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Abstract

Purpose—We have previously reported increased levels of Osteonectin/SPARC transcript in age-
related cataractous compared to normal human lenses. The purpose of the present study was to
evaluate the corresponding levels of osteonectin/SPARC protein in age-related cataractous relative
to normal lenses and to evaluate the levels of osteonectin/SPARC transcript in specific types of age-
related human cataracts. The spatial expression of osteonectin/SPARC was also evaluated in normal
human lenses.

Methods—Specific types of age-related cataracts were collected and graded. Normal human lenses
were microdissected into epithelia and fibers. Osteonectin/SPARC protein levels were monitored by
Western immunoblotting, and transcript levels were evaluated by reverse transcriptase polymerase
chain reaction (RT-PCR). Osteonectin/SPARC expression patterns were examined by RT-PCR and
by immunostaining.

Results—Higher levels of osteonectin/SPARC protein were detected in age-related cataractous
relative to normal human lenses. Increased levels of osteonectin/SPARC transcript were also detected
in posterior-subcapsular and nuclear cataractous lenses relative to normal lenses. Osteonectin/
SPARC transcripts were detected in the lens epithelium but not fibers. Osteonectin/SPARC protein
levels were highest in the peripheral lens epithelium.

Conclusions—Consistent with our previous studies on osteonectin/SPARC mRNA levels,
osteonectin/SPARC protein levels were also elevated in cataractous compared to normal human
lenses. Increased levels of osteonectin/SPARC mRNA were also found in nuclear and posterior-
subcapsular cataracts relative to normal lenses. Osteonectin/SPARC expression is confined to the
lens epithelium, and osteonectin/SPARC levels are highest in the peripheral lens epithelium.

Age-related cataract is a multifactorial disease with a poorly understood etiology [1-3]. One
key player in the development of age-related cataract is the lens epithelium [4,5] which contains
most of the enzymes in the lens [1-5] and can communicate with the underlying fiber cells
[6-8]. Damage to the lens epithelium is associated with cataract formation, and numerous gene
expression changes in the lens epithelium are associated with lens opacity [9-15]. We are
interested in identifying genes of the human lens epithelium which respond to the presence of
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age-related cataract through an increase or decrease in their expression levels. Isolation of these
genes points to specific components and functions of the lens epithelium that might be
important for the maintenance of lens transparency. To this end, we have previously used
reverse transcriptase differential display and semi-quantitative RT-PCR to detect multiple gene
expression differences between age-related cataractous and normal human lens epithelia [14,
15]. One of the genes identified in these studies was osteonectin (also called secreted protein
acidic and rich in cysteine [SPARC]) [16,17]. In this study [15], differential display was used
to identify increased levels of osteonectin/SPARC transcript between 50 epithelia from age-
related cataractous lenses and 25 epithelia from normal lenses. Increased expression of SPARC
was confirmed by RT-PCR analysis of an additional 19 epithelia from cataractous lenses and
8 epithelia from normal lenses. RT-PCR was also used to demonstrate high levels of SPARC
mRNA in 6 epithelia from individual cataractous lenses and to analyze the expression of
SPARC mRNA between whole and central normal human lens epithelium.

Osteonectin/SPARC, also termed BM-40 [18], is a 43 kDa Ca*2-binding protein with diverse
biological functions [19]. In addition to the increased levels of mMRNA in human age-related
cataract [15], deletion of the SPARC gene results in cataract formation in mice [20,21].

In this report we show that SPARC protein and mRNA are increased in cataractous compared
to normal human lenses. This finding is particularly important with regard to our previous work
on cataract-specific gene expression, since it provides confirmation that the transcript levels
detected by differential-display and RT-PCR are consonate with the corresponding protein
levels. This report also provides evidence that SPARC levels are increased in both nuclear and
posterior-subcapsular age-related cataracts, relative to normal lenses and that expression of
SPARC in the human lens is not only epithelium-specific but might in fact differ between the
central and peripheral lens epithelium.

METHODS

Microdissection of human lenses

Cataractous epithelial tags were obtained within minutes of surgery and were extracted and
graded by K.M.M. The LOCS Il system was used with slit lamp imaging for cataract
classification with the exception that no photos were taken and no reference photos were used.
For normal human lenses, the lens epithelium was microdissected away from the underlying
fiber cells. For both normal and cataractous lens epithelia, contaminating fiber cells were
removed and the resulting tissues were washed to remove potential contaminates as previously
described [22,23].

Isolation of RNA and preparation of protein extracts

Total RNA was prepared from pooled epithelia by phenol/guanidinium isothiocyanate
extraction [24]. Lens protein extracts were prepared as previously described [23].

Reverse Transcriptase-PCR

RT-PCR was performed by modification of established procedures [25]. Indicated amounts of
RNA were examined using the One Step RT-PCR system (Gibco-BRL, Gaithersburg, MD) as
recommended by the manufacturer. The primer concentration used in these studies (200 nM)
was chosen to insure that primers would not be limiting and was determined by performing
control reactions at different primer concentrations (data not shown). Control reactions
employed primers specific for glyceraldehyde phosphate dehydrogenase (GAPDH) were 5'-
CCACCCATGGCAAATTCCATGGCA-3' and 5'-
CCACCTGGACTGGACGGCAGATCT-3'. PCR-cycling parameters (30-35 cycles) were
derived from preliminary experiments ensuring linear product formation over the amounts of
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RNA and other reagents indicated (data not shown). Controls lacking reverse transcriptase
were performed under identical conditions with heat-inactivated RT. The sequences of the
osteonectin primers were 5-CCTGAGGCTGTAACTGAGAGAAAG-3' and 5'-
GTGGGAGGGGAAACAAGAAGATAA-3'. Products were separated on agarose gels and
visualized by ethidium bromide staining. In order to ensure that RT-PCR products represented
authentic SPARC, separate control reactions were performed and the products cloned and
sequenced.

Western Analysis

Indicated amounts of protein were denatured by boiling in 10% SDS buffer (10% w/v SDS;
0.5 M Tris-HCI, pH 6.8; 5% [v/v] 2-mercaptoethanol; 5% [v/v] glycerol) and were resolved
by electrophoresis on 12.5% SDS-polyacrylamide gels. The proteins were subsequently
transferred (30 V for 1 hin 12 mM Tris-HCI, 96 mM glycine, 15% methanol) to nitrocellulose
filters. The resulting blots were fixed in 25% isopropanol/10% acetic acid for 1 h, washed with
phosphate buffered saline (PBS) for 30 min, and blocked with 3% BSA in PBS for 1 h. The
blot was washed thee times in TBS (10 mM Tris-HCI, 50 mM NacCl, pH 7.5) over 15 min. and
incubated overnight with a 1:500 dilution of osteonectin/SPARC antibody in 1% BSA in tris-
buffered saline (TBS). The blot was subsequently washed three times in TBS over 1 h and
immunoreactive osteonectin/SPARC was visualized using ECL western blotting reagents
(Amersham-Pharmacia, Piscataway, NJ) as specified by the manufacturer. Identical procedures
were used for immunoblot analysis of aB-crystallin with a 1:400 dilution of antibody.

Immunostaining

RESULTS

A 16 year-old female human lens (less than 18 hours post-mortem) was micodissected and the
lens epithelium was fixed in 4% paraformaldehyde in PBS overnight, followed by
cryoprotection overnight in 30% sucrose in PBS prior to embedding. 14 um frozen sections
were prepared and air-dried. Sections were blocked for one hour at room temperature in
DMEM, 10% fetal calf serum, 1% goat serum, and 0.1% Triton X-100. Sections were incubated
overnight with a 1:600 dilution of anti-SPARC antibody in blocking solution at 4 °C overnight.
After five washes with 0.1% Tween 20 in PBS, sections were incubated with
streptavidinconjugated secondary antibody (Vector Laboratories, Burlingame, CA) and were
visualized by use of the Vectastain Elite kit as specified by the manufacturer. Photographs were
taken with a Nikon E800 microscope equipped with a SPOTII digital camera. Identical
procedures were used for immunocytochemical analysis of control aB-crystallin (1:400
dilution of antibody) and pre-immune serum (1:600 dilution) of the same lens.

Analysis of Osteonectin/SPARC protein levels in age-related cataractous and normal human

lenses

Levels of SPARC protein in cataractous and normal human lens epithelia were monitored by
immunoblotting. The data are shown in Figure 1. Fifteen age-related cataractous lenses were
combined in the preparation of the cataractous lens extract, and 4 normal lenses (average age
72 years) were combined in the preparation of the normal lens extract. The types and ages of
cataracts pooled in the preparation of the protein extract for immunoblotting are shown in Table
1. Cataractous or normal lenses from donors exposed to steroids were excluded. Whereas equal
amounts of aB-crystallin were detected between cataractous (Figure 1, lane 4, 2 ug) and normal
lens extract (Figure 1, lane 5, 2 ug), osteonectin/SPARC was detected only in the cataractous
lens extract (Figure 1, lane 2, 4 ug). The osteonectin/SPARC band detected with the lens extract
migrated slightly above the band detected with purified control osteonectin/SPARC. The slight
differences in migration between the lens band and the purified osteonectin/SPARC band are
most likely due to differences in glycosylation which have been reported for osteonectin/
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SPARC [19]. No osteonectin/SPARC was detected in up to 20 pg of normal lens extract (Figure
1, lane 3). As much as 35 ng of extract was required to detect osteonectin/SPARC in the normal
lens extract (data not shown).

RT-PCR of osteonectin/SPARC in specific types of cataracts

Osteonectin/SPARC mRNA levels were evaluated in pooled RNAs isolated from 7 nuclear
(average age 75), 5 posterior subcapsular (average age 47), and 10 normal lenses (average age
58). Osteonectin/SPARC levels were increased in both nuclear (Figure 2, lane 1) and posterior-
subcapsular (Figure 2, lane 2) lenses relative to normal lenses (Figure 2, lane 3). In control
reactions, GAPDH was detected at equal levels in nuclear cataracts and normal lenses (Figure
2, compare lanes 1 and 3). GAPDH was found at consistently lower levels in posterior
subcapsular (Figure 2, lane 2) comparison to normal or nuclear cataractous RNA preparations
in multiple experiments (data not shown). GAPDH was chosen as a control in the present study
because it is highly expressed in lens epithelium and has previously been used as a control for
gene expression studies in this tissue [14,15]. Regardless of the absolute levels of GAPDH,
osteonectin/SPARC expression was consistently increased in nuclear and posterior-
subcapsular cataracts relative to normal human lenses.

Spatial Expression of osteonectin/SPARC transcripts in normal human lenses

Osteonectin/SPARC transcript levels were monitored in combined extracts of 4 microdissected
epithelia (average age 60) by RT-PCR. Osteonectin/SPARC transcript expression was
restricted to the lens epithelium (Figure 3, compare lanes 3 and 4). As a control for RNA quality,
equal amounts of GAPDH transcript were detected between the epithelium and the fibers
(Figure 3, compare lanes 1 and 2). Osteonectin/SPARC protein expression was also examined
in a normal human lens epithelium from a 16 year old female. Osteonectin/SPARC was
detected at high levels in peripheral epithelium (PE, Figure 4A) and at levels barely above
background in the central epithelium (CE, Figure 4A). No osteonectin/SPARC staining was
observed in the lens capsule (CC) and (PC, Figure 4A). Osteonectin/SPARC may be present
in the nucleus in the peripheral epithelium (PE) but not the central epithelium (CE, Figure 4A).
However, it is not possible to distinguish nuclear from perinuclear staining in the present study,
and further experiments will be required to pinpoint the subcellular location of osteonectin/
SPARC. As a control, uniform staining of aB-crystallin was detected throughout the lens
epithelium (Figure 4B). By contrast, aB-crystallin is known to be expressed abundantly
thorughout the lens epithelium [5]. No staining was observed with pre-immune serum (Figure
4C).

DISCUSSION

In this report we have shown that osteonectin/SPARC protein and mRNA are increased in
cataractous compared to normal human lenses (Figure 1). This result is important to our studies
on cataract gene expression since it demonstrates that gene expression changes detected at the
MRNA level are also detected at the protein level. Based on the amount of osteonectin/SPARC
detected in equal amounts of protein extracts prepared from age-related cataractous or normal
lenses, we estimate that osteonectin/SPARC protein is increased at least 5-fold in cataractous
lenses. This level of SPARC is consistent with that reported for osteonectin/SPARC transcript
levels between age-related cataractous and normal human lenses [15]. We are confident that
the single osteonectin/SPARC band is authentic since a single band within the reported
molecular weight range of osteonectin/SPARC [26] is recognized by the osteonectin/SPARC
antibody. The osteonectin/SPARC antibody used in the present work is specific for human
osteonectin/SPARC [26] despite its similarity in epitope to a related protein called SC-1/hevin
[27]. We are confident that the protein detected in the lens epithelium is not SC-1 because we
detected no band of 65,000 Da or greater, as reported for SC-1 [27]. In other studies, we have
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failed to detect SC1 transcripts in normal human lens epithelia by RT-PCR (Kantorow and
Zhang, unpublished).

In addition to providing evidence for increased expression of osteonectin/SPARC protein
between age-related cataractous and normal human lenses, we also found increased expression
of osteonectin/SPARC in pooled samples of nuclear and posterior-subcapsular cataracts
(Figure 2). Although the present data do not address the levels of osteonectin/SPARC in other
subtypes of age-related cataract, they nevertheless provide evidence that increased expression
of osteonectin/SPARC is not restricted to specific sub-types of human age-related cataracts.
Further experiments, with larger numbers of lenses, will be required to produce the amounts
of extract needed to examine the levels of osteonectin/SPARC protein in specific types of
cataracts.

Osteonectin/SPARC mRNA expression was found to be restricted to the lens epithelium
(Figure 3). Whereas relatively low amounts of osteonectin/SPARC protein were detected in
the central lens epithelium of a 16 year old normal lens, relatively high amounts were detected
in the peripheral lens epithelium (Figure 4). Interestingly, the protein may be present in the
nucleus in the peripheral lens epithelium (Figure 4). Although other studies have reported
nuclear localization of osteonectin/SPARC [28], further experiments including subcellular
fractionation and electron microscopy will be required to evaluate the intercellular location of
osteonectin/SPARC in the human lens.

At present, the exact function of osteonectin/SPARC in the maintenance of lens transparency
is not known. Increased expression of osteonectin/SPARC by the cataractous lens epithelium
is likely a response to stress caused by the underlying cataract. Thus, SPARC is likely to have
a protective and/or repair function in the lens. It is clear that osteonectin/SPARC is important
for the maintenance of lens transparency since deletion of the osteonectin/SPARC gene results
in late-onset cataract [20,21]. The collective properties of SPARC are consistent with its having
an important protective role in the lens. Osteonectin/SPARC is a Ca*2 -binding protein whose
functions include among others: regulation of cell growth [29]; increased expression with cell
injury [30]; and growth factor control [31]. It is widely expressed in human tissues [32,33],
including most ocular tissues. It has been found in: bovine cornea [34]; bovine [34,35], mouse
[20,21] and human [15] lens; quail [36], chicken [37] and monkey [38] retina; and human
[39] trebecular meshwork. Further analysis of SPARC function in the lens should provide
insight into those mechanisms that the lens has evolved to maintain its transparent function.
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Figure 1.

Western immunoblotting of osteonectin/SPARC in lens extracts. Extracts were prepared and
polypeptides were separated and blotted as described in Materials and Methods. Shown is the
autoradiogram of the corresponding blot. Lane 1 contains purified osteonectin/SPARC, lane 2
contains cataractous lens extract (cat), and lane 3 contains normal lens extract (norm) probed
with anti-SPARC antibody. Lane 4 contains cataractous lens extract (cat) and lane 5 contains
normal lens extract (norm) probed with anti-aB-crystallin antibody. Also shown are the
osteonectin/SPARC and the aB-crystallin bands with their corresponding molecular weights.
The protein added to each well is shown below the blot.
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Figure 2.

RT-PCR analysis of osteonectin/SPARC in specific cataracts. Ethidium bromide stained gel
showing the levels of osteonectin/SPARC and GAPDH transcripts after 30 PCR cycles in
nuclear cataracts (lane 1), posterior subcapsular cataracts (lane 2), and normal lenses (lane 3).
The osteonectin/SPARC (419 bp) and GAPDH (600 bp) bands and the number of lenses used
for each sample are indicated.
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GAPDH
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Figure 3.

RT-PCR analysis of osteonectin/SPARC in specific cataracts. Ethidium bromide stained gel
showing the levels of osteonectin/SPARC and GAPDH in microdissected normal lens epithelia
(0.5 png) and fiber cells (0.5 ug) after 35 PCR cycles. GAPDH transcript (600 bp) levels for
lens epithelia (Epi) and fiber cells (Fib) are shown in lanes 1 and 2, respectively. Osteonectin/
SPARC transcript (419 bp) levels for lens epithelia (Epi) and fiber cells (Fib) are shown in
lanes 3 and 4, respectively.
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Figure 4.
Immunostaining of human lens with anti-osteonectin/SPARC. A normal lens epithelium
examined with (A) anti-osteonectin/SPARC antibody, (B) anti-aB-crystallin antibody, and
(C) pre-immune serum. The central lens capsule (CC), central lens epithelium (CE), peripheral
lens capsule (PC), and peripheral lens epithelium (PE) are marked with arrows.

Mol Vis. Author manuscript; available in PMC 2010 March 3.

Page 11



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Kantorow et al.

Cataract types used to prepare protein extracts

Page 12

Table 1

Number of lenses Average age Cataract type
7 75.6 mixed
6 69.8 nuclear
1 73 cortical
1 72 posterior subcapsular
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