the ot chain and C3b represents the C-termini of the 
0t and [3 chains. C3 convertases, of Which various forms 
exist, can be generated through three different complement 
activation pathWays (FIG. 1) and its synthesis is Well 
regulated. The C3-convertase-generating pathWays include, 
in order of descending evolutionary age, the so-called ‘lec 
tin’ pathWay (LP), the ‘alternative’ pathWay Which is 
also knoWn as the ‘ampli?cation loop’, and the relatively 
young ‘classical’ pathWay (CP). During evolution, an addi 
tional system knoWn as the ‘terminal’ or ‘lytic’ pathWay has 
developed on top of the complement activation system, 
Which can destabiliZe membranes of eg Gram-negative 
bacteria, viruses, virus-infected host cells, or even tumor 
cells by pore formation. This pore formation kills the 
bacteria, virus-infected host cell (and immature virus) or 
tumor cell. Phylogenetic studies have pointed out that the 
‘lectin’ and ‘alternative’ pathWays are by far the most 
ancient complement activation pathWays (about 700 million 
years; FIG. 2), Whereas the ‘classical’ and ‘lytic’ pathWays 
are relatively young (400-350 million years). 

[0028] The complex nature of the complement system can 
be appreciated When folloWing the fate of the split-conver 
sion products of C3. One of the split products, C3a, is a 
plasminogen and anaphylatoxin, Which induces the release 
of histamine from basophilic cells, including tissue mast 
cells and basophilic granulocytes. Histamine, in turn, helps 
phagocytes to leave the blood vessels in order to arrive at the 
site of complement activation, i.e., the accumulation site of 
foreign material or immune complex. In blood, C3a is 
rapidly (in about 15 min.) inactivated by serum carboxypep 
tidases. The most prominent serum carboxypeptidase (sCP) 
in blood is the constitutively expressed sCP-N. All other sCP 
types are inducible and are less abundant than the N type. 
Upon the inactivation of C3a by carboxypeptidases, the 
C-terminal arginine is removed, resulting in the generation 
of C3adesArg. This compound is (probably identical to) an 
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acylation-stimulating protein (ASP), a hormone that can 
stimulate fat accumulation in the body. 

[0029] C3b and its inactivated form C3bi are opsonins, 
Which means that they can bind covalently to sugar OH 
groups (via ester bonds) or protein NH2 groups (via amide 
bonds) on material identi?ed as ‘foreign’. In the case of such 
binding events, foreign material is also termed ‘substrate’. 
Other complement components can also function as 
opsonins, among these are other C3-derivatives and the 
complement component C4 (see beloW) and derivatives 
thereof. Opsonins promote the clearance of foreign material 
by the blood-based monocytes and tissue-based macroph 
ages, both knoWn as mononuclear phagocytes. The mono 
nuclear phagocytic system is present in the liver, spleen, 
lymph nodes, or the affected tissue itself. These specialiZed 
cells carry speci?c complement receptors on their surface 
that can bind the opsonins. KnoWn complement receptors on 
phagocytes are CR1, CR3, and possibly also CR4. CR1 is an 
exclusive receptor for C3b Whereas CR3 and CR4 are also 
able to bind C3bi. In contrast to mononuclear phagocytes, 
polymorphonuclear phagocytes (PMNs) are relatively inef 
?cient in eliminating foreign material, at least in the absence 
of antibodies. 

[0030] In primates, immune complexes are eliminated by 
the mononuclear phagocytic system in the liver, spleen and 
bone, after erythrocyte-mediated transport via the blood 
stream. The erythrocytes carry a restricted number of CR1 
molecules on their surface to Which C3bi-coated immune 
complexes can adhere. This phenomenon is called ‘immune 
adherence’. Erythrocytes of non-primate species are CR1 
negative and consequently do not mediate the transport of 
immune complexes to the liver, spleen and bone. In primates 
suffering from systemic autoimmune diseases and neoplastic 
diseases (cancer), the clearance of immune complexes 
involves antibody-mediated activation of the complement 
system. 

[0031] Microbial pathogens in the circulation are also 
cleared by the mononuclear phagocytic system, but only 
after MBL-mediated (‘lectin’ pathWay) or antibody/C1-me 
diated (‘classical’ pathWay) activation of complement com 
ponents C4, C2, and C3. This process is knoWn to involve 
erythrocyte-mediated clearance as Well. 

[0032] The phenomenon of ‘immune adherence’ is one of 
importance to the present invention, as the present inventors 
have found that these CR1 complement receptors not only 
bind immune complexes or microbial pathogens, but also 
chylomicrons and other triglyceride-rich particles and their 
remnants. Based on this ?nding, neW methods for the 
treatment, amelioration and/or prophylaxis of immune dis 
eases are presented, Which are based on intervention Within 
particular lipid elements or modulation of the complement 
pathWays involved. 

[0033] As mentioned, the complement system comprises 
several pathWays each With a multitude of protein com 
pounds, signaling molecules, receptors, regulators and acti 
vators. To appreciate the scope of the present invention, the 
various pathWays of complement activation Will be 
described in some more detail. 

[0034] 
[0035] Activation of the ‘lectin’ pathWay (LP) starts With 
the recognition and binding of foreign bodies by a serum 

II. The Complement System: The ‘Lectin’ PathWay 
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lectin, called mannose-binding lectin (MBL). MBL is a 
high-molecular-Weight, sugar-binding protein, present in 
minute amounts (about 2 pg per ml) in blood plasma. MBL 
and the lung surfactant proteins A (LspA) and D (LspD), 
belongs to the family of the collagenous lectins (collectins). 
C1, the ?rst component in the ‘classical’ pathWay is a 
collectin-like activator of C4 and C2. Upon binding of MBL 
to foreign bodies, a number of MBL-associated proteins 
(MASPs—Which are themselves esterases) become coordi 
nately activated, ultimately leading to the generation of the 
active forms of the associated proteins, the LP-dependent 
C4, C2 and/or C3 convertases. These convertases, Which 
have C3, C4 and C2 as their natural substrates, generate 
essentially ?ve products: C3b and C3a, C4bC2a and split 
products C4a and C2b. Like C3b, the C4b portion of 
C4bC2a binds covalently to its substrate (e.g. polysaccha 
rides or (glyco) proteins on bacteria) via ester or amide 
bonds, and is therefore knoWn as an opsonin. The tWo split 
products, C4a and C2b, are released in the ?uid phase. 
Substrate-bound C4bC2a is the LP-dependent C3 conver 
tase, causing the conversion of C3 into C3b and C3a. Like 
C3a, C4a is a plasminogen and anaphylatoxin (histamine 
liberator), Whereas C2b has kinin-like activity. Furthermore, 
one of the MBL-associated proteins is capable of direct 
activation of C3. 

[0036] MBL recogniZes foreign bodies by its 6 identical 
sugar-binding moieties With speci?city for mannose, 
N-acetyl-glucosamine, and fucose. This makes sense, 
because microbial pathogens like, e.g., fungi, yeasts, and 
Mycobacteria, carry relatively high amounts of mannose, 
While peptidoglycans of Gram-positive bacteria contain 
N-acetyl-glucosamine as one of the major building blocks. 

[0037] 
PathWay 

III. The Complement System: The ‘Alternative’ 

[0038] Until the discovery of the ‘lectin’ pathWay in 1989, 
the ‘alternative’ pathWay (AP, also knoWn as alternate path 
Way or alternative complement pathWay), ?rst described in 
1956, Was considered the most ancient complement activa 
tion route. The main function of this ‘alternative’ pathWay is 
to increase (amplify) the number of C3-converting sites on 
the substrate of complement activation: the foreign body or 
the immune complex. This means that, once ‘non-self’ 
material has been identi?ed by MBL and activation of the 
‘lectin’ pathWay has consequently taken place, the LP 
dependent C3 convertase—C4bC2a present on the sub 
strate—Will be ampli?ed by AP-dependent C3 convertases 
in the folloWing manner (FIG. 1): Substrate-bound C3b, 
generated by the LP-dependent C3 convertase C4bC2a, Will 
bindAP component factor B Which, in turn, Will be activated 
to Bb by AP component factor D (also knoWn as adipsin) to 
form the AP-dependent C3 convertase (C3bBb). Along With 
the formation of this neW C3 convertase, the factor-B part 
loses a split product called Ba. The enZymic function of the 
AP-dependent C3 convertase is stabiliZed upon the binding 
of AP component ‘properdin’ (factor P), resulting in the 
AP-dependent C3 convertase complex C3bBbP. Split prod 
uct Ba is a leukotaxin, Which helps to direct the movement 
of phagocytes to the site of complement activation (primary 
in?ammation site). 

[0039] The net result of AP activation is an increase in the 
number of C3b and inactivated C3b (C3bi) moieties on the 
substrate, Which promotes the recognition and clearance of 
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foreign bodies and immune complexes by, predominantly, 
mononuclear phagocytes (monocytes/macrophages). 

[0040] IV. The Complement System: The ‘Classical’ Path 
Way 

[0041] The ‘classical’ pathWay (CP) is generally consid 
ered the youngest complement activation route, since it is 
dependent on antibodies (IgM and IgG), Which appeared 
relatively late in the phylogeny (from about 350 million 
years ago). The CP is very similar to, and therefore probably 
derived from the ancient ‘lectin’ pathWay, since the ?rst CP 
component (C1; consisting of a complex of the collectin-like 
C1 q and tWo MASP-like proteins called Clr and Cls) is 
both phenotypically and functionally very much related to 
the MBL/MASPs complex. In addition, the ‘classical’ path 
Way involves ‘lectin’ pathWay complement components C4 
and C2. Like the sugar-bound MBL/MASPs complex, 
C1(composed of C1q, C1r, and Cls) bound to IgM- or 
IgG-type immune complexes becomes coordinately acti 
vated to form a C1-esterase Which has C4 and C2 as its 
natural substrates and Which gives rise to the generation of 
CP-dependent C3 convertases, Which are identical to LP 
dependent C3 convertases (substrate-bound C4bC2a com 
plexes). 
[0042] C4 exists in tWo isoforms knoWn as C4A and C4B. 
C4A is involved in the clearance phenomenon, Whereas C4B 
is mainly involved in the killing of bacteria and cell destruc 
tion (e.g. hemolysis). In the present description, C4 is 
understood to relate to the C4A isoform unless otherWise 
stated. 

[0043] V. The Complement System: The Terminal or 
‘Lytic’ PathWay 
[0044] When a neWly formed C3b molecule does not bind 
to the substrate directly, but to another substrate-bound C3 
convertase (C4bC2a or C3bBbP), triple or quadruple com 
plexes consisting of C4bC2aC3b or C3bBbC3bP are formed. 
These complexes have C5-converting activity indicating 
that they are able to split complement component C5 into 
C5b and C5a. This is the starting point of the so-called 
‘terminal’or ‘lytic’ complement pathWay. Like Ba, C5a is a 
leukotaxin, but more potent than Ba. C5b forms a complex 
With C6 and C7, the resultant of Which is a soluble C5b-7 
complex, Which has affinity for membranous bilayers. Upon 
insertion into a membrane, e.g., a Gram-negative bacterium, 
complement component C8 Will bind to the complex, Which 
results in a neW enZyme, the membrane-bound C9 poly 
merase (C5b-8). Under the in?uence of a C5b-8 complex, 13 
C9 molecules are polymeriZed, resulting in a cylindrical 
pore in the membrane that is under attack. Depending on the 
total number of membrane-bound poly-C9 pores, and on 
Whether the bacterium is encapsulated, for example, by an 
outer lipoprotein membrane, or not, the Gram-negative 
bacterium Will either be killed or may survive the membrane 
attack. 

[0045] V. The Complement System: Complement Regu 
lation and Complement Regulators 

[0046] In order to prevent unWanted activation of the 
complement cascade, e.g., by cells of the body itself 
(homologous cells, in contrast to foreign or heterologous 
cells), complement activation by homologous cells is 
heavily regulated by both cell-bound complement inhibitors 
and regulators in the ?uid phase (e.g., serum or plasma). 
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[0047] V1. The Most Important Soluble Regulators Are 

[0048] For the ‘lectin’pathWay, the most important soluble 
regulators are otz-Macroglobulin (0.2M), serpines and 
C4-binding protein (C4BP), Which interfere With the forma 
tion of the LP-dependent C4/C2-convertase (activated 
MBL/MASPs complex) and the subsequent activation of C4 
and C2. 

[0049] For the ‘alternative’ pathWay, the most important 
soluble regulators are Factor H (also knoWn as 61H) and 
factor H-like molecules, Which act at the level of factor B 
binding to target-bound C3b (preventing the formation of 
AP-dependent C3 convertases), and C3b inactivator (factor 
I), Which acts in conjunction With factor H, to convert C3b 
into its enZymatically inactive, but still active as an opsonin, 
C3bi form. 

[0050] For the ‘classical’ pathWay, the most important 
soluble regulators are C1INH, an inhibitor of complement 
component C1, Which acts at the level of activated C1, and 
the C1-esterase (C1IN is also an inhibitor of other serine 
esterases such as kallikrein, the clotting factors XIa and 
XIIa, and the ?brinolysis product plasmin). 

[0051] For the ‘lytic’ pathWay, the most important soluble 
regulators are Vitronectin (S protein) and clusterin (also 
knoWn as apolipoprotein J or apo J). These proteins act at the 
level of C5b-7 complexes, preventing their insertion into 
bilayer membranes and inhibiting C9 polymeriZation and 
consequently, the lysis of bacteria, viruses and host cells. 

[0052] V.2. Cell-Bound Complement Regulators Include: 

[0053] Complement receptor 1 (CR1) Which has factor 
H-like co-enZyme function, as apposed to factor I. CR1 is 
present on phagocytes, platelets, and as a carrier protein on 
erythrocytes. 

[0054] Decay-accelerating factor (DAF, Which is also 
knoWn as a cluster of differentiation protein CD55) and 
membrane cofactor protein (MCP=CD46), both of Which act 
at the level of AP activation. 

[0055] The Homologous restriction factor With a 20-k 
molecular mass (HRF20=CD59) and HRF60, Which both 
inhibit at the level of C9 polymerase (C5b-8) formation. 

[0056] Sialic acid, Which acts at the level of the AP 
dependent C3-convertase formation (similar to CD55 and 
CD46) and also on C9 polymeriZation. 

[0057] VI. The Complement System: Complement Acti 
vation and the Innate and Speci?c Immune System 

[0058] Apart from the physiological activating and regu 
latory complement components mentioned above, different 
substances of bacterial, plant, animal, or (semi)synthetic 
origin are knoWn to either activate or inhibit the complement 
cascade(s). These components include, e.g., bacterial 
lipopolysaccharides, [3-glycyrrhetinic acid, phytosterols, 
bovine conglutinin, and polymeric substances like dextran 
sulphate and glucans. 

[0059] Bacterial lipopolysaccharides have recently been 
recogniZed as potent activators of the ‘lectin’pathWay. Like 
Wise, [3-glycyrrhetinic acid, as a possible activator of C4, 
Was suggested to be able to activate the ‘lectin’ pathWay. The 
phytosterols, including, for example, [3-sitosterol, stigmas 
terol, and campesterol, have been shoWn to activate the 
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‘alternative’ pathway. Dextran sulphate functions as an 
acceptor site for the ‘alternative’ pathWay regulatory protein 
factor H, and thus facilitates the ‘alternative’ pathWay 
mediated activation of C3 and subsequent deposition of C3b 
on a substrate. 

[0060] Based on their complement-activating capacity, a 
number of these substances, including bacterial lipopolysac 
charides, dextran sulphates, and glucans, as Well as lipidated 
muramyl-dipeptides and lipophilic quaternary ammonium 
compounds, like dimethyldioctadecyl ammonium bromide, 
shoW potent immunological adjuvant activity, Which means 
that they are able to stimulate antigen-speci?c T- and B-cell 
responses. 

[0061] VII. Lipid Metabolism: The Physiology of Lipid 
Metabolism 

[0062] Under physiologic conditions, about 90% of the 
ingested fat (triglycerides) is taken up by the epithelial cells 
of the small intestine, resulting in the generation of intesti 
nally-derived triglyceride-rich lipoproteins, called chylomi 
crons. These chylomicrons are translocated through the 
epithelial cells and delivered at the basolateral side to the 
sub-epithelial interstitium. The structure of chylomicrons is 
stabiliZed by a large, highly glycosylated protein, called 
apolipoprotein B48 (apo B48), of Which the most dominant 
sugar residues are: mannose (17.8%), N-acetyl-glucosamine 
(16.8%), galactose (13.4%), and fucose (3.4%), Which, in 
fact, fully matches With the binding speci?cities of MBL. 
Apo B48 is the 5‘ splice product of a larger apob gene 
Which—in human intestinal epithelial cells—is posttran 
scriptionally modi?ed by a unique editing enZyme. This 
modi?cation, or editing, results in the insertion of a prema 
ture stop codon, Which results in the translation of only 48% 
of the apob mRNA. Since the human liver lacks the unique 
editing enZyme, apob transcription in the liver results in the 
synthesis of full-length apo B100. This protein is the struc 
tural protein of the liver-derived triglyceride-rich particles 
knoWn as VLDL (very loW density lipoproteins) and their 
remnants (IDL’s and LDL’s). 

[0063] From the sub-epithelial interstitium, chylomicrons 
are collected in tissue ?uid (lymph). Via lymph vessels, they 
are transported to subsequent draining lymph nodes and, 
through the thoracic duct and the left subclavian vein, they 
?nally arrive in the blood stream. Once in the circulation, 
chylomicrons are rapidly converted into chylomicron rem 
nants by the action of vascular-endothelium-associated lipo 
protein lipase (LPL). The resulting chylomicron remnants 
are present in blood in different siZes. 

[0064] Chylomicrons and chylomicron remnants are ef? 
ciently cleared by the liver, Where they can undergo bile 
mediated excretion via the stool. HoWever, the ef?ciency of 
the process of chylomicron and chylomicron-remnant tar 
geting to the liver is not completely understood. In addition, 
the subsequent hepatic clearance of these triglyceride-rich 
particles has not been completely elucidated either. In the 
liver, it involves at least the activity of the hepatic triglyc 
eride lipase (HTGL), interaction With speci?c apo E recep 
tors, and non-receptor binding to the cellular surface in the 
hepatic space of Disse. Several local receptors may be 
involved, including loW-density-lipoprotein receptor-related 
protein, otz-Macroglobulin receptor (LRP-(XZM), a paren 
chymal liver cell ‘chylomicron remnant receptor’, the asia 
loglycoprotein receptor, the lipolysis-stimulated receptor, 
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and the LDL (loW density lipoprotein) receptor. Recently, 
the VLDL receptor, a neW member of the LDL receptor 
supergene family, Which is not present in the liver, has been 
recogniZed as a physiological receptor for chylomicron 
remnants. 

[0065] Cholesterol, delivered to the liver by chylomicrons 
and chylomicron remnants, is largely re-secreted into the 
circulation after incorporation into very-loW density lipo 
proteins (VLDL). This cholesterol is further employed by 
the adrenals and genitals as a skeleton for their steroid 
hormone synthesis. 

[0066] Free fatty acids (FFA) arising from the breakdoWn 
of chylomicrons by the endothelial LPL are transported over 
the mucosa toWards sub-endothelial fat cells (adipocytes) in 
Which they become re-esteri?ed into intracellular triglycer 
ides (FIG. 3). The uptake and incorporation of FFA into 
adipocytes is under the positive control of a hormone called 
acylation-stimulating protein (ASP). 
[0067] Similarly to the hydrolysis of triglycerides in chy 
lomicrons, VLDL may become VLDL remnants, also called 
IDL (intermediate-density lipoproteins), by the lipolytic 
action of LPL, in this case, under the positive and negative 
control of tWo other apolipoproteins, apo CII and apo CIII 
[11], respectively. IDLs are rich in apo E Which functions as 
the ligand for the hepatic LDL receptor and ‘remnant 
receptor’(=LRP, LDL-receptor-related protein Which is a 
member of the LDL-receptor family comprising comple 
ment repeats and is possibly older than the LDL-receptor 
itself). Apo E (formerly “Arginine Rich Apoprotein”) is one 
of the protein constituents of triglyceride-rich lipoproteins. 
Chylomicron remnants depend on apo E for their binding to 
the receptors, since the apo B48 structural protein does not 
contain the (carboxy-terminal) binding site for the LDL 
receptor and ‘remnant receptor’. Apo E is synthesiZed by 
almost all tissues, but not by the epithelium of the intestine. 
The major organ responsible for apo E synthesis is the liver. 
As a result, chylomicrons receive apo E from HDL in the 
circulation, and therefore apo E is an exchangeable apopro 
tein. In the liver-sinusoids, hepatocytes secrete apo E result 
ing in an enrichment of remnant particles, thereby facilitat 
ing their removal from the circulation. There are 3 major apo 
E isoforms Which are genetically determined: Apo E3 (the 
most common), apo E2 (Which results in a minority of the 
cases in dysbetalipoproteinemia in homoZygotes), and apo 
E4. The latter has the highest af?nity for binding to the 
receptors, While apo E2 exhibits the loWest af?nity. Apo 
E4-individuals are highly responsive to dietary changes and 
cholesterol and fat enriched diets lead to higher plasma 
cholesterol concentrations in these individuals, due to doWn 
regulation of LDL-receptors. 
[0068] Under physiological conditions, IDLs are taken up 
by LDL-receptors in the liver and the lipoproteins are 
degraded and cholesterol is removed from the body by 
excretion into the bile. 

[0069] Although much is knoWn, the metabolic pathWays 
of the intestinally- and liver-derived triglyceride-rich par 
ticles in blood, chylomicrons and VLDL, respectively, and 
their remnants, have hereto only been partially identi?ed. It 
has been shoWn that these pathWays comprise common 
elements and shoW a certain overlap. HoWever, until the 
present invention, the very ef?cient targeting to the liver of 
chylomicrons and chylomicron remnants under physiologi 
cal conditions and their clearance, Was far from understood. 
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[0070] VIII. Lipid Metabolism: Aberrant Lipid and/or 
Free-Fatty-Acid Metabolism 

[0071] Chylomicron remnants are potentially atherogenic 
(atherosclerosis generating) particles due to their ability to 
directly induce foam-cell formation, Without any modi?ca 
tion. LoW-density lipoprotein particles (LDL), in contrast, 
must be oxidiZed before they induce transformation of 
mononuclear phagocytes into foam cells. Mononuclear 
phagocytes have an LDL receptor by Which they are able to 
bind, take up, internaliZe and subsequently degrade native 
LDL. As soon as the intracellular free cholesterol levels 
reach a threshold value the LDL receptors are doWn-regu 
lated and the internaliZation process is stopped. OxidiZed 
LDL particles, on the other hand, are taken up by ‘scaven 
ger’ receptors, Which are not doWn-regulated by cholesterol. 

[0072] Since chylomicrons, VLDL, and their remnants, 
compete for the same metabolic pathWays, patients With 
delayed or impaired remnant clearance may experience a 
temporary accumulation of chylomicrons and chylomicron 
remnants in the circulation, Which obviously contributes to 
the process of atherogenesis, but also has consequences for 
the immunological component of the complement activation 
pathWays. Such situations are likely to occur in patients With 
familial combined hyperlipidemia (FCHL), type-2 diabetes 
mellitus, insulin resistance, and obesity. Enhanced plasma 
VLDL levels in these situations are associated With delayed 
clearance of chylomicron remnants. 

[0073] Similar mechanisms are involved in conditions in 
Which the clearance of remnant particles is impaired due to 
mutations in the apo E ligand gene (type III hyperlipidemia= 
familial dysbetalipoproteinemia), the LDL receptor (familial 
hypercholesterolemia; FH), familial defective apo B100 
(FDB) and after menopause. In these conditions, Which are 
all associated With the development of (premature) athero 
sclerosis, but Would also have an in?uence on immune 
diseases, a delayed clearance of chylomicron remnants has 
been established due to an impaired binding to receptors in 
the liver. Other disorders associated With impaired remnant 
clearance are apo CII de?ciency, (partial) lipoprotein lipase 
(LPL) de?ciency, and hepatic triglyceride lipase (HTGL) 
de?ciency. In these disorders, the conversion of triglyceride 
rich particles into their remnants is delayed, leading to an 
accumulation in the circulation of triglyceride-rich particles 
of different siZes and triglyceride content. 

[0074] In many endocrinological disorders like hypothy 
roidism, groWth hormone de?ciency, hypercortisolism by 
endogenous or exogenous corticosteroids, and the post 
menopausal state, a decreased clearance of chylomicron 
remnants has been established When compared With the 
control situation. Finally, in patients With premature athero 
sclerosis and normal fasting plasma lipids (40% of all 
patients With myocardial infarction beloW 60 years of age in 
males and beyond 65 years of age in females), chylomicron 
remnant clearance is decreased. It has been hypothesiZed 
and it is Widely accepted that this may be one of the 
important mechanisms underlying atherosclerosis in these 
groups of patients. For the ?rst time it has noW been 
established that it Will also have an in?uence on the immu 
nological part of the complement activation pathWay. 

[0075] Free fatty acids (FFA) arising from the breakdoWn 
of chylomicrons by the endothelial lipoprotein lipase (LPL), 
and their uptake by the adipocytes, stimulates these adipo 
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cytes to synthesiZe complement component C3 and ‘alter 
native’ pathWay components, factors B and D (note that in 
healthy individuals, there is a linear relationship betWeen 
total body fat and C3 levels), and according to the invention 
complement activation occurs. 

[0076] Several important pathWays involved in immune 
defense and lipid metabolism have been disclosed. HoW 
ever, a causal relationship betWeen immune defense and 
lipid metabolism has not been established. Designing opti 
mal treatment, ameliorating and/or prophylactic measures 
for disturbed immune functions of highly diverse nature and 
underlying and/or related diseases have thus far been impos 
sible to achieve. It is noW found by the present inventors that 
the existence of a pathWay, that Was hereto unknoWn, alloWs 
for the ?rst time the development of such measures based on 
a more complete and physiological and immunological 
understanding of these diseases. The surprisingly intricate 
relationship betWeen the complement system and the clear 
ance of chylomicron remnants unraveled by the inventors 
demonstrates the presence of such a pathWay, Which is 
termed the lipid eliminating complement activation pathWay 
or complement/lipid pathWay. 

[0077] Due to this neW ?nding the identi?cation of addi 
tional risk factors, novel therapeutic interventions and phar 
maceuticals and the treatment, amelioration and prophylaxis 
of disturbed immune functions, Which are interconnected 
With impaired lipid metabolism, have noW become avail 
able. This invention Will result in a signi?cant reduction in 
the severity of such immune diseases. The novel pathWay 
Was revealed, inter alia, by three independent ?ndings. The 
?rst ?nding is that not only foreign bodies, but also chylo 
microns can induce complement activation. The second 
?nding is that chylomicrons bind to erythrocytes and that 
this binding utiliZed complement factors and as a result of 
Which, lipid transport through the blood is complement and 
erythrocyte mediated. This led the inventors to the ?nding 
that immune complexes and complement-activated chylo 
microns compete for binding sites on the erythrocyte. The 
third ?nding relates to the glycosylation of apolipoprotein B, 
its kinship to MBL binding speci?city and the insight that 
the complement-mediated lipid transport and transport of 
immune complexes may, thus, be modulated through inter 
ventions in the complement/lipid pathWay and its individual 
elements or components. Such elements or components are 
understood to comprise all molecules, complexes and sub 
stances that play a role in the complement/lipid pathWay. 

[0078] It has noW surprisingly been found that chylomi 
crons, isolated from healthy individuals after an oral fat 
load, carry complement components C3 (i.e., the opsonins 
C3b and/or C3bi) (FIG. 4A). Thus, these chylomicrons 
initiate complement activation. In addition, it Was also 
surprisingly found that chylomicrons, isolated from healthy 
individuals after an oral fat load, also carry the ‘lectin’ 
pathWay complement component mannose-binding lectin 
(MBL), and the terminal-complement-pathWay inhibitors 
clusterin and vitronectin (FIGS. 4B-E). Thus, chylomicrons 
activate the ‘lectin’ pathWay (MBL-binding) Which may 
ultimately lead to opsoniZation With C3b(i) [see ‘lectin’ 
pathWay]) and to binding to the CR1 receptor of phagocytes 
and erythrocytes [see general description of complement 
system]. Furthermore, the presence of clusterin and vit 
ronectin indicates a capacity to inhibit the ‘terminal’ path 
Way of the human complement system. 
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[0079] It Was found that virtually all erythrocytes of 
healthy volunteers carry chylomicrons and chylomicron 
remnants (FIG. 5A), Whereas erythrocytes in the ‘fasting’ 
state carry considerably less chylomicrons and chylomicron 
remnants (FIG. 5B). This ?nding is in accordance With the 
neW concept of an erythrocyte-mediated elimination of 
triglyceride-rich particles (and possibly also LDL particles) 
and complement-mediated lipid transport and can be inter 
preted in terms of immune adherence of remnant particles 
and targeting of lipids to the liver and spleen. 

[0080] The pathWay revealed by the present inventors 
provides an explanation for the observed complement acti 
vation and for a more complete physiological and immuno 
logical understanding of immunological diseases that are 
interconnected With lipid metabolism and/or underlying 
and/or related disease. The present inventors disclose that 
the prominent glycosylation sites of apolipoproteins B48 
and B100, that are present as structural proteins on plasma 
chylomicrons and VLDL, respectively, match fully With the 
mannose, N-acetylglucosamine, and/or fucose binding 
speci?city of MBL. This means that triglyceride-rich par 
ticles (LDL, chylomicrons, VLDL, etc.) in the blood directly 
activate the complement system’s ‘lectin’ pathWay through 
binding of apolipoprotein B to MBL, thereby competing 
With immune complexes for binding on CR1 binding sites 
on the erythrocytes. 

[0081] As an intrinsic complement activator (of MBL), 
apo B is potentially very harmful (note the existence of 
autoantibodies against the C3 convertases F-42 and C3 
nephritic factor in patients With collagen diseases). In par 
ticular, the intrinsic complement activation nature of the 
structural apolipoprotein B molecules of triglyceride-rich 
particles is noW predicted to be harmful for individuals With 
decreased serum levels of ‘terminal’pathWay inhibitors vit 
ronectin and/or clusterin, since such a situation Will, subse 
quent to ‘lectin’ pathWay activation, alloW ‘terminal’ path 
Way activation to occur. ‘Terminal’ pathWay activation on 
triglyceride-rich particles may result in the release of athero 
genic lipid material, particularly in patients With a genetic or 
acquired de?ciency in the ‘terminal’ pathWay regulators 
vitronectin or clusterin. The binding of the ‘terminal’ path 
Way inhibitors vitronectin and clusterin to chylomicrons can 
teleologically be explained in terms of protection from 
atherosclerosis. 

[0082] Combination of chylomicron (remnant)-induced 
complement activation of the ‘lectin’ pathWay, the matching 
of glycosylation sites of apolipoproteins B48 and B100, the 
erythrocyte-mediated elimination of triglyceride-rich par 
ticles and competition betWeen such particles and immune 
complexes for CR1-mediated binding on erythrocytes pre 
dicts that increased levels of triglyceride-rich particles in 
blood, as occurring in FCHL and other disorders associated 
With atherogenic disturbances of lipid metabolism, is due to 
sub optimal erythrocyte-dependent clearance of chylomi 
crons and/or VLDL. 

[0083] Also, disturbances in chylomicron- and/or VLDL 
and/or chylomicron-remnant- and/or VLDL-remnant-medi 
ated complement activation Will lead to impaired lipid 
metabolism. Likewise, disturbances in the complement cas 
cade, albeit subtle and eg acquired, may also lead to 
impaired lipid metabolism and, thereby to negative effects 
on the immune system. 
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[0084] This bears considerable consequences for the treat 
ment, amelioration and prophylaxis of all diseases related to 
the complement/lipid pathWay, speci?cally those immune 
diseases interconnected With lipid metabolism. 

[0085] Diseases related to the disturbances in the comple 
ment/lipid pathWay are immunological diseases that are 
interconnected With lipid metabolism and share an element 
of a common pathWay. The similarity in their elimination 
pathWays predicts that triglyceride-rich particles have to 
compete With soluble immune complexes and/or microbes 
for elimination sites on erythrocytes and in the liver and 
spleen, Which Would explain the disturbed lipid metabolism 
in e.g., septic shock. This bears considerable consequences 
for the treatment and prophylaxis of diseases such as, but not 
limited to, the auto-immune disorders, for example, sys 
temic lupus erythematosus (SLE), rheumatoid arthritis (RA) 
and paroxysmal nocturnal hemoglobinuria (PNH), virtually 
all infectious diseases and related disorders such as AIDS 
related (secondary) lipodystrophy, septic shock, and mul 
tiple organ failure, in?ammatory diseases such as Crohn’s 
disease, in?ammatory boWel syndrome (IBS), thermal 
injury including burns and frostbite, uveitis, psoriasis, 
asthma and neoplastic diseases such as cancer. This immu 
nological aspect of the present invention holds consequences 
for improving the effectiveness of vaccination programs. 

[0086] Disorders directly related to the complement/lipid 
pathWay comprise: 

[0087] disturbances in chylomicron-, chylomicron 
remnant, VLDL- and/or VLDL-remnant-mediated 
complement activation; 

[0088] disturbances in the complement cascade itself; 

[0089] disturbances in erythrocyte-dependent chylo 
micron remnant and/or VLDL-remnant clearance; 

[0090] disturbances in the complement-mediated 
lipid metabolism; and 

[0091] disturbances in the regulation of lipid metabo 
lism 

[0092] Such disorders may lead to a disease Which may 
seem to be more related to an immunological disorder or 
malfunction such as auto-immune diseases, infectious dis 
eases, neoplastic diseases and/or in?ammatory diseases. 

[0093] Treatment, amelioration and/or prophylaxis as a 
bene?t of the present invention occurs through modulation 
of the common pathWay, e.g., by correction of disturbed 
complement function in the case of impaired complement 
mediated lipid metabolism and Will lead to an amelioration 
of lipid metabolism. By correcting the disturbed comple 
ment function, in the case of impaired complement-medi 
ated lipid metabolism, an amelioration of disorders associ 
ated With impaired or disturbed chylomicron remnant 
clearance is achieved. 

[0094] Further, correction of disturbed complement func 
tion, in case of impaired complement-mediated lipid 
metabolism, Will result in an amelioration of diseases of the 
immune system, such as infectious, autoimmune, neoplastic 
or hematological diseases iterconnected With complement 
dependent lipid metabolism. 

[0095] Disturbances of lipid metabolism and thus of the 
related immune response due to delayed or disturbed eryth 
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rocyte-dependent clearance of chylomicrons and/or VLDL 
may have a number of possible causes, Which Will determine 
the nature of the corrective measure. There may be: 

[0096] congenital defects in glycosylation of apo B48 
and/or apo B100; 

[0097] absolute (homozygous), or relative or 
acquired de?ciencies of individual complement 
components of the ‘lectin’ and ‘alternative’ pathWays 
(such de?ciencies are knoWn to occur for MBL [9% 
of the population], C4A [the defective gene fre 
quency is 10-13% of the population], C4B [the 
defective gene frequency is 7-18% of the popula 
tion], C2 [rare], C3 [rare], factor B [rare] and factor 
D [rare]); 

[0098] de?ciencies of serum carboxypeptidases 
(sCP) Which exclude the conversion of C3a into 
C3adesArg [incidence unknown]; 

[0099] absolute [rare] or relative [quite common] 
de?ciencies of complement receptor 1 (CR1) on 
erythrocytes as occurring in some patients With sys 
temic lupus erythematosus (SLE); 

[0100] de?ciencies of terminal-pathWay regulator 
vitronectin [4% of the population], Which may lead 
to the lysis of triglyceride-rich particles resulting in 
unWanted deposition of lipids; or 

[0101] decreased serum levels of clusterin in asso 
ciation With exacerbations of SLE or With circulating 
immune complexes accompanying neoplastic dis 
eases [de?ciencies in clusterin are rare; <<1% of the 
population]. 

[0102] The incidence of serious cardiovascular disease 
[37% in 1997] in the Netherlands, expressed as percentage 
of total numbers of fatal cases per year, matches Well With 
the combined ?gures for MBL, C4A, C4B, vitronectin, and 
clusterin de?ciencies, corrected for the incidence of double 
and triple de?ciencies. 

[0103] It is one embodiment of the present invention to 
provide a method for the treatment, amelioration and/or 
prophylaxis of immune diseases associated With the comple 
ment/lipid pathWay by modulating the activity of one or 
more elements in said pathWay. 

[0104] In another embodiment according to the invention 
the activity of one or more elements of the lectin pathWay 
and/or the alternative pathWay of complement activation are 
modulated. 

[0105] Modulating according to the present invention 
should be understood as regulating, controlling, blocking, 
inhibiting, stimulating, activating, mimicking, bypassing, 
correcting, removing, Washing, administering, adding, and/ 
or substituting one or more elements in the pathWay or, in 
more general terms, intervening in the pathWay. 

[0106] It is an aspect of the invention that the elements in 
the pathWay comprise triglyceride-rich particles and/or their 
remnants and their constitutive proteins, complement pro 
teins, complement activators, complement inhibitors, 
complement regulators and/or complement receptors. 

[0107] It is one embodiment of the present invention that 
the modulating the activity of one or more elements is 
achieved through administration of a modulator. 
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[0108] Modulators according to the invention are sub 
stances that can bring about a modulation in the comple 
ment/lipid pathWay or the complement system and may 
comprise triglyceride-rich particles and/or remnants thereof 
and/or constitutive proteins thereof, complement proteins, 
complement activators, complement inhibitors such as ser 
pines, factor H, factor I and/or C1INH, complement regu 
lators such as otZM, their metabolic precursors, the genes 
encoding the proteins and/or fragments thereof and they may 
be of physiologic (human or primate-derived), natural (e.g., 
plant-derived), recombinant, synthetic and/or semi-synthetic 
origin and in enriched, puri?ed and/or chemically modi?ed, 
complete and/or partial form, as metabolic precursor, as 
biochemically functional analogue or as functional equiva 
lent of a (physiologic) modulator and/or derivatives thereof 
used alone or in combination. 

[0109] Functional equivalents in the context of the present 
invention are understood to comprise molecules having at 
least one function of the original compound, preferably all 
functions of the original compound (although not necessar 
ily to the same extent), more preferably chemically similar 
compounds, most preferably compounds differing by at 
most three groups Which are not necessary for the relevant 
activity and/or function of the original compound. In the 
context of the present invention, functional equivalents of 
complement factors are understood to comprise the split 
products of the factors. 

[0110] In a preferred embodiment according to the inven 
tion, modulators may be MBL-replacement factors, Which 
exhibit one or more functions of the mannose binding lectin 
such as binding to C3b or a mimetic thereof, and/or binding 
to the prominent apo B glycosylation sites or mimetics 
thereof Such an MBL-replacement factor may comprise 
lectins derived from plants such as e.g., concanavalin A, 
peanut lectin, phytohemagglutinin or Wheat-germ aggluti 
nin, and may also comprise puri?ed or enriched physiologic 
MBL or synthetic, or semi-synthetic mimetics of MBL 
and/or functional equivalents of MBL and may be used in an 
aspect of the invention relating to substituting for MBL 
de?ciencies in the complement/lipid pathWay. MBL replace 
ment compounds also comprise lipid-C3 conjugates. 

[0111] In another preferred embodiment according to the 
invention, modulators may comprise apo B-replacement 
factors, Which may be functional equivalents of apoB that 
e.g., exhibit one or more functions of apolipoprotein B48 or 
B 100 such as binding to MBL or mimetics thereof and an 
ability to form a constituent of a lipoprotein or a mimetic 
thereof. Such an apo B-replacement factor may be chosen, 
for example, from physiologic apo B 48 or B100, natural 
lipo-oligosaccharides, lipopolysaccharides, lipidated oli 
gosaccharides or polysaccharides, glycoproteins, [3-glycyr 
rhetinic acid, chylomicron-bound sialic acid, phytosterols 
([3-sitosterol, campesterol, and/or stigmasterol) and other 
amphiphilic (partially hydrophobic and partially hydro 
philic) complement activator(s) (e.g., mannosylated, 
N-acetylglucosaminylated, and/or fucosylated phytosterols, 
or mannosylated, N-acetylglucosaminylated, and/or ?cosy 
lated membrane lipids, such as phosphoglycerides, glycolip 
ids such as cerebroside or ganglioside, or sphingomyelin, 
phosphatidyl choline, phosphatidyl serine, phosphatidyl 
ethanolamine, phosphatidyl inositol, diphosphatidyl glyc 
erol or sphingosine), stanols (glycosylated and non-glyco 
sylated), lipidated dextran sulphate(s), (lipo)glucan(s), lipi 
















