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Abstract
The cardiac interstitium is a unique and adaptable extracellular matrix (ECM) that provides a milieu
in which myocytes, fibroblasts, and endothelial cells communicate and function. The composition
of the ECM in the heart includes structural proteins such as fibrillar collagens and matricellular
proteins that modulate cell:ECM interaction. Secreted Protein Acidic and Rich in Cysteine (SPARC),
a collagen-binding matricellular protein, serves a key role in collagen assembly into the ECM. Recent
results demonstrated increased cardiac rupture, dysfunction and mortality in SPARC-null mice in
response to myocardial infarction that was associated with a decreased capacity to generate
organized, mature collagen fibers. In response to pressure overload induced-hypertrophy, the
decrease in insoluble collagen incorporation in the left ventricle of SPARC-null hearts was coincident
with diminished ventricular stiffness in comparison to WT mice with pressure overload. This review
will focus on the role of SPARC in the regulation of interstitial collagen during cardiac remodeling
following myocardial infarction and pressure overload with a discussion of potential cellular
mechanisms that control SPARC-dependent collagen assembly in the heart.
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Cardiac Interstitium
The cardiac interstitium is composed primarily of collagen type I with lesser amounts of
collagens type III and type V contributing to the majority of cardiac connective tissue [1]. The
collagenous ECM of the heart undergoes relatively high rates of turnover in comparison to
collagen in the ECM of other collagen-rich tissues such as dermis and tendon [2]. For example
in adult rabbits, the collagen fractional synthesis rate is 8.94% in the heart and 0.86% in the
skin [3]. In addition, cardiac fibrillar collagen is more insoluble than collagen in other tissues,
due to increases in myocardial cross-linking of the interstitial collagen network [4]. Collagen
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fibrils in the heart are incorporated into characteristic structures identified as weaves, coils,
and struts [5]. Presumably, each type of structure serves a distinct function in maintaining
efficiency of myocyte contraction [6]. In response to pressure overload hypertrophy and in the
myocardial infarcted zone, collagen fibers increase in both size and number [1].

Mechanisms that govern assembly and regulate structure of each type of distinct collagen fiber
have not been well defined but likely include incorporation of specific proteoglycan and
glycosaminoglycan collagen-binding partners. For example, small leucine rich proteoglycans
(SLRPs), such as lumican and biglycan, have been shown to regulate collagen fibril diameters
in tendon and have been implicated in cardiac ECM remodeling [7,8]. Notably, levels of
lumican expression in heart tissue was rivaled only by levels of expression in the cornea [8].
In addition, incorporation of other collagen types such as the ratio of collagen I to collagen III
or association of Fibril Associated Collagens with Interrupted Triple Helical domains (FACIT)
collagens such as collagen types XII and XIV, represent potential factors contributing to
collagen fibril organization in the heart [9]. Matricellular proteins, such as SPARC
(osteonectin, BM-40), are another class of factors that are known to influence collagen fibril
assembly and morphology [10]. Studies to evaluate the function of SPARC and other
matricellular proteins in heart diseases have revealed critical activities of this class of proteins
in cardiac physiology and disease [11–15].

Transcriptional regulation of procollagen I and degradation of collagen fibers by collagenases
of the MMP family are two well-studied examples of cellular mechanisms that influence levels
of collagen accumulation in tissues. Evidence suggests that SPARC acts at a third point of
regulation, namely post-synthetic procollagen processing and assembly of collagen into fibrils
(Fig. 1). Recently, two studies were published on the role of SPARC in collagen remodeling
in response to myocardial infarction (MI) and pressure overload - two animal models that
involve extensive reorganization of the cardiac ECM accompanied by fibrotic deposition of
collagen. Results from these studies have demonstrated a necessary role for SPARC in
assembly of insoluble fibrillar collagen in the cardiac interstitium. In this review, we will give
a brief summary of activities of SPARC primarily based on studies from non-cardiac tissues.
We will then review relevant analyses of fibrillar collagen expression and deposition in
response to both pressure overload and MI to highlight expression patterns of SPARC in the
context of fibrillar collagen production. Finally, the effects of abrogated SPARC expression
in these two animal models of heart disease will be evaluated in terms of the influence of
SPARC in procollagen post-synthetic processing as a potential cellular mechanism that governs
collagen deposition.

SPARC
SPARC is a prototypic matricellular protein made up of three modular domains [16]. Other
matricellular proteins include, the SPARC family member hevin (SC1), thrombospondins 1
and 2, tenascins C and X, periostin, the CCN family, and osteopontin [13]. Matricellular
proteins are defined as proteins that do not contribute to the ECM structurally but serve
accessory roles to regulate cell - ECM interactions such as, signaling, adhesion, proliferation,
migration, and survival [10]. Of the three modular domains of SPARC, the first is a 53 amino
acid domain that contains a 17 residue N-terminal secretory signal peptide and two clusters of
Glu residues that bind to calcium ions. The second domain is composed of two sub-domains
made up of a 24 amino acid follistatin-like domain and a 55 amino acid protease-like inhibitor
region. The third domain, a 151 amino acid extracellular high-affinity calcium-binding region
known as the EC domain, contains the collagen-binding region.

That SPARC is conserved in a wide variety of evolutionarily diverse organisms (e.g., C.
elegans, Drosophila, brine shrimp, trout, chicken, mice, and humans), suggests a basic function
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of SPARC in multicellular biology [16]. In vitro, SPARC induces cell rounding in a number
of cell types and thus has been designated a counter-adhesive protein. The capacity of SPARC
to bind fibrillar collagens such as types I, III, and V as well as type IV implicates SPARC in
the regulation of ECM assembly in both connective tissue (rich in fibrillar collagens I, III, and
V) and basal laminae (where collagen IV is a prominent component) [16,17].

SPARC expression is high in many developing tissues including embryonic heart. However,
upon organ maturation, levels of SPARC decrease and remain relatively low in normal hearts
and in most adult tissues with the exception of those that undergo high rates of ECM turnover
such as bone and gut epithelia [16]. Upon injury, particularly those associated with excessive
deposition of collagen, there is robust re-expression of SPARC. Hence, expression patterns of
SPARC are consistent with a critical role of this protein in collagen production and deposition.
Accordingly, inhibition of SPARC production by adenoviral delivery of anti-sense SPARC in
vivo, in a rat model of liver fibrosis, resulted in significantly decreased tissue concentrations
of collagen [18].

SPARC-null mice display a range of phenotypes, the basis of which appears to reside primarily
in alterations in ECM organization. For example, the skin of SPARC-null mice displayed
substantial aberrations in both structure and composition of the collagen–rich dermis. The
collagen content of adult SPARC-null skin was approximately half that of wild-type (WT) and,
notably, the SPARC-null collagen fibers in the skin were reduced in terms of collagen
maturation, in comparison to those of WT mice [19]. In addition, transmission electron
microscopy revealed smaller collagen fibrils in the absence of SPARC that were more uniform
in size than WT fibrils [19]. A decrease in collagen deposition was also reported in bleomycin-
induced injury in the lungs of SPARC-null mice and, in an animal model of hypertension,
diminished fibrosis in the kidney of SPARC-null versus WT mice was observed [20,21].

The hearts of SPARC-null mice at 3 months of age contain significantly less fibrillar collagen
in comparison to WT mice as assessed by hydroxyproline and collagen volume fraction
analysis [11]. In picrosiruis red-stained sections, SPARC-null collagen fibers were less
frequent and less mature than those of WT mice. Images taken using scanning electron
microscopy showed smaller collagen fibrils that were fewer in number in SPARC-null versus
WT hearts. Thus, SPARC is a primary mediator of collagen ECM assembly and stability in a
variety of tissues including the heart.

Increases in SPARC expression were also noted in cardiac pathologies associated with
increased collagen deposition. For example, SPARC expression was found to increase in the
hearts of rats subjected to β-adrenergic stimulation coincident with increases in collagen types
I and III, in addition to increases in TGF-β1 [22]. TGF-β1 is a potent mediator of ECM
deposition and is implicated in cardiac myofibroblast conversion. The capacity of SPARC to
influence TGF-β1 signal transduction and myofibroblast differentiation will be discussed
further below. In human heart disease, SPARC expression was found to be elevated in tissue
sections from ventricles of individuals with left ventricular hypertrophy in one study [23]. More
extensive characterization of SPARC in human heart disease will be an important and primary
focus of future studies.

While transcriptional regulation of collagen mRNA represents one mechanism by which levels
of collagen synthesis is controlled, a significant amount of collagen protein is degraded prior
to deposition into the cardiac ECM, representing a level of post-translational regulation of
collagen influencing ECM deposition in the heart [3]. Although degradation of procollagen is
known to occur in other tissues, the level to which this mechanism is used by cardiac fibroblasts
is particularly impressive. 90% of newly synthesized procollagen was shown to be degraded
rapidly, prior to ECM incorporation [3]. Hence, post-synthetic regulation of procollagen I, that
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includes processing of procollagen to collagen I by removal of N- and C-terminal propeptides,
plays a prominent role controlling amounts of collagen assembled into ECM fibers (Fig. 2).

Myocardial Infarction (MI)
The response to MI generates specific zones within the myocardium each with distinct cellular
environments. For example, the area of infarct (infarct zone), the primary site of collagen
deposition, has been shown to form subsequent to initial formation of a provisional matrix
generated from extravasation of plasma proteins such as fibrin and fibronectin. The border
zone, defined as the area adjacent to the infarct zone, separates the infarct zone from the remote
region in which the myocardium retains its structural organization. Infiltration of macrophages
that express a number of different cytokines and growth factors stimulate collagen production
in and around the infarct zone [24]. Collagen produced primarily by fibroblasts, many of which
display protein expression patterns characteristic of myofibroblast differentiation, is the
primary constituent of the fibrous scar that preserves ventricular integrity and prevents cardiac
rupture [25]. Myofibroblasts are characterized by expression of α-smooth muscle actin, a
highly contractile phenotype, and an increased capacity to produce collagen in comparison to
fibroblasts [26].

Expression of SPARC by cells associated within the infarct zone was shown to closely parallel
that of collagens I and III. In a canine model, organized collagen fibrils were evident in the
infarct at 7 days and collagen volume fraction taken from picrosirius red-stained tissue sections
continued to rise peaking at 14 days. Quantification of SPARC immunopositive cells found
that the number of positive cells was significantly elevated at day 7 and reached a peak at day
14 in dogs [27]. Collagen deposition was detectable at earlier times in mice where significant
collagen accumulation was found 3 days following infarct [27]. Similarly, the number of
SPARC immunopositive cells after infarct was found to be significantly increased at day 3 and
was diminished but remained significantly higher than control at day 7 in mice [27]. Wu et
al. found that SPARC mRNA increased ~2.6 fold at day 2 following MI and peaked at ~3.7
fold by day 7 in mice [28]. Hence, expression of SPARC follows closely that of fibrillar
collagen. The temporal differences in production of SPARC observed in dogs versus mice are
coincident with differences in collagen deposition in the two species [27].

Schellings and colleagues recently presented an independent analysis of SPARC expression
post MI and showed that SPARC levels demonstrated a moderate, ~ 2 fold increase from
baseline in the remote and infarcted zone as assessed by quantification of protein levels by
immunoblot analysis. At days 7 and 14 post-MI, levels of SPARC were substantially increased
in the infarcted zone whereas significant increases over base line in the remote zone were not
detected [12]. SPARC expression was primarily associated with α-smooth muscle cell positive
myofibroblasts and CD45 positive leukocytes [12].

As mentioned previously, the absence of SPARC resulted in significant increases in myocardial
rupture and ventricular dysfunction following MI [12]. Although significant differences in
levels of mRNA encoding collagen types I and III were not detected in SPARC-null versus
WT infarcts, the collagen fibers were disorganized and immature in the absence of SPARC
expression. Transmission electron microscopy revealed quantitatively smaller collagen fibril
diameters in the SPARC-null infarcts versus those of WT mice, similar to previously reported
abnormalities in SPARC-null dermal collagen fibrils [12,19]. These results were consistent
with SPARC being an essential component in the post-synthetic processing and assembly of
collagen fibrils.

Importantly, over-expression of SPARC by adenoviral delivery in WT mice 2 days prior to
MI, confirmed by elevated levels of SPARC in plasma, resulted in improved cardiac function
and a reduction in dilation without significant effects on infarct size [12]. Thus, adenoviral-
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mediated over-expression of SPARC, in addition to enhanced endogenous levels of SPARC
associated with MI, was beneficial in preserving cardiac function after injury.

Schellings et al. went on to assess SPARC-dependent activity in terms of transforming growth
factor (TGF)-β1 signal transduction. Previously, SPARC was implicated in the regulation of
TGF-β1 signaling in other cell types in vitro, for example, in primary kidney mesangial cells
and in epithelial cells [29,30]. Infarcts from WT mice with elevated SPARC expression
exhibited increased levels of phosphorylated Smad2, a down-stream element in the TGF-β1
signaling cascade. Although inhibition of SPARC expression by shRNA in fibroblasts
decreased the ratio of p-Smad2/Smad 2 following TGF-β1 stimulation, SPARC-null versus
WT infarcts did not demonstrate significant differences in Smad2 activation in vivo.
Nonetheless, infusion of TGF-β1 by mini-pump following MI resulted in significant
diminution of cardiac rupture in SPARC-null mice and increased deposition of mature,
collagen fibers [12]. Hence, these studies are in line with previous results that suggest SPARC
augments the activity of TGF-β1 under some conditions through an, as yet, undefined
mechanism.

Interestingly, SPARC-null infarcts exhibited significantly more myofibroblasts than WT
infarcts [12]. As TGF-β1 is a potent activator of myofibroblast conversion, the opposite might
have been predicted, a decrease in the number of myofibroblasts in SPARC-null infarcts due
to decreased potency of TGF-β1. However, in accord with these results, Chlenksi et al. reported
that SPARC blocked myofibroblast activation in NIH 3T3 and primary fibroblasts [31]. Hence,
the function of SPARC in modulating the activity of TGF-β1 signal transduction pathways,
such as Smad2 phosphorylation versus myofibroblast conversion, might indicate the existence
of distinct TGF-β1-dependent pathways in resident cardiac fibroblasts, or perhaps in fibroblasts
originating from circulating stem cells, that control myofibroblast differentiation. For example,
mechanisms involving α3β1 integrin and hyaluronan in either myofibroblast conversion or
maintenance, respectively, were recently shown to be independent of Smad2 phosphorylation
[32,33]. In addition, the prediction that increases in the number of myofibroblasts should
increase levels of collagen deposition was also not true in SPARC-null infarcts indicating that
increased myofibroblast differentiation alone was not sufficient to drive increased
incorporation of mature collagen.

Pressure Overload Cardiac Hypertrophy
Animal models of pressure-overload cardiac hypertrophy mimic certain types of human heart
disease, such as hypertension and valvular aortic stenosis, characterized by, among other
features, fibrotic deposition of collagen [34]. Chapman et al. reported that supra-renal
abdominal artery banding in rats, for example, gave rise to increases in mRNA encoding
collagen types I and III at day 3 following banding [35]. Similar increases in collagen types I
and III mRNA were reported by Villarreal and Dillman who also reported increased levels of
mRNA encoding TGF-β1 shortly following banding [36]. TGF-β1 is a potent inducer of
collagen mRNA and a known mediator of myofibroblast conversion. Interestingly, Kuwahara
et al. showed that TGF-β1 neutralizing antibodies injected intraperitoneally, inhibited
differentiation of myofibroblasts and myocardial fibrosis in this rat model of pressure overload
[37].

Banding of the aorta in mice (transverse aortic constriction, TAC) gave rise to increased
expression of mRNA encoding collagen types I and III at day 3 [38]. Similar to rats, collagen
type III mRNA demonstrated greater induction versus that of collagen I [37,38]. Results from
multiple studies have shown that significant collagen accumulation, primarily evaluated by
measurements of collagen volume fraction, was apparent in left ventricles 4 to 5 weeks
following banding [11].
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The influence of SPARC on collagen deposition in response to pressure overload hypertrophy
was recently assessed [11]. Similar to MI, the fibrotic response to pressure overload is muted
in the absence of SPARC. Upon incorporation into the insoluble ECM, collagen protein is
stabilized by the formation of covalent cross-links [4]. Increases in the level of insoluble versus
soluble collagen, as an indirect measure of collagen cross-links, have been reported in response
to pressure overload and have been shown to contribute to increases in ventricular stiffness
[39]. At 4 weeks following TAC in WT mice, levels of insoluble collagen increased whereas
soluble collagen decreased [11]. Papillary muscle isolated from WT TAC mice demonstrated
increases in muscle stiffness associated with increased insoluble collagen content versus
control WT mice. In contrast, trans-aortic banding (TAC) in SPARC-null mice resulted in
lesser amounts of insoluble collagen deposited in the interstitium accompanied by greater
amounts of soluble collagen in comparison to age-matched WT TAC mice [11]. In the absence
of SPARC, the decrease in insoluble collagen concentrations was associated with decreased
muscle stiffness both in SPARC-null versus WT control and in SPARC-null versus WT TAC
mice [11].

Similar to MI, where the absence of SPARC did not influence collagen synthesis, total cardiac
collagen concentrations in hypertrophied ventricles of SPARC-null TAC mice were not
significantly different than total collagen concentrations in hypertrophic ventricles from WT
TAC hearts as measured by hydroxyproline analysis. The primary effect of the loss of SPARC
was the increase in soluble collagen at the expense of insoluble collagen incorporation and
suggested an inefficiency of collagen incorporation into fibrils in the absence of SPARC.

Cellular Basis of SPARC Activity
Results from both MI and pressure overload studies implicate SPARC in the regulation of post-
synthetic processing of collagen prior to deposition in the cardiac ECM rather than in
transcriptional control of collagen synthesis. In Rentz et al., studies using dermal fibroblasts
suggested that in the absence of SPARC, collagen I was not efficiently deposited into an
insoluble ECM by virtue of increased cell association of collagen I most likely via increased
interactions with cell surface receptors [40]. In this scenario, collagen I bound by SPARC is
predicted to diminish collagen I association with cells, in line with previously characterized
counter-adhesive activities of SPARC. In the absence of SPARC expression, then, collagen I
engagement or tethering to cell surfaces favors turnover of collagen I, perhaps by phagocytosis
or degradation by cell surface-associated collagenases, rather than ECM incorporation (Fig. 2)
[41,42]. In the case of SPARC-over-expression, SPARC might further limit collagen
association with cell surfaces enhancing collagen deposition and formation of mature, insoluble
collagen fibers (Fig. 2).

Also noted in these fibroblast studies was an increase in the proportion of total collagen I in
SPARC-null cell layers with both propeptides removed versus that of WT cells [40].
Procollagen is produced with N- and C-terminal propeptides that are cleaved to generate fibril-
forming collagen I monomers. Thus, a function of SPARC in the regulation of procollagen
post-synthetic processing was proposed. The decrease in insoluble collagen incorporation in
SPARC-null TAC mice accompanied by increased levels of soluble collagen was consistent
with a mechanism in which SPARC facilitated collagen processing and subsequent
incorporation into the cardiac ECM. Secreted Frizzled-related protein (sFRP) 2, a procollagen
C-proteinase enhancer is a protein that augments procollagen processing by increasing the
activity of procollagen C-terminal proteinases, BMP-1 [43]. Kobyashi et al. showed that mice
lacking sFRP2 exhibited a reduced fibrotic response to MI [43]. These results are representative
of the importance of procollagen processing and subsequent collagen incorporation into ECM
as essential points of regulation in fibrotic collagen deposition in the heart.
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Furthermore, in a rabbit model of pressure overload, Bishop et al. showed that, in addition to
increases in mRNA encoding collagen I, decreases in the amount of collagen degraded prior
to ECM assembly occurred 2 days following induction of pressure overload and persisted out
to 14 days [44]. This decrease in degradation is predicted to contribute to overall increases in
ventricular collagen concentrations in pressure-overloaded myocardium [44]. These results
highlight the importance of post-synthetic procollagen processing as a point of regulation used
by cardiac fibroblasts to control collagen deposition, a point of regulation predicted to be
facilitated by SPARC expression.

Somewhat surprisingly, in the analysis of both MI and pressure-overload, differences in the
blood vessel function and density were not significantly altered by the absence of SPARC.
SPARC was originally identified in conditioned media of endothelial cells as a secreted protein
in high abundance [45]. Although many studies characterizing the functions of SPARC have
been carried out in endothelial cells in vitro, analysis of SPARC-null mice have not revealed
a significant vascular phenotype in most tissues examined in these mice to date.

Expression of SPARC by cardiac myocytes has been shown in early development and in
cultured cells [46,47]. To test whether the absence of SPARC effects cardiac myocyte
contractility in adult mice, individual cardiac myocytes from SPARC-null and WT animals
were evaluated in terms of systolic and diastolic function [11]. No differences in percent or
rates of cell shortening nor in rate of lengthening or stiffness were detected in SPARC-null
versus WT cells [11]. Although a functional role of SPARC in myocytes cannot be ruled out,
evidence to date supports a more prominent activity of SPARC in influencing the cardiac
interstitium.

In contrast to animal models of MI, in which a provisional matrix is formed in response to
significant myocyte death, the same is not observed in response to pressure overload
hypertrophy. However, perivascular fibrosis accompanied by markers of inflammatory cells
has been shown in animal models of pressure overload at early times following banding [48].
Thus, inflammatory mediators might also contribute to initial deposition of collagen in animal
models of pressure-overloaded myocardium. Schellings et al. reported that leukocyte
infiltration was not significantly different in SPARC-null versus WT mice with the exception
of the 14 day time point at which fewer leukocytes were found in SPARC-null infarcts [12].
An altered immune response in SPARC-null mice has been reported by Rempel et al.
characterized by alterations in the cellular organization of the spleen and a decreased immune
response to lipopolysaccharide challenge [49]. Macrophages express both SPARC and a
SPARC-binding cell surface receptor, stabilin-1, that presumably clears SPARC from the
extracellular milieu [50]. Hence, macrophages might be instrumental in controlling levels of
extracellular SPARC in vivo. Because differences in leukocyte infiltration were only evident
at later times following MI, it is unlikely that lack of SPARC expression by leukocytes in
SPARC-null mice was the primary mechanism underlying disorganized collagen deposition
in response to MI as increases in collagen synthesis and deposition occur by day 3 in this model.

Conclusions
Future experiments to further characterize the mechanisms of SPARC activity in the cardiac
interstitium should include fibroblast-specific over-expression and abrogated expression of
SPARC. These studies will determine whether SPARC must be co-expressed with collagen I
in the same cell to effect collagen deposition or whether extracellular SPARC secreted by other
cell types might provide sufficient activity to facilitate collagen deposition. In additions,
expression of mutant forms of SPARC that do not bind collagen should be tested to decipher
whether collagen-binding activity of SPARC is required to elicit changes in collagen assembly
as would be predicted in the present model (Fig. 2). As SPARC is produced by C. elegans and
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Drosophila, organism that lack collagen I, also of interest is whether SPARC serves a similar
function in basal lamina assembly through interaction with collagen IV.

Fibrillar collagens serve a critical role in the heart to support form and function of this vital
organ. As increased cardiac collagen concentrations in the human population are associated
with certain types of heart disease, notably diastolic heart failure, the necessity to identify
factors indicative of increased collagen deposition in the heart as biological markers is an active
area of research [34,51]. Furthermore, the characterization of protein activities that enhance
cardiac fibrosis provide new avenues for the design of potential therapeutic agents to relieve
the physiological effects of increased ventricular collagen content. A number of proteins in
addition to SPARC are likely involved in procollagen maturation in the heart including C- and
N-terminal procollagen proteinases, enhancers of proteinases, and other matricellular proteins.
However, the SPARC-null mouse serves as a reminder that a diminished capacity to mount a
fibrotic response in the heart results in a negative outcome to infarction. Hence, the regulation
of cardiac collagen deposition must be a finely tuned and adaptable system to allow an organism
to survive cardiac pathologies.
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Figure 1.
Regulatory mechanisms controlling collagen homeostasis. This review will focus on the
proposed function of SPARC in post-synthetic procollagen processing to influence collagen
deposition in the heart.

McCurdy et al. Page 11

J Mol Cell Cardiol. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Model of Proposed Function of SPARC in Post-synthetic Procollagen Processing
Panel A: Procollagen processing into a mature collagen fibril in normal wild type (WT) mouse
myocardium: 1. Procollagen secreted into the extracellular space. 2. SPARC binds to
procollagen (or procollagen is secreted bound by SPARC). 3. SPARC decreases collagen
association with cell surface receptors (or a subset of receptors). 4. C-terminal propeptide of
procollagen cleaved by BMP-1 (enhanced by PCPE activity e.g. PCPE-1, PCPE-2, and Srfp2),
5. N-terminal propeptide cleaved by ADAMTS-2/14, 6. Collagen stabilized in mature fibrils
by formation of cross-links.
Panel B: SPARC deletion alters the balance between processing to mature collagen fibrils and
degradation; increased cell-associated collagen is degraded and/or taken up by cell-surface
collagen receptors resulting in less procollagen effectively processed into mature fibrils and
decreased levels of interstitial collagen assembled into insoluble fibers.
Panel C: SPARC over-expression further diminishes cell-associated collagen and promotes
efficient procollagen processing and incorporation of collagen into fibrils thus enhancing
deposition of collagen and formation of mature fibers.
SPARC: Secreted Protein Acidic and Rich in Cysteine, BMP: Bone Morphogenetic Protein,
PCPE: Procollagen C-Proteinase Enhancer 1, other enhancers of activity include PCPE-2 and
Srfp2. ADAMTS: A Disintegrin-like and Metalloproteinase Domain with Thrombospondin
Type Motif, MT1-MMP: Membrane-Type Matrix Metalloproteinase.
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