
A critical process that occurs during lens fiber differen-
tiation is the coordinated migration of elongating fiber ends 
along the epithelium (anteriorly) and the capsule (posteriorly). 
Fiber migration is a highly coordinated and regulated progres-
sion that involves adhesion, translocation, and detachment of 
fiber ends, and on the posterior aspect the entire process is 
mediated by the basal membrane complex (BMC). The BMC 
of avian lens fibers includes the basal domain of the fiber-cell 
membrane, the integral membrane proteins, and their associ-
ated cytoskeletal elements [1]. The BMC is an important area 
that includes molecules such as integrins, cadherins, actin, 

myosin, and caldesmon. Several molecules of the BMC, such 
as actin, β-1 integrin, and N-cadherin, have been studied to 
show their role in cell attachment, migration, and prolifera-
tion during fiber differentiation.

Studies have definitively shown that β-1 integrins are 
the primary integrin receptor for the basal lamina proteins 
in the lens capsule [2]. The integrins act as bidirectional 
signaling receptors [3], mediating interactions between the 
cytoskeleton and extracellular matrix that affect prolifera-
tion, adhesion, and fiber-cell polarity [4-6]. N-cadherin, a 
cell adhesion molecule, has also been implicated in lens fiber 
differentiation. Through its linkage to actin, N-cadherin 
regulates differentiation-dependent cytoskeletal reorganiza-
tion [7]. N-cadherin is co-localized with actin both within 
the native BMC and in cell culture [1,7-9]. In addition, actin 
has also been found to play an important role in coordinating 

Molecular Vision 2014; 20:1777-1795 <http://www.molvis.org/molvis/v20/1777>
Received 13 August 2014 | Accepted 30 December 2014 | Published 31 December 2014

© 2014 Molecular Vision

1777

Basal membrane complex architecture is disrupted during 
posterior subcapsular cataract formation in Royal College of 
Surgeons rats

Anita Joy,1 Kristin J. Al-Ghoul2,3

1Department of Growth, Development and Structure, Southern Illinois University School of Dental Medicine, Alton, IL; 
2Department of Anatomy and Cell Biology, Rush University Medical Center, Chicago, IL; 3Department of Ophthalmology, Rush 
University Medical Center, Chicago, IL

Purpose: Previous studies detailing the development of posterior subcapsular cataracts (PSC) in Royal College of 
Surgeons (RCS) rats have shown that aberrant fiber-end migration underlies the structural compromise. This investiga-
tion was conducted to examine the distribution of select basal membrane complex (BMC) components and to assess the 
intravitreal levels of specific cytokines during PSC formation.
Methods: Lenses from 52 RCS dystrophic rats (RCS/Lav) and 28 genetically matched control animals (RCS-rdy+/Lav) 
from 2 to 8 weeks old were used. After enucleation, vitreous was collected for eventual cytokine level analyses; lenses 
were then removed and processed for immunocytochemical localization of actin, cadherin, β integrin, vinculin, and 
cell nuclei.
Results: At 2–3 weeks postnatal, dystrophic lenses showed normal BMC distribution of actin, cadherin, and vinculin; 
however β integrin distribution was altered as compared to controls. By 4–6 weeks of age, F-actin was visible as bright 
foci arranged in a “rosette” pattern around fiber-end profiles. Concurrently, vinculin was rearranged into a diffuse pattern 
within the BMC. Cadherin delineated the fiber ends in dystrophic lenses until 5 weeks postnatal, after which it displayed 
diffuse cytoplasmic staining with more definitive labeling at the BMC periphery. β integrin was initially distributed as 
punctuate spots at 2–3 weeks postnatal; however, by 4–6 weeks it was co-localized with F-actin around the periphery 
of fiber ends. The distribution of F-actin, cadherin, and β integrin components did not undergo further changes after 6 
weeks of age; however, vinculin was present predominantly at the periphery of the BMC in 7–8-week-old dystrophic 
lenses. Intravitreal cytokine levels were assessed for interleukin (IL)-1α, IL-4, IL-6, IL-8, tumor necrosis factor (TNF), 
and interferon (IFN)-γ. Levels of IL-1α, IL-4, TNF, and IFN-γ demonstrated a similar pattern, with concentrations 
increasing from 2 to 6 weeks postnatal and then decreasing slightly up to 8 weeks of age. IL-4 and TNF had the highest 
average concentrations, with peaks of 148.00 pg/ml and 34.20 pg/ml, respectively.
Conclusions: The data indicate that defined rearrangements of normal BMC architecture precede and characterize the 
structural changes that culminate in the PSC. These are consistent with modifications of adhesion mechanics involving 
cell–cell attachment, cell–matrix adhesion, and timely fiber-end detachment. Further, the results suggest that pro-
inflammatory cytokines are potential initiating factors in aberrant fiber-end migration and subsequent PSC formation.
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structural changes and maintaining the integrity of lens 
development during fiber-cell elongation [1,10-15].

Although the BMC of rodent lenses consists of virtually 
the same components as avian lenses, it appears much less 
well organized [16]. Additionally, the distribution of several 
BMC components, namely F-actin, cadherin, and β1 integrin, 
alters as fiber ends approach their sutural destinations [16,17]. 
These molecular rearrangements are spatially and temporally 
correlated with the process of fiber-end migration and appear 
to be necessary for accurate adhesion, de-adhesion, and trans-
location of fiber ends, and eventual suture formation.

The Royal College of Surgeons (RCS) rat is a model of 
retinal degenerative disease and subsequent posterior subcap-
sular cataract (PSC) formation wherein the basal fiber ends of 
elongating lens fibers are affected by a growth malformation 
[18-20]. To date, the contribution of fiber-end migration to 
this pathological process has not been completely elucidated. 
A previous study on the RCS rat has revealed distinct altera-
tions in the F-actin arrangement and fiber-end morphology 
between 2 weeks and 8 weeks postnatal [21]. These changes 
temporally correspond to the retinal degeneration seen in 
this animal model. The earliest change noticed was abnormal 
suture sub-branch formation that subsequently led to opacity 
formation. The documented changes indicate that a secondary 
effect of the retinal dystrophy seems to be a misdirection of 
fiber-end migration leading to altered fiber-end morphology, 
F-actin rearrangements, and eventual PSC formation. The 
prior evidence [21] led to the hypothesis that reorganization 
of BMC architecture could lead to detriments in adhesion 
mechanics involving cell–cell attachment, cell–matrix inter-
actions, and timely fiber-end detachment. The present study 
was undertaken to elucidate alterations or redistributions of 
select BMC components that, together with the F-actin rear-
rangements, might herald PSC formation.

The molecular defect that underlies the retinal dystrophy 
in RCS rats as well as in retinitis pigmentosa is a deletion 
in the gene encoding the receptor tyrosine kinase mertk 
[22] and its human ortholog MERTK [23] [24], respectively. 
To date, mertk expression has not been established in the 
crystalline lens. Therefore, it is likely that the migrational 
changes leading to cataractogenesis occur secondary to the 
retinal degeneration. Recent evidence has shown that mertk 
is involved in an inhibitory pathway in toll-like receptor 
activation and that inhibition of mertk can enhance inflam-
matory response [25]. In addition, microglial cell infiltration 
of the degenerating outer nuclear layer of RCS rat retinas 
is correlated with an increase in gene expression of several 
cytokines within the retina [26]. As stated above, the struc-
tural compromise in RCS rat lenses is primarily manifested 

in the most superficial or elongating fibers at the back of 
the lens, resulting in PSC formation. The juxtaposition of the 
inflamed retina with the lens posterior suggests that PSCs 
could result from retinal influences via the vitreous humor. 
Thus, a secondary goal of the present study was to determine 
if cytokine levels were elevated within the vitreous humor 
before and during the process of PSC formation in RCS rats.

METHODS

Animals: The current study used a total of 80 RCS rats 
between 2 and 8 weeks of age. RCS rat breeding pairs (RCS/
Lav [inbred, pink-eyed, dystrophic] and RCS-rdy+/Lav 
[genetically matched controls]) were acquired courtesy of 
Dr. M. LaVail, Retinal Degeneration Rat Model Resource 
(RDRMR), University of California, San Francisco. Animals 
were housed in the Comparative Research Center (CRC) of 
Rush University Medical Center (RUMC), Chicago, IL, and 
bred as per the schemata laid out by the RDRMR for breeding 
RCS strains. The animals were cared for in accordance with 
the ARVO Statement for the Use of Animals in Ophthalmic 
and Vision Research, and all experiments were performed 
under aseptic and sterile conditions as approved by the Insti-
tutional Care and Use Committee (IACUC) of RUMC. The 
RCS dystrophic animals were randomized into six groups (2, 
3, 4, 5, 6, and 7–8 weeks), and genetically matched controls 
were randomized into three groups (2–3 weeks, 4–6 weeks, 
and 7–8 weeks), with eight animals in each group. At the 
predetermined age points, animals were euthanized with an 
intraperitoneal dose of sodium pentobarbital (1 ml at 398 mg/
ml; Virbac, St. Louis, MO).

Collection of vitreous humor and lens fixation: Immediately 
following euthanasia, the eyes were enucleated and a small 
incision was made in the posterior sclera at the optic nerve 
origin. The vitreous was carefully collected by pipetting and 
was centrifuged at 11357 ×g for 20 min. The supernatant was 
pipetted out and stored at −80 °C for eventual analyses via a 
multiplexed bead-based immunoassay and flow cytometry. 
Lenses were dissected from the orbit under a stereoscopic 
zoom microscope (Nikon SMZ1500; Nikon Instruments, Inc., 
Melville, NY), then fixed in 3% paraformaldehyde in 0.07M 
PBS (Sorensen’s Phosphate Buffer + 0.9% NaCl).

Vibratome sectioning: Prior investigations have established 
that the RCS rat PSC results from a growth malformation that 
begins centrally (near the posterior pole) and enlarges periph-
erally [19]. Therefore, posterior polar vibratome sections were 
used in order to examine the distribution of BMC components 
of elongating fibers in the affected region. These sections 
contain intact migrating fiber ends at the capsule–fiber inter-
face [27].
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To obtain posterior polar sections, fixed lenses were 
secured on specimen mounting blocks, posterior side up, 
using cyanoacrylate adhesive, embedded in 2.5% agarose 
gel, and sectioned at 100 μm thickness (Figure 1A) using 
a vibrating knife microtome (Vibratome Series 3000 Plus-
Tissue Sectioning System, Leica Biosystems, Richmond, 
IL). In this orientation, the first section yields the enveloping 
posterior capsule, the posterior fiber ends of elongating 
fibers, and the nascent suture branches as well as several 
underlying growth shells of cortical maturing fibers (Figure 
1B). In subsequent sections, intact posterior fiber ends are 
located only beneath the beveled edge of the section where 
the capsule is present (Figure 1B). The basal fiber ends and 
thus the BMC can be visualized en face beneath the uncut 
posterior lens surface of section 1 (Figure 1C, blue dashed 
line). Intact basal fiber ends are also present beneath the 
beveled edge of all subsequent sections (Figure 1C, green 
and red dashed lines) but are typically visualized in oblique 
optical section due to the angle of the beveled edge. Posterior 
polar sections were processed for immunocytochemistry to 
visualize F-actin, cadherin, β-integrin, and vinculin in the 
BMC. 4’,6-diamidino-2-phenylindole (DAPI) was also used 
to assay for the presence of cell nuclei in basal fiber ends 
in selected sections. As a positive control for the presence 
of nuclei, lenses from several dystrophic and genetically 
matched control animals were mounted anterior side up, and 
anterior polar vibratome sections were cut and labeled with 
DAPI.

Immunocytochemistry: All lens sections were fixed for an 
additional 30 min in 3% paraformaldehyde, permeabilized 
with 0.2% Triton X-100 for 30 min, and labeled for select 
BMC molecules. RCS rat lens sections were incubated 
in 10% blocking solution for 1 h to block nonspecific 
staining (blocking solution prepared using donkey serum 
(Sigma-Aldrich, St. Louis, MO) and then incubated with 
primary antibody cocktail overnight at 4 °C. The primary 
antibody cocktail used included anti-pancadherin raised in 
mouse at 1:100 dilution and anti-vinculin raised in rabbit at 
1:50 dilution, or anti-pancadherin raised in mouse at 1:100 
dilution and anti-β integrin raised in rabbit at 1:50 dilution 
(Sigma-Aldrich, St. Louis, MO). Sections were then thor-
oughly washed in blocking solution and incubated with the 
corresponding secondary antibody cocktail that included 
donkey anti-mouse immunoglobulin G (IgG) 7-amino-
4-methylcoumarin-3-acetic acid (AMCA) conjugate (R & 
D Systems, Minneapolis, MN) and donkey anti-rabbit IgG 
NL493 conjugate (Jackson Immuno Research Laboratories, 
Inc., West Grove, PA) for 2 h.

After secondary antibody incubation, sections were 
washed in 0.07 M PBS and incubated in phalloidin-tetramethyl 
rhodamine iso-thiocyanate (TRITC) or phalloidin-fluorescein 
Isothiocyanate (FITC) at a 1:100 dilution of a methanolic stock 
(Sigma-Aldrich) for 30 min to visualize F-actin. Sections 
were then re-washed, and labeled sections were mounted on 
glass coverslips (Fisherbrand; Fisher Scientific, Pittsburgh, 
PA) with Vectashield mounting medium (Vector Laboratories 
Inc., Burlington, CA) to prevent photobleaching. Sections 
were always mounted with the capsule (and underlying fiber 
ends) facing the coverslip to provide optimal visualization 
of the BMC in the en face orientation. The coverslips were 
sealed to glass slides using a commercially available lacquer. 
Because some severely affected lenses displayed irregularly 
shaped immunofluorescent plaques that resembled nuclei, 
selected anterior-polar and posterior-polar sections were 
labeled with phalloidin-FITC+DAPI to determine if nuclei 
were actually present posteriorly in severely damaged lenses.

Confocal microscopy: Specimens were examined on either 
a Zeiss LSM 510 or Zeiss LSM 510 Meta laser scanning 
confocal microscope (Carl Zeiss, Jena, Germany) in the 
core facility of the Research Resource Center (University 
of Illinois at Chicago). Single-plane images, 1 µm optical 
thickness, were acquired at 10X, 40X, and 60X magnifica-
tions; the pinhole setting was adjusted to 1 for each magni-
fication. Gain settings were standardized at 10%; resolution 
was 1024 x 1024 pixels; scan speed was 5-6; averaging=8. 
Contrast and brightness settings were optimized individu-
ally for each image. Laser scanning confocal micrographic 
(LSCM) images were viewed and analyzed using the Zeiss 
LSM Image Browser version 2.30.011 (Carl Zeiss) and Adobe 
Photoshop version 7.0 (Adobe Systems Inc., San Jose, CA). 
Our prior analysis of BMC architecture in normal rat lenses 
[16] determined that basal fiber ends are “boutons” having a 
depth of approximately 4 µm from the capsule-fiber interface 
(CFI) to the lateral borders of underlying fibers. Therefore, 
all localization of BMC components was performed within 
these parameters by first performing a through-focus z-series 
beginning at the CFI. Only focal planes that were within the 
stated parameters of the BMC (<4 µm deep to the CFI) were 
imaged. As stated above, PSCs in the RCS rat begin forming 
centrally (at the posterior pole) and enlarge peripherally. 
Therefore, fiber ends in the sutural, perisutural, and distal 
area of the lateral-posterior region of fiber-end migration [17] 
were examined in this study since these comprise the areas 
affected by growth malformation. These areas are delineated 
with blue, green, and red dotted lines in Figure 1C.

Intravitreal cytokine analysis using multiplexed bead-based 
immunoassay and flow cytometry: The vitreous samples that 
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Figure 1. Diagrammatic repre-
sentation of the orientation of 
vibratome sections, location of 
intact posterior fiber ends, and 
region where imaging of the BMC 
was performed. A: Posterior polar 
sections were obtained with a 
vibrating knife microtome, yielding 
serial sections of increasing diam-
eter. B: An enlarged edge-on 
view of the first two sections 
demonstrates the location of 
intact migrating basal fiber ends. 
In the initial section, intact basal 
fiber ends were present beneath 
the entire curved surface of the 
enveloping capsule, whereas all 
subsequent sections only had intact 
fiber ends beneath the beveled edge 
covered by the capsule. Sections are 
not to scale. C: Enlarged en face 
view of the posterior surface of the 
lens shows basal fiber ends beneath 
the capsule in the first section (blue 
dashed line) and in subsequent 
sections (green and red dashed 
lines). The regions of fiber-end 
migration where the BMC architec-
ture was imaged are encompassed 
within the outermost red dashed 
line and comprise the distal portion 
of the lateral-posterior region, the 
perisutural region, and the sutural 
region.

http://www.molvis.org/molvis/v20/1777


Molecular Vision 2014; 20:1777-1795 <http://www.molvis.org/molvis/v20/1777> © 2014 Molecular Vision 

1781

were collected from RCS rat lenses were processed as per 
the manufacturer’s instructions and analyzed for the pres-
ence of inflammatory cytokines (specifically, interleukin 
[IL]-1α, IL-4, IL-6, IL-8, tumor necrosis factor [TNF], and 
interferon [IFN]-γ) using the BD-Cytometric Bead Array 
(BD-CBA; Becton Dickinson, San Jose, CA). The BD-CBA 
is a multiplexed bead-based immunoassay that uses a series 
of spectrally discrete particles to capture and quantitate 
soluble analytes. Specifically, the antibody-coated beads were 
reacted with the analyte (soluble antigen), and the solution 
was then incubated with the detector antibody, which was 
directly labeled with phycoerythrin. After washing to remove 
any excess antibodies or beads, the levels of the analyte were 
measured by detecting the antibody–antigen–bead complex 
using a flow cytometry application to detect the fluorescence-
based emission. The data were acquired on an LSR II flow 
cytometer (Becton Dickinson) followed by analysis using 
the BD-FCAP software (BD Biosciences, San Jose, CA). 
The data were subjected to analysis (Student t test) to deter-
mine whether there was a statistically significant difference 
between control and age-matched dystrophic animals for 
each of the six cytokines analyzed. A p value of p≤0.05 was 
considered significant.

RESULTS

Control (RCS-rdy+/Lav) lenses: The distribution of select 
BMC components in RCS control animals did not alter as a 
function of age, rather consistent labeling patterns were seen 
at all ages examined. Vinculin was present as discrete spots 
on the cell membrane at the junctions between the fiber ends 
(Figure 2A, arrowheads), in keeping with its presence in focal 
adhesion complexes. Vinculin was seen closely associated 
with F-actin, which outlined the fiber ends, indicating its role 
in anchoring F-actin to the membrane (Figure 2A, arrows). 
As expected, β integrin in the control animals was visual-
ized as a plaque within the fiber ends (Figure 2B, asterisks). 
The periphery of the BMC was outlined with F-actin, and 
integrin was co-localized with F-actin at the junction of the 
basal and lateral membrane domains. The pattern of integrin 
expression exhibited in the RCS model concurs with that 
previously documented in normal Sprague-Dawley rat BMC 
[17]. Cadherin, the calcium-dependent adhesion molecule, 
was clearly seen outlining the fiber ends (Figure 2C). This 
normal distribution of cadherin, i.e., within adherens junc-
tions, has been described in lens epithelial cells, lens fiber 
cells, and in the BMC by several investigators [1,7,17,28,29]. 
In the RCS controls, cadherin was co-localized with F-actin 
at the periphery of fiber ends (Figure 2D, arrows).

The distribution of the above BMC components is 
summarized diagrammatically in RCS control animals 
(Figure 3). In control (RCS-rdy+/Lav) animals, the periph-
eral distribution of F-actin (Figure 3A) and cadherin (Figure 
3B) within the BMC is depicted. The punctate distribution 
of vinculin (Figure 3C) is shown as well as the plaque-like 
distribution of β integrin (Figure 3D).

Dystrophic (RCS/Lav) lenses: In contrast to the distribu-
tion seen in the RCS control animals, there were distinct 
alterations in the distribution of BMC components in the RCS 
dystrophic animals as a function of age. The changes seen can 
be defined temporally with the most distinct alterations being 
visualized at 4–6 weeks postnatal. This temporal change is 
consistent with the gross structural changes that occur in the 
RCS rat lens within the same time window [21].

2–3 weeks old: As expected from our prior studies, F-actin 
was distributed continuously around the BMC periphery 
(Figure 4A, arrows). Labeling for vinculin in RCS/Lav 
rat lenses at 2 weeks was comparable to the controls, with 
distinct foci visible—many of which appeared to be associ-
ated with membrane-linked F-actin (Figure 4A, arrowheads). 
Cadherin also was found to delineate the ends clearly (Figure 
4B, arrows) comparable to its arrangement in the BMC of 
controls. β integrin had a completely different distribution 
as compared to the controls as early as 2 weeks postnatal. 
Instead of being present as a plaque within the BMC, β inte-
grin was arranged as discrete spots (Figure 4C, arrowheads). 
These spots continued to be present on the membranes, but 
the co-localization with F-actin that was seen in the normal 
controls was absent.

4–6 weeks old: As previously described [21], the F-actin 
distribution in the BMC of 4-week-old dystrophic rat lenses 
was significantly altered so that foci of F-actin (Figure 5A, 
arrowheads) were present within the continuous peripheral 
distribution. By 5–6 weeks postnatal, the F-actin foci were 
more prominent (Figure 5D, arrowhead) and were arranged in 
a “rosette” pattern (Figure 5F, arrows). Cadherin, continued 
to outline the BMC in lenses from 4-week-old dystrophic 
rats, and discrete foci of cadherin were also seen along the 
perimeter of the fiber ends (Figure 5B, arrowheads) where 
they were co-localized with F-actin (Figure 5C). Although 
cadherin continued to be co-localized with F-actin in 6-week-
old lenses, it also appeared to be present in the cytoplasm of 
fibers within the developing PSC (Figure 5H-I, stars). By 4 
weeks postnatal, vinculin was present as a diffuse stratum 
within the BMC and was outlined by F-actin rosettes (Figure 
5E, asterisks); this distribution was noted through 6 weeks of 
age. At 4 weeks postnatal, β integrin was configured similar 
to the pattern seen at 2–3 weeks (similar to Figure 2C; data 
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not shown); however, its distribution altered by 6 weeks of 
age. Specifically, although labeling for β integrin showed 
faint cytoplasmic fluorescence, it was also clearly distin-
guishable around BMC profiles and at lateral membranes 
as a continuous fluorescence where it was co-localized with 
F-actin (Figure 5G, arrows).

7–8 weeks old: At 7–8 weeks of age, fiber-end morphology 
within the PSC plaque was consistent with our prior observa-
tions [21] and the distribution of BMC components was consis-
tent for the majority (approximately 75%) of RCS dystrophic 
animals. Specifically, F-actin was distributed around the 
aberrantly enlarged and irregular posterior fiber ends (Figure 
6A). F-actin foci persisted in most lenses; however, some 
profiles displayed diffuse cytoplasmic labeling in addition 
to the foci (Figure 6D, stars). Fully formed PSC plaques 
precluded the formation of posterior sutures; this damage 
was propagated inward, affecting fibers and suture planes 
several layers deep to the capsule (Figure 6B). Labeling for 
cadherin continued to display faint cytoplasmic fluorescence 
(Figure 6C, asterisks), with more definitive labeling at the 

BMC periphery. Small punctate foci of immunofluorescence 
for vinculin was present around the border of excessively 
dilated fiber ends (Figure 6E, arrowheads) within the PSCs. 
Integrin distribution in fiber ends of dystrophic animals was 
comparable to that seen in 6-week-old dystrophic lenses (data 
not shown).

The temporal sequence of alterations in the distribution 
of the above BMC components is summarized diagram-
matically in (Figure 7 and Figure 8). F-actin (Figure 7A-D) 
is depicted in red and was initially distributed around the 
periphery of the BMC (Figure 7A) but by 4 weeks postnatal 
was altered such that foci were visible at vertices (Figure 
7B). The F-actin foci became more prominent as the PSC 
developed and persisted through 8 weeks postnatal in the 
majority of lenses (Figure 7C-D). Cadherin (Figure 7E-H) 
is depicted in blue and was almost completely co-localized 
with F-actin in 2- and 4-week-old dystrophic lenses (Figure 
7E-F); however, its distribution became increasingly diffuse 
and cytoplasmic during PSC progression (Figure 7G-H). 
Vinculin (Figure 8A-D) is depicted in gold. At 2 weeks 

Figure 2. LSCM images of 
2– 6 -week-old RCS-rdy+/Lav 
(control) posterior fiber ends in the 
en face orientation. In control rat 
lenses the distribution of F-actin, 
vinculin, cadherin and integrin did 
not alter as a function of age. A: A 
2-week-old animal. Vinculin was 
present as discrete spots located at 
cell membranes (arrowheads) and 
was closely associated with F-actin, 
which outlined the f iber ends 
(arrows). B: A 4-week-old animal. β 
integrin in the control animals was 
distributed as a plaque within fiber 
ends (asterisks). C: A 3-week-old 
animal. Immunofluorescence for 
cadherin was present at the BMC 
periphery. Panels A–C are at the 
same magnification. D: A 6-week-
old animal. Double labeling for 
F-actin and cadherin demonstrated 
that both components were local-
ized at the periphery of the BMC 
and demonstrated a high degree of 
co-localization (arrows).
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postnatal, vinculin was distributed as scattered punctuate 
spots (Figure 8A); however, this pattern was altered by 4 
weeks postnatal. Specifically, many fiber ends displayed 
diffuse vinculin immunofluorescence within the BMC, and 
this pattern persisted through 6 weeks postnatal (Figure 
8B-C). In 8-week-old dystrophic lenses, immunofluorescence 
for vinculin was arranged as small punctate foci around the 
border of distended basal fiber ends within the PSC plaque 
(Figure 8D). The distribution of β integrin (Figure 8E-H) is 
depicted in green. At 2 to 4 weeks postnatal, β integrin was 
distributed as discrete spots, often coincident with the BMC 
borders (Figure 8E-F). However, in lenses from 6- to 8-week-
old dystrophic rats, faint immunofluorescence for β integrin 
was present in the cytoplasm and to a greater degree around 
the periphery of basal fiber ends (Figure 8G-H).

A sub-set (~25%) of the 7–8 week dystrophic lenses was 
severely damaged (Figure 9). In those lenses, basal fiber-end 
morphology was altered to form “stellate”-shaped ends as 
formerly shown [21]. F-actin was strongly localized to the 

stellate “arms” of the fiber ends (Figure 9A,D,F, arrows). 
Labeling for integrin (Figure 9C-D) had a diffuse distribution 
with more pronounced labeling in the stellate arms where 
it was co-localized with F-actin. Cadherin distribution was 
drastically altered; it no longer outlined the fiber ends, instead 
cadherin was now present as irregularly shaped plaques 
between stellate projections within the fiber ends (Figure 9B, 
asterisks). As such, it was no longer co-localized with F-actin. 
Because the altered cadherin distribution in severely affected 
lenses superficially resembled nuclei, selected anterior polar 
and posterior polar sections were labeled with phalloidin-
FITC+DAPI to determine if nuclei were indeed present. 
Anterior polar sections displayed DAPI-positive ovoid nuclei 
(Figure 9E, stars) surrounded by cytoplasmic F-actin, consis-
tent with the presence of anterior epithelial cells. In contrast, 
no DAPI-positive structures were detected in posterior 
polar sections of severely affected dystrophic lenses (Figure 
9F). Additionally, the cadherin-positive plaques were more 
irregular in size and shape than the nuclei of lens epithelial 

Figure 3. Diagram summarizing 
the distribution of various BMC 
components in migrating fiber ends 
of RCS-rdy+/Lav (control) rats. A: 
F-actin is shown in red; B: cadherin 
is shown in blue; C: vinculin is 
shown in gold; D: β integrin is 
shown in green. Both F-actin and 
cadherin were localized to the 
periphery of the BMC. Vinculin 
was distributed as scattered punc-
tuate spots, whereas β integrin had 
a diffuse plaque-like distribution 
within the BMC.
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cells, further differentiating them from nuclei (compare 
Figure 9B,E).

Intravitreal inflammatory cytokines: A multiplexed bead 
based analysis was used to measure the levels of select 
inflammatory cytokines within the vitreous in RCS-rdy+/
Lav and RCS/Lav rats between 2 and 8 weeks postnatal. The 
cytokine levels measured included IL-1α, IL-4, IL-6, IL-8, 
TNF, and IFN-γ (in pg/ml); results are shown graphically in 
Figure 10.

In dystrophic animals, IL-1α, IL-4, TNF, and IFN-γ 
demonstrated a similar pattern, with concentrations 
increasing between 2 and 6 weeks of age and then gradu-
ally decreasing up to 8 weeks of age. The highest intravitreal 
levels in dystrophic animals were attained by IL-4 and TNF 
in the 4–6-week age group, with average concentrations of 
148.00 pg/ml and 34.20 pg/ml, respectively. IL-1α, IL-6, IL-8, 
and IFN-γ levels did not exceed 15 pg/ml at any time point in 
the vitreous humor of dystrophic animals.

In the control animals, IL-1α concentration was below 
detection levels (0 pg/ml) up to 3 weeks postnatal, after which 
a mean level of 1.76 pg/ml was maintained up to 8 weeks 
postnatal. In the dystrophic animals, IL-1α increased from 
a mean of 3.46 pg/ml at 2–3 weeks of age, through 4.94 pg/
ml at 4–6 weeks of age, to 4.22 pg/ml at 7–8 weeks of age. 
The levels of IL-1α in dystrophic animals were significantly 
different (p≤0.05) when compared to the control animals of 
the same age at all time points examined (Figure 10A).

Concentrations of IL-4 in the control animals were 
12.69 pg/ml at 2–3 weeks postnatal, 47.92 pg/ml at 4–6 
weeks postnatal, and 49.11 pg/ml at 7–8 weeks postnatal. In 
comparison, the dystrophic animals exhibited an extremely 
high average IL-4 concentration of 109.30 pg/ml as early as 2 
weeks postnatal. IL-4 levels in dystrophic animals gradually 
peaked at 148.00 pg/ml by 6 weeks postnatal, then tapered to 
a mean of 37.61 pg/ml by 8 weeks postnatal. The levels at 2–3 
weeks and 4–6 weeks in the dystrophic animals were both 
significantly different (p≤0.05) as compared to age-matched 
control animals (Figure 10B).

Intravitreal levels of IL-6 demonstrated an interesting 
presentation, with the dystrophic animals maintaining near 
constant mean levels of 4.93 pg/ml from 2 weeks through 8 
weeks postnatal. Control animals had a mean IL-6 concentra-
tion of 0.80 pg/ml at 2 weeks of age, which rapidly decreased 
to nearly undetectable levels at 4 weeks and was 0.04 pg/
ml by 8 weeks of age (Figure 10C). The IL-6 levels in the 
dystrophic animals were significantly different (p≤0.05) as 
compared to control animals at all ages examined.

Concentrations of IL-8 in the vitreous showed a 
completely different pattern of presentation when compared 
to the other tested cytokines. IL-8 levels in the dystrophic 
animals were maintained at a mean of 1.83 pg/ml up to 6 
weeks of age and then showed an abrupt increase to 6.91 pg/
ml at 7–8 weeks of age. The control animals had a uniformly 
low concentration of IL-8 (<1 pg/ml) at all ages examined. 
There was no significant difference between dystrophic and 

Figure 4. LSCM images of 2–3-week-old RCS/Lav (dystrophic) posterior fiber ends viewed en face. A, B, C: In dystrophic rat lenses from 2 
to 3 weeks old, distribution of F-actin (A and C), vinculin (A), and cadherin (B) was comparable to controls; however, integrin distribution 
(C) was altered. Specifically, F-actin and cadherin outlined the BMC (A and B, arrows), whereas, vinculin was present in discrete spots (A, 
arrowheads). Controls displayed a plaque-like integrin distribution in the BMC, whereas dystrophics had a random punctuate pattern (C, 
arrowheads). Panels A–C are at the same magnification. 
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Figure 5. LSCM images of RCS dystrophic rat lenses at 4–6 weeks postnatal. A, B, C: The same field of view showing an en face view 
of fiber ends in 4-week-old animals labeled for F-actin (A, arrowheads), cadherin (B, arrowheads), and the merged image (C). F-actin and 
cadherin were almost completely co-localized (C) around the perimeter of the BMC. The formation of the previously described F-actin foci 
[21] was discernible. A portion of a suture branch with abnormal sub-branching is delineated by a dashed white line. D, E: The same field 
of view showing F-actin (D) and the merged F-actin/vinculin double label (E) in the en face orientation. Within the forming PSC of 5-week 
postnatal animals, distinct F-actin foci (arrowheads) were present around the BMC perimeter with vinculin rearranged as diffuse plaques 
(asterisks). F: An en face view at high magnification clearly showed the rosette arrangement of F-actin (arrows) by 6 weeks postnatal. G: 
An oblique optical section of a 6-week-old lens shows that β integrin had a diffuse distribution as well as a more pronounced presence in 
the lateral membranes and BMC periphery (arrows), which was partially co-localized with F-actin. H, I: The same field of view showing 
cadherin (H) and the merged cadherin/actin (I) double label in an oblique optical section from a 6-week-old lens. Similar to β integrin, 
cadherin showed a more dispersed labeling pattern (stars) than at earlier time points. Panels A–E and G–I are at the same magnification.
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age-matched control animals for this cytokine between 2 and 
8 weeks of age (Figure 10D).

Concentrations of TNF as a function of age in the 
dystrophic animals followed a pattern similar to that seen 
with IL-1α and IL-4 levels. Specifically, at 2 weeks of age, 
dystrophic animals had a mean concentration of 27.02 pg/ml, 
which rose to 34.20 pg/ml at 4–6 weeks of age. By 7–8 weeks 
postnatal, the TNF intravitreal concentration in dystrophic 
animals began to decline and had a mean concentration of 

26.20 pg/ml. The control animals demonstrated a mean level 
of 7.71 pg/ml between 2 and 8 weeks postnatal. Statistical 
analysis revealed that the mean levels of TNF in dystrophic 
animals were significantly different (p≤0.05) when compared 
to age-matched controls from 2 to 8 weeks of age (Figure 
10E).

Intravitreal levels of IFN-γ were below detectable levels 
(0 pg/ml) in the controls at 2–3 weeks of age. These levels 
slowly increased to 0.20 pg/ml at 4–6 weeks and 2.15 pg/

Figure 6. LSCM images of typical 
RCS dystrophic lenses at 7–8 weeks 
postnatal. All images are viewed en 
face. A: In most lenses (~75%) the 
F-actin foci were noted within the 
PSC plaque. B: An optical section 
approximately 10 µm deep to the 
capsule–fiber interface. Fiber 
ends adjacent to and at posterior 
sutures (dashed white lines) were 
excessively dilated, resulting in 
disruption of sutures deep to the 
migrating fiber ends. C: Cadherin 
distribution was comparable to 
6-week-old lenses, i.e., it displayed 
a diffuse distribution (asterisks) in 
the BMC with more pronounced 
punctate labeling at the periphery. 
D, E: The same field of view 
showing F-actin (D) and the 
merged F-actin/vinculin image (E). 
Extremely dilated fiber ends within 
the plaque frequently had a mottled 
labeling pattern for F-actin (stars) 
and weak punctate f luorescence 
for vinculin around the periphery 
(arrowheads). Panels D and E are at 
the same magnification.
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ml by 7–8 weeks of age. The average IFN-γ levels in the 
dystrophic animals were 2.99 pg/ml at 2–3 weeks, 5.38 pg/ml 
at 4–6 weeks, and 3.53 pg/ml at 7–8 weeks. At all ages tested 
(2–8 weeks postnatal), the mean concentration of IFN-γ was 
significantly higher (p≤0.05) in dystrophic as compared to 
age matched control animals (Figure 10F).

DISCUSSION

The present study evaluates temporal changes in distributions 
of vinculin, cadherin, and β integrin in the BMC of RCS rats 
during abnormal fiber-end migration leading to PSC forma-
tion [21]. In the lens, vinculin is typically enriched along 
the lateral membranes and in the BMC as they approach the 
sutures [30]. Adhesion complexes in the normal lens undergo 
remodeling during fiber-cell maturation to stabilize fiber-
cell contacts [30]. In the RCS rat (by 4 weeks postnatal), 
the remodeling results in vinculin staining becoming more 
prominent along the lateral membranes as they approach 
the sutures, indicating a strong interaction between adjacent 
fiber cells during fiber-end migration. The rearrangement 
of vinculin in the RCS dystrophics seems to indicate a 
reversal of the stabilization seen in normal lenses. Instead 
of vinculin “securely holding” the fiber ends together within 

the basolateral membranes, the diffuse distribution might be 
contributing to decreased adhesion dynamics between the 
fiber cells, eventually leading to abnormal suture sub-branch 
formation and PSCs in these animals [21]. Since vinculin is 
responsible for linking integrin to the F-actin cytoskeleton, 
its rearrangement could result in the concomitant alteration 
in integrin distribution that was seen as early as 2 weeks 
postnatal in the RCS rats.

Focal adhesion complexes not only ensure adhesion but 
are also responsible for accurate positioning of actin fila-
ments and targeting of signaling molecules. Integrin-actin 
interaction is essential for establishing cell polarity, directed-
cell migration, and maintenance of cell growth and survival 
[31], and a loss of this interaction can result in de-adhesion 
and can affect directed cell migration in other cell types, 
specifically in wound healing [32]. In the lens, de-adhesion 
of the fiber cells, specifically at the basolateral domains, 
would mean a lack of interaction between adjacent fiber 
ends within a growth shell as well as between growth shells, 
potentially resulting in a lack of cell–cell communication that 
is responsible for directed fiber-end migration and leading 
to a breakdown of structural integrity and eventual PSC 
formation. In the RCS model, although integrin continued to 

Figure 7. Diagram summarizing the distribution of F-actin (shown in red; A-D) and cadherin (shown in blue; E-H) in the BMC of migrating 
fiber ends in RCS/Lav (dystrophic) rats. A, E: At 2 weeks old; B, F: at 4 weeks old; C, G: at 6 weeks old; D, H: at 8 weeks old. F-actin 
was initially distributed around the periphery of the BMC but by 4 weeks postnatal was altered such that foci were visible at vertices. The 
F-actin foci became more prominent as the PSC developed and persisted through 8 weeks postnatal in the majority of lenses. Cadherin was 
almost completely co-localized with F-actin in 2- and 4-week-old dystrophic lenses; however, its distribution became increasingly diffuse 
and cytoplasmic during PSC progression.
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co-localize with F-actin in the basolateral/lateral membrane 
domains, the lack of integrin in the basal domain could be 
critical in maintaining the extracellular matrix (ECM) to 
fiber-cell communication at this interface. This could also 
be responsible for the transient cessation in lens growth that 
has been seen in this animal model [21].

The cell–cell adherens junction in cell membranes is 
the specialized adhesion complex formed by cadherins and 
densely associated with actin [33]. Cadherin distribution 
in avian and rodent lenses [17,34] is restricted to the lateral 
membrane domains and the basolateral domains. In the BMC 
of rodents, cadherin has been shown clearly outlining the 
fiber ends (only at the BMC periphery), and this was evident 
in the RCS dystrophics up to 5 weeks postnatal, after which 
cadherin was also seen in the cytoplasm and at the basal 
membrane domain. In addition to the mechanical proper-
ties associated with adherens junctions as a virtue of their 
intimate association with actin bundles, cadherins also play 
a critical role in cell growth and transmembrane signaling, 
specifically during differentiation, proliferation, and migra-
tion [35]. In the lens, normal cadherin arrangement facilitates 

normal fiber-cell differentiation and fiber-end migration. 
The dynamic adhesive properties that can be attributed to 
the adherens junctions play a critical role in maintaining 
the integrity of the fiber cells as they elongate and migrate 
en-mass toward the sutures. In the RCS dystrophic animals, 
a loss of this normal cadherin configuration that occurs could 
be responsible for the initiation of the aberrant fiber-end 
migration. The redistribution of cadherin from the basolat-
eral/lateral membrane domains into the cytoplasmic/basal 
domain by 6 weeks postnatal could result in altered adhesion 
dynamics. An increased adhesive interaction between the 
fiber ends at the BMC could result in a transient cessation of 
fiber-end migration, which could be further reflected in the 
slower lenticular growth rate shown in these animals.

Basement membrane and cytoskeletal molecules func-
tion as anchoring and scaffolding components in cells [36-38]. 
The interactions between adjacent cells as well as interactions 
between several BMC and cytoskeletal components acting 
together play an important role in maintaining normal archi-
tecture of lens fiber cells. Normal cytoarchitecture is main-
tained not only within each fiber but also within any cohort 

Figure 8. Diagram summarizing the distribution of vinculin (shown in gold; A-D) and β integrin (shown in green; E-H) in the BMC of 
migrating fiber ends in RCS/Lav (dystrophic) rats. A, E: At 2 weeks old; B, F: at 4 weeks old; C, G: at 6 weeks old; D, H: at 8 weeks 
old. At 2 weeks postnatal, vinculin was distributed as scattered punctuate spots; however, this pattern was altered by 4 weeks postnatal. 
Specifically, many fiber ends displayed diffuse strata of vinculin within the BMC, and this pattern persisted through 6 weeks postnatal. In 
the majority of 8-week-old dystrophic lenses, immunofluorescence for vinculin was arranged as small punctate foci around the border of 
basal fiber ends. At 2–4 weeks postnatal, β integrin was distributed as discrete spots, often coincident with the BMC borders. However, in 
lenses from 6- to 8-week-old dystrophic rats, faint immunofluorescence for β integrin was present in the cytoplasm and to a greater degree 
around the periphery of basal fiber ends.
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Figure 9. Representative LSCM 
images of severely damaged RCS 
dystrophic lenses at 7–8 weeks 
postnatal. In a subset of lenses 
(~25%), many posterior fiber ends 
adopted a stellate shape. A–D: The 
same field of view showing F-actin 
(A), cadherin (B), integrin (C), and 
the merged image of the triple-
labeled fiber ends (D). Orientation 
is en face. F actin was localized to 
the stellate arms of the fiber ends 
(A, D, arrows); however, integrin 
had a diffuse distribution with more 
pronounced labeling in the stellate 
arms (C). Cadherin was localized to 
irregularly shaped plaques between 
stellate projections (B, asterisks). 
E–F: Anterior (E) and posterior 
(F) polar sections doubled labeled 
with phalloidin-FITC and DAPI 
demonstrate the distribution of 
F-actin and nuclei. Nuclei were 
present only in anterior sections 
(E, stars); no DAPI-positive fluo-
rescence was present in posterior 
sections. F-actin was localized to 
stellate projections (F, arrows). 
This confirms that the cadherin-
positive plaques do not represent 
nuclei. Panels A–F are at the same 
magnification.
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Figure 10. Bar graphs showing the 
intravitreal concentration of pro-
inf lammatory cytokines in RCS 
control (n=24) and RCS dystrophic 
(n=48) rat eyes over time. The data 
are plotted as mean ± standard error 
of the mean; * indicates significant 
difference between control and 
dystrophic groups (p≤0.05). A: 
IL-1α, B: IL-4, C: IL-6, D: IL-8, 
E: TNF, F: IFN-γ.
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of fibers taken together. This results in transparency within 
each lens fiber as well as within segments or layers of lens 
tissue, and ultimately the entire lens. In the RCS rat lenses, 
the alterations in F-actin are associated with altered vinculin, 
integrin, and cadherin arrangements. It is highly probable that 
the loss or disruption of normal cytoarchitecture results in the 
loss of lenticular transparency seen in these animals.

In addition to alterations in BMC architecture, changes 
in shape have also been documented in RCS lens fiber ends 
[21]. Cell shape alterations may be responsible for changes 
in cellular metabolism, cell growth, and the production of 
specific proteins [39-43]. The altered BMC architecture 
coupled with abnormal fiber-end shape could be responsible 
for the slower lens growth demonstrated [21]. Cellular metab-
olism could be affected as well and might be responsible for 
altered cell membrane properties. The production of lens-
specific crystallins could be potentially affected, resulting in 
changes in their short-range order, thus directly decreasing 
lens transparency at the molecular level. Altered vinculin and 
cadherin could lead to altered cell adhesion, which in turn 
could modify expected cell–cell signaling. This could have a 
direct and potentially deleterious impact on fiber-end migra-
tion, as seen in the RCS dystrophic rat lenses. The changes 
in integrin configuration in the RCS lenses could negatively 
influence mechanotransduction through these receptors, 
potentially leading to changes in fiber-end migration paths 
and lenticular pathology. An interactive process that involves 
rearrangements of vinculin, integrin, and cadherin with 
a concomitant alteration of F-actin distribution could be 
responsible for the pathological changes in the RCS rat.

Recent evidence has established that there is an increase 
in cytokine expression within the retina during retinal 
degeneration in the RCS rat [26]. Our hypothesis is that 
these inflammatory cytokines are reaching the lens via the 
vitreous humor and are potential initiating factors in the aber-
rant fiber-end migration that characterizes RCS PSCs. As a 
first step toward exploring this idea, we evaluated whether 
elevated levels of inflammatory cytokines were present in 
the vitreous humor before and during the temporal sequence 
of cataract formation. Inflammatory cytokines, which are 
multifunctional pleiotypic molecules that elicit their response 
locally or systemically, were measured using a multiplexed 
flow cytometry bead-based assay [44-46]. Select inflamma-
tory cytokines, including IL-1α, IL-4, IL-6, IL-8, TNF, and 
IFN-γ, were assayed.

IL-1α is responsible for maturation and proliferation 
of cells and stimulation of inflammation [44]. In the eye, 
increased levels of IL-1 have been reported in uveitis and 
vitreo-retinal disorders [47,48]. In the rabbit eye, it has been 

shown that intravitreal IL-1α stimulated a strong anterior 
segment inflammation [49]. A similar response has also 
been documented in Lewis and Fischer rats, which are two 
different strains [47]. In the present study, increased concen-
trations of IL-1α in the vitreous temporally corresponded with 
the retinal degeneration seen in the RCS dystrophic animals. 
IL-4 has been shown to play a critical role in cell migra-
tion and inflammation in the central nervous system [50]. In 
the RCS rats, increase in IL-4 levels corresponded with the 
time of retinal degeneration in these animals similar to that 
of IL-1α. In addition to being a potent regulator of the acute 
inflammatory phase [44,51], IL-6 has also been implicated in 
increased cell migration in various types of cancers [52,53]. 
In light of IL-6’s role in the migratory process, a sustained 
uncontrolled production of IL-6, as seen in the dystrophic 
RCS animals, could have a critical role to play in the abnormal 
fiber-end migration and the altered cell–cell adhesion seen in 
the lens. Exogenous IL-8 activity has been documented in 
the eye and therefore could be responsible for general ocular 
inflammation as documented in two rodent strains (Lewis 
and Fischer rats) [47]. The change in cell morphology that is 
seen in the severely affected lenses at 7–8 weeks of age [21] 
could be attributed to a possible delayed stimulation of IL-8 
levels at this age. Although the present study did not docu-
ment changes beyond 8 weeks postnatal, the sustained levels 
of IL-8 at 7–8 weeks of age suggest that it could possibly 
lead to the mature cataract that is typically seen in the subset 
of lenses that progress to cortical degeneration in the adult 
dystrophic RCS rats. TNF has actions on several different 
tissue types and usually is found to function together with 
IL-1 and IL-6 [54,55]. Production of TNF, IL-1, and IL-6 is 
beneficial in response to infection but can be dangerous in 
inappropriate amounts or with overproduction [55]. TNF has 
been implicated in causing some of the pathological responses 
that occur in inflammatory conditions, such as cerebral 
pathology, arthritis, glomerulonephritis, and other systemic 
conditions [56-58]. TNF either directly or indirectly is known 
to activate downstream signaling cascades that influence cell 
shape, cell migration, formation of filopodia, and cell survival 
[59,60]. The elevated levels of TNF are seen to temporally 
correspond with the changes in fiber-end migration observed 
in the RCS dystrophic animals. It follows, therefore, that TNF 
could play a critical role in initiating the pathological changes 
seen in the RCS/Lav lenses.

In the eye, increased levels of IFN have been associ-
ated with retinopathy [61] and in a similar fashion could be 
elevated during the retinal degenerative process in the RCS 
animals. This cytokine, similar to IL-8, could play an impor-
tant role in the subset of RCS lenses that do not internalize the 
PSC but instead proceed to cortical liquefaction.
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When analyzing the BMC architecture in the RCS/Lav 
lenses in light of intravitreal cytokine levels, some striking 
relationships can be speculated to help explain the changes 
seen during PSC formation. The integrin family of extra-
cellular matrix receptors regulates various aspects of cell 
function, in particular cell adhesion and migration [32,62-
67]. Integrin binding with cytokines causes recruitment of 
focal adhesion kinase (FAK) and its phosphorylation [68-70]. 
Phosphorylated FAK in turn can influence lamellipodia and 
filopodia formation, loss of intercellular adhesion, cell break-
down, and increased migration [60,71]. Integrin is also known 
to inactivate Ras homolog gene family, member A (RhoA), 
which results in the disassembly of focal adhesions [72] seen 
as the loss of discrete vinculin staining in our model. Integrins 
are important switch points for the spatiotemporal control of 
actin-based motility [31,64,66-68,73-75], and a potential loss 
of controlled interactions between integrins and the down-
stream mediators could be resulting in the observed structural 
changes, leading to faulty migration of the fiber ends with 
consequent changes in suture pattern, cell breakdown, and 
opacity formation in the RCS rat. In the RCS/Lav rat lenses, 
three of the characteristic structural alterations, including, 
altered filopodial configurations, abnormal fiber-end migra-
tion, and loss of end–end adhesion/packing, could be due 
to the altered cadherin distribution. This could explain the 
initial lack of directionality of the filopodia and the abnormal 
fiber-end migration [21]. Also, the redistribution of cadherin 
from its normal basolateral domain to a predominantly basal 
domain presentation could be responsible for the transient 
cessation of fiber-end migration seen in these lenses. Rear-
rangements of vinculin could also result in secondary F-actin 
rearrangements, which could be compensatory in character/
function, stabilizing the fiber ends and preventing further 
disintegration.

In conclusion, the data strongly indicate the importance 
of precise fiber-end migration along predetermined paths 
for the maintenance of lens transparency. A deviation from 
normal migration paths not only affects the growth shell in 
which it occurs but also affects succeeding growth shells, 
thus resulting in not just initiation but also the continued 
propagation of lenticular pathology (loss of transparency). 
In summary, this study elucidated the molecular distribu-
tion of BMC components during PSC formation in RCS rats. 
Our data indicate that defined molecular rearrangements 
precede and characterize the aberrant migration patterns and 
altered structure of basal fiber ends. The reorganization of 
BMC architecture is consistent with alterations in adhesion 
mechanics involving cell–cell attachment, cell–matrix inter-
actions, and timely fiber-end detachment. Our results also 
suggest that abnormal fiber-end migration could be instigated 

by pro-inflammatory cytokines present in the vitreous after 
the initiation of retinal degeneration.
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