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Abstract

Current management of end stage renal failure is based on renal replace-
ment therapy by dialysis or transplantation. Increased occurrence of renal failure 
in both native and transplanted kidneys indicates a need for novel therapies to 
stop or limit the progression of the disease. Acute kidney injury and proteinuria 
are major risk factors in the development of renal failure. In this regard innate im-
munity plays an important role in the pathogenesis of renal diseases both in na-
tive and transplanted kidneys. The complement system is a major humoral part 
of innate defense. Next to the well-known complement activators, quite a num-
ber of the complement factors react with proteoglycans both on cellular mem-
branes as well in the extracellular compartment. Therefore, these interactions 
might serve as targets for intervention. In this review the current knowledge of 
interactions between proteoglycans and complement is reviewed and additional-
ly the options for  interfere in the progression of renal disease is discussed.
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Introduction

The prevalence of chronic renal diseases is increasing worldwide. There 
is a great need to identify therapies that arrest disease progression to end-stage 
renal failure. A prolonged survival for end-stage renal disease (ESRD) patients  
was achieved by renal replacement therapy either by dialysis or by renal trans-
plantation. However, renal replacement therapy is costly and consumes a large 
proportion of the health care budget. Therefore, efforts should be directed to 
discover ways to prevent the need for dialysis or renal transplantation in as many 
patients as possible.

In general, progressive renal function loss is associated with immune 
activation, marked by renal and systemic inflammation. ESRD-associated inflam-
mation in native and transplanted kidneys is due to activation of the innate im-
mune system, mediated by monocytes, macrophages, complement system and 
chemokines (1). Proteinuria and I/R are major risk factors for progressive renal 
function loss in both native and transplanted kidneys. Moreover, the role of in-
nate immunity in the pathogenesis of tubulo-interstitial injury in both proteinuria 
and I/R as well as in transplanted kidneys is established (2-4). 

The complement system is a major player in innate immunity. The im-
portance of complement activation is documented in a number of renal diseases 
such as atypical hemolytic uremic syndrome, C3 nephropathies, and autoimmune 
mediated glomerulonephritides (e.g. Lupus nephritis) (5-7). However activation 
of complement occurs in a wider range of renal patients (e.g. proteinuric pa-
tients). Since the prevalence of aHUS, C3 nephritis and autoimmune mediated 
glomerulonephritis is low compared to proteinuria and I/R induced renal injury, 
the focus of this review will be on complement activation in proteinuria, I/R and 
renal transplantation. Several studies have revealed that the complement system 
and in particular the alternative pathway (AP) is activated in both renal allograft 
rejection process (8, 9) and I/R (10). In proteinuria as well, the role of the AP is 
documented (2). Therefore, it would be interesting to target components of the 
complement system in chronic renal disease patients to reduce the progression 
of renal function loss. A class of molecules which could be used for this purpose 
are the heparan sulfates (HS) and HS-related heparin and/or derivatives. Besides 
a plethora of other proteins, HS and heparins are able to bind to many comple-
ment proteins, which normally result in an inactivation of the complement cas-
cade (11). The knowledge of these interactions can be used for the development 
of new HS/heparin-based drugs for targeted complement intervention in renal 
(transplantation) patients.

This review gives an overview of the involvement of innate immune 
system, in particular the complement system in progression of renal damage in 
proteinuria, I/R and transplantation. The current knowledge of complement-hep-
arin/HS interactions is summarized. Finally, the possibility of using heparin/HS 
related polysaccharides to interfere with complement system will be discussed.
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The complement system

The complement system consists of a set of proenzymatic liver-derived 
plasma components that are linked and activated in a cascading manner. The 
complement system has more than 60 components and activation fragments, 
which comprise the nine central components of the cascade (C1-C9), multiple 
activation products with diverse biological functions (eg C3a and C5a), regulators 
and inhibitors (eg factor H), proteases (eg factors B and D), and complement re-
ceptors (eg C3R and C5aR). Complement is activated by three major pathways, 
namely i) the alternative pathway (spontaneously and constantly activated on bi-
ological surfaces); ii) the classical pathway (triggered by immune complexes); and 
iii) the lectin pathway (initiated by complex carbohydrates on microbial surfaces). 
Activation of each of these pathways results in assembly of C3 convertases, fol-
lowed by formation of the C5 convertase, and finally the terminal C5b-9 mem-
brane attack complex (MAC). Basically, the complement system has three major 

Figure 1. Overview of the complement cascade. Complement activation occurs via three pathways. 
The classical pathway starts by binding of C1q to immune complexes. Binding of mannose-binding 
lectin and ficolins to non-self carbohydrates initiates the MBL pathway. The alternative pathway is 
activated by binding of C3b, C3(H2O) or properdin to target cells. All three pathways consecutively 
generate C3 convertases, C5 convertase and membrane attack complex. Side products of comple-
ment activation (C3a and C5a) are anaphylatoxins. A number of regulatory factors (CD55, CD46, 
factor H, factor I, CD59) control complement activation.  
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functions: Via C3b opsonisation of cells/microbes by phagocytosis, via the termi-
nal C5b-9 complex lysis of cells/microbes, and via the anaphylactic C3a and C5a 
the recruitment of neutrophils and macrophages towards sites of injury. Novel 
aspects are local production of complement that function as danger signals to 
initiate and amplify inflammatory reactions and the production of complement 
by immune cells, having implications for transplantation and autoimmunity (12). 
An overview of the three complement pathways is depicted in figure 1.

Complement in renal diseases 

Innate immunity and particularly the complement system participate in 
renal injury and repair. Since recently excellent reviews are published on the role 
of complement in auto-immune mediated renal diseases (7), hemolytic uremic 
syndrome (6), and C3 nephropathies (5), this review will discuss renal diseases 
which include a wider range of renal patients namely acute kidney injury (mostly 
I/R), transplantation and proteinuria. The role of complement activation in these 
three conditions will be summarized below.

Acute Kidney Injury
I/R is the leading cause of acute kidney injury in transplanted and native 

kidneys. Early in ischemia phase, hypoxia and anoxia initiate cell injury, while 
in the reperfusion phase all innate immune components (complement factors, 
cytokines, chemokines and inflammatory cells) come into play and boost the in-
flammatory response (3). Renal tubular cells have been shown to express TLR2 
and 4 and they produce a number of complement factors in response to ischemia 
and pro-inflammatory cytokines. The complement system has been shown to 
be activated mainly via AP and MBL pathways after renal I/R (10, 13). Targeting 
complement has been shown to be beneficial in renal I/R (14).

Figure 2. Properdin colocalizes with heparan sulfate proteoglycan syndecan 1 on the apical side 
of renal tubular epithelial cells. Double staining of adriamycin-induced nephropathy rat renal 
tissue showed a colocalization of syndecan-1 (red) with properdin (green) on the apical side of 
tubuli (A: DAPI for nuclear staining; B: syndecan-1;  C: properdin; D: merge). Scale bar represents 
20µm. (This research was originally published in Journal of Biological Chemistry. Zaferani A, Vives 
RR, van der Pol P, et al. Identification of tubular heparan sulfate as a docking platform for the al-
ternative complement component properdin in proteinuric renal disease. J.Biol.Chem. 2011; 286: 
5359-5367. © the American Society for Biochemistry and Molecular Biology)
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Transplantation
Besides a dominant role of cytotoxic T-cells of the adaptive immune sys-

tem, innate immunity is involved in acute rejection and chronic transplant dys-
function in renal transplantation. Activation of the innate immune system can 
directly lead to organ damage and also enhances the specific anti-donor immune 
response of the recipient (15). Activation of complement system in antibody me-
diated renal allograft rejection (AMR) is demonstrated by diagnostic C4d stain-
ing on tubular cells (16). Eculizumab is a monoclonal antibody that blocks the 
cleavage of C5 to C5a and C5b and thus inhibits the terminal pathway of comple-
ment system. Prevention of acute AMR by eculizumab also indicates involvement 
of complement cascade in allograft rejection (16). Moreover, supplementing 
the organ preservation solution during cold ischemia time with a C5a receptor 
antagonist has been shown to result in a better graft function and less tubular 
damage in mouse renal transplantation (17). Besides, complement inhibition has 
been proven to be beneficial in cardiac transplantation (18). The role of comple-
ment activation in acute and chronic renal allograft rejection has been recently 
reviewed (4, 16). Interestingly Nakorchevsky et al. have recently shown the in-
volvement of AP in chronic allograft rejection by a large-scale proteogenomic 
analysis approach (9). 

 
Proteinuria

Proteinuria is a marker of renal damage regardless of the etiology of the 
disease. In addition, proteinuria itself leads to kidney function loss and scarring 
thus progression of renal disease (2). Complement factors have been shown to 
contribute to proteinuria derived tubular injury. This contribution can occur at 
least via two mechanisms, first by presence of complement factors in ultrafiltrate 
because of an altered glomerular barrier, and secondly by intra-renal production 
and activation of complement components by tubular cells. Tubular cells have 
been shown to produce a large number of complement factors under normal 
conditions which is enhanced upon stimulation with proteins, immune complex-
es and cytokines (2, 19). Therefore it seems reasonable that lowering proteinuria 
can reduce complement activation and inflammation in renal tissue (20). On the 
other hand several studies have shown that deletion of some complement fac-
tors or inhibition of complement activation decreases the level of proteinuria 
in several animal models (21, 22). Recently we showed that during proteinuria 
properdin, the positive regulator of alternative pathway, interacts with heparan 
sulfate proteoglycans on the apical side of tubular cells (figure 2) and that this 
interaction results in activation of complement (23). Moreover we showed that 
factor H, the regulator of alternative pathway, also interacts with tubular hepa-
ran sulfates and locally inhibits the complement system. Interestingly, factor H 
and properdin interact with different epitopes on tubular heparan sulfates (24). 
Since the reduction of proteinuria is a major therapeutic goal in reducing risk for 
progression of renal injury, the interaction of complement factors with proteogly-
cans can be a potential target for therapy.
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The complement activation cascade can be targeted at different levels 
and by various approaches to attenuate complement mediated injury, such as: 
soluble complement receptors or regulatory proteins (eg sCR1 and sCD59-Ig), 
antibodies against complement components (C5 antibodies such as eculizum-
ab, and antibodies against C5a), complement receptor antagonists (C5a recep-
tor antagonists), or even siRNA techniques to down-modulate C3 or C5. In most 
approaches therapy is done with recombinant proteins or antibodies which are 
expensive and susceptible to proteolytic breakdown. Because many comple-
ment factors can interact with the polysaccharide glycosaminoglycan (GAG) side 
chains of proteoglycans, and these GAG chains might be considered as potential 
complement inhibitory moieties, we now introduce and discuss proteoglycans in 
more detail.

Proteoglycans

 Proteoglycans (PGs) are complex glycoconjugates composed of a core 
protein and one or more glycosaminoglycan (GAG) chains. GAGs are linear poly-
saccharides consisting of repeating disaccharide building blocks. These disaccha-
ride blocks are built by a N-acetyl-D-glucosamine or N-acetyl-D-galactosamine 
and an uronic acid (D-glucuronic acid or L-iduronic acid) or a galactose unit. 
Based on the disaccharide composition, GAGs are classified in four groups: (1) 
hyaluronan; (2) keratan sulfate; (3) chondroitin sulfate (including dermatan sul-
fate); and (4) heparan sulfate (HS, including heparin, which has a higher sulfa-
tion/disaccharide ratio and a higher iduronic acid content than HS) (25). Taking 
into account that each PG has a different core protein, variable number of GAG 
chains with different disaccharide composition, variable chain length and various 
post-translational modifications, it is clear that the diversity of PGs is very com-
plex. The fine structure of GAGs is subject to regulation by variable expression of 
all Golgi enzymes involved in GAG synthesis and modifications. PGs are found on 
the cell surface, as well as in intracellular granules, in the basement membranes 
of various tissues, and in the extracellular matrix. PGs are involved in various 
biological activities mostly via their GAG chains, such as cell–cell and cell–ma-
trix interactions, cell migration and proliferation, growth factor sequestration, 
chemokine and cytokine activation, microbial recognition and tissue morpho-
genesis during embryonic development and tumor growth (26). PGs are able to 
interact with various proteins based on their negative charge, however in some 
cases a specific sequence or motif on the GAG chain is required for PG-protein 
interaction. A well-known example is the specific pentasaccharide domain within 
heparin which is able to bind to serine protease inhibitor antithrombin III and en-
hance its activity to inhibit the coagulants thrombin and factor Xa (27). Following 
the discovery of antithrombin III binding pentasaccharide, substantial effort has 
been made to investigate other protein-GAG interactions, with a major focus on 
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Table 1. Examples of heparan sulfates binding proteins involved in various biological pathways (In 
modified form reproduced with permission from Dreyfuss et al. (28)

Cell surface
Adhesion molecules such as L-selectin, P-selectin and 
PECAM-1 (Platelet Endothelial Cell Adhesion Molecule)
Tyrosine kinase receptors such as FGF receptors
Integrins like MAC-1 (Monocyte Adhesion Molecule) and VLA-4
Complement receptors like CR3 and CR4
Extracellular matrix
Collagens
Fibronectin
Laminin
Growth factors
HB-EGF (Heparin Binding- Epidermal Growth Factor)
FGFs (Fibroblast Growth Factors)
VEGF (Vascular Endothelial Growth Factor)
TGF-β (Transforming Growth Factor)
HGF (Hepatocyte Growth Factor)
Cytokines/Chemokines
Interleukins such as IL-1, -2, -3, -4, -5, -7, -8, -10, -12
Chemokines such as CCL-2 (MCP-1) and CCL5 (RANTES)
TNF-α (Tumor Necrosis Factor)
Morphogens such as Wnt
Others
Complement factors
DNA and RNA polymerases
Angiogenin
Cathepsin B and G
Neutrophil elastase
Annexin V

heparin/HS-like GAGs. The modifications on HS GAG chains influence their in-
teraction with their various protein ligands. Most important determinants 
of HS-protein interaction on HS chains are the density and position of sulfate 
groups, the length of HS chain, epimerization and 3D conformation (28). These 
various proteins seem to require different HS motifs to interact with HSPGs. But 
likewise antithrombin III-heparin interaction, there is no clear evidence that the 
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distinctive sequence specificity can be generalized to other GAG–protein inter-
actions. As summarized in table 1, HSPGs can affect cell activities via their inter-
action with chemokines, cytokines, growth factors, adhesion molecules,  matrix 
proteins, and others including complement factors.

Interaction of complement components with GAGs

Many complement factors and complement regulators are able to in-
teract with the GAG side chains of PGs. This suggests that PGs might act as dock-
ing platforms for complement activation. Since most PGs are found on the cell 
membrane, in basement membranes and interstitial matrix, these are the loca-
tions were complement can be initiated. Importantly, this is highly dependent 
on the fine structure of the GAGs involved, since the GAG binding requirements 
differ among complement factors and regulators. This suggests that the GAG fine 
structure defines whether complement might go on (by preferential binding of 
complement factors) or off (by preferential binding of complement regulatory 
proteins). Targeted intervention with GAGs might thus interfere with comple-
ment activation at the tissue level, but also in the plasma. Two comprehensive 
studies on the binding capabilities of heparin to complement proteins have been 
performed by Sahu et al and Yu et al (11, 29). The majority of these interactions 
have regulatory functions and mostly result in the inhibition of the complement 
cascade. We now briefly summarize current knowledge on individual comple-
ment (regulatory) proteins interacting with GAGs. Most important references are 
shown in table 2. 

Classical pathway
The interaction of HS/heparin with a number of classical pathway com-

plement factors has been studied widely (table 2). Most of these interactions 
result in inhibition of complement activation. 

MBL pathway
Little is known about the interactions of GAGs with MBL or the MASPs 

(table 2). Nevertheless, it has been reported that the anticoagulant antithrombin 
can inhibit both MASP-1 and MASP-2, provided that heparin is present as well 
(table 2). These data suggest that non-anticoagulant GAGs does not interfere 
with the MBL pathway.



120

Chapter 6

Table 2. an overview of complement factors interacting with GAGs

Pathway/Factors Ligand References

CP

C1 Heparin, heparan sulfates, fucans,  dermatan sulfate (38, 39)

C1q Heparin (29)

C1 inhibitor Heparin, LMW heparin, Heparan sulfate (29, 38, 40)

C2, C4, C4b Heparin (29)

C4bp Heparin, Heparan sulfate (29, 41)

MBL

Antithrombin Heparin (42)

MASP-1, MASP-2 Heparin (43)

AP

C3, C3b Heparin (30)

Factor B Heparin (29, 39)

Factor D Heparin (29)

Factor H Heparin, Heparan sulfate, Dextran sulfate (24, 29)

CFHR-1 Heparin (44)

CFHR-5 Heparin (45)

Properdin Heparin, Heparan sulfate, Dextran sulfate (23)

Terminal pathway

C6, C8, C9 Heparin (29)

Vitronectin Heparin, Heparan sulfate, LMW dextran sulfate (34)

Receptors

CR3 (CD11b/CD18) Heparan sulfate (35)

CR4 (CD11c/CD18) Heparin (36)

Alternative pathway
Fluid phase heparin can inhibit the formation of the AP convertase by 

blocking the C3b binding site for factor B (30). Factor B itself also interacts with 
heparin as shown by several studies, however the outcome of their interaction 
is not clear (11). Factor H is the main fluid phase regulator of AP which helps to 
distinguish between self and non-self cell surfaces by binding to host cell surface. 
Essential for this function is the recognition of host cell polyanions like sialic ac-
ids and GAGs such as HS. The interaction of factor H with heparins results in an 
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increase of the affinity for C3b. Also dextran sulfate, CS-A, carragenan and sialo-
glycopeptide can enhance the affinity of factor H for C3b. In contrast, bacterial 
polysialic acid is not able to activate factor H (31). Recently we demonstrated the 
GAG dependent binding of factor H to renal tubular cells (24). Properdin is the 
only positive regulator of the AP. It stabilizes the C3 convertase of the AP and it 
can initiate the AP by binding to target cells (32). Kemper et al have shown that 
properdin binds to GAGs on apoptotic T-cells and activates AP (33). Recently, we 
showed that on tubular cells during proteinuria, tubular HSPG binds properdin 
and acts as a docking platform for AP activation (23). Since PGs are shown to 
interact with several AP components (table 2) a complex picture evolves. More 
research is needed in the nature and consequences of these interactions.

Terminal components of complement cascade
Vitronectin inhibits complement mediated cell lysis by preventing the 

MAC formation. The active, MAC-bound form of vitronectin interacts with hep-
arin via a GAG-binding domain (34). The main role of this interaction is likely to 
position vitronectin on self cell surfaces to protect the own tissue from comple-
ment induced damage. 

Complement receptors 
Two cell surface receptors that are known to bind heparin and HS are 

type 3 complement receptor (CD11b/CD18=MAC-1=CR3) and the type 4 comple-
ment receptor (CD11c/CD18=αxβ2=CR4=p150/95) present on phagocytic cells 
(35, 36). Both can bind to iC3b, a cleavage product of C3b that can opsonize 
microbes. Binding to iC3b results in increased phagocytosis. The interaction of 
GAGs with these receptors is important for leukocyte transmigration, but it has 
been shown that heparin can act as a competitive inhibitor of iC3b too (37). 

Proteoglycan- complement interaction as possible targets for 
intervention in renal diseases

The various mechanisms of action of HS-related GAGs for potential drug 
application has been recently reviewed. However targeting the complement sys-
tem with HS related GAGs specially in renal conditions like proteinuria has not 
been discussed (42). The idea of using GAGs  as complement inhibitors in inflam-
matory renal diseases was already postulated in 1970 when Herdman and col-
leagues published a report on treatment of progressive renal disease with hepa-
rin as an anti-complement agent (46). Some in vivo evidence of heparin induced 
complement inhibition was already shown in the early seventies by Wardle and 
Uldall. They treated nephritic patients with a short term heparin intervention 
and found a 25% decrease in complement activation in serum (47). Busch et. 
al. showed that heparin can dose dependently inhibit the changes in allograft 
rejection in a primate renal transplantation model (48). Another study in guinea 
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pigs also showed reduced complement activation in animals treated with hepa-
rin or N-acetyl heparin, with significantly reduced anti-coagulant activity, after 
CVF induced complement activation (49). These same investigators showed hep-
arin to be more effective in complement inhibition in human serum compared to 
guinea pig serum, but did not show these findings in vivo (50). Van Bruggen and 
colleagues in 1996 showed that treatments with heparin, N-desulfated/acetylat-
ed heparin and LMW heparin are effective in reducing immunoglobulin and C3 
deposits in the glomerular capillary wall of MRL/lpr mice (51). Others revealed 
the inhibitory effect in all three pathways of complement activation and protec-
tion from complement-induced damage in xenotransplantation by dextran sul-
fate (52). A more recent discovery shows heparin coated membranes to be effec-
tive in reducing complement induced inflammatory processes in extracorporeal 
circuits during cardiopulmonary bypass and renal dialysis (53). Te Velthuis and 
colleagues confirmed these findings and unveiled the inhibitory effect of hepa-
rin on complement activation to be mediated via the alternative pathway, more 
specifically at the C3 convertase level (54). Another application of heparin was 
reported by Girardi and colleagues showing heparin and LMW heparin to prevent 
complement activation by aPL antibodies in vivo and in vitro preventing pregnan-
cy complications in mice (55). Another study showed interaction of heparin and 
LMW heparin with the C1q molecule of the classical pathway during pregnancy 
(56). These in vivo studies show a wide variety of heparin/heparinoids interac-
tions with the complement system and show an enormous potential of heparin/
heparinoids for clinical use. Thus patients with proteinuria, graft rejection and 
acute kidney injury in which complement system is shown to play a major role 
could benefit from a targeted inhibition of complement system. However, the 
complex pleiotropic actions of heparin(oids) (Table 1) hampers clinical use as an 
anti-complement medication. 

Therapeutic intervention with GAGs in renal diseases mostly has been 
focused on reduction of proteinuria in diabetic nephropathy (57, 58). Among the 
heparinoids used for proteinuria treatment, sulodexide (a mixture of heparin and 
dermatan sulfate act as a heparanase inhibitor) have been studied extensively. 
The results so far are inconclusive, while some clinical trials have failed to show 
the effect of sulodexide, others have reported successful reduction of proteinuria 
with sulodexide application. Sulodexide is mainly a heparanase inhibitor which 
prevents the heparanase mediated cleavage of GAGs. Little is known about the 
sulodexide interaction with complement factors. Therefore, it would be interest-
ing to test this drug regarding its binding properties to complement factors.

Heparin was originally discovered for its anti-coagulant activity and 
when treating patients with heparin to counteract complement activation, anti-
coagulation is a serious side effect. Moreover, treatment with heparin can result 
in heparin-induced thrombocytopenia type II which is an autoimmune response 
against platelet factor 4, bearing a great risk for thrombosis (59). Besides anti-
thrombin binding, heparin interacts with a variety of molecules and is known 
to inhibit growth factor function, chemokine functions like chemotaxis and cell 
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activation, cytokine function and selectin binding (26). Therefore, selecting GAGs 
for clinical use should be done carefully and the emphasis should be on selecting 
complement pathway specific GAGs to minimize cross reactivity with other bio-
logical pathways like coagulation and non-complement mediated inflammation.

Selecting GAGs with defined complement target specificity and accept-
able side effects for use in the clinic still has a way to go. We recently showed 
some low anticoagulant heparinoids being able to inhibit properdin binding to 
tubular HS while showing only minor interference with factor H binding to tu-
bular HS, resulting in reduced complement activation (24). This finding demon-
strates  selective targeting of specific complement factors by GAGs in renal dis-
ease, although cross-binding of these GAGs to other proteins have not been 
investigated in much detail. An important issue is the source of the GAG. Most 
studies so far have been done with heparin and chemical modifications thereof 
(see above). Positive results have been published using natural sulfated polysac-
charides (fucans) isolated from brown seaweed which exert anti-inflammatory 
and anti-complementary actions while they have only little anticoagulant activity 
(39). It is also possible to fully synthesize heparin-like polysaccharides. However, 
at present these fully synthetic heparin-like molecules can only be produced in 
small polymers (<8 sacharide units). For the reduction of complement with fully 
synthetically produced polysaccharides, the binding requirements of the target-
ed complement factor for the polysaccharide should be known. Consequently 
multiple tetra- or pentasaccharides with a strong affinity  for the target can be 
designed. These oligosaccharides, which should differ in methylation and/or sul-
fation, can then be tested for their activity, bioavailability and undesired affinity 
to other molecules (60, 61). This process is costly and takes time but can be suc-
cessful as shown by two fully synthetic anticoagulants which are produced in this 
way and used in the clinic today (62). To reduce the steps and costs necessary for 
introducing effective synthetic HS/heparin glycomimetica on the market, it is pro-
posed to generate a HS/heparin library for synthetic oligosaccharides synthesized 
from disaccharide building blocks. In this way separate oligosaccharides can be 
analyzed for their affinity for complement factors and other potential HS-binding 
proteins before they are used as a potential drug (63).

As we describe in this review a large body of evidence supports the use 
of GAGs as potential modulators of the complement system. However, a num-
ber of problems in using GAGs as anti-complement agents should be overcome. 
Further research and the establishment of a (semi-)synthetic GAG library could 
prove to be a major step towards complement specific heparinoid drugs. 
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