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Figure9. Schematianodeldepictingtherapid shift in migrationpatternsof posteriorfiber endsduringtheinitial stagef PSCformationin

RCS/LavratlensesA, D: Initially, the posteriorsuturepattern(gray)is athreebranchednvertedY (A), whereinfiber ends(D; gradations
of purple)migrateeitheralongmeridiansto the proximal endsof the suturebranchor alonga curvedpathto the lateralaspecof the suture
branch.Successiveohortsof migratingfiber endsaredepictedin decreasingntensitiesof color, with the oldestgeneratiordenotedoy the
darkestcolor. B, E: Thefirst noticeablechangds the rapid formationof abnormalsuturesub-brancheéB), dueto the changen migration
pathsof selectedyroupsof fiberends(E). C, F: Overtime, theelaboratiorof abnormakub-branchesontinuegF) asmigrationpathsundergo

additional shifts through successive cohorts of fiber ends. 1463
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suture [18]. Conversely, the presence of disordered filopodia
has been used in prior studies as a gauge to assess aberrant
lens fiber end migration and/or abnormal fiber end — BMC
interaction [19,33]. In the RCS rat, although the filopodial
extensions at 2 to 3 weeks postnatal were uniformly aligned
toward the sutures, they were distinctly different in their
morphology and alignment by 4 to 6 weeks of age.
Specifically, they exhibited excessive lengthening, the
formation of ‘bouton-like’ dilations at their tips and the loss
of directionality toward the posterior suture. The severely
altered filopodial configurations in RCS rat lens fiber ends
seem to point out a drastic misdirection of the migrating
posterior fiber ends, and this correlates with the changes seen
in the suture pattern at the corresponding ages, namely the
rapid formation of multiple suture sub-branches and the
incipient PSC. It is to be noted that at this age, although there
were areas where fiber ends had separated, most groups of
fiber ends continued to migrate en-masse, albeit along
aberrant migratory paths that resulted in the abnormal suture
sub-branches. By 7-8 weeks postnatal, there were areas of
fiber ends that exhibited either a stellate appearance, or areas
with dilated ends of variable sizes. Ends that showed the
stellate shape were almost always situated in areas
corresponding to severe damage, as evidenced by the
degeneration of surrounding fiber ends. Both these
morphologies could indicate a complete cessation of
migration, as indicated by the lack of new suture sub-branch
formation and the static equatorial diameter of the lens at this
age. Examination of the fully formed PSC also revealed the
characteristic turning of the affected fibers toward the capsule
thus forming new suture planes, as has been previously
described in this rodent model [14,15].

Cellular morphology is often dictated by the
cytoskeleton, specifically actin configurations. To better
understand the morphological changes that were observed in
the RCS rat, cytochemical techniques were used to elucidate
F-actin distribution in the BMC of the posterior fiber ends. As
expected, F-actin arrangement in lenses up to 3 weeks
postnatal was comparable to normal distributions seen in other
rodent strains, and the outlines very succinctly revealed the
normal shape, size and arrangement of the fiber ends,
concomitant to that seen in the SEM data. By 4-6 weeks
postnatal, F-actin underwent a very unique redistribution and
was no longer present as an unbroken outline around the fiber
ends; rather bright foci of actin fluorescence were visible at
fiber end vertices in a distinctive ‘rosette’ arrangement
(Figure 7E,F). The relatively normal shape of the ends could
still be visualized through the interrupted F-actin outline,
indicating that this rearrangement could transiently help in
maintaining the shape and end — end contact, even as the
filopodial configurations resulted in misdirected fiber end
migration. With increasing age, the damage seen via SEM
imaging was reflected in the F-actin distribution with areas of
fiber end loss and the stellate shape of affected fiber ends.
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Elongating lens fibers and migrating fiber ends typically
show an increased association of F-actin at the membranes
[34,35], with fiber ends being delineated clearly [18]. In the
RCS rat lens, fiber end migration is affected and the distinct
rearrangement of F-actin could be a possible explanation for
this transient cessation of migration. The foci of F-actin could
be behaving as ‘molecular anchors’ that hold the ends down,
preventing their fluid movement across the posterior capsule
and possibly altering the fiber end — BMC interactions.
Although the basis for this rearrangement requires further
study, we speculate that lens pathology could be the result of
an inflammatory response to factors released during the retinal
degeneration in the RCS rat. Cytokine induced actin
depolymerization is known to occur in several biologic
systems [36,37] resulting in altered cell shape, migratory
potential and F-actin rearrangements [38]. Preliminary
investigations in our laboratory point toward pro-
inflammatory  cytokines playing a role during
cataractogenesis in the RCS rat. In an alternate model of PSC
formation, inflammatory responses have been shown to affect
lens structure [39], and anti-inflammatory agents have been
successfully used to prevent the PSC formation [40,41]. Thus,
actin rearrangement could be a contributing factor in PSC
formation in the present model.

Another possible interpretation is that the rearrangement
of F-actin occurs as a compensatory mechanism that prevents
fiber end degeneration during PSC formation. As observed
within the cataract plaque, the fiber ends revealed a dilated
appearance (Figure 5C,D) with discrete foci at vertices
(Figure 7F), which could indicate a rearrangement of F-actin
as ‘tensegrity structures’. Tensegrity is an architectural system
in which the tensile and compressive forces are balanced thus
rendering stability [42,43] as can be seen in
buckminsterfullerene structures or geodesic domes. This
concept has several applications in biology [44-46]; in the
human body, the musculo-skeletal system and the central
nervous system behave as tensegrities and at the cellular and
molecular level, the cytoskeleton is a prime example of a
tensegral system [47,48]. We speculate that the rapid
alteration of fiber end migration paths results in the F-actin
being reorganized into configurations that help support and
maintain the shape of the fiber ends, thus preventing their
complete breakdown. Similar to the concept of tensegrity in
architecture, to balance the combined compressive and tensile
forces that could potentially be acting on these fiber ends
during phases of misdirected and/or uncontrolled migration,
the F-actin could be rearranging itself into a structure that is
tensegral. It is possible that the ‘rosette’ arrangement of F-
actin seen during the initial PSC formation closely mimics a
tensegral structure, rendering some semblance of stability to
a rapidly deteriorating system. This would be especially
advantageous in the fiber ends that are excessively enlarged
and domed and could be the initial step that leads to the
internalization and recovery of the lens previously
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documented in this animal model [15,16]. Our studies indicate
that Ienses that develop dilated fiber ends stabilized by F-actin
adopting tensegral configurations go on to recover by
internalizing the PSC. In contrast, those lenses wherein the
ends become stellate and are associated with fiber end
degeneration (Figure 5E,F) ultimately progress to complete
cortical liquefaction [49]. The above indicates that the
molecular reconfiguration of F-actin seems to play an
important role in preventing the degeneration of cortical
fibers, thus facilitating the lens recovery process.

In conclusion, this study elucidated the structural changes
that affect migrating fiber ends in the RCS rat during the
initiation and development of a posterior subcapsular cataract.
The rapid alteration of lens fiber end migration leads to
abnormal suture sub-branch formation with a concomitant
change in fiber end morphology and F-actin configuration,
ultimately resulting in PSC formation. Continued studies in
our laboratory are presently focused on elucidating other
BMC molecules responsible for these structural changes and
agents that could potentially be responsible for these distinct
alterations.
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