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Purpose: To examine the characteristics of retinal pigment epithelial (RPE) cells cultured on amniotic membrane (AM).
The present study examined how AM modulates RPE cell differentiation.

Methods: Human RPE cells were cultured on the basement membrane side of dispase treated AM. After one week of
cellular confluence, cultures were terminated, conditioned medium was collected, and total RNA was extracted. The
expression pattern of several genes considered to participate in the function of differentiated RPE was evaluated. Ultra-
structural changes were evaluated by transmission electron microscopy.

Results: Morphologically, RPE cells cultured on AM exhibited ultrastructural epithelial features such as microvilli of the
apical membrane and intercellular junctions. Gene expression of RPE65, CRALBP, bestrophin, and tyrosinase related
protein (TRP)-2 was upregulated in RPE cells cultured on AM compared to cells cultured on plastic. In addition, protein
production of vascular endothelial growth factor, thrombospondin-1, and pigment epithelium derived factor was mark-
edly increased in cells cultivated on AM. Gene expression of cathepsin D, brain derived neurotrophic factor, and basic
fibroblast growth factor, however, did not differ between RPE cells cultured on plastic or AM.

Conclusions: RPE cells cultured on AM demonstrated an epithelial phenotype morphologically and several growth fac-
tors important for maintaining retinal homeostasis were upregulated. AM might be a useful matrix substrate to retain the
differentiated and epithelial phenotype of RPE for subretinal transplantation.

In the western world, age related macular degenerationrane in AMD or after surgical removal of the submacular
(AMD) is the primary cause for visual impairment and blind-neovascular membrane can impede the reattachment, survival,
ness in individuals over 60 years of age. The most frequeptoliferation, and biologic function of the transplanted RPE
form of AMD (dry AMD) is characterized by primary degen- graft. Some studies indicate that RPE does not repopulate as a
eration and atrophy of the retinal pigment epithelial (RPE)nonolayer over an experimentally damaged Bruch’s mem-
layer. Vision loss in patients with the exudative form of AMD brane [8,9].

(wet AMD) is caused by the formation of subretinal fiborovas-  To preserve cell orientation, some researchers have tried
cular membranes. to maintain cell monolayers and polarity using different bio-

RPE transplantation may be a new treatment strategy féogic supports, such as Descemet’s membrane [10], the lens
both wet AMD, after removal of the submacular neovasculacapsule [11], Bruch’s membrane, blood cryoprecipitates [12],
membrane, and dry AMD. There have been a number of exr synthetic supports, such as collagen substrates [13] or bio-
perimental studies on human volunteers in which RPE wadegradable polymer films [14]. Most of these supports were
grafted into the eyes of patients with advanced AMD [1,2]either toxic to the cells or disintegrated on exposure to liquid
The fetal RPE grafts survived for 3 months after subretinainedia.
implantation, but there was no evidence of improved function ~ The amniotic membrane (AM), with its thick basement
in patients with AMD and subfoveal neovascular membranesiembrane and avascular stromal matrix, was recently used as
[2]. Some of cells transplanted into the subretinal space agesubstrate for the transplantation of cultivated corneal epi-
randomly organized in multilayers and do not appear to bthelial cells [15]. It is a readily available tissue with many
differentiated [3]. advantages for clinical application. In addition, AM seems to

The basement membrane promotes epithelial differentidde an immune privileged tissue and contains some
tion [4-6] and prevents epithelial cell apoptosis [7]. It may bémmunoregulatory factors, including HLA-G and Fas ligand
that abnormalities of the basement membrane of Bruch’s merfit6]. We hypothesized that AM might be an ideal matrix sub-
strate to induce and retain the differentiated epithelial pheno-
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3-5803-5302; FAX: (+81) 3-3818-7188; e-mail: cells are polar with distinct apical/basal characteristics. Im-
k.ohno.oph@tmd.ac.jp plantation of RPE cells cultured on AM might provide a means
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of transplanting an organized sheet of cells for the restoration Culture of human RPE cells: Human RPE cells were
of normal RPE function over the long term. kindly supplied by Peter A. Campochiaro, MD (Wilmer Eye
As a first step to determine the usefulness of AM as #nstitute, Johns Hopkins University, Baltimore, MD). Human
support matrix for RPE, the present study investigated wheth&PE cells were grown in DMEM supplemented with 10% fe-
RPE cells can be induced to adopt a differentiated phenotypal calf serum in a humidified incubator under 95% air and
when grown on AM. 5% CQ. Cultures were demonstrated to be pure populations
of RPE cells by immunocytochemical staining for cytokeratins
METHODS (data not shown). Experiments were performed with third or
Reagents. We obtained Dulbecco’s modified Eagle’s media fourth passage cells.
(DMEM), and TRIzol reagent from Invitrogen (Carlsbad, CA); Cultures of RPE on AM: Preserved human AM was pur-
plasticware from Falcon and Becton (Dickinson and Cochased from Bio-Tissue (Miami, FL). AM was preserved ac-
Franklin Lakes, NJ); fetal calf serum from Hyclone (Logan,cording to the method described by Lee and Tseng [17]. Briefly,
UT); vascular endothelial growth factor (VEGF), basic fibro-AM derived from cesarean section derived placentas was rinsed
blast growth factor (bFGF), and brain derived neurotrophién phosphate buffered saline (PBS) containing 100 U/ml peni-
factor (BDNF) enzyme linked immunosorbent assay (ELISA)illin and 0.2 mg/ml streptomycin and stored in a solution of
kits, from Genzyme Techne (Minneapolis, MN); You-Prime50% DMEM and 50% glycerol at -8C for at least 3 months.
First-Strand Beads, polymerase chain reaction (PCR) Bead&fter thawing at room temperature, AM was treated with 1.2
and Nylon membranes from Amersham Pharmacia Biotect)/ml sterile dispase-| solution (Godo-Shusei, Tokyo, Japan)
Inc. (Piscataway, NJ); TSP-1 ELISA kit from Chemiconfor 30 min and then gently scrubbed with an epithelial scrub-
(Temecula, CA); and agarose from Takara (Ohtsu, Japan). ber (cell scraper; Costar, Corning, NY), to remove the amni-

TaBLE 1. PRIMER SEQUENCES USED FOR SEMI-QUANTITATIVE PCR

Product
Prinmer sequence (5'-3") Anneal i ng size
CGene position in mMRNA temp (°C) (bp) Ref er ence

RPE65 F: CCTTTCTTCATGGAGICTTTG 52 390 [57]
R ATTGCAGTGGCAGITGTATTG

CRALBP F:  ATGTCAGAAGGGGT GGG 60 953 [57]
R TCAGAAGGCTGTGITCTCA

TRP2 F: GGAGAAAAGTACGACAGAGACAAGG 60 1542 [ 25]
R AGAAAAGCCAACAGCACAAAAAGAC

tyrosi nase F: GCATCATTCTTCTCCTCTTGG 60 359 [ 25]
R ATAGGATCGT TGGCAGATCC

cathepsin D F: GIGCTTCACAGICGICTTC 55 172 [ 58]
R GAGCCATAGTGGATGTCAAAC

bFGF F: GCCTTCCCGCCCGECCACTTCAAGG 55 179 [57]
R:  GCACACACTCCTTTGATAGACACAA

BDNF F: ATGACCATCCTTTTCCTTACTATGGT 52 741 [57]
R TCTTCCCCTTTTAATGGTCAATGTAC

PEDF F: GGACGCTGGATTAGAAGGCAG 64 675 [39]
R TTGTATGCATTGAAACCTTACAGG

FGFR F: GGGTCCATCAATCACACGTAC 60 643 [21]
R GGCGTGTTGTTATCCTCACCAG

best rophin F: GGCCAGATCTATGTACTGGAATAAGCCCGAGC 65 773 [ 36]
R GGCCCTCGAGTTAGGAATGTGCTTCATCCCTG

B-actin F: GAGCACAGAGCCTCGCCTTTGC 65 620 [57]

R GGATCTTCATGAGGTAGICAGICAGG

This table describes the primer sequences used in RT-PCR. The results of RT-PCR are shown in Figure 4.
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otic epithelium without breaking the underlying basement
membrane. The AM was sutured onto a culture insert

(Millicell-CM, Millipore, Bedford, MA) with a non-absorb- TABLE 2. PRIMER SEQUENCES USED FOR REAL-TIME QUANTITATIVE
able suture with the basement membrane facing up and placed PCR
in a 6 well tissue culture plastic plate, as described by Meller _ ~ Product _
and Tseng [18]. RPE cells were seeded at a density of £.0x10 cene st tion in v | tom (0 (omymamber
cells/culture insert on the AM. The cultures were incubated abess ¢ corrrerraaraserertre 50 122 BOO75035
37°Cin 5% CQand 95% air, and the medium was changed R ATTCAGTCEAGTTGTATTG
every 2 days CRALBP ; %G&]&G?A&m% 61 149 BC004199
In some experiments, RPE cells were cultured on uncoated,, b cerTaCTTTCITTOCAGT . 55 ssozs
plastic in DMEM with 10% FBS and used as controls. Each R GAAGAAAAGOCAACAGCACAA
condition was prepared in triplicate, and experiments Werstrophin F: ATGGGGOCTTGATGESAGCAC 58 227 BOD15220
performed at least three times with reproducible results. e CODGAAGCATOROCATTAGE
F-actinimmunostaining of RPE cellsonAM: RPE mono- ™™ Al 85 sor wesier

layers were washed three times with PBS, fixed with 1.0% i . . | for th ion of
formaldehvde in PBS for 10 min. permeabilized with 0 10/%om_e of the primers listed in Table 1 were used for the detection o

paraio ydein Pt » PEr! _ “t"Yrosinase, cathepsin D, bFGF, BDNF, PEDF, and FGFR.

Triton X-100 for 5 min in PBS, washed in PBS, stained with

FITC conjugated phalloidin for 40 min then washed two times

in PBS. The distribution of F-actin was visualized and de-

Figure 1. Phase contrast micro-
graphs and F-actin
immunostaining. Human RPE
cells cultured on plastic one day
after seedingX) and at confluence
(B). Human RPE cells cultured on
amniotic membrane (AM) one day
after seedingQ) and at confluence
(D). F-actin immunostaining in
confluent RPE cells on plastiE)
and on AM F). Scale bars id-D
represent 10Qum; scale bars i
andF represent 1mm.
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tected under a fluorescence microscope. specific DNA bands were examined under an ultraviolet tran-
Electron microscopy: RPE cell cultures on denuded AM silluminator.
were examined by transmission electron microscopy. On day Real-time PCR: To confirm mRNA expression and to
14, cultures on denuded AM were fixed in 2.5% glutaraldeevaluate the mRNA expression levels in the cultured cells,
hyde in 0.1 M PBS for 2 h. The cultures were washed overeal-time PCR was applied using specific primers (Table 2)
night at 4°C in the same buffer and post-fixed with aqueouswith a Light Cycler™ instrument (Roche Diagnostics, Basel,
osmium tetroxide with 0.1 M PBS for 2 h. The pellets wereSwitzerland). Some primers were redesigned to produce a
dehydrated through a graded ethanol series, and embeddegmduct of size between 100 bp to 200 bp. Eachl 25 PCR
Epon 812. Semi-thin (m) sections for light microscopy were
collected on glass slides and stained for 30 s with toluidin
blue; ultrathin (70 nm) sections were collected on copper gri
and double stained with uranyl acetate and lead citrate aige.
then examined with an H-7100 transmission electron micrg®:
scope (Hitachi Ltd., Hitachinaka, Japan).
Semiquantitative reversetranscription-PCR: Totd RNA
was extracted from RPE cells using TRIzol reagent. cDN/
was synthesized fromu2y of total RNA using You-Prime First-
Strand Beads according to the manufacturer’s protocol, ar
reaction product was submitted to PCR amplification using
GeneAmp PCR System (Perkin-Elmer Cetus Corp., Norwalk
CT). The expression of mRNA for the discriminative cellular
markers RPE 65, cellular retinaldehyde binding proteir AT
(CRALBP), and bestrophin was examined. The growth fac :
tors and trophic factors investigated were pigment epitheliur
derived factor (PEDF), BDNF, and bFGF. Also, the enzyme B
involved in melanin synthesis, tyrosinase and tyrosinase rt
lated protein (TRP)-2, were examined. A special lysosome
enzyme in RPE cells, cathepsin D, was also examined [1€
The expression of FGFR2, an isoform of the FGF receptc,
that is upregulated as a function of differentiation in RPE ce
[20], was also examined. Oligonucleotide primers complimeng
tary to the 5' and 3' ends were used in the RT-PCR stud
(Table 1). PCR products (d) were electrophoresed with a
2% agarose gel that contained 0.5% ethidium bromide, ar

Figure 3. Transmission electron micrographs of cultivated RPE cells
on denuded amniotic membrane for two weeksElectron micro-
graphs show a tight monolayer of cuboidal to spheroidal RPE cells
growing over amoniotic membrane (AM). A heterogenous expres-
sion of apical microvilli was observed on the apical sBteRPE
Figure 2. Different morphology of RPE cells cultured on plastic ancells cultured on plastic show elongated cell shape in multilagers.
on amniotic membrane. Toluidine blue stained sections of RPE celElectron micrographs reveal junctional specializations on the apical
on plastic A) and RPE cells after 14 days cultivation on amnioticside between adjacent cells cultured on AM. Scale bars represent 1
membraneB). Scale bars represent ph. um.
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mixture contained 0.8M of gene specific primers, dl of ~ 10% 105, 10°, 107, 108, 10° and 10° with distilled water,
sample cDNA solution, 12.4l of PCR mixture (Quantitect and these dilutions were simultaneously subjected to real-time
SYBR Green PCR Kit™ Qiagen Inc., CA) and Gl®f sup-  PCR to establish a standard curve. To adjust the difference of
plied water. PCR was performed with the first cycle at®5 concentration of mMRNA reverse transcribed, GAPDH was used
for 15 min to activate HotStar Taq polymerase in theas an internal control. Relative quantity was evaluated by ra-
premixture, this was followed by 45 cycles of‘@lfor 30 s, tio of mMRNA expression of the target gene and GAPDH.
55°C for 30 s, and 72C for 30 s. The signal intensity was ELISA of growth factors: Cells were incubated in serum
measured at 72C during each cycle. The absence of banddree medium for 48 h before harvest for protein concentra-
other than the target band was verified by gel electrophorediimn. The amount of secreted VEGF, BDNF, and bFGF in RPE
on 1.5% agarose stained with ethidium bromide under U\onditioned culture medium was determined using commer-
light after amplifications. The original PCR product contain-cial ELISA kits (Genzyme Techne), according to the
ing 25 ngpl of target DNA was diluted into concentrations of manufacturer’s instructions. Also, the amount of secreted
thrombospondin (TSP)-1 was determined using a commercial
ELISA kit (Chemicon, Temecula, CA). The lowest detection
limit of each molecule by ELISA assay was as follows: VEGF,
5 pg/ml; BDNF, 20 pg/ml; bFGF, 7 pg/ml; and TSP-1, 3.91
ng/ml. After the conditioned medium was collected, cells were
washed with PBS, detached from the dish by treatment with
0.2% trypsin-EDTA, and suspended in 1 ml PBS. The number
of viable cells was determined using a Coulter Counter
Channelyzer (Coulter Electronics, Krefeld, Germany).
Western blot analysis of PEDF: Cells were allowed to
. condition serum free medium for 48 h before harvest for pro-
B-actin bFGF tein concentration. Final protein concentrations were deter-
mined using the BCA assay (Pierce Chemical Co., Rockford,
IL) according to the manufacturer’s instructions. Equal
amounts of secreted protein (&) were separated by 12%
CRALBP BDNF sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
transblotted onto nylon membranes. Nylon membranes con-
taining transblotted proteins were pretreated with 1.0% non-
fat dried milk in 50 mM Tris buffer (pH 8.0), followed by
incubation overnight with a monoclonal antibody against hu-
RPEG65 FGFR man PEDF (dilution 1:4000, Transgenic Co., Kumamoto, Ja-
pan). PEDF immunoreactivity was visualized by exposing X-
ray film to blots incubated with the ECL reagent.
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RPE 12. 80
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. TRP2 12.30
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Figure 4. RT-PCR analysis of discriminatory molecules and growthspne 1.02
and trophic factors in RPE cells. Total RNA was extracted fronmpgpre 8. 22
confluent RPE cells cultured on either plastic or amniotic membranggrer 1.11
(AM). RT-PCR was performed oniy RNA. For each gel shown, peagty ophi n 13. 50

the left lane (labeled “marker”) is a commercially supplied size

marker, the middle lane (labeled “on plastic”) is product from a reactpg fold changes in MRNA levels of the selected genes were deter-
tion using RNA frorr_l RPE cells cultured on pla_stic, and the right langnineq by real-time RT-PCR. Values represent fold changes of mMRNA
(labeled “on AM") is a product from a reaction using RNA from |eye|s of RPE cells on amniotic membrane compared to RPE cells on
RPE cells cultured on AM. cDNA product {8 from RT-PCRs that  jastic (AM to plastic ratio) after normalization for GAPDH content.

usedB-actin primers was used for all PCR reactionsfxadtinwas  pata are means of 3 to 4 samples per group.
used as a positive control throughout.
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RESULTS Reversetranscription PCR: The discriminatory molecule
Morphology of RPE cell cultures on AM: The human RPE RPE 65, an RPE specific molecule that is thought to have an
cells cultured over dispase treated AM fragments were attach@dportant role in the RPE-photoreceptor vitamin A cycle,
to the epithelial basement membrane side within 24 h of see@RALBP, which is involved in the regeneration of visual pig-
ing. After settling down, RPE cells displayed many connectethent, and bestrophin, which is a late marker of RPE differen-
colonies comprised of small, polygonal, and uniform epithetiation [21], were all detected by RT-PCR in RPE cells cul-
lial cells (Figure 1C). Three days after seeding, RPE cells cutured on plastic and on AM (Figure 4). Expression levels of
tured on plastic or AM reached confluence (Figure 1B,D). FRPE 65, CRALBP, and bestrophin were significantly increased
actin staining using FITC-phalloidin demonstrated the formain RPE cells cultured on AM compared to cells cultured on
tion of actin stress fibers and altered cell shape to fusiformlastic. According to the results of real-time PCR, the ratio of
pattern in RPE cells cultured on plastic (Figure 1E). In conRPE 65/GAPDH, CRALBP/GAPDH, and bestrophin/GAPDH
trast, the actin staining in RPE cells cultivated on AM revealedf cells cultured on AM compared to that of cells on plastic
actin fibers arranged in a radial and circumferential pattermas 12.8, 5.0, and 13.5 times, respectively (Table 3). On the
(Figure 1F). When RPE cells were seeded over AM, semither hand, there was no apparent difference in mRNA ex-
thin sections stained with toluidine blue demonstrated that theression of cathepsin D, a major photoreceptor outer segment
cells were organized in a tight monolayer of round cells (Figdigestive protease in the retina [22-24], between RPE cells
ure 2B). In contrast, RPE cells cultivated on plastic showedultured on either plastic or AM.
fusiform and elongated cells in multilayers (Figure 2A). Elec-  The expression of a panel of growth and trophic factors
tron micrographs showed a tight monolayer of spheroidal RP#ith the potential to affect both RPE and photoreceptor cell
cells growing over AM (Figure 3A), different from elongated function and survival were also investigated by RT-PCR. Posi-
RPE cells in multilayers when cultured on plastic (Figure 3B)tive mRNA expression was observed for BDNF, bFGF, and
Ultrastructurally, RPE cells cultured on AM contained well PEDF (Figure 4). The expression of PEDF mRNA was mark-
developed cell organelles, including mitochondria, endoplasedly elevated in RPE cells cultured on AM compared to those
mic reticula, and Golgi apparatuses, and large quantities eliltured on plastic, while there was no apparent difference in
free ribosomes. Electron micrographs revealed junctional spghe mMRNA expression of bFGF and BDNF (Figure 4). Ac-
cializations on the apical side between adjacent cells (Figumrding to the results of real-time PCR, the ratio of PEDF/
3C) and showed a heterogenous expression of apical microvilBAPDH in cells on AM compared to that in cells on plastic
(Figure 3A). was 8.2 times (Table 3). The expression and alternative splic-
ing of FGF receptors is regulated by cellular differentiation in
vitro [20]. mMRNA expression of FGFR2 was detected both in

{pg/1x1 0° cells) RPE cells cultured on plastic those cultured on AM, but there
12000 was no apparent difference (Figure 4).
Tyrosinase and TRP-2 are the enzymes involved in mela-
10000 nin biosynthesis, and are expressed in melanocytes of neural

crest origin and RPE cells [25,26]. There was no apparent dif-
ference in the expression of mRNA of tyrosinase, however,

8000 TRP-2 mRNA expression was markedly upregulated when
cells were cultivated on AM (Figure 4). According to the re-
6000 sults of real-time PCR, the ratio of TRP-2/GAPDH in cells on
AM compared to that in cells on plastic was 12.3 times (Table
4000 3
Secretion of growth and trophic factors. ELISAs were
performed on serial dilutions of RPE cell culture supernatants,
2000 conditioned for 2 days, from a minimum of three independent

experiments. VEGF was positively detected in RPE cells cul-
tured on plastic or AM. Secretion of VEGF in RPE cells cul-
RPE on AM tured on AM was more than three fold higher than in RPE

cells cultured on plastic (p<0.01, Figure 5). Also, the secre-

tion of TSP-1 in RPE cells cultured on AM was approximately
Figure 5. Increased secretion of VEGF in RPE cells cultured on amhree fold higher than in RPE cells on plastic (p<0.01, Figure
niotic membrane. Concentration of immunoreactive VEGF in SUg). On the other hand, BDNF and bFGF were not detected
pernatants of RPE cells cultured on either plastic or amniotic memgy, o the limit of the assays both in conditioned medium from
brane. Cells were incubated in serum free medium for 48 h befor PE cells on plastic or on AM (data not shown).

harvest for protein concentration, and the amount of secreted VE . . . .
in RPE conditioned culture medium was determined using commer- Western blotting of PEDF: Western blot analysis using

cial ELISA kits. The data show that VEGF secretion is increased iffonoclonal antibody against purified PEDF protein

RPE cells cultured on amniotic membrane compared to cells on plasi¢ransgenic, Inc., Kumamoto, Japan) was performed. PEDF

(p<0.01). antibody recognized a 50 kDa protein species in medium con-
6
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ditioned by RPE cells cultured on AM (Figure 7). PEDF pro-  As a first step to evaluate the usefulness of AM as a sup-
tein was not detected in the conditioned medium from RPIgort for transplanted RPE cells, we investigated the character-

cells cultured on plastic or of AM only. istics of RPE cells cultured on human AM. After seeding, hu-
man RPE cells spread easily and constituted tight colonies on
DISCUSSION AM. Using transmission electron microscopy, we identified a

Although RPE cell transplantation remains a potentially usemonolayer of RPE cells in which integration with the sub-
ful approach for the treatment of AMD and other retinal disstrate and cell-cell contacts were detected, as reported by
eases like retinitis pigmentosa, prolonged improvement of th€apeans et al. [31]. We also observed that RPE cells cultured
vision of patients that received RPE cell suspension transplann AM exhibited ultrastructural epithelial features such as
tations into the subretinal space has not been obtained. Thecrovilli of the apical membrane and intercellular junctions,
main disadvantage of cell suspension transplantation is tlemilar to RPE cells in situ.
random organization in multilayers of transplanted cellsinthe  We then investigated the expression pattern of several
subretinal space of the host [3]. genes considered to participate in the function of differenti-
The human AM is a thin and elastic tissue that forms thated RPE. Alge et al. [32] performed comparative proteome
inner layer of the amniotic sac. Human AM, with its thick analysis of native differentiated and cultured dedifferentiated
basement membrane and avascular stromal matrix, has bdmmman RPE cells, and reported that RPE 65 and CRALBP
successfully used for surface reconstruction in a variety ofiere present only in native differentiated cells. Alizadeh et al.
ocular surface disorders [27]. In the present study, we hypotli33], using Northern blot analysis, also demonstrated that in
esized that AM might be a feasible support substrate for trangRPE-19 cells, a spontaneously differentiated RPE cell line,
planted RPE cells because AM can be obtained more easityRNA expression of CRALBP and RPE 65 was upregulated.
than any other nonsynthetic carrier such as Descemet’s memBestrophin is the protein altered in Best vitelliform macular
brane, and it has been used for cultured corneal epithelial celystrophy [34], an inherited retinal degenerative disease similar
transplantation with good clinical results [28,29]. AM wasto AMD. Bestrophin is considered a very late marker of RPE
reported to induce non-goblet epithelial differentiation in cul-differentiation during normal development [21], and bestrophin
tured rabbit conjunctival epithelial cells [18]. Implantation of localizes to the basolateral plasma membrane of the RPE,
AM into the rabbit subretinal space is feasible and well tolerwhich suggests that bestrophin contributes to the transepithelial

ated by the rabbit retina [30]. potential of RPE [35]. In the present study, the mMRNA expres-

sion of RPE 65, CRALBP, and bestrophin was clearly
6 upregulated in RPE cells cultured on AM compared to cells

((;i()]g” x10”cells) cultured on plastic, which suggests that AM facilitates RPE
expression of differentiated features [32,33]. On the other hand,
we did not detect any difference in mMRNA expression of cathe-

500 psin D between RPE cells cultured on plastic or on AM. Cathe-
psin D is a major digestive protease of photoreceptor outer
segments in the retina [22]. Alge et al. [32] also reported that

400 the expression pattern of proteins involved in phagocytosis
and exocytosis, including cathepsin D, was not different be-
tween native RPE and dedifferentiated cultured RPE cells us-

300 ing comparative proteome analysis, which indicates that cathe-
psin D expression might not be influenced by the differentia-

200 tion status of RPE cells.

100 on F;gIIDaEstic C}JW'Y oﬁ I?E\IIEVI

0 on plastic on AM S0kDa

Figure 6. Increased secretion of thrombospondin-1 in RPE cells cul-

tured on amniotic membrane. Concentration of immunoreactiveigyre 7. Representative western analysis of PEDF protein. The lanes
thrombospondin-l in Supernatants of RPE cells cultured on e|th¢f0m left to r|ght are a Commercia”y Supp”ed size marker (un|a_
plastic or amniotic membrane. Cells were incubated in serum fregeled); proteins in medium conditioned for two days by RPE cells
medium for 48 h before harvest for protein concentration, and theyltured on plastic (labeled “RPE on plastic”); proteins in medium
amount of secreted thrombospondin-1 in RPE-conditioned culturgonditioned for 2 days by amniotic membrane (AM) only, without
medium was determined using commercial ELISAkits. The data showeeding RPE cells on it (labeled “AM only”); and proteins in me-

that thrombospondin-1 secretion is increased in RPE cells cultureglum conditioned for two days by RPE cells on AM (labeled “RPE
on amniotic membrane compared to cells on plastic (p<0.01). on AM”).
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The RPE is located between the neural retina and the vasad maintain the avascularity of the outer retina, together with
cular choroid and influences the structure and function of thBeEDF.
cells in both, mediated mainly by secretion of various growth ~ Tyrosinase and TRP are enzymes involved in melanin syn-
factors. In the present study, we focused on the expressiontbisis. In particular, TRP-2 is an early differentiation marker
BDNF, bFGF, VEGF, PEDF, and TSP-1 from RPE cells amon@por melanoblasts and RPE [48]. Although we did not detect
various factors secreted from RPE. Hackett et al. [36] showeshy difference in mRNA expression of tyrosinase, TRP2 ex-
that ARPE-19 has a high level of BDNF mRNA. Although pression was markedly upregulated in RPE cells cultured on
MRNA expression of BDNF and bFGF was noted both in RPRM. Fang et al. [49] demonstrated that treatment of human
cells cultured on plastic or AM in our study, we did not detectutaneous melanocytes with the differentiation inducer
either protein in the RPE cell supernatant using ELISA. Irhexamethylene bisacetamide (HMBA) dramatically increased
addition, mRNA expression of FGFR-2, an FGF receptor thahe expression of TRP-2 without changing the morphology,
is upregulated by differentiation of ARPE-19 cells [20], wasand suggested that the TRP-2 gene can be selectively modu-
not different between cells cultured on plastic or on AM.  lated in melanocyte differentiation. TRP-2 might also have a

VEGF and PEDF expression was dramatically increaserble in the modulation of apoptotic pathways in melanoma
in RPE cells cultivated on AM. VEGF protein secretion wascells [50]. Thus, accumulation of TRP-2 in RPE cells cultured
three times higher in the medium conditioned by RPE cellsn AM might protect transplanted cells from apoptosis.
cultured on AM compared to that conditioned by RPE cells  Future studies are needed to determine which components
cultured on plastic. In addition, PEDF production was markef AM are responsible for controlling the phenotypic alter-
edly increased when RPE cells were cultured on AM. Thations of RPE. Growth factors contained in AM might have a
PEDF protein signal was completely absent in RPE cells cutole. Koizumi et al. [51] reported that AM preserved at“@0
tured on plastic by western blotting; however, PEDF secreexpressed the proteins of several growth factors (EGF, TGF-
tion dramatically increased in RPE cells cultured on AM. PEDR, KGF, HGF, bFGF, TGF;pTGF-h, TGF-h). AM without
is a 50 kDa protein initially purified from the conditioned amniotic epithelium, however, had significantly lower levels
medium of human fetal RPE cells as a factor that induces neafthese growth factors, suggesting that the growth factors have
ronal differentiation of cultured Y79 retinoblastoma cells [37].an epithelial origin. In the present study, we removed the epi-
The gene is also called early population doubling level cDNAthelium from AM before seeding the RPE. Neither BDNF nor
1[38]. PEDF is the most potent natural inhibitor of angiogenbFGF protein, which induce differentiation in RPE cells
esis, and is a key factor associated with avascularity of tH&86,52,53], was detected in the supernatants of RPE cells cul-
cornea, vitreous, and outer retinal layer of the eye [391tured on AM. It is unlikely that these growth factors actively
Semokava et al. [40] also demonstrated that PEDF has a kpgrticipate in phenotypic alteration of RPE cells cultured on
role in retinal homeostasis by subretinal transplantation cAM.
genetically modified PEDF expressing iris pigment epithelial  Besides soluble factors, the extracellular matrix might
cells. We previously demonstrated a marked increase of VEGkave an important role in differentiation of epithelial cells.
and PEDF expression in differentiated RPE cells cultured obmmunohistochemical study revealed the presence of collagen
laminin, and suggested that a balance between high levels @ypes 1, 3, 4, and 5) and fibronectin throughout the whole
both VEGF and PEDF might be important to maintain theAM and the expression of collagen 7 and laminin-5 on the
homeostasis of the human retina [41]. Based on our previolimsement membrane side of AM [54]. A matrix component,
studies [41,42], we speculated that in normal healthy condlaminin-5, has a crucial role in the proliferation, differentia-
tions, the RPE has a positive survival effect on the maintaion, and migration of corneal epithelial cells [55]. Laminin-5
nance of the highly vascularized, highly permeable fenestratedight be one candidate for an important component in AM to
choriocapillaris on its outer basal aspect by secreting VEGHduce phenotypic alteration in RPE cells.
while maintaining the complete avascularity of the photore-  In conclusion, this study demonstrated that AM induces
ceptor layer internal to the RPE by secreting PEDF. Thus, eyhenotypic alterations in RPE cells. The epithelial phenotype
pression of high levels of both VEGF and PEDF might be & observed morphologically and upregulation of several
property of the differentiated RPE. growth factors important for maintaining retinal homeostasis

TSP-1 protein secretion is also markedly increased in RP&ccurs. This suggests that an RPE cell sheet cultivated on AM
cells cultured on AM. TSP-1 is a cell attachment factor withcan be transplanted. By transplanting the RPE cell sheet main-
cell specific activity and the most prevalent TSP moleculéaining the epithelial phenotype on AM, RPE cells on AM re-
found in vivo [43,44]. TSP-1 profoundly inhibits angiogen- tain a monolayer and epithelial, differentiated phenotype in
esis, both in vivo and in vitro [45-47]. Miyajima-Uchida et al. the subretinal space of the host for a long term. Simultaneously
[47] reported that human RPE cells produce TSP-1, TSP4ihcreased expression of a panel of genes necessary to main-
accumulates in the cytoplasm of RPE cells in vivo and in vitrotain retinal homeostasis, as shown in the present study, might
and suggested that TSP-1 is an important control factor ibe needed for transplanted RPE cells. The use of AM as a
choroidal neovascularization. Considering these findings, irbasement membrane support might be expanded to other cell
creased production of TSP-1 by RPE cells cultured on AMources. Iris pigment epithelial cells, which have the same
might prevent the development of choroidal neovascularizatioembryonic origin as RPE cells, are a possible candidate. More-
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over, in regenerative medicine, there is a potential for embry-
onic stem cells [56] for use in clinical treatments. A combina-
tion of these cells with a basement membrane support likké- Kubo M, Sonoda Y, Muramatsu R, Usui M. Immunogenicity of
AM might be more advantageous for subretinal transplanta-
tion in the future.
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