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Gene expression profile of cultured adult compared to
immortalized human retinal pigment epithelium

Hui Cai, Lucian V. Del Priore
Department of Ophthalmology, Harkness Eye Institute, Columbia University, New York, NY

Purpose: ARPE19 is a spontaneously immortalized cell line of human retinal pigment epithelium (RPE) that is used
widely to draw inferences about the behavior of adult human RPE (ahRPE). We used DNA microarray analysis to com-
pare the gene expression profiles of these two cell types.

Methods: Second-passage cultured ahRPE from four human donors (age range 48-82 years) and ARPE19 cultured to
confluence in five dishes were used for this DNA microarray study. Total RNA was isolated and first- and second-strand
complimentary DNA was synthesized using standard techniques. Biotin-labeled antisense complimentary RNA was pro-
duced by an in vitro transcription reaction. Target hybridization, washing, staining, and scanning probe arrays were done
following an Affymetrix GeneChip Expression Analysis Manual. Microarray data were normalized and statistical tech-
nigues were used to determine the presence or absence of expression of individual genes within ARPE19 and ahRPE, and
their relative expression levels.

Results: Hierarchic clustering analysis demonstrated that the gene expression profile of ahRPE and ARPE19 samples
cluster into two distinct groups with no discernable overlap. The expression o£G568dne probes (out of 12,600 on
microarray Human U95Av2 chip) was detected in ARPE19 cells compared ta-8486énes in ahRPE cells from four

human donor eyes. Thirty-five genes are expressed exclusively in ahRPE and nine genes exclusively in ARPE19 cells.
Fifty additional genes have a threefold increase and 40 genes have a threefold decrease in expression level in ahRPE
compared to ARPE19. There was no clear difference in the global expression level of genes known to be related to
phagocytosis, angiogenesis, or apoptosis.

Conclusions: There are significant differences in the gene expression profile of ahRPE compared to ARPE19, and with
some genes exclusively being expressed in one group and other genes being upregulated or downregulated by threefold.
Caution should be exercised when generalizing results obtained from ARPE19 to the behavior of ahRPE.

The retinal pigment epithelium (RPE) forms a hexagovitamin A metabolism and phagocytosis of outer segment
nal monolayer of cells between the choriocapillaris and outenaterial [10,14].
retina in the human eye. Proper RPE function is necessary to Despite these facts, there are clearly some differences be-
maintain the integrity of the outer blood-retinal barrier andween ahRPE and ARPE19 that should be considered when
function of photoreceptors. Several significant ophthalmic disresults with the immortalized cell line are extrapolated to the
orders have been associated with early RPE dysfunction, ibehavior of primary or cultured ahRPE. For example, the pro-
cluding age-related macular degeneration, some forms of rexoter ofa5 integrin, which is an important molecule for RPE
tinitis pigmentosa, and other peripheral tapetoretinal degemphagocytosis, is regulated differently between these two cell
erations [1,2]. Primary and cultured adult human RPE (ahRPHEypes [15]. Little is known about the overall gene expression
have been used to study the physiology of the RPE in healfirofile of these two cell types despite extensive prior study of
and disease and to determine the cellular and molecular evettigir properties. In the present study, we use microarray tech-
responsible for RPE dysfunction [3-7]. However there are somaiques to compare the gene expression profile of ahRPE to
limitations in studying RPE harvested from human donorsthat of ARPE19, and demonstrate that there are some signifi-
including donor-to-donor variation [8,9]. ARPE19 is a spon-cant differences between these two cell types. This study pro-
taneous immortalized RPE cell line obtained initially from avides an important reference database for subsequent studies
single human donor; due to its immortality, this cell line hasn which the results of studies on ARPE19 are extrapolated to
been studied extensively over the last decade to obtain impdRPE.
tant insights into RPE cell biology [10-13]. Many of the known
functions of ahRPE can be performed by ARPE19, including METHODS
Preparation of adult human retinal pigment epithelium cul-
tures: Human eyes obtained from the National Disease Re-
Correspondence to: Lucian V. Del Priore, MD, PhD, Robert L. Burctsearch Interchange (NDRI, Philadelphia, PA) were processed
Il Scholar, Department of Ophthalmology, Harkness Eye Institutewithin 48 h of donor death. The ages and other information
of Columbia University, 635 West 185treet, New York, NY; Phone:  regarding donor eyes are shown in Table 1. Four samples from
(212) 305-2923; FAX: (212) 342-1724; email: Idelpriore@yahoo.comhyman donor eyes were used; given the expense and avail-
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ability of human tissue, small sample sizes have been usedsoope. An irrelevant isotypic IgG primary antibody (antihu-
the past to generate data on gene expression within humaran von Willebrand antibody, Sigma) coupled with an FITC-
tissue [16-18]. Primary RPE cell cultures were prepared froraonjugated secondary antibody was also used and showed no
the posterior poles of the human cadaver eyes as describigaickground staining. All of the harvested cells were positive
previously [19]. Upon receipt in the laboratory, eyes werdor pancytokeratin indicating the cells were of epithelial ori-
cleaned of extraocular tissue. The anterior segment structuregn.
vitreous, and retina were removed, leaving an eyecup with  Preparation of immortalized ARPE19: Immortalized hu-
RPE on the inner surface. For these studies, 500,000 primayan RPE (ARPE19) obtained from ATCC (Manassas, VA)
ahRPE cells were collected with trypsin from each pair ofvere cultured and propagated in DMEM (Gibco BRL) con-
globes harvested from four individual human donors (age rangeining 10% FBS, 100 IU/ml penicillin G, 1Q@/ml strepto-
48 to 82 years, Table 1). The cells were incubated in a humidiaycin, 100 ug/ml gentamicin, 2.g/ml amphotericin B
fied atmosphere of 5% C@nd 95% air at 37C and main-  (Gibco BRL). The cells were incubated in a humidified atmo-
tained in Dulbecco’s modified Eagle’s medium (DMEM H16; sphere of 5% CQand 95% air at 37C, and the culture me-
Gibco BRL, Carlsbad, CA) supplemented with 15% fetal bodium was changed every other day. Cultures were plated in 60
vine serum (FBS; Gibco BRL), 100 IU/ml penicillin G, 100 mm tissue culture-treated dishes. Five dishes of 500,000
mg/ml streptomycin, 5 mg/ml gentamicin, 2.5 mg/ml ampho-ARPE19 were cultured for about 10 days to confluence. Cells
tericin B and 1 ng/ml human recombinant basic fibroblastvere synchronized by serum depletion for 24 h, and total RNA
growth factor (bFGF, Gibco BRL) in a 35x10 mm culture dishwas isolated for the DNA microarray study.
(Becton Dickinson Labware, Franklin Lakes, NJ) to promote  Isolation of total RNA from RPE cells: RPE (either
RPE cell growth. The medium was changed every other dap\RPE19 or ahRPE) were harvested by trypsinization, and RNA
Cells became confluent in about 14 days and confluent culvas isolated and purified using a Qiagen RNeasy Mini Kit
tures were passaged by trypsinization to a 60 mm culture digiagen Co., Valencia, CA) according to manufacturer’s in-
(Becton Dickinson Labware). For the microarray analysistructions. RPE cells (about®dlls) were disrupted, and to-
about 10RPE cells were harvested from second passage cuhl RNA was isolated using a QIA shredder and RNeasy Mini
tures before synchronization by serum depletion and bFGKit. Briefly, 600 ul of lysing buffer (RLT) was added to cells
removal for 24 h and total RNA was isolated for the DNAin a 1.5-ml microfuge tube and cell lysate was loaded onto a
microarray study. QIA shredder spin column and spun for 2 min at 13,000 rpm.
Cytokeratin labeling: Cells were stained using a The homogenized lysate was then mixed with @l08f 70%
pancytokeratin antibody to verify that all cells were of epithe-ethanol and applied to an RNeasy mini spin column and cen-
lial origin [20,21]. For this purpose, ahRPE cells in a culturerifuged for 15 s at 13,000 rpm. Next 7@Dof buffer RW1
dish were rinsed in phosphate-buffered saline (PBS), fixed witand buffer RPE were added and spun sequentially for wash-
4% paraformaldehyde for 30 min, and washed again with PB#g twice. Then 6@l RNase-free water was used to elute to-
The cells were treated for 1 h at room temperature with 3%l RNA from RNeasy column. All total RNA used in the ex-
bovine serum albumin (Sigma Chemical, St. Louis, MO) inperiments were relatively pure (A260/A280>1.9). Total RNA
PBS to block nonspecific binding sites. The cells were thewas stored at -8%C for later use.
incubated at 37C for 1 h with an fluorescein-isothiocyanate DNAmicroarray experiments. Affymetrix U95Av2 chips
(FITC)-conjugated monoclonal antipan cytokeratin antibodyAffymetrix Inc., Santa Clara, CA) were used in the experi-
to cytokeratins 5, 6, and 8 (Sigma). The cells were washesients. Each chip contained 12,600 human gene probes and
thrice with PBS and examined under a fluorescence micrdyas 1,090 RPE-related gene probes, and gene probes for many

TABLE 1. ADULT HUMAN RETINAL PIGMENT EPITHELIUM CELLS DONOR INFORMATION

Enucl eati on

Death to to ahRPE
enucl eation extraction Age
Ti ssues time (h) time (h) (years) Gender Cause of death
Sanple 1 7 23 48 F cardi ac arrest
Sanple 2 3.5 18 68 M car di onyopat hy
Sanple 3 7 19 75 M interstitial
cystitis
hernor r hage
Sanpl e 4 7 17 82 M nyocar di al

Human eyes (age range 48 to 82 years) obtained from the National Disease Research Interchange were enucleated witRiPE \wexed ah
processed within 30 h of donor death.
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other genes related to basic cell functions such as cell prolif- RESULTS
eration and differentiation. The advantages of using such auality control assessment: After 10 days in culture, ahRPE
array include the large number of genes that are measurentlls appeared healthy and confluent (data not shown). All
and that no selection bias arises from the use of pathway-spgne DNA chips passed quality control using the hybridiza-
cific arrays that are designed to look at proliferation genegion signals from 3', middle, and 5' fragment of mRNA of 20
apoptosis genes, etc. housekeeping genes coded in Affymetrix DNA chips.
AT7-(dT),, oligomer, superscript reverse transcriptase Il Hierarchic clustering analysis: Clustering analysis is a
and DNA Polymerase | (Gibco BRL) were used for first-strandstatistical technique that is used to sort heterogeneous samples
and second-strand cDNA synthesis using total RNA as teninto several distinct clusters; samples within the cluster have
plates. Double-stranded cDNA was cleaned with Phase Loakore of a relationship to one another than samples from dif-
Gels-Phenol/Chloroform extraction and ethanol precipitation.
Biotin-labeled antisense cRNA was produced by an in vitro

transcription reaction (ENZO BioArray High Yield RNA Tran- 5900+
script Labeling Kit; Affymetrix Inc.) and incubated with frag- @ 5400
mentation buffer (Tris-acetate, KOAc and MgOAcat;"@4 £ 000 |
for 35 min). Target hybridization, washing, staining, and scan o3
ning probe arrays were done following an Affymetrix G ¥ 4400+
GeneChip Expression Analysis Manual. g% 3900+
Quality controls, definitions of gene presenceor absence, -2 3490
and statistical analysis. For quality control, the U95Av2 DNA =S 1
microarray chips used includes 20 housekeeping gene prol:z 50
to measure the consistency of the hybridization signals fror 25 . . . .
their 3', middle, and 5' fragment of these mRNA coding re 0-

gions [22]. The definitions of presence and absence of get
expression are defined with Affymetrix GCOS 1.2 statistica
algorithm [23] and further filtered, with “presence” defined
as a scan densitometry reading of >50 and “absence” defini
as a scan densitometry reading of <50. For comparison of tl
different levels of gene expression between ahRPE ar
ARPE19, the changes were considered to be significant if the
was a greater than threefold increases or decreases in the ex-
pression level of these two cell types and if the changes wefégure 2. Number of genes detected in ahRPE and/or ARPE19 cells.

statistically different (p<0.01, student's t-test). Gene expresL-"Sing Affymetrix U95Av2 chips, which contains 12,600 genes, there

. . . o . are 5,580 genes expressed in ahRPE cells and 5,634 genes expressed
sion analyses, including global normalization and scaling Were \RPE19 cells (t-test, p=0.312). Out of these 4,479 genes are ex-

performed using the Affymetrix GCOS 1.2, Array Assist 3'01pressed in both cell types, while 35 and 9 genes are exclusively ex-
(Stratagene, La Jolla, CA) software. pressed in ahRPE or ARPE19 cells, respectively.

ahRPE

ARPE19

Only in ahRPE

Only in ARPE19

In both RPE cell types

,_
-

[HddY9e
cHddYe
eHdIYE
FaIdIYe
LHd ¥
CHd AV
tdddV
PHd IV
CHd IV

Figure 1. Hierarchic clustering analysis of human adult RPE and ARPE19 samples. As demonstrated, the gene expressifouprofile o
samples from the adult human RPE (shown in shaded boxes) and five samples from ARPE19 cluster into two distinct grodjzearith no
ible overlap.
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TABLE 2. GENES EXPRESSED IN ADULT HUMAN RPE (AHRPE) BuT NoT INARPE19 cELLS

Probe I D

1120_at

1139 at

1712_s_at

2041 i _at

32076_at

32349 _at

32818_at

33267_at

33505_at

33803_at

34363_at

34591 _at *

34666_at

34823 _at

35663_at

35885_at

35980_at

36312_at

36650_at

37363_at

37402_at *

38323 _at

Gene title

gl utat hi one S-transferase M3
(brain)

guani ne nucl eoti de bindi ng
protein (G protein), o 13

m t ogen-activated protein
ki nase ki nase 4

v-abl Abel son nurine
| eukem a viral oncogene
honol og 1

Down syndrone critica
region gene 1-like 1

annexi n Al0

tenascin C (hexabrachi on)

ATPase, ani nophospholi pid
transporter (APLT)

retinoic acid receptor
responder (tazarotene

i nduced) 1

t hr onbonodul i n

sel enoprotein P, plasma, 1

dei odi nase
type |11

i odot hyr oni ne
super oxi de di snut ase 2
m t ochondri al

di pepti dyl pepti dase 4 (CD26)

neuronal pentraxin |

ubiquitin specific protease
9

phospholipase C, f 1

(phosphoi nosi ti de-specific)

serine (or cysteine)
proteinase inhibitor

cyclin D2

net ast asi s suppressor 1

ri bonucl ease, RNase A

famly, 1 (pancreatic)

car boxypepti dase
vitell ogenic-like

MAP2K4

ABL1

DSCR1L1

ANXA10

TNC

ATP8AL

RARRES1

THBD

SEPP1

DI O3

SOD2

DPP4

NPTX2

USPOY

PLCB1

SERPI NB8

CCND2

MI'Ssi

RNASE1

CPVL

ahRPE

53.5

123.9

87.0

134.5

90. 8

115.9

134.1

92.4

68.0

512.1

324.7

90.6

93.2

65.6

67.7

120.6

113.9

68. 8

349.7

111.3

ARPE19

17.0

35.8

22.1

18.5

32.6

23.6

23.7

13.1

33.2

10.3

28.8

11.8

CGene functions

met abol i sm

cell motility;
transduction

si gnal
pr ot ei nphosphoryl ati on
signal transduction
regul ation of cel
cycle; induction of

apopt osi s

cal ci um nedi at ed
signaling

negative regul ation of
coagul ation
cell adhesion

cation transport;
net abol i sm

negative regul ation of
cell proliferation
bl ood coagul ati on

response to oxidative
stress

t hyr oxi ne
5' - dei odi nase activity

super oxi de net abol i sm

proteol ysis; immune

response
synaptic transm ssion

ubi qui ti n- dependent
protein catabolism

regul ati on of cel
cycle; lipid
cat abol i sm

serine-type
endopept i dase
inhibitor activity

regul ation of cel

cycle; cytokinesis
cell motility; cel
adhesi on; neurogenesi s

endonucl ease activity

proteol ysis and
pepti dol ysis
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TABLE 2, CONTINUED.

Probe I D CGene title Synbol ahRPE ARPE19 Cene functions
38327_at silver honol og (nouse) SI LV 181.6 39.2 mel ani n bi osynt hesi s
from tyrosine
38355_at DEAD (Asp-d u- Al a- Asp) box DDX3Y 218.7 6.9 nucl ei ¢ acid binding
pol ypeptide 3, Y-linked hydrol ase activity
38407_r_at* prostagl andin D2 synthase PTGDS 1056. 6 10. 3 prostagl andin
21 kDa (brain) bi osynt hesi s
transport
38469_at transmenbrane 4 superfamly TMASF3 247.5 11.3 protein am no acid
menber 3 gl ycosyl ati on
38528_at acetyl - Coenzyme A ACACA 118.3 44.9 fatty acid
car boxyl ase a bi osynt hesi s
nmet abol i sm
40097_at eukaryotic translation El F1AY 53.0 4.2 protein biosynthesis
initiation factor 1A transl ati onal
Y-1inked initiation
40583_at protein tyrosine PTPRJ 55.7 10.5 protein
phosphat ase, receptor type, dephosphoryl ati on
J cell-cell signaling
40899 _at * keratin 19 KRT19 632. 1 6.1 structural nol ecul e
internmediate fil ament
41089_at ATPase, Ca++ transporting, ATP2B4 87.0 20. 4 cal ciumion transport
pl asna nmenbrane 4 met abol i sm
41373_s_at m cr ot ubul e- associ at ed MAP1B 69. 2 7.0 muscl e devel oprent
protein 1B
434 _at Hl histone fam |y, nenber O H1FO 73.3 6.0 nucl eosone assenbly
759_at prostaglandin |2 PTGA S 134.3 19. 4 el ectron transport;
(prostacyclin) synthase I'ipid metabolism
33339_¢g_at signal transducer and STAT1 187.9 19.1 regul ati on of cel

activator of transcription
1, 91 kbDa

cycle; caspase
activation

Data were generated from Affymetrix U95Av2 DNA microarray analysis of four ahRPE and five ARPE19 samples. Numbers shon in ahRP
and ARPE19 columns are the mean values of DNA microarray chip densitometry scan signals. Asterisk (*) indicates geng80nitloist 2,
abundant gene list (data not shown).

ferent clusters [24,25]. Hierarchical clustering yields a branchminimize the ambiguity for the data analyzed, the study does
ing or tree diagram with the branches indicating the relationaot include any genes whose expression levels are defined as
ship of samples within the cluster to other samples both withimarginal presence.
and outside the clusters [26]. Hierarchical cluster analysis of =~ Genes detected exclusively in either cell type: We then
the gene expression profile of the cells demonstrates that tdetermined the list of genes expressed in only one cell type,
gene expression profile of ahRPE and ARPE19 cluster intasing stringent criteria in which genes of interest were de-
two distinct groups with no discernable overlap (Figure 1). tected as present in all samples from one cell type and not
Expression profilesof adult RPE and ARPE19 cells: The  present in any of the samples from the other cell type, and in
expression of 5,62465 gene probes (range: 5,554 to 5,726)which the expression level was consistently greater than 50 in
out of 12,600 gene probes on microarray Human U95Av2 chigensitometry readings. Thirty-five genes were expressed only
is detected in five ARPE19 cell samples, in comparison tin ahRPE and nine genes were expressed only in ARPE19
detection of only 5,586B4 gene probes (range: 5,508 to 5,695)cells (Figure 2). The list of these genes and their reported func-
in ahRPE cells from four human donor eyes (Figure 2). Mor&ons are in Table 2 and Table 3. Of the 2,500 most abundantly
genes were detected among ARPE19 cells but this differenexpressed genes on Affymetrix U95A chip in adult RPE cells,
was not statistically significant (student t-test, p=0.312). Tdour genes were not expressed in ARPE19 (Table 2). As for
5
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the nine uniquely expressed ARPE19 genes, none were cagxpression of genes responsible for major RPE functions is
tained within the 2,500 most abundant RPE gene list. Therg@milar between ahRPE and ARPE19.
were 2,437 (97.5%) genes present within the list of the 2,500
most abundant genes in each group. DISCUSSION

Different expression levels: In addition to analysis of ARPEL9 is a spontaneously immortalized cell line isolated in
present or absent genes in ahRPE or ARPEL9, the relatittee early 1990s that has been used extensively to study RPE
expression levels of the genes present in all nine ahRPE aodll biology [10,12,15,28]. Our recent literature search on
ARPE19 samples (4,479 genes) are also compared. After ngrublic domain database (PUbMED, updated on April 23, 2005)
malization of all nine samples there are 50 genes in ahRHA&und more than 300 published papers regarding RPE cell bi-
samples whose expression levels are increased >3 fold cowlegy studies in 2004 alone, and approximately 1/8 of these
pared to ARPE19 (Table 4). There are 40 genes whose esmployed ARPE19. In many ways ARPE19 exhibit behavior
pression levels in ahRPE are decreased >3 fold comparedttat is similar to the behavior of adult human RPE. For ex-
ARPEL9 (Table 5). When we applied the same criteria to themple, ARPE19 form polarized epithelial monolayers with
list of the 2,500 most abundant genes, there are 35 genes &ght junctions and show barrier properties. Both types of RPE
pressed at higher levels in adult RPE and seven genes expresselts express RPE-specific markers CRALBP and RPEG65, and
higher levels in ARPE19 cells (Table 4, Table 5). We also conboth require the integrin recepte(v)p5 for the binding and
pared the expression levels of genes related to known RREternalization of rod outer segments for phagocytosis [10,14].
functions [27]. We were able to identify a total of 23 gene®despite the extensive use of ARPE19 to understand RPE cell
involved in phagocytosis, 142 for neurogenesis, and 40 fdsiology, to our knowledge the similarities and differences be-
angiogenesis on Affymetrix U95Av2 DNA microarray chip tween the gene expression profiles of these cell types has not
[27]. Interestingly, none of these genes showed a differentifleen characterized comprehensively elsewhere. Our study
expression between these two cell types, and thus did not sha@wmonstrates that the global gene expression profiles of
up in our differentially expressed gene list, suggesting thaARPE19 and ahRPE clusters into two distinct groups with no

TaBLE 3. GENES EXPRESSED IN ARPE19 BUT NOT IN ADULT HUMAN RPE (AHRPE)

Probe ID Gene title Synbol ahRPE  ARPE19 Gene functions
1562_¢g_at dual specificity DUSP8 27.0 154.9 i nactivation of
phosphat ase 8 MAPK; protein
dephosphoryl ati on
32090_at ni coti nam de nucl eoti de NVNAT?2 20.4 65. 9 phosphol i pi d
adenyl yl transferase 2 bi osynt hesi s; NAD
bi osynt hesi s
32753_at splicing factor 3b, SF3B3 39.6 73.4 MRNA spl i cing,
subunit 3, 130 kDa protein conpl ex
assenbl y
34801 _at ubiquitin specific USP52 49. 2 85.4 proteolysis
prot ease 52
36458_at Kl AA1018 protein Kl AA1018  45.2 120.0 DNA repair
37580_at SH3- domai n GRB2-1i ke 3 SH3G.3 25.7 50. 3 signal transduction
38312_at ol fact omedi n-1i ke 2A OLFM_2A 21.4 96. 9 | atrotoxin receptor
activity
39218_at zinc finger protein 23 ZNF23 31.2 68. 3 regul ati on of
(KOX 16) transcription,
DNA- dependent
39590_at anyloid g (A4) APBA2 39.8 164.0 neur ogenesi s;
precur sor protein transport

pr ot ei n- bi ndi ng
Data were generated from Affymetrix U95Av2 DNA microarray analysis of four ahRPE and five ARPE19 samples. Numbers shon in ahRP
and ARPE19 columns are the mean values of DNA microarray chip densitometry scan signals. None of these nine genesa&50i¢hin th
most abundant gene list (data not shown).
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TABLE 4. GENES WITHIN ADULT HUMAN RPE (AHRPE) UPREGULATED GENES >THREE FOLD COMPARED TO ARPE19

Probe 1D

36533_at*

41294 _at*

34265 _at*

32434 _at

38957_at

41505_r _at

39927 _at

40367_at

40455_at *

865_at *

40035 _at *

40493 _at*

33103_s_at

38634 _at*

33236_at*

31720_s_at *

33849 _at

CGene title

prostaglandin |2
(prostacyclin)
synt hase

keratin 7

secretory granule
neur oendocrine protein
1 (7B2 protein)

nyristoyl ated
al anine-rich protein
ki nase C substrate

doubl ecortin and CaM
ki nase-like 1

v- nmaf

nmuscul oaponeurotic

fi brosarcoma oncogene
honol og

Rho GTPase activating
protein 5

bone norphogenetic
protein 2

Kl AA0830 protein

ri bosomal protein S6
ki nase, 90 kDa
pol ypeptide 3

kal l'i krein 11

CD44 antigen

adducin 3 (y)

retinol binding
protein 1, cellular

retinoic acid receptor
responder (tazarotene
i nduced) 3

fibronectin 1

pre-B-cell col ony
enhancing factor 1

KRT7

SG\E1

MARCKS

DCAWKL1

ARHGAPS

BWP2

KI AA0830

RPS6KA3

KLK11

Ch44

ADD3

RBP1

RARRES3

FN1

PBEF1

ahRPE

4157.1

305.6

328.3

260.0

133.3

120. 4

245.6

609. 6

936. 4

1023.1

2812.0

115.8

1152. 3

406. 3

1496. 7

150. 5

ARPE19

239.2

45.3

50.8

43.4

23.6

21.4

49.9

125.1

194.0

213.3

604. 9

25.1

250.5

90.8

341.1

34.6

ARPE19/
ahRPE

17. 4

p val ue

0. 000023

0. 000250

0. 000000

0. 000000

0. 001277

0. 001446

0. 000301

0. 000051

0. 000021

0. 000269

0. 000000

0. 000027

0. 000006

0. 000012

0. 000080

0. 000050

0. 003907

Gene functions
el ectron
transport;
nmet abol i sm

lipid

cyt oskel et on
organi zati on and
bi ogenesi s

protein folding
intracel | ul ar
protein transport

cell motility
protein
phosphoryl ation
endosone
transport

regul ati on of
transcription

cell adhesion

skel et al
devel opnent ;
cell-cel
signaling

nucleic acid
bi ndi ng
endonucl ease
activity

skel eta

devel opnent ;
protein
phosphoryl ation

proteol ysis and
peptidol ysis

cel |l adhesion
cell-matrix
adhesi on

cal modul i n
bi ndi ng

vitamn A
met abol i sm
transport

grow h regul atory
protein; tunor
suppr essor

cel
cel

adhesi on
nmgration

si gnal
transduction
cel
proliferation
regul ation



Molecular Vision 2006; 12:1-14 <http://www.molvis.org/molvis/v12/al/>

©2006 Molecular Vision

TABLE 4, CONTINUED.

Probe 1D Cene title
38138_at * S100 cal ci um bi ndi ng
protein All

(cal gi zzarin)

34642_at * tyrosine
3- nbnooxygenase
activation protein

266_s_at CD24 antigen (snal
cell lung carcinona
cluster 4 antigen)

40227_at * di scoi din, CUB and
LCCL donmi n cont ai ni ng
2

1456_s_at interferon,
y-i nduci bl e
protein 16

32533_s_at* vesi cl e-associ at ed
menbrane protein 5

(nyobr evi n)
40500_at NDRG family nenber 4
1991 s_at* m t ogen-acti vat ed
protein

ki nase-acti vat ed
protein kinase 3

35726_at* S100 cal ci um bi ndi ng
protein A2
36262_at * gl ucosam ne

(N-acetyl)-6-sul fatase
(Sanfilippo disease

111D
33863_at * hypoxi a upregul ated 1
672_at* serine (or cysteine)

protei nase inhibitor

35769_at * G protein-coupl ed
receptor 56

37628_at * nonoani ne oxi dase B

37319_at* insulin-like growth
factor binding protein
3

34886_at * radi xi n

38500_at * CdA - 109 protein

33339 _g_at signal transducer and

activator of
transcription 1
91 kDa

S100A11

CD24

DCBLD2

I FI 16

VAMPS

NDRGA

VAPKAPK3

S100A2

HYQU1

SERPI NE1

MAOB

| GFBP3

RDX

Ca -109

STAT1

ahRPE

3690.

2301.

129.

1007.

118.

577.

290.

1195.

1584

1089.

4796.

2268

1484.

289

1438

402.

611.

111.

0

3

ARPE19

544.5

32.0

260.5

31.1

155.0

78.8

329.0

437.1

303.0

1336. 2

676. 6

445. 4

87.3

437.2

123.6

190. 3

35.0

ARPE19/
ahRPE

0. 000001

0. 000003

0. 005621

0. 000037

0. 000007

0. 000002

0. 000398

0. 000009

0. 000071

0. 000969

0. 000001

0. 000211

0. 000580

0. 000175

0. 008582

0. 000024

0. 000012

0. 000024

negative
regul ation of
cel
proliferation

protei n domain
speci fic binding

i mune response

cel |l adhesion
wound heal i ng

i mmune response
cel
proliferation

nmyogenesi s
vesi cl e- nedi at ed
transport

response to
stress; cel
differentiation

protein
phosphoryl ati on
response to
stress

cal ciumion
bi ndi ng

gl ycosam nogl ycan
cat abol i sm
met abol i sm

protein folding
response to
stress

bl ood coagul ati on

neur opepti de
signal i ng pat hway;
met abol i sm

el ectron
transport

cell growh and
apopt osi s
regul ation

cyt oskel et al
anchori ng

intracel lul ar
protein transport

regul ati on of
cell cycle
caspase
activation
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TABLE 4, CONTINUED.

ARPE19/
Probe 1D Gene title Synbol ahRPE ARPE19 ahRPE p val ue Gene functions
39373_at * fatty acid desaturase FADS1 478.7 150. 3 3.2 0. 001098 fatty acid
1 bi osynt hesi s;
cell-cel
si gnal i ng
37391_at* cathepsin L CTSL 3573.0 1126.1 3.2 0. 000572 proteol ysis and
peptidolysis
1034_at* tissue inhibitor of TI MP3 1293.7 412.0 3.1 0. 000456  visua
nmet al | oprot ei nase 3 perception
i nduction of
apopt osi s
37405_at * sel eni um bi ndi ng SELENBP1 995.0 317.0 3.1 0. 000836 sel eni um bi ndi ng
protein 1
160020_at * mat rix MVP14 2332.0 748.7 3.1 0. 000168 proteol ysis and
net al | opr ot ei nase 14 peptidolysis
(menbr ane-inserted)
35992 _at* nmuscul in (activated MSC 576.5 186.0 3.1 0. 000157 regul ation of
B-cell factor-1) transcription
31783_at* renin binding protein RENBP 321.7 103.8 3.1 0. 000111 mannose
met abol i sm
40848_g_at flavoprotein M CAL2 263.6 85.4 3.1 0. 000186 el ectron
oxi doreduct ase M CAL2 transport;
net abol i sm
33989 f_at* testis enhanced gene TEGT 3358.8 1092. 8 3.1 0. 000171 negative
transcript (BAX regul ation of
inhibitor 1) apopt osi s
40913_at * ATPase, Ca++ ATP2B4 734.8 239.6 3.1 0. 000002 cal ciumion
transporting, plasna transport;
menbrane 4 met abol i sm
38837_at hypot hetical protein DJ971N18. 2 174.9 57.2 3.1 0. 000004 el ectron
DJ971N18. 2 transport
33372_at* RAB31, nenber RAS RAB31 830.0 271.3 3.1 0. 000467 smal | GrIPase
oncogene fam |y nedi at ed signa
transduction
2092_s_at secreted SPP1 93.7 30.7 3.1 0. 000096 anti - apoptosis
phosphoprotein 1 cell-matrix
adhesi on
41739 _s_at cal desrmon 1 CALD1 224.9 73.8 3.0 0. 000160 nuscl e
contraction
nuscl e
devel opnent
40433_at * gl ucosani ne GNS 575.3 191.0 3.0 0.000111 gl ycosani nogl ycan

(N-acetyl)-6-sul fatase
(Sanfilippo disease
111D)

cat abol i sm
nmet abol i sm

Data were generated from Affymetrix U95Av2 DNA microarray analysis of four ahRPE and five ARPE19 samples. Numbers shon in ahRP
and ARPE19 columns are the mean values of DNA microarray chip densitometry scan signals. Numbers shown in ahRPE/ARPE19 column
are fold-changes comparing ahRPE gene expression level with ARPE19. Numbers in p value column are from student t-tesdi¢estsisk

genes within 2,500 most abundant gene list (data not shown).
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TaBLE 5. GENES WITHIN ARPE19 UPREGUL ATED GENES >THREE FOLD COMPARED TO ADULT HUMAN RPE (AHRPE)

Cene title

N-nyri stoyl transferase 2

ectonucl eoti de
pyr ophosphat ase/ phosphodi est er ase
2

interleukin 18

(interferon-y-inducing
factor)

V-erb-a erythroblastic | euken a

viral oncogene honol og 4
I G- 11 nRNA-bi nding protein 3
gl ypican 3

ferredoxin reductase

V-jun sarconma virus 17 oncogene
horol og (avi an)

bronodomai n adj acent to zinc
finger dommin, 2A

ki nesin fam |y nenber 5C

regul ator of G protein signalling
20

damage- speci fi ¢ DNA bi ndi ng
protein 2, 48 kDa

protein kinase C, f 1

phosphori bosyl pyrophosphat e
synt het ase-associ ated protein 1

protein kinase C, «

chronmpbsone 6 open reading frame
111

cyst at hi oni ne-

ENPP2

1L18

ERBB4

FDXR

JUN

BAZ2A

KI F5C

RGS20

DDB2

PRKCB1

PRPSAP1

PRKCA

Céorf 111

CBS

1604.

710.

249.

440.

695.

1152.

345.

538.

407.

468.

796.

514.

824.

430.

94.

222.

2

10

ahRPE

319.5

157.9

57.6

108. 1

173.8

289.2

88.3

142.3

108.0

126.9

217.7

141.0

230.3

122.2

27.0

64.3

ARPE19/
ahRPE

0. 000001

0. 000004

0. 000572

0. 000001

0. 000273

0. 001307

0. 000003

0. 001689

0. 001987

0. 000937

0. 000192

0. 000000

0.001343

0. 000000

0. 000008

0. 000054

0. 000249

N-termi nal protein
nyristoyl ation;
protein-1ipoylation

phosphat e
met abol i sm cel |
motility

angi ogenesi s;

i mmune response;
apoptosi s; cell
adhesi on

protein
phosphoryl ati on;
cell proliferation

RNA processi ng;
protein

bi osynt hesi s;
nor phogenesi s

nmor phogenesi s

el ectron transport;
steroid
bi osynt hesi s

regul ation of
transcription,
DNA- dependent

chromatin
renodel i ng;
regul ation of
transcription

m cr ot ubul e- based
novenent

signal transduction

nucl eoti de-exci si on
repair

protein
phosphoryl ati on;
intracel |l ul ar

si gnal i ng cascade

nucl eosi de
met abol i sm
nucl eoti de
bi osynt hesi s

protein
phosphoryl ati on;
i nduction of
apopt osi s

unknown
am no acid

bi osynt hesi s;
met abol i sm
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TABLE 5, CONTINUED.

Cene title
discs, large honolog 1
(Drosophi | a)

het er ogeneous nucl ear
ri bonucl eoprotein A3

cyclin H

HERV-H LTR-associating 1

actin, snoot h nuscl e,

aorta

a 2,

growt h arrest and
DNA- danage- i nduci bl e, «

Kl AA0179

Purkinje cell protein 4

cytochronme b-245, o pol ypeptide

DNA segnent on chronpsone X and Y

angionotin |ike 2

het er ogeneous nucl ear
ri bonucl eoprotein Al

reelin

cordon-bl eu honol og (nouse)

transformng growth factor,
receptor 111

ataxin 2-1ike
Full length insert cDNA YH77E09

actin binding LIMprotein 1

am nopepti dase puromycin
sensitive

gol gi n-67

HNRPA3

CCNH

HHLAL

ACTA2

GADD45A

KI AA0179

PCP4

CYBA

DXYS155E

AMOTL2

HNRPAL

COoBL

TGFBR3

ATXN2L

ABLI ML

NPEPPS

GOLG N-67

ARPE19

194.

1135

1139

1572

725.

519.

1231.

2015

480.

830.

1233

353.

214.

281.

920.

263.

537.

996.

343.

11

ahRPE

56. 4

333.4

335.0

466. 2

215.7

155.7

372.1

612.7

146.6

255.2

381.2

109. 4

66. 5

87.5

288.4

84.0

173.3

323.1

112.1

ARPE19/
ahRPE

0. 004625

0. 010911

0. 000227

0. 000619

0. 000000

0. 000204

0. 000021

0. 003288

0. 000000

0. 001093

0. 000036

0. 000020

0. 000597

0. 000007

0. 001633

0. 000103

0. 000034

0. 000096

0. 000000

0. 000006

guanyl at e ki nase
activity

cyt oskel eta
protein binding

RNA bi ndi ng
ri bonucl eoprotein
conpl ex

regul ation protein
ki nase activity;
cell cycle

human endogenous
retrovirus

muscl e devel oprent

regul ation of
protein kinase
activity
apopt osi s

r RNA processi ng
super oxi de
net abol i sm

central nervous
system devel opnent

el ectron transport;
super oxi de
met abol i sm

regul ati on of
transcription,

si gnal transduction
regul ation of

vi sceral endoderm
novenent

mRNA processi ng
transport

cel |l adhesion;
devel opnent

unknown

signal transduction
si gnal i ng pat hway

unknown

unknown

cyt oskel et on
organi zation and

bi ogenesi s

proteol ysis and
pepti dol ysis

Gol gi appar at us
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TABLE 5, CONTINUED.

ARPE19/
Gene title Synbol ARPE19 ahRPE ahRPE p val ue CGene functions
anyl oi d beta precursor protein APPBP2 252.7 82.8 3.1 0. 000021 intracel lul ar
bi ndi ng protein 2 protein transport
serine/threoni ne kinase 6 STK6 252.1 82.8 3.0 0. 000732 protein

phosphoryl ati on;
cell cycle; mtosis

Data were generated from Affymetrix U95Av2 DNA microarray analysis of four ahRPE and five ARPE19 samples. Numbers shon in ahRP
and ARPE19 columns are the mean values of DNA microarray chip densitometry scan signals. Numbers shown in ahRPE/ARPE19 column
are fold-changes comparing ahRPE gene expression level with ARPE19. Numbers in p value column are from student t-tesdicettsisk

genes within 2,500 most abundant gene list.

discernible overlap on the hierarchical clustering analysisRPE functions are preserved in ARPE19 cell line.
Simultaneously, there is remarkable consistency in the gene It is known that the gene expression profile of cells can
expression profile within the ARPE19 subgroup and ahRPIBe altered by changes in the surrounding environment, includ-
subgroup, respectively, in the distribution and number of genésg changes in the culture medium [15], passage number [43],
expressed. A larger number of genes appear expressedand contact with retinal outer segment [44]. Previous workers
ARPE19 than in ahRPE even though this difference was ndtave demonstrated that results obtained can also depend upon
statistically significant. There are 35 genes detectable in ahRREe platform used to study the gene expression profile [45]. In
but are missing in ARPE19. A careful consideration of theséhe current study, we use culture conditions that are similar to
genes suggests that many of these genes play an importémse commonly employed to culture RPE, although some
role in the structure and function of the RPE (Table 2). Focaution should be exercised in generalizing these results to
instances, tenascin, which is expressed in ahRPE but not ather culture conditions or to the expression profile of RPE in
ARPE19, has shown to be involved in RPE cell migratiorvivo.
[29,30]. Basic fibroblast growth factor (bFGF) was removed from
Selenoprotein P, an antioxidant protein that protects eyeghe medium by washing 24 h before collecting cultured adult
of experimental animals from oxidative damage, may be imRPE in the experiment. We cannot exclude the possibility that
portant to the development and pathogenesis of age-relateBEGF may have residual effects on the primary RPE culture,
macular degeneration [31]. Mitogen-activated protein kinasbut most published data studying primary RPE use bFGF as a
4 is involved in the stress-activated kinase signaling pathwagupplement.
that leads to RPE cell death [32]. Guanine nucleotide binding There are remarkable similarities but significant differ-
protein (G-protein), retinoic acid receptor responder, anénces in the gene expression profile of cultured adult and im-
dipeptidylpeptidase 4 are also expressed solely in ahRPE, ambrtalized ARPE cells, and it is important to note that some
the biological effect of the absence of these major regulatospecific genes are only expressed in one of these two groups.
of cell proliferation and differentiation in ARPE19 is not known These studies suggest caution should be exercised when gen-
[33-35]. eralizing results obtained from ARPE19 to results that would
Additional differences in gene expression between theskee obtained with adult RPE.
two cell types arise when we compare the absolute expression
levels within ARPE19 and ahRPE. Several cell differentia- ACKNOWLEDGEMENTS
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