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Purpose: Prolonged use of glucocorticoids can lead to the formation of a cataract, however the mechanism is not known.
We recently reported the presence of the functional glucocorticoid receptor in immortalized cultured mammalian lens
epithelial cells (LECs), but the biological effect is not known. This study seeks to determine if freshly isolated human
LECs respond to glucocorticoid treatment and to examine glucocorticoid induced changes in global gene expression in
LECs.

M ethods: Capsulorhexis specimens obtained in surgery from eyes with cataract were cultured. Primary lens cultures were
transfected, in triplicate, with pGRE.Luc, which drives the expression of firefly luciferase, and treated with dexametha-
sone (Dex) or vehicle (Veh). RNAisolated from HLE B-3 cells, treated with Dex or Veh for 4 or 16 h in triplicate, was used

to analyze global changes in gene expression by microarray hybridization. Data and cluster analyses were performed
using Microarray Suite 5.0, GeneSpring 6.1, EASE, NetAffx, and SAM. Real Time PCR was used to confirm microarray
data in RNA isolated from HLE B-3 cells in triplicate and a primary culture of human lens epithelial cells.

Results: Transfected primary cultures of human LECs treated with Dex demonstrated a glucocorticoid response with a
greater than 4 fold increase in firefly luciferase activity over controls. Microarray data revealed that 136 genes were
modulated with 4 h treatment with Dex. Of the 136 genes, 93 transcripts were upregulated and 43 were downregulated by
greater than 1.5 fold. Eighty-six genes were modulated with 16 h Dex treatment. Of the 86 genes, 30 transcripts were
upregulated and 56 were downregulated by greater than 1.5 fold. Microarray results were verified by Real Time PCR in
both the HLE B-3 and primary cultures of lens epithelial cell.

Conclusions: The activation of a GRE reporter gene in primary cultures of human LECs demonstrates that the glucocor-
ticoid receptor is functional in non-immortalized human lens cells. Microarray studies at 2 time periods demonstrate that
glucocorticoids modulate gene expression in immortalized human LECs, reveal novel changes in gene expression, and
confirm an endogenous genomic lens glucocorticoid response. This study demonstrates that primary cultures of lens
epithelial cells and microarray technology can be used to determine pathways involved in a lens glucocorticoid response
and lead to a better understanding of the formation of a steroid induced cataract.

Administration of glucocorticoids is an important thera- plex dimerizes, translocates to the nucleus, and binds to a cis
peutic treatment for diseases such as rheumatoid arthritiacting element, the glucocorticoid response element (GRE),
asthma, and various ocular diseases. It has been well estéb-modulate the expression of target genes.
lished that a complication and side effect of prolonged corti-  Alternatively, GCs have been proposed to act on the lens
costeroid therapy is the formation of posterior subcapsuldndirectly through mechanisms involving oxidative stress and
cataract with the finding of nucleated epithelial cells in thedepletion of glutathione [11-15]. Another hypothesis involves
posterior region of the lens [1-6]. The mechanism of catarae nonspecific action of GC through the covalent addition of
formation or of glucocorticoid action in the lens is not known.steroids to lens proteins which results in destabilization of pro-

Glucocorticoids (GC) are steroid hormones that play dein confirmation, oxidation, and cross linking of protein thiol
role in numerous physiological processes, such as regulatigmoups [16,17]. This model may be related to studies demon-
of glucose, protein, and fat metabolism, and anti-inflammastrating that the synthetic steroid dexamethasone baund
tory and immunosuppressive actions [7,8]. GCs exert therystalline nonspecifically in the bovine lens [18]. A mem-
effects by a variety of different mechanisms. Classically, thepprane steroid binding protein was also recently identified in
exert their effects by binding to a specific intracellular recepbovine lens epithelial cells [19]. Although this receptor is able
tor, the glucocorticoid receptor (GR), which acts as a ligantb bind GC, its mMRNA and protein sequence differ from the
dependant transcription factor [9,10]. The ligand-receptor conelassical intracellular GR and a membrane steroid binding

protein must act by non-genomic actions.
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nohistochemical and in situ hybridization studies demonstratethese novel findings conclusively identify specific glucocor-
that the rat and human lens contained the GR [22,23]. Intraticoid targets, which provide the basis for further experimen-
ellular GRs are ubiquitously expressed [24,25], however, ddation into the action of glucocorticoids in lens epithelial cells.
spite past evidence, the presence of the GR in the mammali@he broad and large number of functional categories may be
lens epithelium was questioned [26]. We reported the unquegelated to and provide an explanation for the historical diffi-
tionable presence of GR mRNA and protein by PCR and westulty in understanding a lens glucocorticoid response.

ern blotting in immortalized and freshly isolated human and

mouse lens epithelial cells [27]. Furthermore, we reported that METHODS

the GR identified in the immortalized human (HLE B-3) andTissue, cell culture, and treatment: Freshly isolated human
mouse ¢«TN4) lens epithelial cell cultures was able to acti-lens epithelial cells were obtained from capsulorhexis speci-
vate transcription from a reporter vector containing a GREnens obtained from surgery or from eye bank donor eyes.
element demonstrating a classical functional GR. The expre&apsulorhexis specimens were placed into culture dishes. The
sion of the GR mRNA and protein in HLE B-3 cells is similar epithelial layer (from donor lenses) was carefully separated
to that identified in freshly isolated human lens epithelial cellrom the fiber cells using a dissecting microscope and cul-
[27] suggesting the same GC induced GRE directed transcriputred in a dish. Cultured lens epithelial cells were maintained
tion would occur in a primary culture of human lens epitheliain phenol red free DMEM with 20% serum and passaged 1
cells. However, immortalized cells differ from primary cul- time before treatment. Medium was replaced with medium
tures. Proteome analysis and other studies revealed differena@mtaining a reduced amount of charcoal stripped serum 16 h
in protein expression between the HLE B-3 cell line and freshlpefore treatment. All procedures complied with the Declara-
isolated human lenses [28,29]. Immortalized cell lines are uséon of Helsinki.

ful models to study, however, results need to be confirmed in  HLE B-3 cells (a gift from Dr. Usha Andley) were main-
primary cultures. It has yet to be determined if the GR identitained in phenol red free MEM with 20% serum. Medium was
fied in primary cultures of human lens epithelial cells (nLEC)replaced with medium containing a reduced amount of char-
is transcriptionally active. coal stripped serum 16 h before treatment.

The identification of the functional GR capable of induc- Dexamethasone was purchased from Sigma (St. Louis,
ing gene expression in immortalized human lens epithelial cellglO), dissolved in absolute ethanol and diluted in media ac-
suggests that glucocorticoids are able to modulate the expreording to manufacturer’s protocols. Absolute ethanol served
sion of target genes. Previous studies have failed to identifgs a vehicle control. The final concentration of absolute etha-
glucocorticoid target genes in lens epithelial cells [30]. Studnol in the samples never exceeded 0.1%.
ies have shown changes in protein expression without dem- Transfections: Plasmid pGRE.Luc (Clonetech, Palo Alto,
onstrating changes in gene expression [31]. Our own studi€3A) contains three copies of the GRE enhancer element fused
examining well known GC targets, such@Bd andaB-crys-  to the TATA-like promoter region from the HSV-TK promoter
tallin, have been inconclusive (unpublished studies). GCs hawnd drives the expression of the firefly luciferase reporter gene.
a wide array of effects and play a role in a variety of cell funcPlasmid pRL-SV40 (Promega, Madison, WI) contains the
tions that are cell type specific. The regulation of a well knowrEV40 early enhancer-promoter region driving expression of
target gene by GC in one cell type does not guarantee thatlite Renilla luciferase reporter gene and serves to normalize
will be modulated in another cell type by GC treatment [32]transfection efficiencies. HLE B-3 cells were seeded (in trip-
It may be difficult to identify specific GC targets by looking licate) in a 24 well plate 24 h before transfection. Primary
at genes individually. cultures of lens epithelial cells, from capsulorhexis specimens,

Oligonucleotide microarrays have served as useful tooleere seeded in triplicate in 96 well plates. Cells were co-trans-
to monitor global gene expression changes in lens epithelifécted with pRL-SV40 and pGRE.Luc using Lipofectamine
cells [33,34]. In the present report, we have utilized oligo2000 (Invitrogen, Carlsbad, CA) as previously reported. Trans-
nucleotide microarrays to compare the global gene expregection medium was changed after 5 h, and 16 h later cells
sion profiles between HLE B-3 cells treated with dexamethawere treated with 1M Dex or Veh for 24 h. The Dual Lu-
sone (Dex), a synthetic glucocorticoid, or vehicle (Veh) at twaiferase Reporter Assay System (Promega, Madison, WI) was
different time periods that demonstrate early lens GC responsesed according to manufacturer’s instructions to assay cell ex-
and identify possible mechanisms of GC action in lens celldracts. Luciferase activity was measured on a luminometer
Real time PCR verified the microarray results. Functional clusPackard LumiCount, Packard Instrument Company, Downers
tering of the modulated genes revealed that GCs play a role @rove, IL).
multiple biological processes and molecular pathways. Fur-  Microarray RNA preparation, hybridization, and analy-
thermore, in this study, we demonstrated that primary culturess: HLE B-3 cells (tenth passage) were seeded (in triplicate)
of human lens epithelial cells contain a transcriptionally acin full serum medium and 24 h later cells were washed and
tive GR and verified that gene changes identified by microarrajnedium was changed to 2% charcoal-stripped serum medium
occurred in primary lens cells as well. These data demonstraa@d cells were incubated for 16 h before treatment. Cells were
changes in expression of specific gene targets due to GC treteated with 1uM Dex or Veh for 4 or 16 h in triplicate. All
ment, identify a GC response in lens epithelial cells and fasamples for a single time point were processed and analyzed
the first time identify a response in primary cultures of hLECsat the same time.

1019



Molecular Vision 2005; 11:1018-40 <http://www.molvis.org/molvis/v11/a122/> ©2005 Molecular Vision

RNA extraction was performed with RNAzol (Tel-Test, cRNA synthesis was carried out through an in vitro tran-
Friendswood, TX). RNAzol (1.6 ml) was added to each flaskscription reaction using the ENZO Bioarray HighYield RNA
for 3 min before the homogenate was vigorously pipetted antranscript Labeling Kit (Affymetrix, Santa Clara, CA) accord-
transferred to 2 ml tubes on ice. Chloroform (18pwas ing to manufacturer’s protocols. cDNA was added to a mix-
added, shaken vigorously, and incubated on ice for 7 mirure containing 1X HY reaction buffer, 1X biotin labeled ri-
Samples were centrifuged at 12,000x g ari€@4or 15 min  bonucleotides, 1X DTT, 1X RNase Inhibitor mix, 1X T7 RNA
and the aqueous layer was transferred to a clean tube. IsopRBslymerase, DEPC treated water and incubated &€ 3a@r
panol (70ul) was added to each tube and was mixed gently by-5 h with gentle mixing by pipetting every 45 min. Each re-
inversion before storage at -8C overnight. The following action was divided in half and half was stored away atc30
day the sample was centrifuged at 12,000x g for 15 min at Bhe other half was purified with the Qiagen RNeasy Mini Kit
°C. The supernatant was removed and the pellet was wash@giagen, Valencia, CA).
with 80% ethanol (2 times) and the pellet was air dried and  RLT buffer (without3-mercaptoethanol) was added to the
resuspended in 30 RNAse free water (Ambion, Austin, TX). sample and mixed. Absolute ethanol was added and the mix-
Each sample was analyzed by spectrophotometry and agardses was placed into a RNeasy mini spin column and centri-
gel electrophoresis before RNA purification and clean up. fuged at 8000x g for 15 s. The flow through was reapplied to

RNA was purified using the RNeasy kit (Qiagen, Valenciathe column and centrifuged at 8000x g for 15 s. The column
CA) according to manufacturer’s protocols. Concentration waw/as transferred to a fresh collection tube and buffer RPE was
determined spectrophotometrically and examined for qualitadded before centrifugation was repeated. Filtrate was dis-
on 1% agarose gels. 260/280 ratios were greater than 1.8. carded and the RPE wash step was repeated. The column was

Double-stranded cDNA was synthesized from total RNAplaced into a new collection tube and centrifuged for 2 min at
using the Superscript Double Stranded cDNA Synthesis Kitnaximum speed. The column was placed into a fresh collec-
(Invitrogen, Carlsbad, CA). First strand synthesis was carrietion tube and RNAse free water was added directly to the col-
out with 5ug total RNA, 100 pM T7-(dT) primer and DEPC  umn membrane and incubated at room temperature for 1 min.
treated water. The sequence of the HPLC purified T7;(dT) cRNA was extracted by centrifugation at 8000x g for 1 min at
primer was 5-GGC CAG TGAATT GTAATACGACTCACT room temperature.

ATA GGG AGG CGG TTTTTT TTT TTT TTT TTTTTT To concentrate the cRNA, 0.5 volumes of 7.5 M W&l
TTT-3' (Integrated DNA Technologies, INC, Coralville, IA). and 2.5 volumes of cold absolute ethanol were added to the
The RNA primer mixture was incubated at’@for 10 min.  sample, mixed and stored at -0 overnight. The mixture

First strand buffer and 10 mM DTT and 50@ of each dNTP  was centrifuged at 12,000x g for 20 min &4C5and the super-

was added to the mixture and incubated at@2or 2 min.  natant was discarded. The pellet was washed with 80% etha-
Finally, 200 Units of SuperScript Il Reverse Transcriptase wagol and centrifuged at 12,000x g for 5 min &C5 The wash
added and the RT reaction was carried out aC4fdr 1 h. was repeated and the pellet was dried in a Speedvac and re-

Second strand cDNA synthesis was carried out by addinguspended in RNAse free water. cRNA concentration was de-
second strand buffer, 2Q0V each dNTP, 10 Units DNA li- termined by spectrophotometry and was analyzed by electro-
gase, 40 Units DNA polymerase I, 2 Units RNase H and watgrhoresis on a 1% agarose-formaldehyde-borate gel.
to the first strand synthesis reaction. The mixture was incu- cRNA (15ug) was fragmented and added to a hybridiza-
bated at 16C for 2 h. 10 Units T4 DNA polymerase was tion mixture at the Center for Applied Genomics (The Public
added to the reaction and incubated &C6or 5 min. EDTA  Health Research Institute, Newark, NJ.). Expression profiles
(10 ul of 0.5 M) was used to stop the reaction. were created using the HG-U133A GeneChip (Affymetrix,

Toclean up the double stranded cDNA, 1.5 ml Phase LocBanta Clara, CA), which contains 22,283 known human tran-
Gel light tube (Eppendorf, Westbury, NY) was centrifuged forscripts and ESTs coding for about 15,000 known genes. These
30 s at 12,000x g to pellet the gel. Phenol:chloroform:isoamyttanscripts are designed using 11-20 probe pairs consisting of
alcohol (25:24:1, saturated with Tris-HCL, pH 8.0, 1 mM25-mer oligonucleotides. Hybridization was done overnight
EDTA) was added to the double stranded cDNA synthesiat 45°C for 16 h using the GeneChip Hybridization Oven 640
preparation and vortexed. The cDNA-phenol mixture wagAffymetrix, Santa Clara, CA). Washing and staining
transferred to the Phase Lock Gel tube and centrifuged &btreptavidin Phycoerythrin) was accomplished with the
12,000x g at room temperature for 2 min. The aqueous lay&eneChip Fluidics Station 400 (Affymetrix, Santa Clara, CA)
was transferred to a fresh tube. pdd (0.5 volumes of 7.5 using the EUKGE-WS2v4 protocol. Images were acquired us-
M) and 2.5 volumes of cold absolute ethanol were added tag the Affymetrix GeneArray scanner. Data was extracted
the sample, vortexed, and stored at>Q@vernight. The next using Affymetrix Microarray Suite 5.0.
day, the mixture was centrifuged at 12,000x g for 20 min at 5 Data analysis was performed using several different soft-
°C and the supernatant was discarded. The pellet was washedre packages including Microarray Suite 5.0 (Affymetrix,
with 80% ethanol and centrifuged at 12,000x g for 5 min at Santa Clara, CA) and GeneSpring 6.2 (Silicon Genetics, Red-
°C. The wash was repeated and the pellet was dried and resusod City, CA). Numeric data were extracted from DAT im-
pended in RNase free water and analyzed on a 1% agarasges and normalized using Microarray Suite. The method of
gel. normalization used was a scaling algorithm which involves
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multiplying the mean intensity of each chip (not including thewith 5 mM MgCl, 1X PCR buffer, 4 mM each dNTP, RNase
upper and bottom 2%) by a factor which changes the mednhibitor, Oligo dT, and MuLv reverse transcriptase. The re-
intensity to 500 for every chip. By scaling each chip, a direcaction was incubated at 42 for 60 min, 95C for 5 min, and
comparison could be made between all the chips. The dateld at 4°C.
were entered into the GeneSpring for further analysis. Data For each sample, primers for actin were used to deter-
were filtered based on boibetection Call andSgnal Log  mine the quality of the RNA. The sequences of human spe-
Ratioin any of the comparisons between 4 h Dex, 4 h Veh, 16ific primers used in this study, along with their correspond-
h Dex, and 16 h Veh. Comparisons made between groups hisg) GenBank accession numbers and product sizes are shown
to be uniform within groups. In the case of the Affymetrixin Table 1. Primers were designed by using Primer3. The hu-
Detection Call algorithm, data that were declar@dsent in ~ man specific primers were designed to Period 1 (Perl), Delta
all samples compared were filtered out. Samples had to I&leep Inducing Peptide Like Immunoreactor (DSIP), Heat
declaredPresent in at kast two of three chips within a treat- Shock Protein 70 (HSP70), Protein Kinase c-AMP dependant
ment group to be kept within the set. An additional filter wasRegulatory type 1 Alpha (PRKAR1A), Coagulation Factor Il
made based on ttggnal Log Ratio which is the log base 2.0 (Thrombin) Receptor (F2R), Plasminogen Activator Inhibi-
of the fold change. Any comparisons which had a conditionabr-1 (PAI-1), Growth Arrest and DNA-damage-inducible pro-
group declaredPresent had to have at least one group with atein (GADDA45), Serum Glucocorticoid Regulated Kinase
Sgnal Log Ratio greater thar=-0.58 (a fold change greater (SGK), Pleckstrin Homology-Like Domain, Family A
than+-1.5). In addition, ANOVA (assuming unequal variances)(PHLDA), Immediate Early Response 3 (IER3), Nerve Growth
was run on the filtered list. The Benjamin-Hobbson false disFactor (NGF), Sodium Channel, Non-voltage-Gated 1 Alpha
covery rate was applied as a multiple correction factor. (SCNN1A), Cyclin D1/BCL-1 (CCND1), and Cholecystoki-
Filtered genes identified to be differentially expressed byin (CCK). The sequence of the primers for the Monocyte
1.5 fold or greater in two of three chips were analyzed foChemotactic Protein 1 (MCP-1) and Dual Specificity Phos-
functional gene clusters using the Expression Analysis Syghatase 1 (DUSP1) were previously published [39,40].
tematic Explorer (EASE) [35], NetAffx Analysis Center [36], PCR was performed using the LightCycler FastStart DNA
Significance Analysis of Microarrays (SAM) [37], and Master SYBR Green | kit (Roche Applied Science, Indianapo-
GeneSpring [38]. These programs are used to determine furlcs, IN), and the LightCycler 1.0 (Roche Applied Science, In-
tional clusters by statistical representation of individual genedianapolis, IN). SYBR green fluoresces upon binding to the
in specific categories relative to all genes in the same categonyinor groove of dsDNA. Monitoring the fluorescence of the
on the array. EASE provides statistical methods for discovereaction in real time allows the amplification to be halted when
ing enriched biological themes within gene lists and generathe sample is undergoing exponential growth making quanti-
ing gene annotation tables. The NetAffx Analysis Center alfication of small differences possible. The reaction was stopped
lows the correlation of the microarray results with the specificluring the log phase to allow for quantification of small dif-
array design and with annotation tools. The Gene Ontologferences.
(GO) Mining Tool, used in the EASE and NetAffx Analysis The quantification of material labeled with SYBR green
Center, matches GeneChip probe sets to annotated genes withizis analyzed by crossing point analysis, which represents the
the biological process, molecular function, or cellular compoeycle number at which the sample begins exponential growth
nents to allow for biological interpretation of microarray re-over the background noise. The data were presented in fluo-
sults. GeneSpring uses data found publicly in genomics dateescence versus cycle format in which all sample baselines
bases to build gene ontologies based on annotation informaere brought to a comparable level. The baselines were brought
tion. into a similar range by an arithmetic baseline adjustment in
Real time polymerase chain reaction (RT-PCR): Cap-  which the mean of the five lowest measured data points for
sules containing the epithelial layer from a single pair of 46each sample was subtracted from each data point. Next the
year-old donor lenses were dissected from the fiber cells arekponential curve was transformed into a linear curve and a
placed in DMEM containing 20% serum. HLE B-3 cells (tenthnoise band was set that excluded background noise levels and
passage) were seeded (in triplicate) in phenol red free MEMstablished the lower limit of analysis in the exponential phase
containing 20% serum. Sixteen h before treatment, mediufior all samples. The data were then presented in log-linear
was changed to phenol red free MEM with 2% charcoalormat. The number of Fit Points plotted on the exponential
stripped serum. Cultures were treated witkM Dex or Veh  portion of the curve were increased to establish the upper limit
for 4 h. of analysis and to include the maximum number of acquisi-
Total RNA was isolated using RNAzol (Tel-Test, tion events in the crossing point assessment. The relative fold
Friendswood, TX) according to manufacturer’s protocols. RNAdifference in exponential growth was defined @9 &here a
concentration was determined by spectrophotometry. Isolatexhd b represent the crossing points of the two samples being
RNA was then aliquoted and stored at 280 compared. Results were normalized to actin. Specificity of
RNA was reverse transcribed using Applied Biosystem$&CR products was determined by melting curve analysis and
reagents on a thermocycler (GeneAmp PCR system 9700; RiSualization on 1 or 2% agarose gels stained with ethidium
Applied Biosystems, Foster City, CA) according to thebromide.
manufacturer’s protocols. Briefly, g total RNA was mixed
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RESULTS from tenth passage HLE B-3 cells treated with eithgivilL

In order to identify if primary cultures of human lens Dex or Veh for 4 or 16 h (in triplicate). The complete data
epithelial cells respond to GC treatment, primary cultures wergrofiles have been deposited in NCBIs Gene Expression Om-
created from explants of capsulorhexis specimens from sumnibus (GEQO; accession humber GSE3040).
gery. Epithelial cells grew off the capsule and onto the plate The scaled data generated from Microarray Suite were
(Figure 1). Growing explant cultures were then transfecte@mported into GeneSpring for fold change analysis, filtering,
with pGRE.Luc. Transfected cells were treated wiiiMiDex  and cluster analysis. To identify highly reproducible changes,
or Veh for 24 h. Epithelial cell explants from four pairs of data were filtered based on select criteria. To be kept within
donor lenses were examined, in duplicate or triplicate, andhe set, transcripts had to be modulated by at least 1.5 fold in
despite a large sample variation, each sample displayed greaatteast two of three chips within a treatment group. All of the
than 4 fold increase in luciferase activity in Dex treated samplagenes listed in Table 2 passed the filtering criteria in
(Figure 2). GeneSpring. However, GeneSpring and Microarray Suite use

Glucocorticoid induced changes in gene expression hawdifferent algorithms for generating fold change. To determine
been reported to occur as early as 15-30 min after hormoniee standard error and p values by ANOVA, the data filtered
administration [41]. In order to identify an early time point toby GeneSpring was analyzed in Microarray Suite. Due to the
identify a primary response through GRE mediated genes, HLdifference in algorithms, several of the genes that met the 1.5
B-3 cells were transfected with pGRE.Luc and treated with fold criteria in GeneSpring did not meet the same criteria when
uM Dex or Veh over a time course of 24 h. A significant in-analyzed in Microarray Suite 5.0 (Table 2). However, genes
crease in luciferase activity compared to vehicle was identihat fell below the 1.5 fold cutoff or had a p value of greater
fied between 2-4 h and this was sustained over a 24 h perititan or equal to 0.05 were kept within the set in order to maxi-
(Figure 3). Although GC mediated changes in gene expresnize the number of genes. Lens glucocorticoid responses have
sion may be occurring before 4 h, a 4 h treatment time peridgeen difficult to elucidate. Since the genes met the criteria in
was chosen to examine by microarray. A later time of 16 BeneSpring, they were left within the set in order to avoid the
was also examined by microarray to identify genes that magossibility of excluding potential GC lens targets. The genes
be downstream of the 4 h response to lead to a better undareluded by Genespring are useful as the purpose was to find
standing of pathways involved in the GC response. a list of potentially interesting genes that will be confirmed by

Microarray analysis was performed on total RNA extractgeal-time PCR.

TABLE 1. SEQUENCES OF PRIMERS FOR RT-PCR

Pr oduct
Accessi on si ze
Pri mer nunber Sequence (bp)
Period 1 NM_ 002616 F: CTTTACCCAGGAGAAGTCCG 592
R CTGGATATCAGTGTCCAGCG
Delta Sl eep Inducing Peptide AL110191 F: TCTCCTCTGITTCGIGAAGG 358
R GACAAACTGGGTCAACTTGG
Heat Shock Protein 70 L12723 F:  AAACTGAAGGAGACAGCCG 560
R CACATCTCCAGAAATTTGCC
Protein Kinase c- AWP dependant Regul atory type NM_ 002734 F: GAGAACCATGGAGICTGGC 284
1 Al pha R CTTTAACCACTGGGTTGEG
Coagul ation Factor |l Receptor NM_ 001992 F: TGCAGTGCAGTATAGAATAGGC 454
R GCAGCTCTCAGGAATAGCC
Pl asm nogen Activator Inhibitor-1 NM_000602 F: AGTGAAGATCGAGGTGAACG 360
R GACCTAAAGGTCCTCCAAGG
Growth Arrest and DNA- danage-i nduci ble protein NM_ 001924 F: CTTATTTGITTTTGACGGG 207
R GITTGAACTCACTCAGCCCC
Serum d ucocorticoid Regul ated Ki nase NM_005627 F: GCCTTATGACAGGACTGIGG 229
R CTCCATGAAGTCATCCTTGG
Pl ecstrin Honol ogy-Li ke Domain Family A NM_007350 F: AAGGTTTTGAGGACTTGAGG 235
R TTCACCATACAAGACGATCC
I nmedi ate Early Response 3 NM_003897 F: CAAAAAGAATCCGAAAAACC 221
R ATTAACGACGCTCTCCTTCC
Nerve Growth Factor NM_ 002506 F:  ATTGTACCACGACTCACACC 175
R GCCCAGGAGAGTGTAGAAGG
Sodi um Channel Non Vol taged Gated 1 Al pha NM_001038 F: TTCCTGTTGAGAACCTTTACCC 112
R CGCGGATAGAAGATGTAGEC
Cyclin D1 M7 3554 F: AGCTGTAGTGEGGTTCTAGG 159
R CACGCTACGCTACTGTAACC
Chol ecyst oki ni n NM_ 000729 F: TGCCGAGGAGTATGAGTACC 239
R AACATTTTGICTTCCATTTGC

This table lists the accession number, sequence, and product size for the primers used in the RT-PCR reactions.
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Hierarchical clustering with the Pearson Correlation wasvere downregulated by greater than 1.5 fold. Of these, 38 genes
performed based on signal intensities generated fromvere upregulated and 1 was downregulated by greater than 3
Microarray Suite. A condition cluster and dendrogram werdold. Of the 86 genes from the 16 h data set, 30 transcripts
generated based on the gene list created after filtering. Theere upregulated and 56 were downregulated by greater than
condition tree clustered based on the overall expression of each
chip or treatment. Concurrently, a gene tree and dendrogram
were also generated on the gene list. The gene tree cluste
based on the expression of each gene across treatments. 8_
treatments clustered together and demonstrated that the trig
cates were reproducible (Figure 4). O -

A list of 136 genes passed the criteria for the 4 h data s O
and 86 genes for the 16 h data set (Table 2). Of the 136 ger & 6'
from the 4 h data set, 93 transcripts were upregulated and O _

i -
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O _
L 2-
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Figure 2. Transcriptionally active glucocorticoid receptor in primary
cultures. Primary lens epithelial cell cultures were co-transfected
with pGRE.Luc and pRL-SV40 and treated withNl dexametha-

sone or vehicle (Veh) for 24 h before luciferase activity was mea-
sured. Data are from four different primary cultures created from
capsulorhexis specimens treated in duplicate or triplicate. The error
bars represent the standard error of the mean (n=11). Values were
significantly different from Veh (two tail, two sample t-test assum-

culture dish capsule ing unequal variances; p<0.0002).
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. Figure 3. GRE activation in transfected HLE B-3 cells. Tenth pas-
' f . sage HLE B-3 cells were co-transfected with pGRE.Luc and pRL-
2 = SV40 to normalize transfection efficiencies. Transfected cells were
: cultured in the presence or absence of dexamethasone for times indi-
v -5 cated and luciferase activities were measured in each sample. Each
culture dish : ‘ - ’ time point was examined 2-5 times, each in triplicate, with similar
) results. Data are the mean of one experiment carried out in triplicate.
Figure 1. Primary human lens epithelial cell cultures. CapsulorhexiShe error bars represent the standard deviation (n=3). Values were
specimens from eyes <60 years old obtained from cataract surgesignificantly different (two tail, two sample t-test assuming unequal
were cultured in DMEM containing 20% serum. Cells grew off thevariances) from vehicle. The plus sign indicates p<0.02 and the as-
capsule and on to the culture dish. Pictures were taken by bright fietdrisk indicates p<0.00002 when compared to the vehicle control at
phase contrast microscopy with 100x magnification. the same time.
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TABLE 2. MICROARRAY RESULTS REVEAL MODULATION OF GENE EXPRESSION

1024

Probe I D Gene name Fol d change p val ue Descri ption
Genes upregul ated by 4 h Dex treatnent

202861_at PER1 6.01 = 1.72 0. 0256 period honolog 1 (Drosophila)

208763_s_at DSI PI 5.56 = 0.52 0. 000497 delta sl eep inducing peptide
i nmunor eact or

211015_s_at HSPA4 4.84 £ 2.79 0. 061 heat shock protein

206544 x_at SVARCA2 4.54 £ 1.3 0. 00279 SW/SNF rel ated, matrix associ at ed
actin dependent regul ator of
chromatin, subfamly a, nenber 2

200605_s_at PRKARLA 4,37 = 2.83 0. 0858 protein kinase, cAMP-dependent
regul atory, type I, alpha (tissue
speci fic extinguisher 1)

212681_at EPB41L3 4,28 = 2.11 0. 0437 erythrocyte nmenbrane protein band
4.1-like 3

208671_at TDELL 4,16 = 2.22 0. 0464 tunor differentially expressed 2

203989_x_at F2R 4 + 1.66 0. 00991 coagul ation factor Il (thronbin)
recept or

217894 _at NY- REN- 45 3.94 + 1.29 0.0162 NY- REN- 45 anti gen

218247_s_at LOC51320 3.89 = 1.48 0. 0303 hypot heti cal protein LOC51320

219166_at Cl4orf 104 3.81 = 1.49 0. 0595 chronosone 14 open reading frane 104

220924 _s_at SLC38A2 3.69 = 2.54 0. 064 solute carrier famly 38, nenber 2

201417_at SOx4 3.66 + 1.58 0. 0305 SRY box 4

204780_s_at TNFRSF6 3.61 = 1.13 0.018 tunor necrosis factor receptor
superfam |y, menber 6

202948_at I L1IR1 3.56 = 0.87 0. 00245 interleukin 1 receptor, type

213688_at CALML 3.54 + 0.63 0. 0129 cal nodulin 1 (phosphoryl ase ki nase
del t a)

209681_at SLC19A2 3.51 = 1.47 0. 0212 solute carrier famly 19 (thiam ne
transporter), nenber 2

212526_at TAHCCP1 3.46 = 1.14 0. 0234 spastic parapl egia 20, spartin (Troyer
syndr omne)

201924 _at M.LT2 3.42 = 1.71 0. 0651 myel oi d/ | ynphoi d or mi xed-1|ineage
| eukemi a (trithorax honol og
Drosophila); translocated to, 2

209422_at C20orf 104 3.4 +1.02 0. 00719 PHD finger protein 20

218640_s_at PLEKHF2 3.4 +1.28 0.0528 phafin 2

206710_s_at Kl AA0987 3.37 = 1.44 0. 0413 erythrocyte nmenbrane protein band
4.1-like 3

208920 _at SRI 3.37 £ 0.77 0.0121 sorcin

217870_s_at UMP- CVPK 3.35 £ 1.58 0. 0339 UWP- C\VP ki nase

202514 _at DLGL 3.33 +1.74 0.578 di scs, large honolog 1 (Drosophila)

201263_at TARS 3.22 = 1.22 0. 0222 t hreonyl -t RNA synt het ase

212610_at M3C14433 3.19 = 1.55 0. 0475 protein tyrosi ne phosphatase
nonreceptor type 11 (Noonan syndromne
1)

202611_s_at CRSP2 3.17 = 1.46 0. 0463 cofactor required for Spl
transcriptional activation, subunit 2,
150 kDa

213139_at SNAI 2 3.17 = 0.74 0. 00501 snai |l honol og 2 (Drosophila)

221841 s_at 3.17 = 0.49 0.00421 Honmo sapi ens c¢DNA FLJ38575 fis, clone
HCHON2007046

203934 _at KDR 3.16 = 0.38 0. 000296 ki nase insert donmin receptor (a type
I'l'l receptor tyrosine kinase)

202628_s_at SERPI NE1 3.15 = 0.33 0. 00204 serine (or cysteine) proteinase
inhibitor, clade E (nexin, plasm nogen
activator inhibitor type 1), nenber 1

212522_at PDESA 3.15 =+ 0.84 0. 0115 phosphodi est erase 8A

202156_s_at CUGBP2 3.12 = 1. 25 0. 0501 CUG triplet repeat, RNA binding
protein 2

201921 _at GNGL0 3.1 =+ 0.69 0.0104 guani ne nucl eotide binding protein (G
protein), ganma 10

202602_s_at HTATSF1 3.08 £ 1.22 0.033 HI'V TAT specific factor 1

201922_at YR- 29 3.07 = 1.2 0. 0232 hypot heti cal protein YR 29

204342_at DKFZp586G0123 3.02 = 1.14 0. 0175 hypot heti cal protein DKFZp58630123

201662_s_at FACL3 2.99 = 1.16 0.0183 acyl - CoA synthetase | ong-chain famly

menber 3



212887 _at
209595 _at

214719 at
209049_s_at
202783_at

201889 _at

218566_s_at

207821 _s_at
213605_s_at
203486_s_at
206385_s_at
202430_s_at
218901_at

208694 _at

201948_at
210466_s_at
200066_at
203817_at
204715_at
200603_at

201075_s_at

201424 s_at
206542_s_at

208815 _x_at
209288_s_at

206748_s_at
212543_at
202627_s_at

202760_s_at
217707_x_at
221776_s_at
202211_at

221840 _at

207761_s_at
205618_at

218330_s_at
201739 _at
212062_at
213327_s_at
219383_at
212245_at

203739_at
218698 _at

201855_s_at
200610_s_at
221589 s_at

212412_at
220033_at
203140_at

SEC23A
GTF2F2

LOC283537
PRKCBP1
NNT

FAVBC

CHORDC1

PTK2
FLJ40092
DKFZP434A043
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PLSCR1
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I K

GUCY1B3
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.45
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.34

.74
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9
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5
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.53
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.51
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.52
.75
.33
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.47
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4
3
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.26
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. 0788
. 0044

. 0000314
. 00206

. 0207

. 00148

.014

0131

. 00561

0623
0188
013
00377
0139

00263
0306
0215
00337
00104

. 0237

. 00118

. 031
. 00331

. 0265
. 0492
. 0135

. 0375
. 000293

. 0605

011
00179

. 00187

. 0132

. 00347
. 00000859

. 0201

00343
0038
013

. 000528
. 00165

0074

. 00928

. 0218
. 00565
. 00493

. 0134
. 00203
. 000477
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general transcription factor
pol ypeptide 2, 30 kDa

hypot heti cal protein

RACK fam |y protein

ni coti nam de nucl eoti de
transhydr ogenase

famly with sequence simlarity 3
menber C

cysteine and histidine-rich donain
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211733 _x_at SCP2 2.17 £ 0.35 0. 00184 sterol carrier protein 2
213341_at FEMLC 2.17 = 0.27 0. 00224 fem 1 honol og c (C. el egans)
213507_s_at KPNB1 2.15 £ 0.29 0. 00341 karyopherin (inmportin) beta 1
213103_at STARD13 2.09 = 0.1 0. 00125 START dorai n containing 13
Genes downregul ated by 4 h Dex treatnent
213070_at -0.42 = 2.01 0.078 Hormo sapi ens nRNA; cDNA DKFZp564L222
(fromcl one DKFZp564L222)
202500_at DNAJ B2 -1.34 = 0.06 0. 000378 DnaJ (Hsp40) honol og, subfamly B,
menber 2
222221 x_at EHD1 -1.38 =+ 0.14 0. 000546 EH donmin containing 1
204295_at SURF1 -1.39 = 0.07 0. 00912 surfeit 1
201234 _at I LK -1.4 = 0.07 0. 00528 integrin-linked kinase
210075_at LOC51257 -1.4 =+ 0.09 0. 000594 menbr ane- associ ated ring finger
(C3HC4) 2
213789_at EBP -1.4 =+ 0.11 0. 00044 enmopanm | binding protein (stero
i soner ase)
214892_x_at NY- REN- 24 -1.41 + 0.1 0. 000421
34260_at Kl AA0683 -1.41 = 0.11 0. 00207 KI AAO683 gene product
211972_x_at RPLPO -1.43 = 0.17 0. 00339 ri bosomal protein, large, PO
209445 _x_at FLJ10803 -1.44 =+ 0.21 0. 00173 hypot heti cal protein FLJ10803
211668_s_at PLAU -1.45 = 0.19 0. 00167 pl asm nogen activator urokinase
200966_x_at ALDOA -1.46 =+ 0.1 0. 00419 al dol ase A, fructose-bi sphosphate
202041_s_at Fl BP -1.46 = 0.13 0. 028 fibroblast growth factor (acidic)
intracel lular binding protein
220326_s_at FLJ10357 -1.46 = 0.07 0. 00287 hypot heti cal protein FLJ10357
221849_s_at LOC90379 -1.46 = 0.14 0. 0076 hypot heti cal protein BC002926
204405_x_at HSA9761 -1.47 = 0.19 0. 000877 putative dinethyl adenosi ne transferase
205807_s_at TUFT1 -1.47 =+ 0.14  0.0259 tuftelin 1
201391 _at TRAP1 -1.48 = 0.15 0. 0233 heat shock protein 75
202081_at ETR101 -1.49 = 0.11 0. 0012 imredi ate early protein
217994 _x_at FLJ20542 -1.49 = 0.18 0. 0365 hypot heti cal protein FLJ20542
204420_at FOsL1 -1.5 =+ 0.18 0. 000413 FOS-1i ke antigen 1
219170_at FSD1 -1.5 =+ 0.09 0. 00335 fibronectin type 3 and SPRY
donai n-cont ai ning protein
219172_at FLJ11807 -1.51 = 0.16 0. 000386 hypot heti cal protein FLJ11807
215498_s_at MAP2K3 -1.52 + 0.2 0. 0143 m t ogen-activated protein kinase
ki nase 3
218463_s_at MUS81 -1.52 =+ 0.14 0. 0224 MJS81 endonucl ease
219348_at MDS032 -1.55 = 0.21 0. 0353 uncharacteri zed hemat opoi etic
stem progenitor cells protein MDS032
200035_at HSA011916 -1.59 = 0.28 0. 00491 likely orthol og of Xenopus dul | ard
203234 _at urP -1.61 = 0.17 0. 00474 uridi ne phosphoryl ase
219457 _s_at RI N3 -1.61 = 0.2 0. 00611 Ras and Rab interactor 3
217996_at PHLDA1 -1.62 + 0.2 0. 0237 pl eckstrin honol ogy-1ike domain,
famly A, nmenber 1
218762_at FLJ22059 -1.66 = 0.25 0. 0312 hypot heti cal protein FLJ22059
205224 _at SURF2 -1.68 = 0.21 0. 00263 surfeit 2
219742_at M3C10772 -1.72 = 0.31 0. 00581 hypot heti cal protein M3CL0772
220134_x_at FLJ10647 -1.74 = 0.15 0. 000309 hypot heti cal protein FLJ10647
214674 _at USP19 -1.78 = 0.19 0.021 ubiquitin specific protease 19
221710_x_at FLJ10647 -1.78 = 0.19 0. 0167 hypot heti cal protein FLJ10647
202996_at POLD4 -1.8 = 0.16 0. 00359 pol ynerase (DNA-directed), delta 4
205561_at FLJ12242 -1.84 = 0.24 0. 00603 hypot heti cal protein FLJ12242
203395_s_at HES1 -1.97 = 0.35 0. 00353 hai ry and enhancer of split 1,
(Drosophil a)
201631_s_at | ER3 -2.05 = 0.44 0. 0113 i medi ate early response 3
218105_s_at VRPL4 -2.09 = 0.26 0.00196 m tochondrial ribosomal protein L4
206814 _at NG-B -2.19 = 0.36 0.0142 nerve growth factor, beta pol ypeptide
216598_s_at CCL2 -5.76 =+ 1.76  0.000792 chenokine (C-C notif) ligand-2 (CCL2)
Genes upregul ated by 16 h Dex treatnment
203453_at SCNN1A 11.94 = 0.52 0. 00199 sodi um channel , non-vol tage-gated 1
al pha
208763_s_at DSI PI 5.97 £ 0.14 0. 000153 delta sl eep inducing peptide
i nmunor eact or
202861_at PER1 4.59 = 0.36 0. 00831 period honolog 1 (Drosophila)
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221541 _at LCRI SP2 4,16 = 0.19 0. 00115 LCCL domai n contai ning cysteine-rich
secretory protein 2

201041_s_at DUSP1 3.35 = 0.13 6. 63E- 05 dual specificity phosphatase 1

209074_s_at TU3A 3.30 £ 0.25 0.00414 TUSA protein

202859 _x_at L8 3.30 =+ 0.39 0. 00825 interleukin 8

219049_at ChGn 3.27 = 0.26 0. 00133 chondroitin betal,4 N-acety
gal act osam nyl transf erase

202627_s_at SERPI NE1 3.01 £ 0.21 0. 00112 serine (or cysteine) proteinase
inhibitor, clade E (nexin, plasm nogen
activator inhibitor type 1), nenber 1

207761_s_at DKFZP586A0522 2.85 = 0.49 0. 00756 DKFZP586A0522 protein

202237_at NNMT 2.54 £ 0.23 0. 00563 ni coti nam de N-nethyl transferase

201951_at ALCAM 2.41 £ 0.21 0. 000279 Activated | eukocyte cell adhesion
nol ecul e

203962_s_at NEBL 2.41 + 0. 37 0. 000753 nebul ette

212805_at KI AA0367 2.41 =+ 0.20 0.000725 KI AA0367

204326_x_at Mr1L 2.35 £ 0.20 0. 0195 nmet al | ot hi onein 1L

36829_at Rl GUI 2.35 £ 0.21 0. 00547 period honolog 1 (Drosophila)

214417_s_at FETUB 2.26 = 0.36 0.00735 fetuin B

209798_at NPAT 2.19 £ 0.71 0. 0135 nucl ear protein, ataxia-telangiectasia
| ocus

205730_s_at KI AA0843 2.19 = 0.35 0.00728 KI AA0843 protein

202887_s_at RTP801 2.13 £ 0.11 0. 0017 HI F-1 responsive RTP801

212806_at Kl AA0O367 2.02 £ 0.40 0. 000541 DNA- danmage- i nduci bl e transcript 4

208349_at ANKTML 1.98 = 0.52 0. 000155 ankyrin-like with transnenbrane
domains 1

217738_at PBEF 1.97 = 0.36 0. 0139 pre-B-cel |l col ony-enhancing factor

212195_at | L6ST 1.97 = 0.35 0. 0024 Interleukin 6 signal transducer
(gp130, oncostatin Mreceptor)

207815_at PF4V1 1.95 = 0.19 0. 00202 platelet factor 4 variant 1

220556_at ATP1B4 1.54 £ 0.72 0. 052 ATPase, (Na+)/K+ transporting, beta 4
pol ypepti de

210050_at TPI 1 1.29 = 0.23 0.00126

203989_x_at F2R 1.15 = 0.89 0.078 coagul ation factor Il (thromnbin)
recept or

218663_at HCAP- G 1.12 + 0.43 0. 056 chronosone condensation protein G

208325_s_at AKAP13 0.98 = 0.46 0.076 A kinase (PRKA) anchor protein 13

Genes downregul ated by 16 h Dex treatnent

210253_at HTATI P2 -1.07 = 0.27 0. 000925 H V-1 Tat interactive protein 2, 30 kDa

216515_x_at PTMVA -1.10 = 0. 30 0. 00152 prot hynosi n, al pha (gene sequence 28)

201701_s_at PGRMC2 -1.13 = 0.82 0. 000165 progest erone receptor nenbrane
conponent 2

216088_s_at PSMVA7 -1.17 = 0.17 2. 82E- 05 pr ot easone (prosone, macropain)
subunit, al pha type, 7

214021 _x_at | TGB5 -1.18 = 0.56 0. 000201 ta93a09. x1 NClI _CGAP_Lu26 Honp sapi ens
cDNA cl one | MAGE: 2051608 3' similar to
gh: J05633 | NTEGRI N BETA-5 SUBUNI T
PRECURSOR ( HUMAN), nRNA sequence

209203_s_at Bl CD2 -1.19 = 0.82 0. 053 bi caudal D honol og 2 (Drosophil a)

214880 _x_at CALD1 -1.19 = 0.75 0.0193 cal desnon 1

206023_at NVU -1.25 = 0.07 0. 00245 neuronedin U

205818 _at DBCCR1 -1.27 =+ 0.18 0. 0029 del eted in bl adder cancer chronpsone
regi on candidate 1

204872_at BCE- 1 -1.31 = 0.21 0. 00128 BCE-1 protein

204233_s_at CHK -1.32 = 0.20 0. 000575 chol i ne ki nase

210180_s_at SFRS10 -1.34 = 0.17 0. 000305 splicing factor, arginine/serine-rich
10 (transforner 2 honol og, Drosophil a)

201626_at I NSI GL -1.36 = 0.28 0. 00584 insulin induced gene 1

203102_s_at MGAT2 -1.36 = 0.27 0. 00444 mannosyl (al pha-1,6-)-glycoprotein
beta-1, 2- N-acety
| gl ucosam nyl transferase

203706_s_at FzD7 -1.36 = 0.22 0. 000572 frizzled honolog 7 (Drosophil a)

205479_s_at PLAU -1.41 = 0. 20 0. 0236 pl asm nogen activator, urokinase

215146_s_at Kl AA1043 -1.41 =+ 0.32 0. 000995 Kl AA1043 protein

203830_at NJMJ- R1 -1.43 = 0. 36 0. 00069 protein kinase N nu-R1l

215034_s_at TMASF1 -1.44 + 0.10 0. 000342 transmenbrane 4 superfam |y nenber 1

213256_at -1.46 = 0.10 0. 000637 Honmo sapi ens cl one 24707 nRNA sequence

212199_at M3EC9651 -1.47 = 0.26 0. 00802 hypot heti cal protein M3C9651
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211297_s_at CDK7 -1.49 = 0.10 0. 00204 cyclin-dependent kinase 7

215947 _s_at FLJ14668 -1.49 = 0.28 0. 00903 hypot heti cal protein FLJ14668

219375_at CEPT1 -1.49 = 0.33 0. 0017 chol i ne/ et hanol ani nephosphot r ansf er ase

200999_s_at CKAP4 -1.53 = 0.23 0. 00433 cyt oskel eton-associ ated protein 4

209761_s_at SP110 -1.55 = 0.21 0. 00182 SP110 nucl ear body protein

205380_at PDZK1 -1.61 = 0.57 0. 0292 PDZ domai n containing 1

205381_at P37NB -1.61 = 0.33 0. 0083 37 kDa | eucine-rich repeat (LRR
protein

208712_at CCND1 -1.61 = 0.47 0. 00267 cyclin D1 (PRAD1: parathyroid
adenomat osi s 1)

221886_at KI AA1277 -1.65 =+ 0.44 0.0181 KI AA1277

209417 _s_at I FI 35 -1.68 = 0.18 0. 00831 interferon-induced protein 35

204972_at OAS2 -1.70 = 0.30 0. 00274 2'-5'-oligoadenyl ate synthetase 2
69/ 71 kDa

219352_at FLJ20637 -1.70 = 0.21 0. 000935 hypot heti cal protein FLJ20637

204747 _at | FI T4 -1.71 = 0.35 0. 0299 interferon-induced protein with
tetratricopeptide repeats 4

202458_at SPUVE -1.71 = 0.13 0. 00926 protease, serine, 23

217997_at PHLDA1 -1.73 = 0.36 0. 00355 pl eckstrin honol ogy-1ike domnain,
famly A, rmenber 1

202936_s_at SOX9 -1.73 = 0.24 0. 00157 SRY (sex determ ning region Y)-box 9
(canponel i c dyspl asi a, autosona
sex-reversal)

214321_at NovV -1.74 = 0.31 0. 0031 nephrobl ast oma over expressed gene

217996_at PHLDA1 -1.81 = 0.40 0. 000145 pl eckstrin honol ogy-1ike domain,
famly A, nmenber 1

201939 _at SNK -1.84 =+ 0.29 0. 00175 seruminduci bl e ki nase

202016_at MEST -1.84 = 0.08 0. 00222 mesoder m speci fic transcript honol og
(rouse)

211138_s_at KMO -1.84 = 0.67 0. 0874 kynureni ne 3-nmonooxygenase (kynurenine
3- hydr oxyl ase)

204529_s_at TOX -1.87 = 0.27 0. 0253 thynmus high nobility group box protein
TOX

218546_at FLJ14146 -1.87 = 0.13 0. 000921 hypot heti cal protein FLJ14146

210550_s_at RASGRF1 -1.90 = 0.11 0. 0015 Ras protein-specific guanine
nucl eoti de-rel easing factor 1

204457_s_at GAS1 -1.91 = 0.32 0. 00906 growt h arrest-specific 1

202207_at ARL7 -1.95 = 0.22 0. 00415 ADP-ri bosyl ation factor-like 7

209969 s_at STAT1 -1.98 = 0.19 0. 00836 signal transducer and activator of
transcription 1, 91 kDa

201341_at ENC1 -2.02 = 0.46 0. 0196 ect odermal -neural cortex (wth
BTB-1i ke domnai n)

216598_s_at CCL2 -2.03 = 0.27 0. 00623 chenokine (C-C notif) ligand 2

205660_at OASL -2.11 = 0.18 0.0183 2'-5'-oligoadenyl ate synthetase-Iike

205827_at CCK -2.16 = 0.23 0. 00307 chol ecyst oki ni n

216549 s_at TBC1D22B -2.19 = 1.01 0. 498 TBCLl donmin fanmily, nmenber 22B

201340_s_at ENCL -2.24 = 0.53 0. 000999 ect odermal -neural cortex (wth
BTB-1i ke donai n)

204439_at Clorf 29 -2.46 = 0.29 0. 0136 chronosone 1 open reading frame 29

213797_at ci gb -4.09 = 0.40 0. 00132 vipirin

Microarray results reveal modulation of gene expression. Microarray was performed on extracts from HLE B-3 cells treatehvethad

sone (Dex) or vehicle (Veh) in triplicate. Data were filtered to contain only those genes found on two of three chips feithckibge in
between Dex and Veh treatments. In the 4 h treatment 136 genes were modulated; in the 16 h treatment, 86 genes werthisddhlated.

lists the Affymetrix probe ID, the gene name, fold charg&hdard deviation), p value, and a description for each of the genes that passed the
filtering criteria. ANOVA (assuming unequal variances) was used to calculate p values.

1.5 fold. Of these, 9 transcripts were upregulated and 1 waeplicate) and human lens explant cultures (created from do-
downregulated by greater than 3 fold. Seven genes overlappg@r lenses) treated for 4 h by RT-PCR. Human lenses treated
the two data sets (Table 3). A few of the genes fell below tht®r 16 h were not examined due to lack of material. The reac-
1.5 fold cut off due to the different algorithms used in the twdion was stopped during the log phase. Although the extent to
programs, Microarray Suite and GeneSpring, used for analyvhich the fold change in gene expression differed between
sis of the data. Although the fold changes were small (betwedhe microarray and real time PCR results, the general trends
1 to 3 fold), many of them were statistically significant (p lesgvere consistent and correlated with the microarray data pro-
than or equal to 0.05, Table 2). viding confidence in the microarray results, yet demonstrat-
To verify the results seen in the microarray, transcriptdng the need for confirmation of microarray results (Table 4).
were examined in 4 or 16 h Dex or Veh treated HLE B-3 (irln addition to SYBR green analysis, PCR products were visu-
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alized on 1 or 2% agarose gels stained with ethidium bromideorted to be homologous to TSC22 [43]. Our own alignment
(Figure 5) and these results were consistent with the RT-PC&Rudies demonstrated that DSIP is 100% homologous to TSC22
data. and a signal scan of the TSC22 genomic sequence revealed
The 5' promoter region and full gene sequences of thegritative GREs (data not shown).
target genes were analyzed by a signal scan program to deter- To better understand what effect the change in gene ex-
mine if GREs were present. All of the genes examined corpression may have on lens cells, microarray results were ana-
tained putative GREs (data not shown) suggesting direct G@¢zed by functional clustering using EASE and NetAffx to
GR signaling. Although no published gene sequence is availdentify biological and molecular pathways. EASE is an analy-
able for DSIP, previously published reports indicate that DSIRIs tool that identifies enriched biological themes by prioritiz-
is upregulated by GC treatment [42]. DSIP has also been rgrg functional categories of genes that cluster together under
a specific biological or molecular function based on the sig-
nificance by determining gene sets which are statistically over-
represented. Overrepresentation is calculated based on the to-

s tal number of genes assayed and annotated within each sys-
- 4 tem. This is determined by the probability of seeing the num-
. ber of “List Hits” (number of genes in the gene list that belong
to the gene category) in the “List Total” (hnumber of genes in
2 the gene list) given the frequency of the “Population Hits”
, (number of genes in the total group of genes assayed that be-
long to the specific gene category) in the “Population Total”
(number of genes in the total group of genes assayed that be-
1 long to any gene category) within the system. This is called
the Fisher exact probability. EASE also determines an “EASE
score” which is calculated by removing one gene in the cat-

, egory from the list and then calculating Fisher exact probabil-
ity for that category [35]. The EASE score is an adjustment of
the Fisher exact that strongly penalizes the significance of
categories supported by few genes and negligibly penalizes
categories supported by many genes. The EASE score favors

o higher ranked categories (lists with larger numbers of genes)

e f e —— : compared to the Fisher exact probability [35]. The most sig-
Vehicle Dexamethasone nificantly overrepresented categories that result from analysis

of the gene lists are labeled “biological themes” or “molecu-
lar themes” (Figure 6, Figure 7, Table 5, and Table 6). Those
categories with an EASE score of less than or equal to 0.05
are underlined. Some of the genes are unclassified, which
means no annotations are available for that gene identifier
' under the specified parameters although an annotation for that
gene may exist. The size of the pie slices and the number of
genes in any one functional category do not reflect biological
importance. They only reflect the results of EASE analysis
and give an understanding of the biological and molecular
functions in which Dex induced changes in gene expression
. may be involved.

Although multiple biological processes were represented,
only coagulation and metabolism had an EASE score of less
Figure 4. Clustering of microarray data based on condition and ex-
pression of genes. The filtered data (genes that change >1.5 fold
compared to vehicle) were clustered based on their overall expres-
sion. They were also clustered based on their expression across the
chips. The triplicates clustered together tightly with treatment and
gene changes were present across at least two of three chips. Red

o denotes transcripts that were upregulated and green denotes transcripts
oo that were downregulated.: Clustering of 136 genes from 4 h dex-
5 _J |

amethasone (Dex) treatment of HLE B-3 calsClustering of 86
Vehicle Dexamethasone genes from 16 h Dex treatment of HLE B-3 cells.
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TABLE 3. SEVEN GENES OVERLAP THE 4 AND 16 H MICROARRAY DATA

Fol d Fol d
change change
Probe I D Gene name 4 h 16 h Descri ption
208763_s_at DSI PI 5. 56 5.97 delta sl eep inducing peptide inmrunoreactor
217996_at PHLDA1 -1.62 -1.73 pl eckstrin honol ogy-1ike domain, famly A
menber 1
216598_s_at CCL2 -5.76 -2.03 chenokine (C-C notif) ligand-2 (CCL2)
202861_at PER1 6.01 4.59 period honmolog 1 (Drosophila)
202627_s_at SERPI NE1 3.15 3.01 serine (or cysteine) Proteinase inhibitor,
cl ade E (nexin, plasm nogen activator
inhibitor type 1), nenber 1
207761_s_at DKFZP586A0522 2.47 2.85 DKFZP586A0522 protein
203989_x_at F2R 4. 00 1.15 coagul ation factor Il (thrombin) receptor

Seven genes overlap between the 4 h and 16 h microarray. Seven transcripts overlapped between the filtered data frota tiie two se
microarrays after 4 and 16 h of Dex treatment. Signal scans of the 5' promoter regions and full gene sequences revedkRFstatie
expression of these genes over both time periods suggests continual GR-GRE signaling with GC treatment.

TaBLE 4. RT-PCR: CONFIRMATION OF MICROARRAY FINDINGS

M croarray Real tine

Gene B-3 p val ue B-3 p val ue Donor
4 h

PER 1 6.01 = 0.57 0. 03 6.36 = 0.98 0. 006 3.95

DSI P 5.56 = 0.17 0. 0005 13.6 =+ 0.55 0. 0004 5. 49

HSP70 4.84 + 0.93 0. 06 1.42 = 0.31 0.7 1.49

PRKARL 4.37 =+ 0.94 0. 09 1.51 = 0.17 0.04 1.32

F2R 4.00 = 0.55 0.01 1.66 =+ 0.03 0. 004 2.20

PAI - 1 3.5 £ 0.33 0. 002 6.42 = 0.61 0. 0003 1.50

GADD45 2.76 = 0.88 0.7 1.43 = 0.11 0.04 1.00

SC&K 2.41 £ 0.097 0.003 2.86 = 0.14 0. 0004 3.60

PHLDA -1.62 = 0.06 0. 02 -1.40 = 0.012 0. 03 -2.80

| ER3 -2.05 £ 0.15 0.01 -1.77 £ 0.12 0.01 -1.69

NGF -2.19 = 0.12 0.01 -1.81 = 0.007 0. 005 -3.01

MCP- 1 -5.76 = 0.59 0. 0008 -6.72 = 0.037 0.03 -2.01
16 h

SCNN1A 11.94 + 0. 17 0. 002 12.04 = 0.12 0. 0001

DSI P 5.97 £ 0.047 0.0002 9.20 = 0.16 0. 001

PER1 4.59 + 0.12 0. 008 5.90 = 0.42 0.02

DUSP- 1 3.35 = 0.043 0. 00007 4.40 = 0.26 0.03

PAI - 1 3.01 £ 0.070 0.001 3.56 = 0.33 0.04

F2R 1.15 =+ 0. 30 0. 08 1.55 £+ 0.033 0.3

CCND1 -1.61 = 0.13 0.003 -1.60 = 0.083 0.02

PHLDA -1.81 + 0.13 0. 0002 -1.7 =+ 0.30 0.02

CCL2 -2.03 = 0.09 0. 006 -2.3 = 0.32 0. 05

CCK -2.16 = 0.076 0.003 -2.40 = 0.23 0.02

Fold changes#standard error of the mean), normalize@-actin, of genes from dexamethasone compared to vehicle treated HLE B-3 cells
analyzed by microarray were verified by RT-PCR from HLE B-3 cells and RNA from a pair of treated cultured donor lensegeData we
quantitated by crossing point analysis of SYBR green fluorescence. ANOVA was used to calculate p values. Genomic DNAfeegliences
the genes listed were examined and found to contain putative GRESs.
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than or equal to 0.05 and were significantly modulated in lendownregulated except for metabolism in which the majority
epithelial cells treated with Dex for 4 h. All the categoriesof genes expressed were downregulated.

listed in the pie chart contained genes that were both The genes modulated with 4 h Dex treatment clustered
upregulated and downregulated, except for the categories ioito several molecular categories, however, none of the cat-
coagulation and death, in which all the genes were upregulatezfjories identified received an EASE score that was consid-
Although the categories contained genes that were botred significant. Many of the categories represented contained
upregulated and downregulated, the majority were upregulategenes that were both upregulated and downregulated, although

Response to stimulus, coagulation, and metabolism wesome only contained genes that were upregulated. The mo-
significantly modulated in lens epithelial cells treated with DexXecular function category identified as significant was recep-
for 16 h. All the categories listed in the pie chart containedor binding in 16 h Dex treated lens cells. Once again, the
genes that were both upregulated and downregulated, excejgitegories contained both genes that were upregulated and
for the categories of morphogenesis and death, in which allownregulated, however, some categories only contained
the genes were downregulated. The categories contained regeenes that were downregulated. Additional analysis of
tively equal numbers of genes that were both upregulated amaicroarray results was performed with SAM, GeneSpring, and
NetAffx (data not shown). Clustering with different programs
resulted in expression of similar categories, and parallel to

Donor lens EASE results, the categories were very few and broad.

|£| Y [|JI EASE was also used to identify pathways through the use
9 10 11 12 of KEGG pathways terms associated with the differentially
expressed genes. EASE analysis of 4 and 16 h modulated genes
through use of KEGG pathways revealed that the phosphati-
dyl inositol signaling system, complement and coagulation
cascades, cell cycle, integrin mediated cell adhesion, purine
metabolism, and pyrimidine metabolism all contained 3-6
modulated genes that functionally clustered into these path-
ways. Some of the genes are unclassified in the KEGG path-
ways, which means no annotations are available for that gene
identifier under the specified parameters designated although
an annotation for that gene may exist. The size of the pie slices
and the number of genes in any one category do not reflect the
biological importance, only the relative number of genes with
modulated expression within the pathways category. Some
genes may be represented in more than one pathway (Figure
8). The transcripts from the microarray that fall into some of
the different pathways are listed in Table 7.

Of the pathways represented, the phosphatidyl inositol
signaling system, complement and coagulation cascades, pu-
rine metabolism, and circadian rhythm pathways contained
transcripts that were upregulated from the 4 or 16 h data sets.
Integrin mediated cell adhesion, pyrimidine metabolism, cell
cycle, and complement and coagulation cascades contained
transcripts that were downregulated from the 4 or 16 h data
sets.
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DISCUSSION

In the current study, we have demonstrated that primary cul-
tures of human lens epithelial cells express a functionally ac-
tive GR. Furthermore, using microarray technology, we ex-
) _ ) amined the global gene expression of HLE B-3 cells treated
Figure 5. Agarose gel analysis of RT-PCR products in 4 h treat ith GC to identify GC mediated gene targets and were able

samples. RT-PCR products were electrophoresed on 1 or 2% ag r'verify the results in immortalized and primary cultures of
ose gels to examine product specificity. Gel analysis results we P y

consistent with quantification of RT-PCR products by crossing point€NS epithelial cells. ' _

analysis (listed in Table 4). Similar results were obtained for the 16 h ~ Previously, we identified the expression of classical GR

treated samples (data not shown). Lanes 1 and 9 are minus templB#*NA and protein in freshly isolated human lens epithelial

negative controls (C), lanes 2 and 10 are minus reverse transcriptasgls [27]. In this study, we demonstrate that the GR in pri-

negative controls (C), lanes 3, 4, 5, and 11 are vehicle (V) controlgnary cultures of human lens epithelial cells is able to induce

and lanes 6, 7, 8, and 12 are treated witMidexamethasone (D).  transcription of a GRE mediated gene. This is similar to the
1031
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luciferase expression we previously reported in the HLE B-8lobal gene expression that can lead to identification of bio-
immortalized human lens epithelial cell cultures [27]. This idogical functions or signaling pathways [44,45]. A previous
the first report of GR activity in primary cultures of humanpublished report has demonstrated global changes in gene
lens epithelial cells. These data demonstrate that primary cuxpression in lens epithelial cells after 24 and 48 h of treat-
tures of hLECs contain a transcriptionally active GR able tanent with GC, however it has not identified early glucocorti-
induce changes in gene transcription and provide further progbid responses or signaling pathways involved in a GC re-
that the lens GR is functionally active. sponse [34]. Understanding of a GC response requires an un-
Glucocorticoids are known to elicit divergent biological derstanding of short term and long term effects of treatment.
outcomes and a lens glucocorticoid response has been diffi- GC induced changes in gene expression due to GR bind-
cult to characterize [18,26,28]. Because of the association withg to a GRE have been reported to occur as early as 15-30
cataract, it is important to understand the biological signifimin after hormone administration but can also occur as late as
cance of the GC effect in lens epithelial cells. Although GC4-24 h in other cell types [41,46-48]. Although glucocorticoid
have been proposed to affect lens epithelial cells through effects on lens epithelial cells, such as changes in protein ex-
variety of mechanisms, including oxidative stress [11-15], nonpression [31], the formation of a cataract [1-6], and changes
specific GC binding [16-18], and membrane steroid receptori® gene expression [34] have only been observed after long
[19], the identification of a transcriptionally active intracellu- term treatment, a transcriptionally active receptor suggests that
lar GR suggests that GCs may be modulating the transcriptidhere may be changes in gene expression after a short treat-
of target genes. To gain a better understanding of glucocortinent time. In our experiments, a significant increase in lu-
coid induced gene changes in lens epithelial cells, microarraiferase activity of Dex compared to Veh treated cells was
technology serves as a useful method to identify changes identified as early as 2 h and this was sustained over a 24 h

A Figure 6. Cluster analysis reveals biologi-
cal functions. EASE was used to statis-

Dezth (4) . tically cluster genes that were modulated

Regulation of cellular /,,-Coagulatlon 3) with dexamethasone (Dex) treatment
process(s) \ ) ) compared to vehicle. The total number
_Cellular physiclogical of genes from the filtered lists in each

Morphogenesis (8) —; processiZs) functional category is indicated next to
the pie slice which represents the rela-

tive number of genes with modulated

) e expression in the biological category.
Organismal Some genes may be represented in more
physiological than one functional category. Not all of

racess (14 ) the genes are classified and thus do not
i . — Metabolism_{25) fall into one of the functional categories
represented here. Those categories with
an EASE score of <0.05 are underlined
in bold.A: Of the 136 genes from the 4 h
Dex treatment, 77 were classifidt. Of
the 86 genes from the 16 h Dex treatment,

55 were classified. Table 5 indicates the

/
Response to
stimulus (18] \

Cell communication (19)

number of transcripts that were
B Fegulation of cellular process(3) Regulation of physiological upregulated or downregulated in each of
Death (5) \ / process (3) the functional categories. Although these

Coadulation (6 results did not reveal a specific functional

Loagulation (6) category affected by GC treatment, this

. is consistent with and may account for

Morphogenesis (11) \ the inability of researchers, thus far, to

_ Metabolism (55} identify a change in a biological function

Fesponse to stimulus (13— with GC treatment of LECs in vivo.

Crganismal physiulugical"”; :

process (18)

Cellular physiulugica( Cell communication (28)
process(2h)
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period. These findings demonstrate an early GC response filormal to observe differences in replicate microarrays [44].
lens epithelial cells suggesting that GCs can play a role ifo identify specific gene expression changes that are signifi-
gene expression as soon as 2 h. Although GC mediated changasatly modulated and are reproducible, in the first step of analy-
in gene expression may be occurring as early as 2 h, at 4 h tis the triplicates were stringently filtered. Although three bio-
increase in luciferase activity was more robust and was chdnegical replicates were created, genes were kept within the set
sen for examination on microarray. This time point providesf they were modulated by 1.5 fold in at least two of three
information about GC targets, however, a second treatmenhips in order to identify a greater number of genes. Based on
time of 16 h was also examined by microarray in order tahe difficulty of demonstrating a direct effect of glucocorti-
better understand signaling pathways involved in a GC rezoids on the lens, we predicted that glucocorticoid effects on
sponse. gene expression would be few and small. The first step of
Three biological replicates were created and analyzed fanalysis resulted in identifying changes in 136 transcripts af-
each of the treatments (Veh or Dex) at each of the time pointsr 4 h of treatment and 86 transcripts after 16 h of treatment.
(4 h or 16 h). The analysis process can be broken down in@nly 7 transcripts overlapped the two groups, suggesting con-
two parts; identification and verification of differentially ex- tinual signaling and transcription of the 7 genes. Of the 7, the
pressed genes and the determination of the biological signifiwo most notable were the DSIP and the PER 1 genes which
cance of groups of genes through analysis of the biologicalere upregulated by at least 5 fold in both data sets. It is inter-
and molecular themes with respect to Gene Ontology anekting to note that of the 7 transcripts expressed at 4 and 16 h
KEGG pathway terms associated with these genes. Althougf Dex treatment in our results, it has been reported that by 48
the overall expression of each of the chips was similar and threof Dex treatment, DSIP, PAI-1, and DKFZP586A0522 all
triplicates were reproducible, differences were observed. It isontinue to have >2 fold upregulated expression while

A Figure 7. Cluster analysis reveals molecu-
Heat shock protein activity (3) lon transporter activity (3) lar functions. EASE was used to statisti-
RNA Pol Il TF activity (3) Protein transporter activity (3) cally cluster genes that were modulated

Structural tituent of rib 3 with dexamethasone (Dex) and vehicle
Trabscription cofactok ~~Structural constituent of ribosome (3) treatment. The total number of genes
activity (4) N

Nucleic acid from the filtered lists in each functional

Helicase activity (4) binding (21) category is indicated next to the pie slice
Carri tivity (5 which represents the relative number of
arrller.ac ivity (5) —Nucleotide genes with modulated expression in the
Transcription factor /\ binding (17) molecular category. Some genes may be

activity (6) /> represented in more than one functional

Receptor binding (7) / category. Not all of the genes are classi-

—Hydrolase fied and thus do not fall into one of the
activity (13) functional categories represented here.
Those categories with an EASE score of
| ——Protein Binding (14) <0.05 are underlined: Of the 136 genes
—

Receptor activity (8) ]

Kinase activity(9) from the 4 h Dex treatment, 63 were clas-
Metal ion — Transferase activity (14) sified. B: Of the 86 genes from the 16 h
binding (13) Dex treatment, 28 were classified. Table

6 indicates the number of transcripts that

B were upregulated or downregulated in

each of the functional categories. Al-

though the results did not reveal a spe-

Kinase activity(4
Receptor )

L . L cific functional category affected by GC
activity (5)\ —Protein Binding (12) treatment, is consistent with and may
account for the inability of researchers,
. thus far, to identify a change in a molecu-
Nucleotide — lar function with GC treatment of LECs
binding (5) in vivo.
Nucleic acid— “@Ptﬂ
blndlng (8) binding (10
/ ~
Hydrolase Transferase
activity (8) activity (10)
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Chemokine ligand and pleckstrin homology like domain are  Studies looking at changes in gene expression by
downregulated by >2 fold compared to Veh in HLE B-3 cellsmicroarray at early time points (2 to 8 h) after glucocorticoid
[34]. Period 1, which continued to exhibit nearly 5 fold ex-treatment observed a markedly greater number of upregulated
pression after 16 h of Dex treatment, was not identified on thieanscripts than downregulated transcripts [49,50], similar to
48 h microarray [34]. Coagulation factor Il receptor was im-our results. In our own studies, we observed 93 transcripts
mediately downregulated from 4 fold expression at 4 h tapregulated and 43 transcripts downregulated in lens epithe-
nearly 1 fold expression at 16 h. This demonstrates changesdlial cells treated with glucocorticoid for 4 h. It is interesting to
signaling as the GC response continues over a long time peete that after 16 h of treatment, 30 transcripts were upregulated
riod indicating the need to understand the effect of short termvhile 56 were downregulated. It has been reported that after

and long term treatment times. 24 h of GC treatment 57 transcripts were upregulated and 50
were downregulated and by 48 h 92 were upregulated and 42
TABLE 5. BIOLOGICAL FUNCTIONS INVOLVED IN A GC RESPONSE IN were downregulated [34]. By 24 h, it appears that the number
HL ECs CONTAINS BOTH UPREGULATED AND DOWNREGULATED GENES of up regulated and down regulated transcripts is nearly equal
Bi ol ogi cal 4h 4nh 16 h 16 h but by 48 h, the number of up regulated genes is markedly
Cat egory up down up down
Tt o T T Tt TABLE 6. MOLECULAR FUNCTIONS INVOLVED IN A GC RESPONSE IN
Met abol i sm 36 19 6 19
HL ECs CONTAINS BOTH UPREGULATED AND DOWNREGULATED GENES
Cel | conmmuni cation 20 8 8 11 4nh 4nh 16 h 16 h
Mol ecul ar cat egory up down up down
Cel lular oo ceeeeee e aaen
physi ol ogi cal Nucl ei ¢ Aci d Binding 16 5 - 7
process 17 9 11 14 Nucl eot i de Bi ndi ng 13 4 - 5
Hydrol ase Acitivity 12 3 3 5
. | Metal 1on Binding 12 - - -
Oga.nl Srr‘a. Protei n Bindi ng 12 - 6 6
physi ol ogi cal Recept or Activity 7 - 3
process 14 4 6 8 Transferase Activity 7 7 3 7
Ki nase Activity 5 4 - 4
Response to Transcription Factor Activity 5 - - -
; Carrier Activity 4 -
Stimul us 10 8 8 10 Hel i case Activity 4 -
. Recept or Bi ndi ng 4 3 4 6
Mor phogenesi s 6 5 - 6 Transcription Cofactor Activity 4 -
RNA Pol Il TF Activity 3
Coagul ati on 5 - N - Protein Transporter Activity 3
Deat h 3 ) ) 3 Each of the molecular categories represented in Figure 7 were fur-

ther subdivided into the expression identified by microarray.

Each of the biological categories represented in Figure 6 were fur-
ther subdivided into the expression identified by microarray.

Figure 8. Pathway analysis of Dex
modulated genes by EASE. EASE
) ) was used to analyze genes that were
/F’_hOSPhaﬂd‘ﬂ Inositol modulated with dexamethasone and
signaling system (6) vehicle treatment. The total number

of genes in each pathway is indi-
cated next to the pie slice which rep-
resents the relative number of genes
with modulated expression in the
pathway. Some genes may be rep-

—Complement and resented in more than one pathway.
Coagulation Not all of the genes are classified

casacades (5) and thus do not fall into one of the
pathways represented here. Of the

215 modulated transcripts, 41 were

\"‘Cell cycle (3) classified. Pathway analysis by
EASE reveals that Dex modulated

Glycerolipid metabolism (

GlycolysisiGluconeogenesis (2

Ribosome (2

Cicadian rhythm (22—

Zarbon Fixation (2

Apoptosis (2

Pyrimidine metabolism (

genes play a role in important sig-
Integrin-mediated cell adhesion (3)  naling pathways. Dex modulated
Furine metabolism (3 g ) genes may be coordinately working
together to modulate a signaling
pathway.
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increased. Glucocorticoids appear to be modulating genes diesponse involves the elapse of time during which the prod-
ferently at early and later times. ucts of the primary response act as positive and negative tran-

Glucocorticoid actions at the genomic level have beescription factors or co-factors [41]. It is possible that the large
reported to involve transactivation, due to the binding of theumber of downregulated transcripts at 16 h could be due to a
activated GR to a GRE, and transrepression, due to the binsecondary glucocorticoid response with the expression of co-
ing of an activated GR to a negative GRE [51]. It is possibleepressors that were upregulated at 4 h. DSIP is expressed at
that the large number of upregulated transcripts at early timaoth the 4 and 16 h time points and has been reported to act as
points could be due to positive regulation, or transactivatiorg transcriptional repressor inhibiting the transcription of PPAR-
of genes, and at a later time point of 16 h the large number ¢2 in adipocytes [52]. There are also examples of promoters
downregulated transcripts could be due to transrepression cbntaining GREs responding both positively and negatively
genes. Glucocorticoid responses can be divided into two type®, GC, depending on the conditions [53]. This may be due to
primary and secondary responses. In a primary response, ttiéferences in GR cofactor expression over time or due to dif-
activated GR binds directly to a GRE to activate gene trarferent cell types and may determine whether GREs are posi-
scription and no new protein synthesis is needed. A secondatiyely or negatively regulated by GR.

TABLE 7. TRANSCRIPTS ASSOCIATED WITH EACH PATHWAY INVOLVED IN A GLUCOCORTICOID RESPONSE IDENTIFIED BY EASE ANALYSIS

AFFYI D Gene nane Pat hway

201041_s_at dual specificity phosphatase 1 Phosphati dyl i nositol signaling system
209049_s_at protein kinase C binding protein 1 Phosphati dyl i nositol signaling system
212610_at protein tyrosine phosphat ase, Phosphati dyl i nositol signaling system

nonreceptor type 11 (Noonan
syndrome 1)

213070_at phosphoi nosi ti de- 3- ki nase, class 2, Phosphati dyl i nositol signaling system
al pha pol ypepti de

213688_at cal modul in 1 (phosphoryl ase ki nase, Phosphati dyl i nositol signaling system
del ta)

221840_at protein tyrosine phosphat ase, Phosphati dyl i nositol signaling system

receptor type, E

202627_s_at serine/ cysteine Proteinase Conpl enent andcoagul ati on cascades
i nhi bitor, plasm nogen
activator inhibitor type 1

202628_s_at serine/ cysteine Proteinase Conpl enent andcoagul ati on cascades
i nhi bitor, plasm nogen
activator inhibitor type 1

203989 _x_at coagul ation factor Il (thronbin) Conpl enent andcoagul ati on cascades
recept or
205479_s_at pl asmi nogen activator, urokinase Conpl enent andcoagul ati on cascades
211668_s_at pl asmi nogen activator, urokinase Conpl enent andcoagul ati on cascades
208694 _at protei n kinase, DNA-activated, Cell cycle
catal yti c pol ypeptide
208712_at cyclin D1 Cell cycle
211297_s_at cycl i n-dependent ki nase 7 Cell cycle

The Affymetrix probe ID and gene annotation associated with the transcript that clustered into selected pathways repFépamt&dare
listed in this table.
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Several of the transcripts were analyzed by RT-PCR anitthelial cells to GC treatment. The real understanding and dis-
revealed trends of expression similar to that seen on trevery come from the data analysis.
microarray and thus confirmed the accuracy of the microarray EASE data analysis revealed that the genes modulated
results in the immortalized HLE B-3 human lens epithelialare involved in a wide array of biological and molecular pro-
cellline and in a primary culture of human lens epithelial cell€esses such as coagulation, response to stimulus, and metabo-
created from donor lens explants. However, although the daliam. As these categories were further subdivided, the speci-
are statistically significant and correlate with the microarrayficity and the number of categories increased but fewer and
data, the differences in fold changes seen between ttiewer genes clustered together under a single function. It is
microarray and RT-PCR demonstrate the need to verifglear that GCs modulate genes in hLECs that are involved in a
microarray results after both the first and second steps efide array of processes. GCs appear to be modulating a num-
microarray analysis. Transcripts, for which genomic sequencéxer of genes, clearly demonstrating a glucocorticoid response,
were available, TSC22, PER1, HSP-70, PRKAR1A, F2R, PAlbut they do not appear to be modulating a specific biological
1, GADD45, SGK, PHLDA, IER3, NGF, MCP-1, SCNN1A, or molecular function collectively. This may account for the
DUSP-1, CCND1, and CCK were examined and found to cordifficulty researchers have had in identifying a functional re-
tain putative GREs in the promoter regions suggesting thajponse to glucocorticoid treatment in lens epithelial cells and
the modulation of these genes could be due to direct bindirdemonstrates the difficulty in understanding glucocorticoid
of the ligand bound GR to the GRE of these promoters iaction in LECs.
hLECs. Results from the reported 24 and 48 h microarray studies

Primary cultures of LECs were created from donor lensealso demonstrate that GC induced changes in gene expression
and capsulorhexis specimens obtained from cataract surgecjuster into broad categories. However, it was not reported if
The capsulorhexis specimen was from a type of cataract ntite number of modulated genes that clustered into any of these
associated with prolonged glucocorticoid use, however, weategories compared to the number of genes represented in
do not know if LECs obtained from cataractous specimenthe category were considered significant [34]. It is interesting
would respond to glucocorticoid treatment differently thanto note that there is some overlap with our results in the iden-
noncataractous specimens. Human specimens, whether théication of certain functional groups including transcription
be from donor lenses or from surgical specimens, are difficufactor activity, cell cycle, and apoptosis.
to control for because each sample will be different depend-  Our analysis with EASE was confirmed through analysis
ing on the patient’s genetics, environmental factors, and meddf data with NetAffx, GeneSpring, and SAM. It is important
cal history. Ideally, a microarray could be repeated with freshlyo note that neither EASE nor any of the other programs used,
isolated human lens epithelial cells. However, previous redetermines the expression on the chip, nor distinguishes be-
ports of microarray studies with human lenses reported theveen upregulated and downregulated transcripts or positive
use of between 12-108 samples in order to obtain sufficiemr negative regulators of the selected functional category.
material to hybridize to just one microarray chip [33,54]. DueTherefore it is important to correlate the results of the array
to a limited amount of sample, we chose to verify the resultwith the functional groups and the literature database in order
through RT-PCR of RNA obtained from primary cultures ofto understand the effect the modulation of gene expression
single lenses. To minimize the contribution of lens pathologyhas on a particular cell function, especially if large groups of
the response was measured from vehicle or dexamethasagenes cluster together under a single function.
treatment of the same specimen. We have demonstrated that Although the transcripts do not cluster together under a
primary cultures of human lens epithelial cells, fromspecific functional group, it does not mean they do not coor-
capsulorhexis specimens and donor lenses, respond to gluetinately function together. Modulated genes may not be af-
corticoid treatment similarly to immortalized human lens epifecting a specific cell function, but they may be involved in
thelial cell cultures. Human specimens, whether they are frosignaling pathways. EASE was also used to identify pathways
donor or cataractous lenses, are limited so immortalized cahrough the use of KEGG pathways terms associated with the
cultures can be used to examine hypotheses, which can theifferentially expressed genes. EASE analysis of 4 and 16 h
be confirmed in primary cultures. We demonstrated that thenodulated genes through use of KEGG pathways revealed
results obtained from the HLE B-3 cell line could be con-that the phosphatidyl inositol signaling system, complement
firmed by real time PCR in primary cultures of human lensand coagulation cascades, and cell cycle contained several
epithelial cells. This is the first demonstration of a glucocorti-genes that functionally clustered into these pathways.
coid induced change in gene expression in primary cultures of EASE and KEGG terms are not absolute. Although a gene
human lens epithelial cells. may be listed as belonging to a particular pathway, careful

Microarray technology through the use of simultaneouditerature searches reveal that the same gene is involved in
monitoring of the expression levels of thousands of genes ideanother pathway as well. The MAP Kinase and Phosphatidy!
tified gene expression changes that are small but distinct amaositol pathways illustrate this. In this data set, EASE only
significant, suggesting that glucocorticoids have a direct efidentified one transcript, MEKKS (Affy ID 218311 _at) as play-
fect on lens cell function. Although a total of 215 transcriptdng a role in the MAP Kinase Pathway (data not shown). EASE
were identified, this information alone does not provide muclidentified 6 transcripts that play a role in the phosphatidyl inosi-
information about the biological response of human lens eptel pathway and one of them is the Dual Specificity Phos-
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phatase-1 (Affy ID 201041_s_at). Careful literature searchesediated protection from apoptosis in a mammary cell line
reveal that Dual Specificity Phosphatase-1 is also known dg0]. Furthermore many of these genes have connections with
Map Kinase Phosphatase-1 [55]. Alignment of cDNA tranthe MAP Kinase or phosphatidyl inositol pathways [71-76].
scripts reveal that the two are 100% homologous (data ndthese seemingly diverse changes in gene expression may be
shown). Map Kinase Phosphatase-1 is an important regulatdue to glucocorticoid modulation of signaling pathways.
of the MAP Kinase Pathway [56]. Further examination of the A decrease in protein expression of E cadherin and N
microarray results and literature reveals several other modeadherin was reported after prolonged treatment with Dex
lators of the MAP Kinase pathway that were not identified bywithout changes in mRNA expression [31]. We did not see
EASE, including Plasminogen Activator Urokinase whichany changes in gene expression of the cadherins on the 4 or 16
stimulates MAP Kinases [57], Serum and Glucocorticoidh micorarrays. It is interesting to note that both these signal-
Regulated Kinase which inhibits an upstream activator of MARng pathways have been reported to be involved upstream and
Kinase [58], and chemokine monocyte chemoattractant pratownstream of cadherin expression [77-79]. We are currently
tein 1/Monocyte chemoattractant protein-1 which stimulatesvestigating the effect of glucocorticoid in hLECs on the MAP
MAPK activation [59]. It appears that glucocorticoids areKinase and phosphatidyl inositol pathways.
modulating signaling pathways in lens cells. Our results presented here demonstrate conclusively that
The phosphatidyl inositol pathway is involved in cellularhuman lens epithelial cells express a transcriptionally active
responses such as cell survival, cell proliferation, cell growthGR, demonstrate early GC responses, and have identified en-
and transformation [60,61]. The MAP Kinase pathway is in-dogenous changes in gene expression that play a role in very
volved in cell proliferation, cell differentiation, cell motility, important cell functions including cell signaling, cell commu-
cell survival, and apoptosis [62]. Both of these pathways areication, cell metabolism, cell proliferation, and cell death.
important in cell stress responses and appear to crosstalk aBitice glucocorticoids are used in the clinical setting for treat-
play roles in similar functions [63,64]. Glucocorticoid treat-ment of acute and chronic disorders and a negative side affect
ment of lens epithelial cells does not appear to be modulatiraf prolonged GC use is the formation of a cataract, it is impor-
one specific biological function, but instead appears to be playant to understand a lens GC response. The studies reveal that
ing a small role in a variety of functions. It is possible thatglucocorticoids do not appear to modulate a specific cellular
glucocorticoids affect many cellular functions through thefunction but instead modulate important biological pathways
modulation of components and regulators of the phosphatidsthat may be involved in the lens glucocorticoid response. This
inositol and MAP Kinase pathways. Regulators of the MAPRwill lead to a better understanding of glucocorticoid signaling
Kinase and phosphatidyl inositol pathways were reported tm lens epithelial cells, the effect of prolonged glucocorticoid
be modulated in the 24 and 48 h microarrays [34]. Specifitreatment and the formation of a steroid induced cataract.
cally, Map Kinase Phosphatase-1, which exhibited greater than
2 fold expression on our 16 h microarray, continued to dem- ACKNOWLEDGEMENTS
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