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The chondroitin sulfate proteoglycans of the lectican family 
are vital components of extracellular matrices (ECMs) 
(Ruoslahti 1996). This family, also known as hyalectans, 
includes aggrecan, versican, neurocan, and brevican. Aggre-
can, the best understood of the lecticans, is fundamental for 
cartilage function and skeletal development. This extremely 
highly charged proteoglycan was named for its ability to 
form large aggregates in the cartilage tissue. These proteo-
glycan complexes carry an enormous amount of fixed nega-
tive charge, attracting counter-ions and drawing water into 
the tissue. This is the biochemical basis for the viscoelastic 
properties of cartilage that allow load distribution in the skel-
etal joints. A key feature of osteoarthritis is the loss of aggre-
can and thus tissue biomechanical function. Much attention 
is focused on aggrecan turnover and the mechanisms of pro-
teolytic degradation in joint disease by matrix metallopro-
teinases and aggrecanases (see, e.g., Heinegård and Saxne 
2011; Stanton et al. 2011; Troeberg and Nagase 2012).

Aggrecan is also of critical importance in skeletal devel-
opment, as a key molecular component of the cartilage tem-
plates in the endochondral ossification process. Indeed, 

hereditary aggrecanopathies show that mutations that lead 
to impaired aggrecan function or diminished aggrecan lev-
els result in severe or, in the case of complete absence of 
aggrecan, lethal chondrodysplasia. The mechanisms for this 
may involve both ECM expansion of the growth plate and 
chondroitin sulfate modulation of morphogen signaling 
(Cortes et al. 2009).

Furthermore, all lecticans, including aggrecan, are 
involved in regulating brain synaptic plasticity as compo-
nents of perineuronal nets and in glial scar formation after 
brain injury (Dityatev et al. 2010; Kwok et al. 2011).

Given that the biological function of aggrecan depends on 
fixing charges in the cartilage ECM, tethering the proteogly-
can is vital. The lectican proteoglycans are incorporated into 
the ECM through specific interactions with hyaluronan and 
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Summary

The aggregating proteoglycans of the lectican family are important components of extracellular matrices. Aggrecan is the 
most well studied of these and is central to cartilage biomechanical properties and skeletal development. Key to its biological 
function is the fixed charge of the many glycosaminoglycan chains, that provide the basis for the viscoelastic properties 
necessary for load distribution over the articular surface. This review is focused on the globular domains of aggrecan and 
their role in anchoring the proteoglycans to other extracellular matrix components. The N-terminal G1 domain is vital 
in that it binds the proteoglycan to hyaluronan in ternary complex with link protein, retaining the proteoglycan in the 
tissue. The importance of the C-terminal G3 domain interactions has recently been emphasized by two different human 
hereditary disorders: autosomal recessive aggrecan-type spondyloepimetaphyseal dysplasia and autosomal dominant familial 
osteochondritis dissecans. In these two conditions, different missense mutations in the aggrecan C-type lectin repeat have 
been described. The resulting amino acid replacements affect the ligand interactions of the G3 domain, albeit with widely 
different phenotypic outcomes. (J Histochem Cytochem 60:987–996, 2012)

Keywords

extracellular matrix, cartilage, aggrecan, protein interactions, chondrodysplasia, osteochondritis dissecans

Article



988		  Aspberg

other ECM components. These interactions are mediated 
through their globular domains. Recent findings of missense 
mutations in the aggrecan genes in patients with different 
skeletal disorders emphasize the importance of the globular 
domains of aggrecan. This review discusses the role of glob-
ular interaction domains for lectican function, with focus on 
aggrecan, and discusses some perspectives for the future.

Structure of Aggrecan
Pioneering studies in the 1950s to 1970s laid the foundation 
for proteoglycan biochemistry and the identity of aggre-
can’s glycosaminoglycan chains. The aggrecan interaction 
with hyaluronan was discovered in around 1970 (outlined 
in Heinegård 2009). Electron microscopic studies in the 
1980s revealed the domain organization of aggrecan, with 
an N-terminal G1 domain separated from a second globular 
domain (G2) by a short interglobular domain, an elongated 
domain carrying keratan sulfate and chondroitin sulfate 
chains, and a C-terminal globular G3 domain (Fig. 1) 

(Wiedemann et al. 1984; Paulsson et al. 1987). The struc-
tural protein units forming the globular domain were identi-
fied by the cloning of the aggrecan cDNA from different 
species in the 1980s, revealing homologies between the G1 
and G2 domains with proteoglycan hyaluronan link protein 
(LP) and between the G3 domain and selectins (Doege  
et al. 1987, 1991; Hering et al. 1997; Krusius et al. 1987; Li 
et al. 1993; Watanabe H et al. 1994).

Based on the amino acid sequence, the calculated molec-
ular weights of the G1, G2, and G3 domains are approxi-
mately 37, 24, and 36 kDa, respectively. Together, this 
constitutes about 40% of the 250-kDa aggrecan core pro-
tein, but when taking the ~30 keratan sulfate and ~100 
chondroitin sulfate chains on cartilage aggrecan into 
account, the globular domains only contribute a few percent 
of the 2.5 MDa (Hascall and Sajdera 1970). Indeed, the 
folded globular domains are spatially dwarfed by the gly-
cosaminoglycan chains on the extended region of the aggre-
can molecule, as shown by rotary shadowing electron 
microscopy (Wiedeman et al. 1984; Paulsson et al. 1987).

The N-terminal G1 Domain 
Anchors Aggrecan to Hyaluronan
Seminal work by Heinegård and Hascall in the 1970s 
showed that the cartilage proteoglycan aggregates were 
formed through interactions between hyaluronan, the 
aggrecan G1 domain, and cartilage link protein (Hascall 
and Heinegård 1974a, 1974b; Heinegård and Hascall 
1974). Similar ternary complex formation was later shown 
for hyaluronan and other members of the lectican family 
proteoglycans and link proteins (Matsumoto et al. 2003; 
Rauch et al. 2004; Seyfried et al. 2005).

The aggrecan G1 domain is formed by an N-terminal 
immunoglobulin-like repeat (A subdomain) and two proteo-
glycan tandem repeats (PTR; B and B′ subdomains), as out-
lined in Figure 1. This is the same domain structure as in the 
LPs. Using mammalian expressed recombinant protein frag-
ments, the hyaluronan interaction of aggrecan G1 was shown 
to be mediated by the B and B′ subdomains in concert, and 
the A subdomain appears to enhance the interaction 
(Watanabe H, Cheung, et al. 1997). In the case of aggrecan, 
the A subdomain mediates interaction with the LP A domain 
(Matsumoto et al. 2003). In contrast, in versican ternary 
complexes, both the LP and hyaluronan interactions occur 
through the PTR (Matsumoto et al. 2003; Shi et al. 2004).

The G2 Domain Is Unique to 
Aggrecan, Is Strongly Conserved, 
and Has No Known Function

The G2 domain is only found in aggrecan. It contains two 
PTRs similar to the G1 and LP PTRs but contains no Ig-like 

Figure 1. Domain structure of aggrecan and link protein. Aggrecan 
binds hyaluronan through its N-terminal G1 domain in ternary 
complex with link proteins. The G1 domain and link proteins are 
homologous, with an immunoglobulin-like repeat (A) followed 
by two proteoglycan tandem repeats (B and B′). In aggrecan, but 
not in other lecticans, the G1 is followed by a second globular 
domain (G2), separated from the G1 by an extended interglobular 
domain. The G2 domain consists of two proteoglycan tandem 
repeats (B and B′). The central, and largest, part of aggrecan is 
the glycosaminoglycan attachment region, an extended protein 
stretch carrying keratan sulfate and chondroitin sulfate chains. 
This is followed by the C-terminal G3 domain, which consists of 
an epidermal growth factor (EGF) repeat (E1), a calcium-binding 
EGF repeat (E2), a C-type lectin domain (L), and a complement 
regulatory protein repeat (C). Hyaluronan (HA) is shown in red, 
aggrecan in blue (core protein) with red glycosaminoglycan chains, 
link protein in green. The structural repeat composition of each 
globular domain of link protein and aggrecan is shown above and 
below the two proteins, respectively, as indicated by dashed lines.
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repeat. The G2 domain shows no interaction with hyaluronan 
or LP (Fosang and Hardingham 1989; Watanabe H, Cheung, 
et al. 1997). No other ECM interactions or functions have 
been described for this domain. The G2 domain may, how-
ever, be involved in regulating aggrecan progression through 
the secretory pathway (Kiani et al. 2001). Nevertheless, the 
G2 domain is conserved and is present in aggrecan from all 
species analyzed so far, suggesting it may have an important 
function in cartilage or the central nervous system.

The C-terminal G3 Domain Links the 
Proteoglycan Aggregates to the ECM
The presence of a C-terminal globular domain (G3) was 
deduced from sequence analysis of partial aggrecan cDNAs 
(Doege et al. 1986; Oldberg et al. 1987) and verified using 
rotary shadowing electron microscopy of aggrecan 
(Paulsson et al. 1987). The G3 domain consists of four 
structural motifs, two epidermal growth factor (EGF)–like 
repeats, followed by a C-type lectin domain (CLD) and a 
complement regulatory protein (CRP, also known as sushi) 
repeat (Doege et al. 1987; Zimmermann and Ruoslahti 
1989; Rauch et al. 1992; Yamada et al. 1994).

Early work to identify functions for the lectican G3 
domains focused on carbohydrate binding by the CLD. 
Indeed, calcium-dependent weak interactions of the aggrecan 
CLD with fucose and galactose were detected (Halberg et al. 
1988; Saleque et al. 1993). Similarly, the versican CLD and 

G3 domain interacted with carbohydrates, including glycos-
aminoglycans (Aspberg et al. 1995; Ujita et al. 1994). In 
addition, sulfated glycolipids on the cell surface were found 
to interact with all four lectican CLDs (Miura et al. 1999).

Subsequently, ECM molecules such as tenascin-R (Aspberg 
et al. 1995, 1997), tenascin-C (Day et al. 2004; Rauch et al. 
1997), fibulin-1 (Aspberg et al. 1999), fibulin-2 (Olin et al. 
2001), and fibrillin-1 (Isogai et al. 2002) were identified as 
high-affinity ligands for the lectican CLDs, with K

D
 values in 

the subnanomolar to nanomolar range (Fig. 2). As expected for 
a CLD, these interactions are calcium dependent. Using bacte-
rially expressed recombinant domains of tenascin-R and C, the 
binding sites on both these proteins were mapped to fibronec-
tin type III repeats 3 to 5 (Fig. 3). Surprisingly, this also showed 
that the tenascin interactions were carbohydrate independent 
(Aspberg et al. 1997; Rauch et al. 1997; Day et al. 2004). 
Indeed, the crystal structure of aggrecan CLD in complex with 
a tenascin-R fragment showed that a typical CLD carbohy-
drate interaction (i.e., via direct ligand coordination through 
the CLD binding site calcium ion) was sterically excluded in 
the complex (Lundell et al. 2004). The coordinated calcium 
ions are, however, critical for shaping the loops forming the 
CLD ligand-binding surface (Lundell et al. 2004). It remains 
unclear whether carbohydrates are involved in the lectican 
CLD interactions with fibulins and fibrillin. It should be noted 
that the CLD fold is a fairly common structural motif, and 
other examples of CLD proteins with protein ligands have 
been described (Lundell et al. 2004).

Figure 2. Schematic of lectican 
C-type lectin domain (CLD) 
interactions with tenascin and 
fibulin ligand proteins. The different 
interactions between lectican CLDs, 
tenascins, and fibulins are shown as 
lines. Line thicknesses indicate relative 
binding strengths, and affinities 
(K

D
) are indicated. The lectican 

proteoglycans (blue core proteins 
with red glycosaminoglycan chains) 
are shown attached to hyaluronan 
(HA, red line at the bottom of the 
figure) through their respective 
G1 domains in complex with Link 
protein (green). The G3 domain CLD 
ligands are shown in black at the top 
of the figure.



990		  Aspberg

Interestingly, the CLD protein ligands are all dimeric or 
multimeric ECM proteins. This suggested a role in cross-
linking or organizing the lectican-LP-hyaluronan aggre-
gates (Fig. 4). Such interactions were indeed observed 
through molecular electron microscopy of aggrecan aggre-
gates purified under native conditions and mixed with 
tenascins or fibulins (Olin et al. 2001; Lundell et al. 2004).

The CLD repeat may also be involved in the sorting and 
secretion of aggrecan, perhaps involving as yet unknown 
signals within the C-terminal regions of the CLD peptide 
(Domowicz et al. 2000).

The functions of the EGF and CRP repeats of the G3 
domain are less well understood. In aggrecan, but appar-
ently not in other lecticans, the G3 domain is subject to 
alternative splicing of the EGF repeats and the CRP repeat, 
whereas the CLD is constitutively present (Doege et al. 
1991; Fulöp et al. 1993, 1996; Grover and Roughley 1993; 
Bonaventure et al. 1994). Interestingly, the EGF repeats of 
versican have been suggested to have growth factor activity 
(Zhang, Cao, Kiani, et al. 1998; Zhang, Cao, Yang, et al. 
1998; Zhang et al. 1999, 2001).

Human Disorders Linked to Mutations in 
the Aggrecan G3 Domain
Chondrodysplasia due to mutations in genes for aggrecan 
and aggrecan synthesis has been reviewed in detail, but 
additional mutations have since been discovered (Schwartz 

and Domowicz 2002). Null and functional null mutations 
of the aggrecan gene have been described in humans, mice, 

Figure 3. Lectican C-type lectin domain (CLD) binding sites on tenascins. Lectican CLD binding sites on tenascin-R and tenascin-C were 
mapped to fibronectin type III repeats 3 to 5 using panels of overlapping recombinant fragments. Affinities, determined by BIAcore surface 
plasmon resonance experiments, are in the low nanomolar range (K

D
:values for the aggrecan CLD are shown). The use of bacterially 

expressed tenascin proteins showed that the interactions were carbohydrate independent. The domain organization of the tenascins is 
shown with triangles for N-termini, spiral-filled circles for multimerization domains, diamonds for epidermal growth factor (EGF)–like 
repeats, ovals for fibronectin type III repeats, and hexagons for fibrinogen globules. Alternatively spliced fibronectin type III repeats are 
shadowed and shown with their insertion sites marked by dashed lines.

Figure 4. G3 domain-mediated organization of the aggrecan 
extracellular matrix. The model depicts how tenascin interaction 
through the lectican G3 domains may crosslink the proteoglycan 
aggregates and organize the extracellular matrix. Hyaluronan is 
shown in red (single red line forming the base), aggrecan in blue 
(core protein) with red glycosaminoglycan chains along the length 
of the core protein, link protein in green, and tenascin-C in black.
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cattle, and chick (see Table 1 for references). In homozy-
gous animals, the resulting phenotype is lethal perinatal 
skeletal dysplasia, whereas animals heterozygous for the 
mutation show dwarfism to various degrees. In humans, 
heterozygosity for a single base pair insertion, causing a 
premature stop codon in the aggrecan gene, results in spon-
dyloepiphyseal dysplasia (SED), Kimberley type (Gleghorn 
et al. 2005). Patients heterozygous for this mutation show 
short stature, stocky build, and early onset osteoarthritis.

The molecular function of aggrecan is to produce a 
hydrodynamic swelling pressure in cartilage. This is 
achieved through the chondroitin sulfate (CS) chains linked 
to the central region of the aggrecan core protein. The many 
thousands of fixed negative charges on the CS chains of 
each aggrecan attract counter-ions and draw water into the 
extracellular matrix. Consequently, mutations in genes for 
proteins involved in CS synthesis and sulfation also result 
in different skeletal dysplasias of varying severity (Table 1).

Table 1. Mutations Affecting Aggrecan Synthesis, Posttranslational Modification, or Interactions

Type Disorder or Mutation
Heterozygous 

Phenotype Homozygous Phenotype Reference

Loss of aggrecan 
(null)

Cartilage matrix deficiency mouse, 
Bc (cmdbc)

Mild dwarfism Lethal chondrodysplasia Krueger et al. 1999

Loss of aggrecan 
(functional null)

Cartilage matrix deficiency mouse 
(cmd)

Mild dwarfism, 
shortened life 
span

Lethal chondrodysplasia Watanabe H et al. 1994; 
Watanabe H, Nakata,  
et al. 1997

  Bulldog mutation, Dexter cattle 
(ACAN, two alleles)

Short limb 
dwarfism

Lethal chondrodysplasia Cavanagh et al. 2007

  SED, Kimberley type SED, early OA ? Gleghorn et al. 2005
  Nanomelia chick Shortened legs Lethal chondrodysplasia Li et al. 1993
Impaired aggrecan 

glycosylation
Schneckenbecken syndrome 

(nucleotide-sugar transporter 
SLC35D1)

— Lethal skeletal dysplasia Hiraoka et al. 2007

  Chondroitin sulfate 
N-acetylgalactosaminyltransferase 
1 knock-out mouse 
(CSGalNAcT-1)

— Dwarfism Sato et al. 2011; Watanabe Y 
et al. 2010

Impaired aggrecan 
sulfation

Diastrophic dysplasia (DTDST, 
SLC26A2)

— Short stature, joint 
contractures, cleft palate

Hästbacka et al. 1994

  MED, recessive (DTDST, SLC26A2) — MED Superti-Furga et al. 1999
  Atelosteogenesis type II (DTDST, 

SLC26A2)
— Lethal dysplasia Hästbacka et al. 1996

  Achondrogenesis type 1B (DTDST, 
SLC26A2)

— Lethal dysplasia Superti-Furga et al. 1996

  SEMD Pakistani type (PAPS synthase 
2)

— SEMD ul Haque et al. 1998

  Brachymorph mouse (PAPS synthase 
2)

— Dome-shaped skull,  
shortened tail and limbs

Kurima et al. 1998; ul Haque 
et al. 1998

  Brachyolmia, recessive (PAPS 
synthase 2

— Short trunk dysplasia Miyake et al. 2012

  SED Omani type (C6ST-1) — SED Thiele et al. 2004
  Chondrodysplasia, GPAPP type 

(IMPAD1)
— Chondrodysplasia with joint 

dislocations
Vissers et al. 2011

Impaired G3  
function

SEMD-ACAN Possibly mild 
proportional 
short stature

SEMD Tompson et al. 2009

  Familial OCD (ACAN) OCD, short 
stature, OA

? Stattin et al. 2010

ACAN, aggrecan gene; C6ST, chondroitin-6-O-sulfotransferase; cmd, cartilage matrix deficiency; DTDST, diastrophic dysplasia sulfate transporter; GPAPP, 
Golgi-resident nucleotide phosphatase gene; IMPAD1, GPAPP gene; MED, multiple epiphyseal dysplasia; OA, osteoarthritis; OCD, osteochondritis 
dissecans; PAPS, 3′-phosphoadenosine 5′-phosphosulfate; SED, spondyloepiphyseal dysplasia; SEMD, spondyloepimetaphyseal dysplasia; SLC26A2, 
solute carrier family 26 (sulfate transporter), member 2; SLC35D1, solute carrier family 35 (UDP-glucuronic acid/UDP-N-acetylgalactosamine dual 
transporter), member D1. For recessively inherited conditions, the lack of phenotype in heterozygous individuals is indicated by a dash.
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No data are available on aggrecan G1 or LP mutation in 
humans. This likely reflects the fundamental importance of 
proteoglycan aggregate formation in skeletal development. 
Indeed, chondrodysplasia was observed in the cartilage LP 
gene knockout (Watanabe H and Yamada 1999), which was 
milder but similar to that in aggrecan functional null cmd 
mice (Watanabe H and Yamada 2002).

The functional importance of G3 domain interactions 
was recently emphasized by the identification of two differ-
ent missense mutations in the aggrecan CLD. Surprisingly, 
the two mutations resulted in widely different phenotypes.

The first G3 mutation was identified in a family with 
autosomal recessive spondyloepimetaphyseal dysplasia 
(SEMD) (Tompson et al. 2009). The missense mutation 
results in an Asp to Asn replacement (D2267N), which 
affects one of the calcium coordinating residues of the CLD. 
It is unclear whether this amino acid replacement has any 
effect on CLD calcium binding, but the mutation results in 
a novel consensus sequence for N-linked glycosylation. 
Indeed, N-linked glycans were present on recombinant 
D2267N G3 domains expressed in mammalian cells 

(Tompson et al. 2009). Although not within the known 
ligand binding surface, the D2267 residue is situated in 
close proximity, and glycan substitution could present a ste-
ric hindrance to ligand interaction. This may well be the 
case, as surface plasmon resonance experiments on tenas-
cin-C showed that the D2267N mutant protein reached a  
lower steady-state binding signal than the wild-type pro-
tein, although the binding strength was not determined. 
However, the shapes of the binding and dissociation curves 
are similar to the wild-type control curves, suggesting only 
minor differences in affinity. No data on aggrecan secretion 
or presence in patient cartilage are available, but the pheno-
typic similarity to other aggrecanopathies suggests that 
lowered aggrecan levels, glycosylation, or sulfation could 
contribute to the phenotype.

The second aggrecan G3 mutation was identified from a 
five-generation family with autosomal dominant familial 
osteochondritis dissecans (OCD) (Stattin et al. 2010). In 
OCD, cartilage and subchondral bone are dislodged from the 
joint surface. In familial OCD, this affects multiple joints and 
is accompanied by a disproportionate shortened stature and 
early onset osteoarthritis. The missense mutation leads to a 
Val to Met replacement in the aggrecan CLD. The mutated 
residue (V2303) is situated in the hydrophobic core of the 
CLD, right below the ligand binding surface. The V2303M 
replacement may disrupt the conformation of the binding sur-
face, and loss of ligand interaction was verified biochemi-
cally using mammalian-expressed recombinant G3 
fragments. Affinity measurements by surface plasmon reso-
nance showed a complete loss of binding to fibulin-1 and -2 
and an 8000-fold reduction in V2303M CLD affinity for 
tenascin-R. The presence of flanking EGF and CLD repeats 
appeared to stabilize the CLD fold, but affinities were still 
reduced. Due to the limited availability of patient material, no 
detailed analysis of aggrecan levels, glycosylation, or sulfa-
tion was performed. Nevertheless, proteoglycan extraction 
and purification from a familial OCD patient, followed by 
Ion Trap tandem mass spectrometry (MS/MS) analysis, con-
firmed the presence of the V2303M aggrecan in cartilage 
(see Fig. 5). This suggests that the loss of ECM ligand inter-
actions in the V2303M aggrecan leads to a disturbed cartilage 
ECM assembly or organization and thus a less stable carti-
lage, predisposing the patient to OCD and early onset 
osteoarthritis.

It is unclear why the phenotypic outcome of these two 
missense mutations in the aggrecan CLD differs so widely. 
It is interesting to note that aggrecan-type SEMD is reces-
sively inherited, whereas the few known individuals hetero-
zygous for the D2267N mutation possibly display a mild 
proportionate shortened stature. In contrast, familial OCD 
is dominantly inherited, and no individuals homozygous for 
the V2303M mutations have been found. This raises the 
possibility that these two conditions reflect the two extremes 
along a scale of phenotypic severity, similar to that of muta-
tions in the diastrophic dysplasia sulfate transporter 

Figure 5. Disease-linked missense mutations in the aggrecan 
C-type lectin domain (CLD). The aggrecan C-type lectin domain 
structure determined by X-ray crystallography (Protein Data 
Bank ID: 1TDQ) is shown as a cartoon model. The coordinated 
calcium ions are shown as gray spheres. The side chains of amino 
acid residues coordinating the calcium ions or mutated in human 
disease are shown as sticks. The CLD binding surface for tenascin-R 
is marked by a thick line in the upper right corner of the cartoon. 
The amino acid residues mutated in spondyloepimetaphyseal 
dysplasia aggrecan type (D2267) and familial osteochondritis 
dissecans (V2303) are indicated by arrows.
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(DTDST) gene, where different mutations give phenotypes 
ranging from mild recessive multiple epiphyseal dysplasia 
(MED) to lethal recessive chondrodysplasias (Rossi and 
Superti-Furga 2001). Alternatively, one or both of the 
aggrecan CLD mutations may affect as yet unknown molec-
ular interactions or lead to gain of new functions.

Concluding Remarks
In the past decade, our understanding of ECM assembly as 
a whole has increased significantly. Aggrecan is no excep-
tion, with multiple interactions between the G3 domain 
CLD and other ECM molecules identified and their impor-
tance confirmed by the identification of missense mutations 
in patients with skeletal disorders.

The advent of novel sequencing technology will very 
likely lead to the identification of additional mutations in the 
aggrecan gene in patients and animals with different skeletal 
disorders. This will be helpful in answering some of the as 
yet unsolved questions concerning aggrecan function.

This includes why the clinical phenotypes of patients 
with the two identified aggrecan missense mutations are so 
divergent. Furthermore, as it is clear that anchoring aggre-
can in the tissue is vital, it would be expected that the con-
sequences of mutations impairing G1 or LP function result 
in severe phenotypes. Finally, the strong conservation of the 
G2 domain in aggrecan, but its absence in other members of 
the aggregating proteoglycan family (lecticans or hyalec-
tans), suggests an important role for the G2 domain.

Another interesting question is why the aggrecan G3 is 
alternatively spliced when other lecticans are not. Given 
that the EGF repeats of the versican G3 domain appear to 
have growth factor activity, alternative splicing could reflect 
a regulatory mechanism.

This may also apply to the CRP repeat, which also is 
alternatively spliced in aggrecan. The complement system 
is emerging as a strong contributing factor in osteoarthritis 
development (Wang et al. 2011). Indeed, fragments released 
from cartilage ECM molecules can regulate complement 
activity (Happonen et al. 2009, 2010, 2012; Kalchishkova 
et al. 2011; Sjoberg et al. 2005, 2009). Fragments contain-
ing the G3 domain with its CRP repeat may thus be released 
into the synovial fluid. It will be interesting to determine 
whether the aggrecan G3 domain is involved in comple-
ment regulation and if this contributes to joint disease 
progression.
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