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We investigated whether amyloid 8 (A 8) aggregates have
transforming growth factor - like cytokine activity and cause
transdifferention of lens epithelial cells, leading to certain
types of cataract. In order to mimic A 8 aggregates, A 8-(1-40)
was crosslinked to bovine serum albumin (BSA) with disuc-
cinimidyl suberate according to a previously described pro-
cedure. When human lens epithelial B-3 (HLE B-3) cells were
treated with the A 8-(1-40)-BSA conjugates, we observed the
translocation of Smad-3, as well as the induced mRNA levels
of fibronectin (FN), collagen type I (Col I), smooth muscle
actin (SMA) and matrix metalloproteinase-2 (MMP-2). In
addition, we investigated the morphology of rat whole lens
cultured for 5 days in the presence of A 8-(1-40)-BSA, and
the immunohistochemical localizations of A 8-(1-40)/amyloid
precursor protein (APP) in human clinical tissues beneath the
anterior capsules. In rat whole lens cultures, treatment with A
B-(1-40)-BSA produced a transformed morphology that had
multiple layers of lens epithelial cells. To compare the anterior
capsules in anterior subcapsular cataracts with those in nuclear
cataracts, immunohistochemical studies of A8 /APP in human
clinical tissues revealed that the predominant immunostaining
of AB occurs in the anterior epithelial plaques, which likely
produces the abnormal extracellular matrix. Thus, these
findings suggest that A A aggregates in vivo are possibly
involved in the regulatory process by which lens epithelial
cells may transdifferentiate into fibroblast-like cells, as well as
help understand the mechanisms which lead to certain types

of cataractogenesis.
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INTRODUCTION

Cataract is one of the most common causes of
visual disturbance leading to partial or total blind-
ness. Although cataract surgery is widely per-
formed in order to eliminate the resulting blind-
ness, the operation costs are high.1 In addition,
cataract is the leading cause of blindness in the
world, affecting 16 - 20 million people in develo-
ping countries.” Cataract seen in the elderly is
usually attributed to the normal aging process.
However, cataract seen at a younger age is usually
caused by many processes of eye-related diseases
such as uveitis, other general diseases like dia-
betes, hereditary causes, injury, radiation and
infections.

The lens surrounded by its capsule is composed
of two types of epithelial cells: a monolayer of
cells covering the anterior surface of the lens, and
fiber cells which synthesize new crystallins and
make up the body of the lens.” An interruption of
the orderly process of mitosis and differentiation
of lens epithelial cells could affect the transpar-
ency of the lens. Lens epithelial cells are known
to transdifferentiate into mesenchyme-like cells,
and lead to the formation of anterior subcapsular
cataract (APC), and the posterior capsular opacifi-
cation (PCO) that often arises from the lens
epithelial cells that remain after cataract surgery.””
Cytokines, such as transforming growth factor A
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(TGF-p), play an important role in the formation
of these forms of cataract.’” Abnormal extracellular
matrix (ECM) components, such as fibronectin
(FN) and collagen type I (Col I) are deposited and
accumulate around the transdifferentiated cells,”
and smooth muscle actin (SMA), a cytoskeletal
component, is localized in spindle-shaped cells in
these cataracts.® Thus, the biochemical and mole-
cular changes in various kinds of lens epithelial
cells and the clinical manifestations of cataracts
are considered to play a central role in these types
of cataractogenesis.

Amyloid B (AB) of a 39-43 amino acid pro-
teolytic fragment is derived by proteolysis of an
integral membrane protein identified as the
amyloid precursor protein (APP),’ and is the
major constituent of senile plaques found in
Alzheimer’s disease (AD).”" Huang et al."" have
proposed that A 8 aggregates may act as TGF-8
antagonists, and partial agonists based on a motif
(FAED) of A B which is similar to the TGF-p
active-site motif (WSXD). In their experiment, a
multivalent synthetic analogue of AA inhibited
TGEF- 8 binding to TGF- 3 receptors 100-fold grea-
ter than did the A 8-(1-40) monomer. On the other
hand, Goldstein et al.”” reported that A 8-(1-40)
occurs in lenses with and without Alzheimer’s
disease at concentrations comparable to those in
the brain, and the levels of amyloid in aqueous
humour are comparable to those in cerebrospinal
fluid. Also in their study, A 8-(1-40) accumulated
in lenses from Alzheimer’'s patients as deposits
located exclusively in the cytoplasm of supranu-
clear/deep cortical lens fiber cells, and the A S-
promoted lens protein aggregation.

These findings led us to propose that A S ag-
gregates with TGEF- 8-like activity in the lens
mediate transdifferentiation of lens epithelial
cells, potentially leading to the pathologic de-
velopment of a distinct type of cataract in-
volving lens epithelial cells. In the present study,
using mRNA analysis, lens organ culture and
immunohistochemical staining of AS/APP from
clinically varied cataracts, we investigated the
possibility of AB aggregates being involved in
the regulatory process by which lens epithelial
cells may transdifferentiate into fibroblast-like
cells.
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MATERIALS AND METHODS

Cell culture conditions

Human lens epithelial B-3 (HLE B-3) cell line
was kindly provided by Dr. Usha Andley, and
maintained as previously described.” Cultures
were maintained in minimum essential medium
(MEM; Invitrogen, Carlsbad, CA, US.A) con-
taining 20% fetal bovine serum (Invitrogen) and
50 zg/mL gentamycin (Sigma, St. Louis, MO,
US.A) at 37C in humidified 5% CO, 95% air.

Treatment of cells

HLE B-3 cells were seeded at 1x10° cells in 60
mm Petri dishes coated with type IV collagen (10
zg/mL; Sigma) (100 mm Petri dishes used in
Smad-3 experiment), and incubated at 37°C for 18
hours. Then, the culture medium was changed to
MEM supplemented with 1% FBS, and the cells
were returned to incubation. After incubation for
24 hours, the culture medium was changed to
serum-free MEM, and the cells were treated with
400 pM human recombinant TGF-81 (Sigma), or
with varying concentrations of 1, 10, 100 or 200
nM A B-(1-40)-BSA conjugates for the indicated
times.

Preparation of A $-(1-40)-BSA conjugates

A B-(140)-BSA conjugates were prepared ac-
cording to Huang et al’s method."" Briefly, 167 ul
of IO containing 0.14 umol of A 3-(1-40) was
mixed with 283 z1 of 0.1 M NalCO; (pH 8.0) in
which 2.1 nmol of BSA were dissolved. After
adjusting pH to 8.0, the solution was combined
with 10zl of 27 mM disuccinimidyl suberate in
DMSO. Then, the reaction mixture was mixed at
4C for 16 hours followed by the addition of 50
1 of IM ethanolamine with further mixing at
room temperature for 2 hours. The mixture was
dialyzed against three changes of 2L of 0.1M
NaHCO;, pH 8.0. The BSA conjugates were kept
at 4C prior to use, and 5-7 peptides per protein
molecule were confirmed based on analyses of
SDS-PAGE as Huang et al. have reported.”
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Western blot analysis

To detect the Smad-3 translocation, the cyto-
plasmic and nuclear extracts were prepared
separately. HLE B-3 cells were lysed in 500 1 of
cytoplasmic extract buffer (10 mM HEPES, 10 mM
KClL, 01 mM EDTA, 01 mM EGTA, 1 mM dithio-
threitol (DTT), and 1 mM phenylmethylsulfonyl
fluoride (PMSF)) containing 0.6% NP-40, and
placed on ice for 15 mins. After centrifuging the
suspension at 13,000 rpm for 10 mins, the super-
natant was collected for cytoplasmic proteins. The
pellet containing nuclear extract was resuspended
in 50 1 of nuclear extract buffer (20 mM HEPES,
pH 7.9, 400 mM KCI, 1 mM EDTA, 1 mM EGTA,
1mM DTT, and 1 mM PMSF), and incubated for
30 mins at 4°C. The supernatant was collected
after centrifugation at 13,000 rpm for 20 mins at
4C as nuclear proteins, and stored at -70C. The
amount of protein was determined using BCA
protein assay kit (Sigma). Protein (20ug) from
each sample was loaded on 10% SDS polyacryla-
mide gels for electrophoresis. After running the
gel, the proteins were transferred to nitrocellulose
membranes (Hybond-C, Amersham Pharmacia
Biotech, Uppsala, Sweden) at 300 mA for two
hours. Western blot analysis was performed after
blocking with 5% skim milk. The membrane was
incubated with rabbit anti-Smad 3 (1:1,000)
(Zymed, San Francisco, CA, US.A) for one hour,
and washed three times in PBST (PBS containing
0.1% Tween 20) buffer. Then, the membrane was
incubated with horseradish peroxidase (IHRP) con-
jugated anti-rabbit IgG (1:20,000) (Zymed) for 50
mins. After washing for 10 mins with PBST buffer
and repeating three times, the HRP activity was
visualized by applying chemiluminescent sub-
strate (ECL, Amersham, Arlington IHeights, IL,
US.A) followed by exposing the membrane to
X-ray film.

Amplification of reverse- transcribed RNA by
PCR

Total cellular RNA was isolated from lens
epithelial cells by using TRIzoL reagent (Invitro-
gen). One g of RNA was reverse-transcribed in
a 20 xL reaction mixture by using a kit (1st Strand
cDNA Synthesis; Roche, Mannheim, Germany).

Then, the prepared cDNA (0.2 to 1 x£L) was ampli-
fied in a 20 zL reaction mixture. Conditions for
PCR were as follows: 0.4 M each 5 and 3" pri-
mers, 0.2 mM dNTP (Perkin-Elmer, Foster City,
CA, USA), 50mM KCl, 10 mM Tris-HICl (pH
83), 1.5mM MgClh, and 1.0U of Taq DNA
polymerase (Perkin-Elmer, Norwalk CT, U.S.A)).
Reaction mixtures were incubated in a thermal
controller (Model PTC-100; M] Research, Water-
town, MA, US.A) for 25 to 35 cycles (denatu-
ration at 94°C for 45 s, annealing at 60C for 30 s,
extension at 72C for 45 s). The amounts of
amplified products were analyzed using an image
analyzer (ImageMaster VDS; Amersham Phar-
macia Biotech). DNA size markers were run in
parallel to validate the predicted sizes of the
amplified bands (1 kb DNA marker; Invitrogen).
The primer sequences specific for the genes
examined and the predicted product sizes were as
follows: 5'-atcatgtttgagaccttcaacacc-3’ (sense), 5'-
catggtggtgccgecagacag-3” (antisense), 350 bp for B-
actin and 5'-ccatcaccaacaacatccag-3’ (sense), 5'-
gagtttccagggtctgtcca-3’ (antisense), 660 bp for FN
and 5'-tccaaaggagagagcggtaa-3’ (sense), 5-gacca
gggagaccaaactca-3’ (antisense), 693 bp for Col I
and 5’-cccagccaageactgtca-3” (sense), 5'-tccagagtc
cagcacgatg-3’ (antisense), 516 bp for SMA, and
5 -cttcttcagcatcaccaagg-3” (sense), 5'-ctttgaccgaaac
gaaaacc-3’ (antisense), 450 bp for APP. All primer
sequences, except those for pB-actin, were de-
signed using Primer 3 primer-picking software
obtained through a website operated by the
Center for Genome Research at the Whitehead
Institute for Biomedical Research (Cambridge,
MA, US.A)M

Northern blot analysis

Total RNA (10 g/lane) was electrophoresed on
formaldehyde/1% agarose gels, capillary trans-
ferred to a nitrocellulose membrane (Optitran BA-
S; Schleicher & Schuell, Dassel, Germany) using
TurboBlotter transfer systems (Schleicher &
Schuell), and fixed by UV cross-linking (Strata-
linker; Stratagene, La Jolla, CA, US.A). cDNA
probes (25ng) for MMP-2 and J-actin were la-
beled with 502Ci of [7-"P] dCTP (Amersham
Pharmacia Biotech) by random priming (Random
primed DNA labeling kit; Roche.). Blots were
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prehybridized at 42°C for 3 hours in 50% for-
mamide, 5 X SSPE, 10 X Denhardt’s solution, and
0.5% SDS, and then hybridized with [-P] dCTP-
labeled probes for 16 hours. Blots were then
washed with 0.2 x SSC and 0.1% SDS for 1 hour
at 66C and exposed to autoradiographic film.
Equal loading was assessed by hybridization with
B -actin probe. Human MMP-2 cDNA clone was
generously provided by Dr. Gregory 1. Goldberg,
Washington University School of Medicine, St.
Louis, MO.

Lens organ culture and immunohistochemistry

All procedures in this study adhered to the
ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research. Whole lenses
were cultured as previously reported.”” Briefly,
lenses were dissected from rats (3-week-old
Sprague-Dawley) and incubated in Medium 199
(Sigma) containing 0.1% bovine serum albumin
and 1% penicillin-streptomycin. A 8-(1-40)-BSA
conjugates were added to the medium at 200
nM, and medium was changed every two days
with the second addition of A 3-(1-40)-BSA
conjugates. Control lenses were cultured with
the addition of 200nM BSA. Damaged lenses
that developed haziness after overnight incu-
bation were discarded. After the indicated cul-
ture periods, the lenses were fixed in Carnoy’s
fixative (acetic acid/ethanol, 1:3,vol/vol) and
embedded in paraffin. The paraffin-embedded
lenses were sectioned on a microtome at a
thickness of 5um, deparaffinized in xylene for
10 mins, and rehydrated in alcohol for routine
hematoxylin and eosin staining and immunolo-
calization of AB/APP. For the immunohis-
tochemical analysis, the lens sections were incu-
bated in 2% H;O; for 5 mins, 20% normal horse
serum for 10 mins, and 1:200 dilution of rabbit
anti-pan B-amyloid antibody (Calbiochem, San
Diego, CA, US.A) for 2 hours. The sections
were then incubated in anti- rabbit IgG-HRP
(Amersham Pharmacia Biotech) for 10 mins, and
then visualized according to the manufacturer’s
protocol using 3,3’-diaminobenzidine tetrahydro-
chloride substrate kit (Zymed).
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RESULTS

Translocation of Smad-3 into nucleus by
A B-(1-40)-BSA conjugates in HLE B-3 cells

The Smad family of proteins has been known to
mediate the TGF- 8 signal from the cytoplasm to
the nucleus.” Among Smads, Smad-2 or Smad-3
substrates are phosphorylated by the formation of
TGEF- 8 receptor/ligand complexes, followed by
the addition of Smad-4, which allowed entry of
the Smad complex into the nucleus. We inves-
tigated whether the translocation of Smad-3 from
the cytoplasm into the nucleus would occur in
HLE B-3 cells treated with 100 nM A 8-(1-40)-BSA
conjugates (Fig. 1). After 1 hour of exposure to
either A S-(1-40)-BSA conjugates or TGF-81,
Smad-3 was translocated into the nucleus. How-
ever, when the control was treated only with BSA
no translocation of Smad-3 was observed, sug-
gesting that A 8-(1-40)-BSA conjugates may have
cellular effects through TGF- £ receptors. Smad-3
levels, which appear as a doublet in the nuclear
fraction, are possible due to cross reactivity of the
antibody with another Smad.

Enhanced expression of FN, Col I and SMA
mRNAs in HLE B-3 cells

Human lens epithelial cells of APC specifically

Nucleus Cyvtoplsm
C T A C T A
Smad-3 ’ o 4
. - .. "
(58 kD)

Fig. 1. Translocation of smad-3 by amyloid A-(1-40)-BSA
conjugates (A 8-(1-40)-BSA conjugates) in human lens
epithelial cells (HLE-B3). HLE B-3 cells were seeded in
100 mm Petri dishes coated with type IV collagen at 1.0 X
10° cells/well, and incubated at 37°C for 18 hours. And
then the culture medium was changed to MEM sup-
plemented with 1% FBS, and the cells were incubated.
After incubation for 24 hours, the culture medium was
changed to serum-free MEM, the cells were treated with
or without 100 nM A 8 -(1-40)-BSA conjugates or with 400
pM TGF-81. After exposure for 1 hour of treatment,
nuclear and cytoplasmic proteins of the treated HLE-B3
cells were extracted for the analysis of Smad-3 translo-
cation as described under "Methods". C, control cells; A,
cells cultured with 100 nM A B-(1-40)-conjugates; T, cells
cultured with 400 pM TGF- 81
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express ECM-related markers such as FN, Col |
and SMA mRNAs when compared with nuclear
cataracts (NC).* We have investigated the pro-
duction of mRNAs for the fibrotic markers in HLE
B-3 cells in response to treatment with A S8-(1-
40)-BSA conjugates, as well as TGF-81 (Fig. 2).
Exposure to A 5-(1-40)-BSA conjugates, as well as
TGF- B resulted in significant induction of FN, Col
I and SMA mRNAs.

MMP-2 mRNA induction by A S-(1-40)-BSA
conjugates in HLE B-3 cell

TGEF- 8 reportedly stimulates the proteinase cas-
cades that degrade ECM during tissue remolding
and cell migration, and induces MMP-2 speci-
fically in primary cultures of chicken lens annular
cells.”” Also, our preliminary experiments showed
that the treatment of HLE B-3 cells with TGF-5
remarkably induced MMP-2 mRNA. Thus, we
explored whether A 3-(1-40)-BSA conjugates en-
hance the expression of the MMP-2 mRNA level.
As shown in Fig. 3, the MMP-2 mRNA expression

C T A

= Fibronectin {735hp)

Fig. 2. Induction by amyloid 8-(1-40)-BSA conjugates (A
B-(1-40)-BSA conjugates) of fibronectin (FN), collagen
type I (Col I) and e-smooth muscle actin (SMA) mRNAs
in lens epithelial cells. HLE B-3 cells were seeded in
6-well plates coated with type IV collagen at 3.0 X 10°
cells/well, and incubated at 37C for 18 hours. Then, the
culture medium was changed to MEM supplemented
with 1% FBS, and the cells were incubated. After incuba-
tion for 24 hours, the culture medium was changed to
serum-free MEM, the cells were treated with or without
200 nM ApB-(1-40)-BSA conjugates or with 400 pM TGF-
B1. After 20 hours total RNA was isolated, and sub-
jected to RT-PCR analysis to determine mRNA expres-
sion of the extracellular matrix proteins as described
under "Methods". Data shown are from one of three
independent experiments that produced similar results.
M, molecular size standards (base pairs); C, control cells;
A, cells cultured with 200 nM Ap-(1-40)-conjugates; T,
cells cultured with 400 pM TGF-A1.

was most prominent in cultured HLE B-3 cells
with 400 pM TGF- A1, and 100 or 200nM A S-(1-
40)-BSA conjugates also increased the mRNA level
of MMP-2.

Rat lens organ culture with A 8-(1-40)-BSA
conjugates

Rat lenses cultured without the addition of A 8-
(1-40)-BSA conjugates displayed a normal mono-
layer of lens epithelial cells (Fig. 4A). Lenses in-
cubated for 5 days with A 8-(1-40)-BSA conju-
gates developed the spindle-shaped lens epithe-
lial cells in multilayers of 2 to 3 cells deep (Fig.
4B). This suggests that A 8-(1-40)-BSA conjugates
may participate in the pathogenesis of anterior
subcapsular cataract.

Expression of APP mRNA and enhanced
expression of A 8/APP in human lens epithelial
cells obtained from patients with APC

Next, we determined mRNA levels of APP in
human lens epithelial cells of APC and NC. Fig.
5 indicates that the expression levels of APP
mRNA were similar in lens epithelial cells from
both types of cataracts. Subsequently, we ex-
amined whether APP is expressed in lens samples
obtained from patients with APC and NC by

AR-(1-40)-BSA conjugates
C 5 100 200 (nM)

. S R — MMP-2

E "% T %
+— 285 RNA

A-A &.4

Fig. 3. Stimulation of matrix metalloproteinase 2 (MMP-
2) mRNA levels by ApB-(1-40)-BSA conjugates in cultured
lens epithelial cells. HLE B-3 were seeded in 60 mm
culture dishes coated with type TV collagen at 1.0x10°
cells/well, and incubated at 37°C for 18 hours. Then, the
procedures for total RNA proceeded as described in Fig.
1. The total RNA was isolated and then subjected to
Northern blot analysis to determine mRNA expression of
MMP-2. Data shown are from one of two independent
experiments that produced similar results. C, control
cells; T, cells cultured with 400 pM TGF- 81.
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Fig. 4. Micrographs of intact rat lenses cultured without A 8-(1-40)-BSA conjugates (A) or with A 8-(1-40)-BSA conjugates
(B). Whole lenses were dissected from rats (3-week-old Sprague-Dawley) and incubated in Medium 199 in the presence
of 200 nM A 8-(1-40)-BSA conjugates, and medium was changed every two days with the second addition of A 8-(1-40)-BSA
conjugates. Control lenses were cultured with the addition of 200 nM BSA. After 5 days of incubation, the lenses were
fixed, embedded in paraffin, and sectioned for histologic analysis with hematoxylin & eosin staining. Lenses were
photographed through the anterior subcapsular region (A, B). In the presence of A 8-(1-40)-BSA conjugates, lenses showed
transformation of lens epithelial cells such as myofibroblast-like cells (B, closed arrow). Without A 8-(1-40)-BSA conjugates,
lenses retained normal histology (A) with monolayer of lens epithelial cells (open arrow). The data shown are from two

of three independent assays. LC, lens capsule.

using an immunohistochemical analysis with an
anti-A 8 specific antibody (Fig. 6). This antibody,
which is specific for the region of A -(1-40)
between amino acids 15 and 30 (manufacturer’s
information), is also able to detect the APP
holoprotein, which is a transmembrane protein
containing A 8-(1-40) sequences. As shown in Fig.
6A and 6B, positive staining was observed on the
lens epithelial cell membranes of both types of
cataracts was observed, suggesting that the APP
in human lens epithelial cells is similarly ex-
pressed among human cataract lenses. Sections
incubated with normal rabbit serum in place of
primary antiserum showed no reactivity (Fig. 6C
and 6D).
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DISCUSSION

Human lens epithelial cells have remarkably
different morphological and immunohistochemi-
cal characteristics depending on the types of hu-
man cataract. Lens epithelial cells beneath the an-
terior capsule of NC show degenerative changes,
such as a shrunken and vacuolated cellular
matrix, and condensed nuclear chromatin while
those of APC exhibit transdifferentiated changes,
such as spindle-shaped fibroblast-like cells em-
bedded within a fibrillar meshwork mass.”® Tt has
been reported that during embryonic de-
velopment, the transdifferentiation of epithelium
to mesenchyme (EMT) or vice versa occurs.” Lens
epithelial cells transdifferentiate into fibroblast-
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M APC NC
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Fig. 5. Identification of amyloid precursor protein (APP)
mRNA levels in clinical tissues of anterior polar cataract
(APC) and nuclear cataract (NC) using RT-PCR. Total
cellular RNA was isolated from lens epithelial cells
attached to four combined anterior capsules of human
lenses for each clinical type of cataracts. M, molecular size
standards (base pairs).

like cells via the EMT process during APC forma-
tion, and opacification develops after cataract
surgery.’

TGF- 8 is a multi-functional cytokine, and pro-
motes EMT in many cells including mammary
epithelial cells.”” The overproduction of TGF-g
and extracellular matrix by its sustained gene ex-
pression via the autocrine control of TGF-3 are
proposed to be an underlying mechanism of APC
formation.® Huang et al.”" reported that A g-(1-
40)-BSA conjugate almost prevents “I-TGF-g1
from binding to TGF- A receptors at 100nM in
mink lung epithelial cells. Also, they showed that
A B-(1-40)-BSA does not significantly affect DNA
synthesis of R1B mink lung epithelial cells, which
lack expression of the functional type I TGF-8
receptors, compared with the wild-type cells.
These studies led us to propose that A 8-(1-40)-
BSA conjugates have TGF- B-like activity in lens
epithelial cells, and transform the characteristics of
lens epithelial cells to those of fibroblast-like cells.
Indeed, we confirmed the translocation of Smad-3
into the nucleus in HLE B-3 cells by A 8-(1-40)-
BSA conjugates, as well as TGF- 81 (Fig. 1). In ad-
dition, our experiments clearly showed that A g-
(1-40)-BSA induces mRNAs of FN, Col I and SMA,
which are established markers of fibrosis (Fig. 2).
Thus, our results suggest that A 8-(1-40)-BSA con-
jugates mediate at least some of the phenotypic
changes of lens epithelial cells that lead to the

Fig. 6. Immunohistochemical localization of A8/APP in
human clinical tissues beneath the anterior capsules in
APC and NC. Anterior lens capsules with adhering cells
from patients NC (A) or APC (B) were examined by im-
munohistochemical staining for A 8 (magnification, x100;
in magnified box, X 150). The data presented are from
one of three independent assays that produced similar
results.

development of APC. When whole lenses were
cultured for 5 days in the presence of A S-(1-
40)-BSA, these lenses developed opacities (data
not shown), and the lens epithelial cells, with the
characteristics of an epithelial monolayer, were
generally present in multilayers of two to three
cells deep (Fig. 4). This evidence may further sup-
port the role of AB conjugates in the formation
of APC. On the other hand, since the abnormal
expression of MMPs, which are involved in
degrading ECM and tissue remolding, is known
to play a role in pathological processes including
rheumatoid arthritis,” tumor invasion and the
metastasis of tumor cells,” these enzymes may
contribute to the transdifferentiation of lens
epithelial cells. TGF-8 stimulates the proteinase
cascades during tissue remolding and cell migra-
tion, and induces MMP-2 specifically in primary
cultures of chicken lens annular cells."” In addi-
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tion, A 3-(1-40)-BSA also induced MMP-2 mRNA
(Fig. 3). Thus, MMP-2 induction with A 8-(1-40)-
BSA conjugates may contribute to the EMT
process via a similar cellular effect by TGF- 4, and
to the cell migration of the anterior lens capsule
remnant epithelial cells onto the posterior capsule
#2 during the formation of APC and PCO.

It is still unknown how A 8 occurs in the lens.
The presence of both A8 and APP in normal and
cataractous human lenses has been reported, and
they are detected predominantly in the epithelial
or cortical regions of human and rat lenses, rather
than the central nuclear regions of the lens."”
Oxidative stress, such as HyO; and UV254 irradia-
tion, increased AB and APP in cultured intact
lenses.” The level of H,O, prevalent in the aque-
ous humour of patients with cataracts is relatively
high; H2O, being freely permeable, may affect the
lens interior to form A 8, and ABis actually pres-
ent in primary aqueous humour at concentrations
comparable to cerebrospinal fluid.”* Tt has also
been reported that reactive oxygen species are
generated when the chromophores in the lens,
having a sensitizing activity, are irradiated with
UVA light.** Goldstein et al."” proposed that the
cytosolic localization of Ap in the lens could
result from release of this peptide from other
intracellular compartments during terminal dif-
ferentiation of the lens epithelial cells as they
mature into long-lived, post-mitotic lens fiber
cells. During this process, S-APP and its meta-
bolic products, including A A contained within
organelles such as endoplasmic reticulum, Golgi
apparatus, and trans-Golgi network, might be
released into the cytosol, because these organelles
disintegrate  during terminal differentiation.
Another alternative explanation might be endo-
cytic Ap reinternalisation, a clearance pathway
that has been proposed as a possible initiation site
for A accumulation in the brain.

Proteolytic processing of APP mediated via a-
or B-secretase leads to liberation of a-soluble APP
(sAPP) or B-sAPP, which are part of the soluble
NHo;-terminal ectodomain of APP, and believed to
be non-amyloidogenic. The APP is cleaved at the
N-terminous of A $-(1-40) sequence by J-secre-
tase, releasing a large S-sAPP. Subsequent cleav-
age of the APP C-terminal fragment (C99) by 7-
secretase generates A §-(1-40). In the case of «
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-sAPP, the APP is cleaved within the AS- (1-40)
region by a-secretase, which cleaves predomin-
antly between Lys 16 and Leu 17 (amino acid
numbering from the N-terminus of A 8-(1-40)) to
generate this secreted derivative® Alternative
processing of APP through B-, y-secretase leads
initially to the formation of potentially amyloido-
genic membrane-associated fragments, and ulti-
mately to the formation of intact AS peptides,
resulting in the secretion of the peptides. The APP
holoprotein, which is a transmembrane protein
containing A S-(1-40) sequences, can be reco-
gnized by the anti-A 8 antibody based on the
information provided by the manufacturer. The
limitations of the clinical sample specimens al-
lowed us to perform APP mRNA and immunohis-
tochemical studies with only anterior polar
capsules of NC and APC, but we were also able
to obtain plaques from the cortex regions, as well
as capsules from APC. In clinical cataract samples,
the positive staining on the capsule of NC appears
to show APP holoprotein on the membrane (Fig
6A). It was expected because the expression levels
of APP mRNA in NC, as well as in AP, was high
(Fig. 5). Interestingly, the strong positive immu-
nostaining against A in the subcapsular plaque
that was composed of ECM from APC (Fig. 6B)
indicates the localization of A B-containing pep-
tides within its subcapsular plaque. Our study
used NC as a control, but we did not confirm
whether normal capsules from normal lenses had
A B. Goldstein et al.”? identified A8 1-40 and A B
1-42 in lenses from human clinical samples with
and without cataract extraction. Our data showed
that A B (or APP) mRNA are present and abun-
dant in the normal-appearing epithelial cells of
NC specimens and in the plaques of APCs.
Further investigations are required to examine
how Ap affects the transdifferentiation of lens
epithelial cells. AA may lead to the activation of
the mitogen-activated protein kinase (MAPK) or
Erk kinase superfamily and the p38 MAPK
superfamily in microglia and THP1 monocytes,
suggesting that these MAP kinase pathways lead
to a respiratory burst and activation of transcrip-
tion via such molecules as CREB.” The aggre-
gated form of A S-(1-40) inhibits the activity of
phospholipase C prepared from the cerebral
cortex of adult rats,” suggesting that the aggre-
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gated A S-(1-40) may mediate phosphoinositide
signaling. It is necessary to clarify the mechanism
by which A $-(1-40) conjugates interact with lens
epithelial cells and cause the transdifferentiation
of those cells.

We report here on the existence of APP in lens
epithelial cells and the effects of A 8-(1-40)-con-
jugates. Our data suggest that APP is possibly
involved in the mechanism by which the induc-
tion of m-RNAs associated with transdifferentia-
tion in lens epithelial cells takes place. Although
further controlled experiments are required, this
study showed the accumulation of Ag in APC,
the induction of cataract markers for abnormal
ECM, and the transformation in lens epithelial
cells by A B conjugates; findings that, by showing
the possible causes of the plaques of APC, might
offer an understanding of the mechanisms that
lead to certain types of cataractogenesis.
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