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SUMMARY

 

SPARC (Secreted Protein, Acidic and Rich in Cysteine) is a matricellular glyco-
protein that modulates cell proliferation, adhesion, migration, and extracellular matrix
(ECM) production. Although SPARC is generally abundant in embryonic tissues and is di-
minished in adults, we have found that the expression of SPARC in murine lens persists
throughout embryogenesis and adulthood. Our previous studies showed that targeted ab-
lation of the SPARC gene in mice results in cataract formation, a pathology attributed par-
tially to an abnormal lens capsule. Here we provide evidence that SPARC is not a structural
component of the lens capsule. In contrast, SPARC is abundant in lens epithelial cells, and
newly differentiated fiber cells, with stable expression in wild-type mice up to 2 years of
age. Pertubation of the lens capsule in animals lacking SPARC appears to be a consequence
of the invasion of the lens cells situated beneath the capsule. Immunoreactivity for SPARC
in the lens cells was uneven, with minimal reactivity in the epithelial cells immediately an-
terior to the equator. These epithelial cells appeared essentially noninvasive in SPARC-null
mice, in comparison to the centrally located anterior epithelial cells, in which strong label-
ing by anti-SPARC IgG was observed. The posterior lens fibers exhibited cytoplasmic exten-
sions into the posterior lens capsule, which was severely damaged in SPARC-null lenses. The
expression of SPARC in wild-type lens cells, together with the abnormal lens capsule in
SPARC-null mice, indicated that the structural integrity of the lens capsule is dependent on
the matricellular protein SPARC. The effects of SPARC in the lens appear to involve regula-
tion of lens epithelial and fiber cell morphology and functions rather than deposition as a
structural component of the lens capsule.

 

(J Histochem Cytochem 51:503–511, 2003)
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hree

 

 rather unique components distinguish the
mammalian ocular lens: (a) the lens capsule, a thick
basement membrane and specialized extracellular ma-
trix (ECM) that regulates lens cell growth and differ-
entiation; (b) epithelial cells, which form a monolayer
underneath the anterior capsule; and (c) differentiated
transparent fiber cells that constitute the lens mass
(Figure 1 A). During the development of the lens, epi-

thelial cells exit from the cell cycle, migrate to the
post-equatorial region, and undergo substantial mor-
phological and biochemical changes to form concen-
tric layers of transparent fiber cells (Kuzsak et al.
1999). In the process of lens fiber cell formation, the
ECM proteins in the capsule interact directly with the
basal surface of the lens epithelial cells to influence
their migration, adhesion, change in shape, and matu-
ration (Menko et al. 1998; Blakely et al. 2000). This
interaction influences lens development and differenti-
ation through mechanisms that are not clearly under-
stood. The matricellular protein SPARC (Secreted Pro-
tein, Acidic and Rich in Cysteine) appears to function
as a modulator of ECM production and cell–ECM in-
teractions in certain tissues, and possibly, in the mor-
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phogenesis and/or maintenance of the lens capsule
(Bornstein and Sage 2002; Yan et al. 2002). Targeted
disruption of the sparc gene in mice results in cataract
formation (Gilmour et al. 1998; Norose et al. 1998).
We have reported that an abnormal lens capsule con-
tributes importantly to SPARC-null cataractogenesis
(Yan et al. 2002). To understand the role of SPARC in
the pathology of lens basement membrane in SPARC-
null mice, we have addressed the following questions
in this report: (a) when does expression of SPARC in
the lens occur; (b) is SPARC a structural component
of the lens capsule; (c) what causes the disruption of
the lens capsule in SPARC-null mice; and (d) is the lo-
cation of SPARC in the lens consistent with the abnor-
mal capsules in SPARC-null lenses?

SPARC is a secreted, Ca

 

2

 

�

 

-binding glycoprotein
that interacts with a variety of ECM proteins and
growth factors (reviewed in Yan and Sage 1999;
Brekken and Sage 2001). First identified as a major
noncollagenous protein of bone (termed osteonectin;
Termine et al. 1981) and also purified from a base-
ment membrane tumor (termed BM-40; Dziadek et al.
1986), SPARC is produced in most embryonic tissues
but its distribution is rather limited in the adult (Hol-
land et al. 1987; Sage et al. 1989). In vivo, SPARC is
associated with activities such as cell proliferation, mi-
gration, matrix remodeling, and morphogenesis, con-
sistent with its functions identified in vitro, e.g., de-
adhesion and anti-proliferation (Bornstein and Sage
2002). Despite several activities demonstrated by stud-
ies in vitro, the function(s) of SPARC in vivo remains
unclear. Our recent study with SPARC-null mice dem-
onstrated that SPARC participates significantly in the
maintenance of the lens capsule. In the absence of
SPARC, the structural integrity of the capsule was ab-
errant as early as 1 month, a condition leading to sub-
sequent rupture of the posterior lens capsule at 5–8
months (Yan et al. 2002). To understand how SPARC
influences lens capsular structure and lens cell behav-
ior, we first investigated the developmental expression
of SPARC in the lens. We provide evidence that
SPARC is produced in embryonic lenses as early as
E12. SPARC is not a structural element of the lens
capsule. It is abundant in the lens epithelial cells and
in newly differentiated fiber cells, although its distri-
bution among these cells appears to be distinct. We
observed that the special areas of capsular damage in
the SPARC-null lens correspond closely with cells in
which the expression of SPARC would normally be
highest. Finally, we show that the disrupted areas in
the SPARC-null capsule corresponded with the loca-
tion of invadopodia of the lens cells. This study indi-
cates that SPARC is critical for maintenance of the
function of the lens cells that produce the capsule but
that it does not act primarily as a structural compo-
nent of the lens basement membrane.

 

Materials and Methods

 

Animals

 

129SvEv 

 

�

 

 C57BL/6j wild-type (wt, 

 

�

 

/

 

�

 

) and SPARC-null
(

 

�

 

/

 

�

 

) mice were maintained in a pathogen-free facility. The
treatment and use of the mice in this study conformed to the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals and to the Association for Re-
search in Vision and Ophthalmology Statement for the Use
of Animals in Ophthalmology and Vision Research.

 

Immunohistochemistry

 

Eyeballs from mice (E12 to 18 months of age) were removed
and were fixed by immersion in methyl Carnoy solution
(60% methanol, 30% chloroform, and 10% glacial acidic
acid) for 4 hr at room temperature (RT). The eyeballs were
dehydrated in a series of ethanol solutions (70%, 90%, and
100%) and were embedded in paraffin.

Serial 5-

 

�

 

m sections were cut, deparaffinized, rehy-
drated, and washed in PBS. Auto/Zyme was used for un-
masking of the tissue sections (Biomeda; Foster City, CA).
Nonspecific binding sites were blocked by incubation in
20% Aqua serum (Biomeda) in PBS with 0.05% Tween-20
for 2 hr at RT. Sections were incubated for 2 hr with agita-
tion at RT with the following antibodies: polyclonal goat
anti-mouse SPARC IgG; polyclonal rabbit anti-mouse
SPARC IgG (R & D Systems, Minneapolis, MN; 10 

 

�

 

g/ml);
rabbit anti-mouse laminin-1 IgG (Sigma, St Louis, MO; 5

 

�

 

g/ml); rabbit anti-mouse collagen type IV (Chemicon Inter-
national, Temecula, CA; 5 

 

�

 

g/ml); rat anti-mouse 

 

�

 

1

 

-inte-
grin (Chemicon International; 5 

 

�

 

g/ml). Negative controls
included replacement of primary antibodies by normal
mouse IgG or PBS, or primary antibody applied to SPARC-
null lens sections. Sections were washed three times for 10
min each in PBS, and were incubated in fluorescein iso-
thiocyanate (FITC)- or rhodamine-conjugated secondary
antibodies (Jackson ImmunoResearch Laboratories; West
Grove, PA).

 

Immunoblotting

 

Lens capsules were removed from the cell mass of the lens
under a dissecting microscope. The lens epithelium was me-
chanically scraped off the capsule. The capsule was im-
mersed in cold distilled water for 20 min to lyse any remain-
ing epithelial cells and was washed thoroughly in PBS. The
capsules were briefly immersed in Hoechst 33258 fluoro-
chrome (0.1 

 

�

 

g/ml in distilled water; Flow Laboratories,
McLean, VA) and were examined under fluorescence mi-
croscopy to ensure the complete removal of attached cells.
Capsules were homogenized and were solubilized in 40 

 

�

 

l
Laemmli’s SDS-PAGE sample buffer containing 10 mM
dithiothreitol, heated for 5 min at 100C, and analyzed by
SDS-PAGE on 10% polyacrylamide minigels (2 capsules per
lane). Standard immunoblotting procedure was followed
(Yan et al. 2000) and the blots were exposed to polyclonal
anti-mouse SPARC IgG. The same blot was stripped and re-
probed with antibody against glyceraldehyde phosphate de-
hydrogenase (GAPDH) to verify that there was no contami-
nation of the lens basement membrane samples with lens
epithelial cell protein.
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RT-PCR

 

Total RNA was isolated from lens epithelial cells and lens fi-
ber cells of wt and SPARC-null mice with a RNeasy Mini
Kit (Qiagen; Valencia, CA). Lens fiber cells initially ex-
tracted in chloroform and isopropanol were homogenized in
TRI reagent (Molecular Research Center; Cincinnati, OH).
The quality and yield of recovered RNA were evaluated by
absorption at 260 and 280 nm. Total RNA was reverse-
transcribed into cDNA by the use of a reverse transcription
kit (Omniscript RT kit; Qiagen). Equal amounts of RNA
were transcribed from each preparation. cDNA was ampli-
fied using the following primer pairs: SPARC, ATGA-
GGGCCTGGATCTTCTTTC/GGAAGAGTCGAAGGTCT-
TGTTGTC; CX43, GTTCAGCCTGAGTGCGGTCTAC/
TTCCCTTCACGCGATCCTT; and GAPDH, GACCCCT-
TCATTGACCTCAACT/ACCAAGTGTGGGGTAGTGT-
TTG. The PCR program was 12 min at 94C, followed by 35
cycles of 45 sec at 95C, 59 sec at 65C, 2 min at 72C, fol-
lowed by a final extension of 8 min at 72C. Products were
separated on agarose gels and were visualized by staining
with ethidium bromide.

 

Results

 

Expression and Distribution of SPARC in Embryonic 
and Adult Lenses

 

The distribution of SPARC protein in the lens at three
embryonic stages (E11.5, E13.5, and E17.5) and in the
adult up to 18 months of age is shown in Figure 1. Re-
activity with anti-SPARC IgG was first detected in the
primary lens fiber cells at E11.5 (Figure 1B, arrow)
and E13.5 (Figure 1D, arrow). At E17.5 (Figure 1F),
SPARC was prominent in the anterior lens epithelium
(single long arrow), and was diminished before the
bow region (arrowhead). Behind the bow region,
SPARC was evident at the basal surface of the lens fi-
bers where they contact the posterior capsule (double
long arrows). Secondary fibers (E17.5) appear essen-
tially devoid of SPARC (short small arrows), although
the lens nucleus (primary fibers) was weakly reactive
with anti-SPARC IgG (*). Immunostaining in the an-
terior lens epithelium remained similar in both inten-
sity and distribution pattern at postnatal day 5 (Figure
1H), day 13 (Figure 1I), 1 month (Figure 1J), 4
months (Figure 1K), and 18 months (Figure 1L),
whereas the intensity of the stain in the primary fibers
became insignificant (data not shown). The lens epi-
thelial cells flatten, and the capsule thickens, after 1
month of age, but the intensity of the staining for
SPARC was not decreased in the epithelium up to 18
months of age (Figures 1J–1L). Importantly, the lens
capsule was negative in all the ages examined (Figures
1J–1L, arrowheads). SPARC-null lenses (Figures 1E
and 1G) exposed to the same conditions as wt lenses
(Figures 1D and 1F), and wt lens (E11.5) without pri-
mary antibody (Figure 1C), showed no immunoreac-
tivity.

Two capsules (approximately 70 

 

�

 

g protein) were
also examined for the presence of SPARC. By immu-
noblotting analysis, the levels of SPARC appeared
similar in lenses from 1 month to 2 years of age (Fig-
ure 1M). Moreover, proteolytic cleavage of SPARC
was not observed in the lenses, although the polyclonal
antibody recognizes internal sequences of SPARC
(Yan et al. 2000).

 

SPARC Is Not Detected in Murine Lens
Basement Membrane

 

The murine lens capsule exhibited no immunoreactiv-
ity with anti-SPARC IgG (Figure 1), consistent with
our observations in human (Yan et al. 2000) and bo-
vine lenses (Yan and Sage 1999). Explanations for the
apparent absence of SPARC include the following: (a)
the epitope is masked by other components in the
basement membrane; (b) the three-dimensional struc-
ture of the antigen in the network of the capsular com-
ponents precludes the exposure of its epitope(s) to the
antibody; or (c) SPARC is degraded in the capsule
(Yan and Sage 1999). In addition to unmasking proce-
dures, we re-examined this question biochemically
(Figure 2). The complete removal of the lens epithelial
cells attached to the capsules was first confirmed by
the absence of nuclear labeling by Hoechst 33258 dye
under fluorescence microscopy (not shown), and was
further verified by the absence of GAPDH after immu-
noblotting of the various fractions (Figure 2). It is crit-
ical to minimize contamination of the lens capsule
with epithelium because the cells contain abundant
SPARC. Our data indicate that lens capsules without
epithelial cells do not contain SPARC (Figure 2, Lane
2). Moreover, the SPARC present within or associated
with the cells exhibited no degradation.

 

Cellular Localization of SPARC in Lens Epithelial Cells 
and Newly Differentiated Fiber Cells

 

The presence of SPARC in the lens was examined fur-
ther in animals 1 month of age (Figure 3).

 

 

 

The cyto-
plasm of the anterior lens epithelial cells was reactive
with anti-SPARC IgG (Figure 3A, arrow, inset),
whereas the cell nucleus was not (Figure 3A, arrow-
head, inset). SPARC-null lens epithelial cells showed
no reaction with the antibody (Figure 3B, arrow). The
area showing the least amount of SPARC in the lens
epithelial cells was in the region anterior to the equa-
tor (Figure 3C, between the arrows). Newly differenti-
ated lens fiber cells exhibited immunoreactivity with
anti-SPARC IgG, particularly at the basal surface near
the contacts with the capsule (Figures 3D–3F repre-
sent a continuous series of photographs toward the
posterior pole). The lens capsule was not stained with
anti-SPARC IgG in either the anterior (Figures 3A and
3C) or posterior region (Figures 3D–3F).
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Figure 1 Distribution of SPARC in
E12 to 18 months of age. (A) Sche-
matic of an adult mouse lens (lens
components are not drawn to scale).
The lens capsule envelops the entire
lens but is considerably thicker anteri-
orly, as shown. The capsule is secreted
anteriorly by epithelial cells and pos-
teriorly by lens fibers that have their
nuclei in the bow region (arrows) and
their posterior processes in contact
with the posterior capsule (fibers not
drawn). The monolayer of epithelial
cells is firmly attached to the anterior
capsule. Epithelial cells proliferate,
differentiate, and migrate to the
equatorial region, and subsequently
to the nuclear bow, to form fiber
cells. (B–L) Sections of lenses were ex-
posed to anti-SPARC IgG, followed by
secondary antibody conjugated to
FITC. (B) wt (�/�) at E11.5; (C) wt at
E11.5, without primary antibody; (D)
wt at E13.5; (E) SPARC-null (�/�) at
E13.5; (F) wt at E17.5; (G) SPARC-null
at E17.5; (H) wt, postnatal day 5; (I)
wt, day 13; (J) wt at 1 month; (K) wt
at 4 months; (L) wt at 18 months.
Note that the staining intensity is sta-
ble in the lens epithelium up to 18
months of age. (M) Immunoblot of
mouse lens epithelial cell protein, re-
active with anti-SPARC IgG. Animal
ages are indicated. Lane 1 represents
murine SPARC (produced by parietal
yolk sac cells) as a positive control.
Lenticular SPARC migrated at 43 kD;
fragments of lower molecular weight
were not seen. mo, month; yr, year.
Bars: B–G � 170 �m; H–L � 40 �m.
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SPARC mRNA was present in both lens epithelial
cells and in fiber cells (Figure 3G). Connexin 43 (Cx43)
was expressed specifically in the undifferentiated lens
epithelial cells and not in fiber cells (Donaldson et al.
1995). Therefore, Cx43 was used to detect epithelial
cell contamination of the fiber cell isolates used for RT-
PCR. The absence of Cx43 in the lens fiber cells indi-
cates that the presence of SPARC mRNA in the fibers
was not due to epithelial cell contamination.

 

Absence of SPARC in the Lens Is Associated
with a Disrupted Capsule

 

The absence of SPARC in the lens capsule supports
the contention that SPARC does not contribute to the

Figure 2 SPARC is not a component of the lens basement mem-
brane. Western blots of lens proteins were incubated with anti-
SPARC IgG. Lane 1, 2 wt lens capsules with epithelium; Lane 2, 2 wt
capsules without lens epithelium; Lane 3, Decapsulized wt lens
mass; Lane 4, 2 SPARC-null lens capsules with epithelium; Lane 5,
SPARC control. The blot was reprobed with anti-GAPDH IgG. Note
by the absence of GAPDH that the lens epithelial cells were com-
pletely removed from the capsules (Lane 2).

Figure 3 Localization of SPARC in
lenses at 1 month of age. Immunohis-
tochemical localization of SPARC pro-
tein in lenses of mice at 1 month of
age. (A) Wild-type anterior lens sec-
tion exposed to anti-SPARC IgG; cell
nuclei were negative (arrowhead, in-
set). (B) SPARC-null lens section ex-
posed to anti-SPARC IgG. (C) wt lens
section immediately anterior to equa-
tor (see schematic, C). Labeling of
SPARC in the epithelial cells in this re-
gion is minimal in comparison to the
anterior epithelium shown in the
schematic as A and B. (D) wt lens sec-
tion posterior to equator; SPARC is lo-
cated in the fiber cell posterior pro-
cesses. (E) wt lens section posterior to
D. (F) wt lens section posterior to E.
(G) RT-PCR using primers for SPARC,
Cx43, and GAPDH mRNAs in lens epi-
thelial cells (LEC) and cortical fiber
cells (LFC). Cx43, expressed specifically
in the undifferentiated lens epithelial
cells, was used to verify the lack of
contamination of the fiber cells by
epithelium. GAPDH transcript was
present in all samples. (H) Schematic
of a cross-section of the lens showing
regions A–F (boxed), which corre-
spond to the stained tissues (A–F).
Bar: A,B � 40 �m; C–F and inset �
10 �m.
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Figure 4 Protrusions of epithelial
and fiber cells into the lens capsules
of SPARC-null mice. Double-label im-
munofluorescence was performed on
sections of SPARC-null (�/�) and wt
(�/�) lenses from mice 2.5 months of
age. Lens capsules were labeled with
anti-collagen IV IgG (green, left
panel), whereas the antibody against
integrin-�1 identified the cells and
their processes (red, right panel). The
clefts revealed by anti-collagen IV IgG
were filled with cell processes labeled
by anti-integrin-�1 IgG (arrows; A,B,
anterior region; C,D, posterior re-
gion). The region anterior to the
equator showed no clefts in the cap-
sule (E) and no protrusions from the
cells (F). Sections of wt lenses (2.5
months) showed a smooth interface
and intact capsule at the anterior
(G,H) and posterior regions (arrows,
I,J). The region anterior to the equa-
tor exhibited a similar interface and
capsule as the corresponding area in
the SPARC-null lens (K,L). (M) Sche-
matic of a cross-section of the lens
shows the regions A–L (boxed), which
correspond to the stained tissues
(A–L). Bar � 10 �m.
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structure of this specialized ECM (Bornstein 1995;
Bornstein and Sage 2002). Instead, SPARC could be
an important protein in the regulation of the normal
functions of both the lens epithelial cells and some of
the peripheral fibers. Depletion of SPARC might be
expected to alter the secretion, deposition, and assem-
bly of some of the lens capsular ECM proteins at the
basal end of lens fibers. Alternatively, the lack of
SPARC might result in abnormal growth of lens cells,
which could invade and degrade the basement mem-
brane, a condition leading to disruption of the capsule
(Yan et al. 2002).

In the SPARC-null mouse there is substantial dam-
age of the lens capsule, with many protrusions of lens
cells into the capsule (Yan et al. 2002; Norose et al.
2000). We asked whether the cellular localization of
SPARC in normal lens was consistent with the damage
seen in the mutant lens capsule. SPARC-null lens cells
and capsule were double-stained with antibodies
against collagen type IV and integrin-

 

�

 

1

 

 (Figure 4). In
the SPARC-null tissue, the anterior capsule exhibited
distinctive labeling with anti-collagen IV IgG (green),
which surrounded many fine clefts that contained pro-
cesses emanating from the basal surfaces of the epithe-
lial cells (red) (Figures 4A and 4B, arrows). The dam-
age observed in the posterior capsule is typically more
severe than that in the anterior region. The enlarged
clefts revealed by anti-collagen IV IgG contained
larger fiber cell protrusions (arrows, Figures 4C and
4D). Interestingly, the region anterior to the equator
that showed minimal production of SPARC in the epi-
thelial cells by immunohistochemistry (see Figure 3C,
wt lens) exhibited a continuous capsular structure and
a smooth interface in the SPARC-null lens (Figures 4E,
and 4F), an observation suggesting that the produc-
tion of SPARC is correlated with the cellular invasion
of the basement membrane and, possibly, with the ab-
errant capsular structure. The wt lens capsules were
intact in both the anterior and posterior regions, with
a smooth basal surface, and the lens cells did not ex-
hibit protrusions into the capsules (Figures 4G–4L).

 

Discussion

 

SPARC is essential for the maintenance of lens trans-
parency and lens capsular integrity. Significant label-
ing of SPARC was detected in the epithelial cells and
newly differentiated fiber cells in the murine lens up to
2 years of age (Figure 1). It is known that the expres-
sion of SPARC is both temporally and spatially regu-
lated in normal tissues (Lane and Sage 1994). Al-
though abundant in embryonic tissues, SPARC is
diminished in most postnatal or adult tissues (Sage et
al. 1989). Therefore, the strong labeling of SPARC in
lens epithelial cells in adult mice (Figure 1) appears to
be an exception to data published for other tissues

(Sage et al. 1989; Lane and Sage 1994). Lens epithelial
cells grow, migrate, elongate, and differentiate into fi-
ber cells throughout life (Kuzsak et al. 1999). The
continuous presence of SPARC in adult lenses might
be due to this unique growth pattern of the lens and
indicates a role for SPARC in the normal activities of
the lens cells.

Lens basement membrane is a highly specialized
ECM present at the epithelial and fiber interface of the
lens. It is now evident that individual components of
the basement membrane regulate specific biological
activities, such as cell growth, migration, adhesion,
and differentiation, all of which contribute to the de-
velopment of tissues (Timpl 1996; Aumailley and
Gayraud 1998). All basement membranes contain
type IV collagen, laminin, nidogen, and perlecan,
which interact with each other and contribute to the
supramolecular assembly of the basement membrane
(Timpl and Dziadek 1986). Alterations in these com-
ponents could lead to a deficient structure and to com-
promised biological responses of the cells that contact
it. SPARC had been considered to be a minor compo-
nent of certain basement membranes (Maillard et al.
1992). To our surprise, SPARC was not detected in
the lens capsule, despite its abundance in an estab-
lished basement membrane tumor, the EHS sarcoma
(Dziadek et al. 1986; Mann et al. 1987). Therefore,
the function of SPARC in the lens appears to involve
regulation of epithelial cell function rather than acting
as a stable component of the capsule.

The distribution of collagen type IV was altered in
the SPARC-null lens (Yan et al. 2002). Whether or not
this is a reflection of the damaged capsule and/or an
altered expression of collagen caused by the deletion
of SPARC needs to be investigated. Synthesis and/or
assembly of collagen IV may be compromised in the
SPARC-null lens, because the morphology of the lens
cells, which normally produce capsular ECM proteins,
is substantially altered (Norose et al. 2000; Yan et al.
2002).

The depletion of SPARC appears to be associated
with cellular protrusions into the lens capsule by epi-
thelial cells and fiber cells (Figure 4). Figure 5

 

 

 

is a
drawing summarizing our results. (a) SPARC is
present in the lens epithelial cells and newly differenti-
ated fiber cells, but not in the lens capsule. (b) wt lens
epithelial cells showing minimal reactivity with anti-
SPARC IgG were located anterior to the lens equator
(Figure 5, gray area; see also Figure 3C). The corre-
sponding cells in the SPARC-null lens showed no cel-
lular invasion into the basement membrane (Figures
4E, 4F, and 5). It has been reported that expression of
SPARC is significantly reduced or absent in ovarian
cancer (Yiu et al. 2001) and in some types of trans-
formed cells that are highly invasive (Mettouchi et al.
1994; Vial and Castellazzi 2000). These reports, to-
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gether with our observations, suggest that SPARC di-
minishes invasion in some types of cells that normally
contain abundant SPARC. The severe damage seen in
the SPARC-null posterior capsule relative to the ante-
rior capsule could be explained by the following possi-
bilities. (a) Fiber cell protrusions are more substantial
than epithelial cell protrusions. (b) The posterior cap-
sule is thinner and therefore more labile. (c) SPARC is
crucial for the process of fiber cell terminal differentia-
tion; therefore, the absence of SPARC might lead to
abnormal fiber formation.

Interestingly, the absence of SPARC causes no ap-
parent pathology in the lens nucleus before mature
cataract (Yan et al. 2002), although it is expressed in
the embryonic primary fiber cells (Figure 1). It is pos-
sible that another SPARC family member, such as SC1
(McKinnon et al. 1996; Soderling et al. 1997), com-
pensates for the loss of SPARC in the primary fiber
cells, or that SPARC does not alter lens embryonic de-
velopment. However, apparently, no other protein(s)
can substitute for SPARC in lens epithelial cells, and
in newly differentiated fiber cells, that would rescue
the subsequently compromised lens capsule and disor-
ganized secondary fibers (Yan et al. 2002).

The macromolecular structure of the basement
membrane has become more complex as additional

components are discovered and characterized. For ex-
ample, the laminin family, collagen type XVIII, and
nidogen-2 were recently described in several basement
membranes (Erickson and Couchman 2000). The lens
capsule has long been recognized as an important
basement membrane that influences the biology of the
lens. Although more studies are needed to identify
both the components and their assembly in the lens
capsule, the model of cataractogenesis in mice lacking
SPARC will enable us to elucidate the role of SPARC
in the formation and maintenance of the lens base-
ment membrane.

 

Acknowledgments

 

Supported by National Institutes of Health grants
EY13180 and GM 40711, and by a National Research Ser-
vice Award F32-EY 06987 to QY.

We thank Rolf Brekken for the purification of polyclonal
antibody against SPARC, David Graves for the SPARC
primers, and Teri Seeberger for technical assistance. We
thank our colleagues in the Sage lab for helpful discussions.

 

Literature Cited

 

Aumailley M, Gayraud B (1998) Structure and biological activity of
the extracellular matrix. J Mol Med 76:253–265

Blakely EA, Bjornstad KA, Chang PY, McNamara MP, Chang E,
Aragon G, Lin SP, et al. (2000) Growth and differentiation of
human lens epithelial cells in vitro on matrix. Invest Ophthalmol
Vis Sci 41:3898–3907

Bornstein P (1995) Diversity of function is inherent in matricellular
proteins: an appraisal of thrombospondin 1. J Cell Biol 130:503–
506

Bornstein P, Sage EH (2002) Matricellular proteins. Curr Opin Cell
Biol 14:608–618

Brekken RA, Sage EH (2001) SPARC, a matricellular protein: at the
crossroads of cell-matrix communication. Matrix Biol 19:816–
827

Donaldson PJ, Dong Y, Roos M, Green C, Goodenough DA, Kistler
J (1995) Changes in lens connexin expression lead to increased
gap junctional voltage dependence and conductance. Am J Phys-
iol 269:C590–600

Dziadek M, Paulsson M, Aumailley M, Timpl R (1986) Purification
and tissue distribution of a small protein (BM-40) extracted from
a basement membrane tumor. Eur J Biochem 161:455–464

Erickson AC, Couchman JR (2000) Still more complexity in mam-
malian basement membranes. J Histochem Cytochem 48:1291–
1306

Gilmour DT, Lyon GJ, Carlton MB, Sanes JR, Cunningham MJ,
Anderson JR, et al. (1998) Mice deficient for the secreted glyco-
protein SPARC/osteonectin/BM40 develop normally but show
severe age-onset cataract formation and disruption of the lens.
EMBO J 17:1860–1870

Holland PW, Harper SJ, McVey JH, Hogan BL (1987) In vivo ex-
pression of mRNA for the Ca

 

��

 

-binding protein SPARC (os-
teonectin) revealed by in situ hybridization. J Cell Biol 105:473–
482

Kuzsak JR, Clark JI, Rae JM (1999) Lens transparency, embryol-
ogy, anatomy and physiology in principles and practice of oph-
thalmology. In Albert DM, Jakobiec FA, eds. Principles and
Practice of Ophthalmology. Philadelphia, WB Saunders, 1305–
1409

Lane TF, Sage EH (1994) The biology of SPARC, a protein that
modulates cell-matrix interactions. FASEB J 8:163–173

Maillard C, Malaval L, Delmas PD (1992) Immunological screening

Figure 5 Schematic of a cross-section of the lens, showing the re-
lationship between the distribution of SPARC in wt lens and the
disruption of the capsule in SPARC-null lens. The green color repre-
sents the expression of SPARC in the epithelial cells (cell nuclei not
drawn) and posterior processes of the newly differentiated fiber
cells in wt lens. The gray color represents the diminished labeling
of SPARC in the epithelial cells located in the region anterior to the
equator in wt lens. Red represents cellular invasion from the lens
cells into the capsule in SPARC-null lens. Note that the wt epithelial
cells showing minimal reactivity with anti-SPARC IgG exhibited a
smooth basal interface and no cellular extensions into the capsule,
a characteristic reiterated in the corresponding epithelial cells in
the SPARC-null lens. Lens components are not drawn to scale. As-
terisk indicates primary lens fibers.



 

SPARC and Lens Capsule

 

511

 

of SPARC/osteonectin in nonmineralized tissues. Bone 13:257–
264

Mann K, Deutzmann R, Paulsson M, Timpl R (1987) Solubilization
of protein BM-40 from a basement membrane tumor with
chelating agents and evidence for its identity with osteonectin
and SPARC. FASEB J 218:167–172

McKinnon PJ, Kapsetaki M, Margolskee RF (1996) The exon struc-
ture of the mouse Sc1 gene is very similar to the mouse Sparc
gene. Genome Res 6:1077–1083

Menko S, Philp N, Veneziale B, Walker J (1998) Integrins and de-
velopment: how might these receptors regulate differentiation of
the lens. Ann NY Acad Sci 842:36–41

Mettouchi A, Cabon F, Montreau N, Vernier P, Mercier G, Blangy
D, Tricoire H, et al. (1994) SPARC and thrombospondin genes
are repressed by the c-jun oncogene in rat embryo fibroblasts.
EMBO J 13:5668–5678

Norose K, Clark JI, Syed NA, Basu A, Heber–Katz E, Sage EH,
Howe CC (1998) SPARC deficiency leads to early-onset catarac-
togenesis. Invest Ophthalmol Vis Sci 39:2674–2680

Norose K, Lo WK, Clark JI, Sage EH, Howe CC (2000) Lenses of
SPARC-null mice exhibit an abnormal cell surface-basement
membrane interface. Exp Eye Res 71:295–307

Sage EH, Vernon R, Decker J, Funk S, Iruela–Arispe ML (1989)
Distribution of the calcium-binding protein SPARC in tissues of
embryonic and adult mice. J Histochem Cytochem 37:819–829

Soderling JA, Reed MJ, Corsa A, Sage EH (1997) Cloning and ex-

pression of murine SC1, a gene product homologous to SPARC.
J Histochem Cytochem 45:823–835

Termine JD, Kleinman HK, Whitson SW, Conn KM, McGarvey
ML, Martin GR (1981) Osteonectin, a bone-specific protein
linking mineral to collagen. Cell 26:99–105

Timpl R (1996) Macromolecular organization of basement mem-
branes. Curr Opin Cell Biol 8:618–624

Timpl R, Dziadek M (1986) Structure, development, and molecular
pathology of basement membranes. Int Rev Exp Pathol
29:1–112

Vial E, Castellazzi M (2000) Down-regulation of the extracellular
matrix protein SPARC in vSrc- and vJun-transformed chick em-
bryo fibroblasts contributes to tumor formation in vivo. Onco-
gene 19:1772–1782

Yan Q, Clark JI, Sage EH (2000) Expression and characterization
of SPARC in human lens and in the aqueous and vitreous hu-
mors. Exp Eye Res 71:81–90

Yan Q, Clark JI, Wight TN, Sage EH (2002) Alterations in the lens
capsule contribute to cataractogenesis in SPARC-null mice. J Cell
Sci 115:2747–2756

Yan Q, Sage EH (1999) SPARC, a matricellular glycoprotein with im-
portant biological functions. J Histochem Cytochem 47:495–506

Yiu GK, Chan WY, Ng SW, Chan PS, Cheung KK, Berkowitz RS,
Mok SC (2001) SPARC (secreted protein acidic and rich in cys-
teine) induces apoptosis in ovarian cancer cells. Am J Pathol
159:609–622


