lonomycin causes opacities in cultured sheep lenses by damaging the outer layers of the cortex
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Cortical cataracts have been associated with incraased levels of caldum®. A model
has been developed for cataracts by increasing the calelum Levels in cultured sheep
lenses using the calcium fonophore, fonomycin, This model has been used to test
the efficacy of potential therapeutic agents for cataracts, particularly calpain
inhibitors®. The calcium-dependent calpains have been implicated in cataract
formation®, and are known to cleave lens crystallins and cytoskeletal proteins.

The purpose of these experiments was to determine which parts of the lens were
affected by ionomycein and to look for specific evidence of calpain activation during
opacification.

Lamb lenses were dissected from whole eye globes and cultured in Eagles minimum
essential medium (EMEM) for 48 hr. Control lenses {n=5) remained in EMEM for a
further 4 days. Lens opacity was induced in the test group {n=6) by exposure to 2uM
jonomycin. The requirement for caldum in the medium was tested using lenses treated
with ionomycin and SmM EGTA (n=6). Remaining lenses were dissected into epithelial,
cortex and nudear fractions. The caldum concentration in each fraction was determined
by flame emission spectroscopy and the calpain activity by casein zymography.
Proteolysis of lens proteins was assessed by two-dimensional electrophoresis (2-DE)
and Western blotting of the cytoskeletal proteins spectrin and vimentin. Spots from
2-DE gels were identified by mass spectrometry and by comparison with previously
mapped lens proteins.
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Results

Progress of Opacification
Control lenses cultured in EMEM remained transparent over the 4-day panor.l
(Figure 1}. Ionomytin treatment initially caused opacification at the lans equator
which bacame more genaralized with time. Dissection of thesa lanses showed
that a liguid fraction had developed between the epithelium and the corbex
Chelation of calcium with EGTA reduced but did not prevent apacification.
Tonomyein treatmentincreased in lens calcium concerrration in the epithelial,
cortex and liguid fractions to levels similar to that in the medium (1.8mM).
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Figure1  Bright field images of typical cuttured lenses from (a) EMEM only, (b)
Tonomycin + EGTA, {c} ionomycin only, taken after 48 and 96 hours of treatment.

Calpaln z Actlvation

Calpain actlvity was detected in the soluble epithelium and lquid fractions at
96 hr of fonomycin treatment by caseln zymagraphy (Figure 2). The upper
band in each lane represents intact calpain 2. The lower band indicates autolysed
calpain after its previous activation. These resutts show that calpain 2 activation
in the auter regions of the lens was associatad with fonomycin treatment while
the EGTA prevented activation. Analysls of the liquid fraction revealed mainly
autolyzed calpain 2.
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Fgure2  Calpain activity in the epithelium and liquid fractions of
cuttured ovine lenses. Each sample lane has 25pg total solubls
protein.

‘Changes in Lens Protelns ,
Each soluble lens fraction was analysed by 2-DE.
Tonomyein treatment caused large changes in
gpithelial crystalling with increased
phospharylation of cA-crystallin and a decrease
in bath the major aA- spok and a smaller more
basic spot. RA3- and BA4- crystallin were also
reduced (Figure 32 and b). There was also
evidence of the losgs of vimentin and the fatty
acid binding protein.

No notable changes were detacted in the protein
profile of the cortex region between normal and
ionomycin treated lenses (Figures 3c and d).
However, a c-terminally degraded form of gA-
crystaltin and phosphorylated cA-crystallin were
present in this fraction. A much greater
propartion of the aA-arystallin in the cortex was
phosphorylated compared to the epithelium.

Changes In Vimentin
Detection ef vimentin in the saluble lens epithelium and cortex was used to confirm its protolysis on the 2-DE gels
(Figure 4). Thete was evidence of vimentin prateolysis in the epithelium from control Lenses, This was prevented

by EGTA treatment which is consistent with a role for
dedline in the amaunt of vimentin and its fragments.

The cortex fraction consisted largely of intact vimentin in all treatments. However there was much less vimentin
in the lenses treated with ionomycin. The liquid fraction between the cortex and epithetium had only fragmants
of vimenttin while vimentin was undetectable in the nucleus.
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Figure 3 2-DE analysis of protein fractions from lenses cultured in EMEM {contral) for 96 hr compared to those expased to 2 fonomycin over the 96 hr period.

Formation ofa liquid fraction between the lens capsule

e F— and the main hody of the Lens with ionomycin treatment
showed a pattern typical of the cortex with large amounts
b = " = of phosphorylated otA- and also evidence of degraded
Lo L4 - v » aA-crystaltin (Figure 3e). Vimentin was also present
t "k(/ ” 7 - suggesting this fraction is likely to be a mixture of outer
o, - A we()  cortexand epithelial proteins.
Tonomycin treatment had no impact on the proteins of
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Tonomycin caused opacification of cuttured sheap lenses and opacification was associated with
a rise in bans calcium. The epithelium and the outer cortex were most affected by ionomycin

treatment with no evidence of change in the lens nucleus. The formation of a liquid fracton

between the lans epithalium and outar corbax following ionomyein treatment indicated protein
degradation in this tegion. Spectrin and vimentin proteolysis and changes in crystallins wera
prominent features of this opacification model. These changes were consistent with calpain

activation. However the limited changes in the inner cortex and the absence of changes in

by Western Blotting of the soluble lens fractions (Figure 5).

The epithelial tissue showed extensive protealysis of native spectrin (280 kDa) to 150 kDa fragments in all
treatments. This proteolysis may be atiribirted to efther calpain or caspase 3. The control and jonomycin treatments
also revealed the 145 kDa fragment characteristic of calpain proteolysis but tiis fragment was not present following
treatment with EGTA. In the cortex the 150 kDa spectvin breakdown product appeared to increase with ionomycin
treatment. The liquid fraction did not possess intact spectrin but had both the 150 and 145 kDa breakdown
products. Disappearance of intact spectrin in the nudeus was not retarded by EGTA treatment suggesting this part
of the lens was not affected solely by ionomycin treatment. This ohservation is also supported by the absence of

change in the 2-DE pattem for the nudeus.
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Figure4  Western detection of vimentin (V9 clone,

Samta Cruz} in soluble protein fractions from lenses
cultured in EMEM, EGTA and ionomycin for 96 hr,
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Figure5 ~ Western detection of spectrin {a-fodrin, Affiniti)in
saluble pratein fractions from lenses cultured in EMEM, EGTA and
ionomyein for 96 hr.

the nudear fraction implied that ionomycin had not penstrated to the interior of the lens.
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