k| Molecular Vision 2003; 9:515-37 <http://www.molvis.org/molvis/v9/a65>

P} Received 28 May 2003 | Accepted 19 September 2003 | Published 7 October 2003

© 2003 Molecular Vision

| dentification and functional clustering of global gene expression
differences between human age-related cataract and clear lenses

John R. Hawse,'? James F. Hejtmancik,® Quingling Huang,* Nancy L. Sheets,? DouglasA. Hosack,® Richard A.

L empicki,® Joseph Horwitz,* Marc Kantorow?

'Biomedical Sciences, Florida Atlantic University, Boca Raton, FL; 2Department of Biology, West Virginia University, Morgantown,
WV, (0OGVFB/NIH, Bethesda, MD; “UCLA School of Medicine, Jules Sein Eye Institute, Los Angeles, CA; SLaboratory of
Immunopathogenesis and Bioinformatics, SAIC Frederick Inc., Frederick, MD

Purpose: Age-related cataract is a multi-factoria disease with a poorly understood etiology. Numerous studies provide
evidence that the human eye lens has evolved specific regulatory and protective systems to ameliorate lens damage
associated with cataract. Other studies suggest that the presence of cataract is associated with the altered expression of
specific genes including metallothionein |la, osteonectin, transglutaminase 2, betaig-h3, multiple ribosomal proteins,
ADAMY, and protein phosphatase 2A. Here, we sought to identify further gene expression changes that are associated
with cataract and to cluster the identified genesinto specific biologica pathways.

M ethods: Oligonucleotide microarray hybridization was used to analyze the full complement of gene expression differ-
ences between lens epitheliaisolated from human age-related cataract relative to clear lenses. The expression levels of a
subset of theidentified geneswere further evaluated by semi-quantitative RT-PCR. Theidentified geneswerefunctionally
clustered into specific categories and the probability of over-representation of each category was determined using the
computer program EASE.

Results: 412 transcripts were observed to be increased and 919 transcripts were observed to be decreased by 2 fold or
morein lens epitheliaisolated from age-related cataract relative to clear lenses. Of these, 74 were increased and 241 were
decreased at the 5 fold level or greater. Seventeen genes selected for further confirmation exhibited similar trends in
expression when examined by RT-PCR using both the original and separately prepared clear and cataract RNA popula-
tions. Functional clustering of the identified genes using the EA SE bi oinformatics software package reveal ed that, among
others, transcripts increased in cataract are associated with transcriptional control, chromosomal organization, ionic and
cytoplasmic transport, and extracellular matrix components while transcripts decreased in cataract are associated with
protein synthesis, defense against oxidative stress, heat-shock/chaperone activity, structural components of the lens, and
cell cycle control.

Conclusions: These data suggest that cataract is associated with multiple previously identified and novel changesin lens
epithelial gene expression and they point to numerous pathways likely to play important rolesin lens protection, mainte-

nance, and age-related cataract.

The role of the eye lensis to focus incoming light onto
theretinawherevisual information isthen processed and trans-
mitted to the brain. Thelensisan excellent model for the study
of age related diseases since it has no blood supply, contains
some of the oldest cells in the body, grows throughout life,
and is exposed to multiple environmental insults including
toxic metals and UV-light which can result in oxidative stress
[1]. Oxidative stress, combined with aging of the lens and
consequential lens cell damage, is believed to contribute to
age-related cataract formation, an opacity of the lens that re-
sultsin blindness [1]. Cataract is a major health issue world-
wide as it is the leading cause of world blindness. Surgical
removal of the lensis the only known treatment. Cataract is
an enormous economic burden, accounting for 12% of all
Medicare expenses in the United States each year. With an
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aging American population cataract is, and will continue to
be, amajor economic and quality of life concern.
Despitethelarge number of studies documenting the bio-
chemical and metabolic changes in the lens associated with
age-related cataract, little is known about the changesin gene
expression associated with this disease. To identify these
changes we have focused on the lens epithelium since this
monolayer of cellsisessential for the growth, differentiation,
and homeostasis of the entire organ [2,3]. Thelens epithelium
contains the highest levels of enzymes and transport systems
in the lens [4-6] and is the first part of the lens exposed to
environmental insults [5,6]. Multiple studies suggest that the
lens epithelium is capable of communicating with the under-
lying fiber cells[7] and direct damage to the lens epithelium
and its enzyme systems is known to result in cataract forma-
tion [1,8-10]. Importantly, the majority of transcription oc-
cursintheepithelial cellsof thelens, and therefore these cells
make up the majority of lens cells capable of responding to
environmental insults and/or the presence of cataract through
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altered gene expression. Since thelens epithelium iscomposed
of asingle cell-type it represents an ideal model for gene ex-
pression studies.

Although a multitude of lens culture studies have docu-
mented changes in the expression of numerous genes in re-
sponseto H,0,, toxic metals, UV-light, and other stresses, and
multiple studies have examined changes in gene expression
in animal models of cataract, the full complement of gene ex-
pression differences that occur in lens epithelial cells of hu-
man age-related cataract is not known. Previous studies have
used RT-PCR differential display and other techniquestoiden-
tify differences in gene expression between human lens epi-
thelia cellsisolated from cataract relative to clear lenses. For
instance, metallothionein Il1a[11], osteonectin (also known as
SPARC[12)]), transglutaminase 2 [13], and betaig-h3[14], are
reported to beincreased in cataract relativeto clear lenseswhile
multiple ribosomal proteins [15], ADAM9 [16], and protein
phosphatase 2A [11] are reported to be decreased in cataract
relative to clear lenses.

While these studies have provided important insight into
the roles of specific gene expression changes in age-related
cataract, information concerning individual gene expression
changes is not adequate to reveal related clusters of genes
whoseidentities are necessary to elucidate the biological path-
ways that are altered in age-related cataract. Although recent
studies have examined the global changesin gene expression
that occur in cultured human lens epithelia cells exposed to
H.,0,, astress associated with cataract [17,18], to date no com-
prehensive study has documented the global gene expression
changes occurring between human age-related cataract and
clear lenses or reported the functional clustering of age-re-
lated cataract-specific genes. Thisinformation is necessary to
identify those biological pathways atered in age-related cata-
ract and is essential towards understanding the molecular ba-
sis for this disease. Despite the difficulty in obtaining suffi-
cient numbersof human cataracts and clear lensesfor thistype
of large-scale analysis, it is important that these studies be
conducted with actual human lens epithelia since no tissue
culture or animal model system can mimic the uniquelife his-
tory, physiology and genetic responses of the human lens.

We have used oligonucleotide microarraysto compare the
global gene expression profiles between pooled age-matched
human lens epithelia isolated from cataract and clear lenses.
We demonstrate that more than 1,300 of the 22,215 genes sur-
veyed have expression levels that differ by 2 fold or morein
cataracts compared to clear lenses. Of these, 74 genes arein-
creased and 241 genes are decreased in cataract relative to
clear lenses at the level of 5 fold or greater. Functiona clus-
tering and over-representation analysis of theidentified genes
revealed that multiple biological pathways are significantly
altered upon cataract formation including chaperones, oxida-
tive stress, protein synthesis, and ion transport pathways. These
data provide the basisfor designing functional experimentsto
examine the roles of the identified genesin lens maintenance
and protection and they provideinsight into those mechanisms
that may be important for the development of, and defense
against, age-related cataract.
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METHODS

Tissue collection and RNA preparation: Central lens epithe-
lial tags (2-3 mm?) were obtained from patients undergoing
cataract surgery at the Jules Stein Eye Institute, UCL A School
of Medicine. The cataracts are representative of the entire
population of patients undergoing cataract surgery and were
obtained and classified by the same surgeon, according to a
modified version of the Lens Opacities Classification Scale
(LOCS)-111 grading system. The cataracts used in this study
were approximately 70% mixed, 20% nuclear, 5% cortical,
and 2% posterior subcapsular. With the exception of cataract-
type, age and sex, no further identifying information was avail-
able for individual lenses. Clear whole human lenses were
obtained from organ donors within 24 h post-mortem by the
Lions Eye Bank of Oregon and the West Virginia Eye Bank.
Wholelenseswere microscopically examined for opacitiesand
thoselenses exhibiting opacity were discarded from the present
study. Clear lenses were micro-dissected for central epithe-
lium (6-8 mm?) and contaminating fiber cells were removed.
A total of 106 cataracts (average age 71.2 years) and 10 clear
lens epithelia (average age 64.2 years) were used to obtain a
sufficient amounts of RNA (2-5 ug) for the microarray study.
An additional 50 cataracts (average age 70.8 years) and 10
clear lens epithelia (average age 63.3 years) were used for the
secondary semi-quantitative RT-PCR confirmation studies.
Another 50 cataracts (average age 68.7 years) and 10 clear
lens epithelia (average age 57.0 years) were used for the con-
trol and tertiary semi-quantitative RT-PCR confirmation stud-
ies. Total RNA wasisolated from these samplesusing the Trizol
method.

Microarray procedure and analysis: The quality and
quantity of RNA obtained from the cataract and clear lens epi-
thelial tagswas determined using aBioanalyzer 2100 (Agilent
Technologies, Palo Alto, CA) according to the manufacturers
protocol. Briefly, a small amount of RNA from each sample
was |loaded on amicrogel, el ectrophoresed, scanned and ana-
lyzed for the quantity and integrity of the 18s and 28s riboso-
mal RNA bands to ensure that the same amount of RNA was
examined for both the cataract and clear lens samples.

First and second strand cDNAswere synthesized from 2-
5 ug of total RNA using the SuperScript Double-Stranded
cDNA Synthesis Kit (Invitrogen, Gaithersburg, MD) and the
oligo-dT,-T7 primer (5-GGC CAGTGAATT GTAATA CGA
CTC ACT AT-AGG GAG GCG G-3') according to the
manufacturer’s instructions. cRNA was synthesized and la-
beled with biotinylated UTP and CTP by invitro transcription
using the T7 promoter coupled double-stranded cDNA as a
template and the T7 RNA Transcript Labeling Kit (ENZO
DiagnosticsInc., Farmingdale, NY). Briefly, double-stranded
cDNAs synthesized from the previous stepswere washed twice
with 70% ethanol and resuspended in 22 ul of RNase-free
H.,O. The cDNA was incubated with 4 ul each of 10X Reac-
tion Buffer, Biotin Labeled Ribonucleotides, DTT, RNase In-
hibitor Mix, and 2 ul of 20X T7 RNA Polymerasefor 5 h at 37
°C. Thelabeled cRNA was separated from unincorporated ri-
bonucleotides by passing througha CHROMA SPIN-100 col-
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umn (Clontech, Palo Alto, CA) and precipitated at -20 °C for
1 hto overnight.

The cRNA pellet wasresuspended in 10 ul of RNase-free
H,O and 10 ug was fragmented by heat and ion-mediated hy-
drolysisat 95 °C for 35 min in 200 uM Tris-acetate, pH 8.1,
500 mM KOAc, and 150 mM MgOAc. Thefragmented cRNA
was hybridized for 16 h at 45 °C to HG_U133A oligonucle-
otide arrays (Affymetrix, Santa Clara, CA) containing 22,283
probe setsrepresenting 22,215 gene or extended sequencetag
(EST) sequences. Arrayswerewashed at 25 °C with 6X SSPE
(0.9 M NaCl, 60 mM NaH,PO,, 6 mM EDTA, and 0.01%
Tween-20) followed by a stringent wash at 50 °C with 100
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mM MES, 0.1 M (Na"), and 0.01% Tween-20. Thearrayswere
then stained with phycoerythrein-conjugated streptavidin (Mo-
lecular Probes, Eugene, OR) and the fluorescence intensities
were determined using a laser confocal scanner (Hewlett-
Packard, Palo Alto, CA) .

The scanned imageswere analyzed using Microarray Suite
5.0 software (Affymetrix), following user guidelines. Briefly,
background signal intensities were calculated and used to de-
termineif thesignal intensity of an individual genewas statis-
tically greater than the background intensity value. The signal
intensity for each gene was cal cul ated asthe average intensity
difference, represented by [Z(PM-MM)/(number of probe

TaBLE 1. PrRIMERS UsED FOR RT-PCR

Anneal i ng Product Cycl e Accessi on

CGene Abrevi ation Primer sequence tenperature I ength nunber nunber
Hsp27-1 Hsp27-1 CGCGCTCAGCCGGCAACTCAG 64 419 27 XM 055937
Hsp27-1 Hsp27-1 AGGGGTGGEGECATCCAGGCTAAGG 64 419 27 XM 055937
Hsp27-2 Hsp27-2 TCCTGACCCCCACACTCTACCA 61 421 27 NM 001541
Hsp27-2 Hsp27-2 GCTGCCTCCTCCTCTTCCTCTG 61 421 27 NM_ 001541
aA-crystallin aA CCACCTCGGCTCCCTCGTCCTAAG 64 492 25 NM_ 000394
aA-crystallin aA CCATGTI CCCCAAGAGCGGCACTAC 64 492 25 NM 000394
RPL13a RPL13a GTATGCTGCCCCACAAAACCA 58 387 25 XM 027885
RPL13a RPL13a CAACGCATGAGGAATTAACAGTCTT 58 387 25 XM 027885
Met al | ot hi onein I F M1 F GCTTCTCTCTTGGAAAGTCC 55 226 30 MLO943
Metal l othionein IF  MIIF GGCATCAGTCGCAGCACCTG 55 226 30 ML0943
Metal | othionein IH  MIIH GAACTCCAGTCTCACCTCGG 55 213 30 X64834
Met al | ot hi onein IH MI1 H GACATCAGGCACAGCAGCTG 55 213 30 X64834
Metal | othionein IG MG GCCTCTTCCCTTCTCCCTTG 55 234 30 XM 048213
Metal l othionein IG MG GACATCAGGCGCAGCAGCTG 55 234 30 XM 048213
G ut at hi one GPX-1 GACCGACCCCAAGCTCATCACC 60 333 30 M21304
Per oxi dase 1
d ut at hi one GPX-1 ATCAACAGGACCAGCACCCATCTC 60 333 30 M21304
Per oxi dase 1
Na+/ H+ Exchanger Na+/ H+ Ex GCCATCTGITTTGCGITAGTGITT 56 530 23 AF073299
I
Na+/ H+ Exchanger Na+/ H+ Ex GITCGCTGACGGATTTGATAGAGA 56 530 23 AF073299
Il
Serine/ Threonine S/IT PK TGITGGTGEEGATTTGCTTACTCT 57 449 23 NM_ 003607
Protei n Ki nase
Serine/ Threonine S/T PK CTTGGGCTGGAAACTGAAACCTCT 57 449 23 NM 003607
Protein Ki nase
Na+/ K+ ATPase Na+/ K+ ATPase AAAGTACAAAGATTCAGCCCAGAG 52 419 23 BC0O00006
Na+/ K+ ATPase Na+/ K+ ATPase  GGAGITTGCCATAGTACGGATAAT 52 419 23 BC0O00006
Secreted Apoptosis SARP TTGTAATCCAGTCGGCTTGTTCTT 56 478 23 AF017987
Rel ated Protein
Secreted Apoptosis SARP CTGGCCCTTTGCTGTCACTATTAC 56 478 23 AF017987
Rel ated Protein
Pl ei ot rophin Pl e. GI TCCCCGCCTTCCAGTCCA 60 430 23 M567399
Pl ei ot rophin Ple. TGCCCAGCCCACAGTCTCCA 60 430 23 MB7399
E3-UWbiquitin UBE3- Li g CAGGGAATGGTTGTATCTCTTGTIC 53 469 25 AY014180
Li gase
E3- Ubi quitin UBE3- Li g AATGCCTCGTAAAAATCTCCAGT T 53 469 25 AY014180
Li gase
aB-crystallin aB AGCCGCCTCTTTGACCAGITCTTC 60 452 18 NM 001885
aB-crystallin aB GCGGTGACAGCAGGCTTCTCTTC 60 452 18 NM 001885
Cat al ase Cat TACCCCTCCTGGACTTTTTACATC 52 541 25 NM_ 001752
Cat al ase Cat CCTCATTCAGCACGTTCACATAGA 52 541 25 NM 001752
Met al - r esponsi ve MTF- 1 GGGCCAGGACCTCAGCACAAT 59 445 25 XM 001412
Transcription
Factor 1
Met al - responsi ve MTF- 1 AGAAGCCCCAGCAACAACAGAAAG 59 445 25 XM 001412

Transcription
Factor 1

The table lists the sequences, GenBank accession numbers, annealing temperatures, product lengths, and PCR cycle numbers for al gene-

specific primers used in this study.
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pairs)], where PM and MM denote perfect-match and mis-
match probes, respectively. Each reported gene value repre-
sents the average signal intensity of 10 separately hybridized
gene signatures. Any gene whose MM value was saturated or
fell within tau (t) distance of the PM value was excluded from
the analysis. t is a parameter used in performing the One-
Sided Wilcoxon's Signed Rank test for the detection call and
represents athreshold that the discrimination scorefor aprobe
set must exceed in order for a gene to be regarded as being
present in the sample. Each gene was then assigned a call of
Present (P), meaning that its intensity value is statistically
greater than that of the background level and/or falls outside
of the calculated t distance, or Absent (A) meaning that its
intensity valueisnot statistically greater than that of the back-
ground level and/or falls within the calculated t distance. All
of the genes described in this study are rated as present in at
least one, if not both, of the cataract and clear lens samples.
Any gene that was determined to be absent in both the cata-
ract and clear lens samples was excluded from this report.

The microarray data were normalized using the
Microarray Suite 5.0 software (Affymetrix) by multiplying
the output of the experimental array by a Normalization Fac-
tor sothat itsaverageintensity isthe same asthat of thebaseline
array. The Microarray Suite 5.0 software also requires scal-
ing, inwhich the output of any array ismultiplied by ascaling
factor to make its average intensity equal to a defined target
intensity. For these studies a standard target intensity of 250
was used.

Semi-quantitative RT-PCR confirmation: Seventeen
geneswere selected for usein semi-quantitative RT-PCR con-
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firmations of the hybridization results. Gene-specific primers
were designed using the BLAST program and GenBank data-
base (National Center for Biotechnology Information,
Bethesda, MD). All primers were designed to cross intron/
exon boundaries. The primer sequences, GenBank accession
numbers, annealing temperatures, product lengths, and PCR
cycle numbersfor al gene-specific primers used in this study
areindicated in Table 1. Semi-quantitative RT-PCR was per-
formed using 50 ng of RNA with acommercial RT-PCR sys-
tem used in accordance with the manufacturer’ s protocol (One-
Step; Invitrogen, Gaithersburg, MD). To provide further con-
fidence in the data and to show that the PCR reactions are
within the linear range of PCR cycles, 3 control genes, cata
lase, metal-responsivetranscription factor 1 (MTF-1), and o.B-
crystallin, and two genes of interest, HSP27-1 and -2 were
evauated by RT-PCR using 50 ng of cataract RNA and 5 dif-
ferent amounts (5, 10, 30, 50, and 100 ng) of clear lens RNA.
Products were separated by gel electrophoresison 1.5% agar-
ose gels and visualized by ethidium bromide staining. Prod-
uct formation for indicated genes was linear over al of the
PCR cyclesused. All PCR products were sequenced to ensure
product authenticity. All gels were scanned and the percent
adjusted volumeintensitiesof al of the RT-PCR productswere
determined using aBiorad gel documentation system (Biorad,
Hercules, CA). These values were used to calculate the ap-
proximate fold changes of the selected genes between cata-
ract and clear lens epithelia.

Functional clustering and over-representation analysis
of differentially expressed genes: Genes identified to be dif-
ferentially expressed by 2 fold or greater according to the
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Figure 1. Genesincreased 2 fold or greater between cataract and clear
lenses. This figure graphically represents the genes whose expres-
sion levels are incresaed by 2 fold or greater in cataract relative to
clear lenses. The total number of genesincluded in each fold change
category areindicated. Percentagesindicate thetotal number of genes
in each category relativeto thetotal number of increased genes (412)
on the chip.
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Figure 2. Genes decreased 2 fold or greater between cataract and
clear lenses. Thisfigure graphically represents the genes whose ex-
pression levels are decreased by 2 fold or greater in cataract relative
to clear lenses. Thetotal number of genesincluded in each fold change
category areindicated. Percentagesindicate thetotal number of genes
in each category relativeto thetotal number of decreased genes (919)
on the chip.
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microarray analysis were analyzed for significant functional
clusters of genes using the EA SE bioinformatics software pack-
age. This software package was used to rank functional clus-
ters by statistical over-representation of individual genes in
specific categories relative to all genes in the same category
onthemicroarray. Thefunctional clustersused by EASE were
derived from the classification systems of the Gene Ontology,
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Proteome’s" At A Glance,” SwissProt keywords, and Interpro
protein domains.

RESULTS
Oligonucleotide microarray analysis. Analysis of gene ex-
pression differences between pooled age-matched cataract and

TABLE 2. GENES EXHIBITING DIFFERENTIAL EXPRESSION IN CATARACT RELATIVE TO CLEAR LENSES

Genes exhibiting increased expression in cataract relative to clear |enses
Nor mal Cat ar act
Accesi on si gnal si gnal

Gene namne nunber intensity intensity Fol d
nucl ear phosphoprotein BE796924 348.8 (P) 1730.7 (P) 5.28
di - N-acetyl -chi t obi ase NM_ 004388 117.2 (A 322.9 (P) 5.28
Hypot heti cal protein FLJ21551 NM_024801 121 (P) 524.5 (P) 5.28
Hypot heti cal protein PROL048 NM_ 018497 29.3 (A 261.1 (P) 5.28
EST AA972711 354.7 (P) 1919.5 (P) 5.28
Human erythroi d-specific transcription factor EKLF uU65404 70.3 (P) 408.9 (P) 5.28
Chronosone 14 cl one AC007956 154. 4 (P) 649.3 (P) 5. 66
tetratricopeptide repeat domain 3 AVW10696 431.9 (P) 1752.4 (P) 5. 66
Hypot heti cal protein FLJ11827 NM_025093 58.5 (A 338.9 (P) 5. 66
ubi nuclein 1 T70262 397.9 (P) 1981.9 (P) 5. 66
al pha thal assenmi anental retardati on syndrone Al 650257 154.9 (P) 852.1 (P) 5. 66
X-11inked
Neur on-specific protein NM_ 014392 54.5 (A 338.2 (P) 5. 66
growth factor receptor-bound protein 10 D86962 126.6 (P) 544.2 (P) 5. 66
Di sabl ed honol og 2 (m togen-responsive NM_ 001343 237 (P) 1096.6 (P) 6. 06
phosphopr ot ei n)
Secreted apoptosis related protein 2 (SARP2) AF017987 473.2 (P) 3068.6 (P) 6. 06
aci d sphingonyelinase-I|ike phosphodi esterase AA873600 48.7 (A 264.1 (P) 6. 06
EST Al 694562 2039.8 (P) 14553.9 (P) 6.06
KI AA1641 protein NM_ 025190 178.7 (P) 878.1 (P) 6.06
Typt ophan 2, 3- di oxygenase NM_005651 37.4 (A 324.8 (P) 6. 06
adducin 3 (gamm) Al 763123 100.8 (A 379.3 (P) 6.06
Type || Col gi nenbrane protein NM_ 014498 100 (A 618.9 (P) 6. 06
EST AA634446 13.3 (A 137.2 (P) 6.5
Na+H+ exchanger isoform 2 AF073299 133.9 (A 1443.4 (P) 6.5
Ser-Thr protein kinase NM_003607 1015.2 (P) 3771 (P) 6.5
Sj ogren syndrome antigen B BG532929 47.8 (A 374.3 (P) 6.5
cl one COL05464 AK025143 68.1 (A 571.6 (P) 6.5
EST BF592782 479.5 (P) 3072.6 (P) 6.5
Bcl - 2-associ ated transcription factor short form AF249273 94.5 (P) 518.1 (P) 6.5
MRNA
eukaryotic translation initiation factor 4 gamma BE966878 112. 4 (P) 612.6 (P) 6.5
Ni j megen breakage syndrone 1 (nibrin) Al 796269 83.6 (A 1188 (P) 6. 96
DEADH ( Asp- d u- Al a- AspHi s) box pol ypeptide 17 AWL88131 153.2 (A 1396 (P) 6. 96
KI AA0876 protein AWR37172 128.9 (A 1181.2 (P) 6.96
Argi ni ne nmet hyl transferase Ur9286 62.8 (A 366.1 (P) 6. 96
Smal | nucl ear RNA activating conpl ex, polypeptide NM_003082 145.6 (P) 643.5 (P) 6. 96
1, 43 kD ( SNAPCL1)
Zinc finger protein 161 (ZNF161) NM_007146 81.9 (A 446.7 (P) 6. 96
KI AA1641 protein AB046861 32 (A 201.3 (P) 6.96
copine |11 AA541758 96.6 (A 775.4 (P) 6.96
natural killer-tunor recognition sequence Al 361805 398.2 (P) 2412.8 (P) 6. 96
Kl AA0480 gene product AW299294 154 (P) 997.5 (P) 7.46
Nerve growth factor (HBNF-1) Mb7399 1448.1 (P) 7425.6 (P) 7.46
natural killer-tunor recognition sequence Al 688640 95.4 (P) 829 (P) 7.46
pl ei or ophi n BC005916 1187.8 (P) 10502. 3 (P) 7.46
nucl ear receptor interacting protein 1 Al 824012 58.3 (A 383.9 (P) 7.46
EST AW293343 84.3 (P) 630.2 (P) 7.46
ATPase, Na+K+ transporting, beta 1 pol ypeptide BCO00006 1233.8 (P) 14152 (P) 8
G ut at hi one per oxi dase 2 NM_002083 31.7 (A 257.1 (P) 8
transforner-2 al pha AVD78896 97 (A 618.3 (P) 8
Tubby |ike protein 1 NM 003322 27.3 (A 211.3 (P) 8
EST BF448315 197.7 (P) 1500.5 (P) 8
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TABLE 2. CONTINUED.
Genes exhibiting increased expression in cataract relative to clear |enses

DNA for HBV integration sites X04014 80.7 (A 607.8 (P) 8
simlar to widely-interspaced zinc finger notifs Al 828531 34.6 (A 273.6 (P) 8
cDNA DKFZp566MD43 AL050065 36.2 (A 322.8 (P) 8.57
secretory carrier menbrane protein 1 BF058944 177.3 (P) 928.9 (P) 8. 57
chondroitin sul fate proteogl ycan 6 (bamacan) Al 373676 71.3 (P) 1010.3 (P) 8. 57
Kl AA0594 protein AWLB3677 39.1 (A 404.7 (P) 9.19
Claudin 1 (CLDN1) NM 021101 41 (A 268.1 (P) 9.85
Kl AA0256 gene product N52532 71.7 (A 1709.6 (P) 9.85
HRI HFB2017 AB015331 64.1 (A 368.4 (P) 9.85
KI AA0888 protein AB020695 173.8 (A 2224.6 (P) 10. 56
Gst eonodul i n Al 765819 26.4 (A 351.8 (P) 11.31
Bi caudal - D ( Bl CD) U90030 40.8 (A 888.1 (P) 12.13
EST Al 278204 46.2 (A 331.8 (P) 12.13
cDNA: FLJ21198 AK024851 13.5 (A 217.6 (P) 12.13
Kl AA0447 gene product BE885244 45.2 (A 664 (P) 13
chloride channel 3 AA902971 25.7 (A 221.7 (P) 14. 93
W skott-Aldrich syndrome-1ike BE504979 51.4 (A 686 (P) 14.93
Cof actor required for Spl transcriptional NM_004229 9.2 (A 196.8 (P) 16
activation, subunit 2
Kl AA0494 gene product BC002525 15.5 (A 419.6 (P) 17. 15
ring finger protein 15 AU157590 62.5 (A 719.2 (P) 19.7
myel oi dl ynphoi d or m xed-1ineage | eukem a AA715041 39.2 (A 518.1 (P) 19.7
PRO2667 AF119889 31.3 (A 717.7 (P) 19.7
cDNA DKFZp564M2422 AL050388 4.2 (A 185.4 (P) 19.7
Simlar to histam ne N-nethyltransferase BC005907 10.4 (A 308 (P) 27. 86
Testis-specific XK-related protein on Y NM_004677 4.3 (A 124.2 (P) 32
Genes exhi biting decreased expression in cataract relative to clear |enses
Nor mal Cat ar act
Accesi on si gnal si gnal

Gene namne nunber intensity intensity Fol d
Jagged 1 U73936 916.3 (P) 69.9 (A 5.28
Ri bosonal protein, |arge, PO NM_001002 14191.2 (P) 3138.4 (P) 5.28
Fibrillin 1 NM_ 000138 404.2 (P) 55.2 (A 5.28
Simlar to eukaryotic translation initiation BC006210 2672.3 (P) 494.9 (A 5.28
factor 4A isoforml
EST Al 799802 228.4 (P) 23.1 (A 5.28
Zinc finger protein 219 NM_ 016423 300.2 (P) 53.3 (A 5.28
Simlar to eukaryotic translation initiation BC000533 2697.1 (P) 471.5 (P) 5.28
factor 3, subunit 8
heat shock cognate protein 54 AB034951 1342.6 (P) 152 (A 5.28
Pyruvat e ki nase, nuscle NM_002654 1098.2 (P) 221.9 (A 5.28
I MP (i nosine nonophosphate) dehydrogenase 2 NM_000884 1011.6 (P) 124.8 (A 5.28
EST Al 816291 458.9 (P) 66.1 (A 5.28
Transl ocase of inner mitochondrial nenbrane 23 NM_006327 435.6 (P) 86.5 (A 5.28
horol og
4- hydr oxyphenyl pruvat e di oxygenase NM_002150 206.7 (P) 36.9 (A 5.28
Heat shock 27 kD protein 2 NM_ 001541 1056.5 (P) 172.3 (A 5.28
Car bonyl reductase 1 BC002511 589.2 (P) 27.6 (A 5.28
Prot easone (prosome, nmacropain) subunit, beta NM_002796 875.3 (P) 143 (A 5.28
type, 4
Smal | menbrane protein 1 NM 014313 502 (P) 78.7 (A 5.28
Fatty acid binding protein 3, nuscle and heart NM_ 004102 244 (P) 48.2 (A 5.28
(mamary-derived grow h inhibitor)
Cal pastatin AF327443 300.3 (P) 81.1 (A 5.28
Myosin, |ight polypeptide, regulatory, NM_006471 3899.8 (P) 876.3 (P) 5.28
non-sar coneric
Proteolipid protein 2 (colonic NM_002668 437. 4 (P) 50.8 (A 5.28
epi thel i um enri ched)
ri bosomal protein L4 Al 953886 6333.2 (P) 716.8 (P) 5.28
cDNA DKFZp586D1122 AL050166 199.2 (P) 29.6 (A 5.28
pol y(rC) -binding protein 2 NM_005016 1855.1 (P) 204.4 (A 5.28
Met al | ot hi onein |If gene ML0943 5381.9 (P) 776.9 (A 5. 66

520



Molecular Vision 2003; 9:515-37 <http://www.molvis.org/molvis/v9/a65> © 2003 Molecular Vision

TABLE 2. CONTINUED.
Genes exhi biting decreased expression in cataract relative to clear |enses

3- hydr oxy- 3- et hyl gl utaryl - Coenzyme A reduct ase AL518627 159.3 (P) 30.3 (A 5. 66
G8 protein NM 016947 3539.8 (P) 558.7 (P) 5. 66
SMX5-1i ke protein AF196468 358.8 (P) 39.1 (A 5. 66
M cr ot ubul e- associ ated proteins 1A1B |light chain 3 AF183417 423.7 (P) 79.3 (A 5. 66
PRO2640 AF116710 8064.3 (P) 991.9 (P) 5. 66
MYLE protein NM 014015 471 (P) 52.6 (A 5. 66
Col d shock domain protein A NM_003651 1098.3 (P) 144.3 (A 5. 66
ki nesin 2 AA284075 236.3 (P) 40.9 (A 5. 66
Cel | nenbrane gl ycoproein NM_007002 368.8 (P) 75.1 (A 5. 66
Bi liverdin reductase NM_000713 1583.4 (P) 498.1 (P) 5. 66
Nucl ear | ocalization signal deleted in NM_003776 970.5 (P) 125.9 (A 5. 66
vel ocar di of aci al syndromne

cl one RP11-486C2 AL356115 10470 (P) 1310.9 (P) 5. 66
prot easonme (prosone, macropain) subunit, al pha NM_002788 452 (P) 46 (A 5. 66
type, 3

Cyclin D1 BC000076 182.7 (P) 21.7 (A 5. 66
Heat shock 70 kD protein 1B NM_005346 1660.9 (P) 397.7 (P) 5. 66
CD24 signal transducer L33930 736.9 (P) 187.1 (A 5. 66
Zyxin related protein ZRP-1 AF000974 792.4 (P) 113.6 (A 5. 66
solute carrier famly 2 (facilitated glucose BE550486 210.6 (P) 76.2 (A 5. 66
transporter), nenmber 3

Tubulin, beta 5 BC005838 3024.6 (P) 533.4 (M 5. 66
weakly similar to LONGEVI Y- ASSURANCE PROTEIN 1 AK001105 1037.6 (P) 178.7 (A 5. 66
cl one 1033B10 AL031228 565 (P) 92 (A 6. 06
S- adenosyl honocyst ei ne hydrol ase (AHCY) NM_000687 365.9 (P) 59.1 (A 6. 06
ri bosomal protein, |arge, PO Al 953822 8792.1 (P) 1133.5 (P) 6. 06
Ovari an beta-A inhibin ML3436 6485.9 (P) 898.3 (P) 6. 06
MYGL protein NM 021640 583.2 (P) 103.9 (A 6. 06
ribosomal protein L13 Al 186735 7108.6 (P) 1468.8 (P) 6. 06
Splicing factor arginineserine-rich 9 NM_003769 1438.8 (P) 422.6 (A 6. 06
HDCVB21P gene AF072098 10344.7 (P) 699.8 (P) 6. 06
CGoliath protein NM 018434 340.6 (P) 28.8 (A 6. 06
Eukaryotic translation initiation factor 2B, NM 001414 281.1 (P) 54.1 (A 6. 06
subunit 1 (al pha, 26 kD)

ribosomal protein L13 AV 74664 3994.8 (P) 371.4 (A 6. 06
Pr ot easone (prosome, nmacropain) subunit, beta NM_002799 2050 (P) 332.4 (M 6. 06
type, 7

Tubulin, beta, 2 BC004188 1084.5 (P) 202. 4 (A 6. 06
Phosphati dyl et hanol ami ne N-net hyl transferase NM_ 007169 670.3 (P) 47.1 (A 6. 06
Adaptor-rel ated protein conplex 2, mu 1 subunit NM_004068 863.9 (P) 165.4 (A 6. 06
cDNA DKFZp564B076 AL049313 470.2 (P) 52.3 (A 6. 06
cl one RP4-781L3 AL121994 897.8 (P) 150.3 (A 6. 06
Al pha-actinin-2 associated LI M protein nRNA, AF002280 189.4 (P) 28.7 (A 6. 06
alternatively spliced product

Threonyl -t RNA synt het ase NM_ 003191 958 (P) 97.8 (A 6. 06
MCP- 1=npnocyt e chenotactic protein human, aortic S69738 771 (P) 73 (A 6.5
endot helial cells

eukaryotic translation elongation factor 1 gamma BE963164 13185.4 (P) 1579.7 (A 6.5
Lectin, gal actoside-binding, soluble, 1(galectinl) NM_002305 2609.9 (P) 94.5 (A 6.5
CG -44 protein; sulfide dehydrogenase |ike NM_ 021199 1703.9 (P) 151.3 (A 6.5
DnaJ (Hsp40) honol og, subfamily B, nmenber 1 BG537255 532.8 (P) 77.4 (A 6.5
Fragile histidine triad gene HN_002012 341.8 (P) 59.8 (A 6.5
Car boxypepti dase Bl NM_ 001871 337.8 (P) 35.4 (A 6.5
Crystallin, beta B2 NM_ 000496 20885.8 (P) 3332.7 (P) 6.5
Mei otic reconbination protein RECL4 AF309553 134.4 (P) 34.9 (A 6.5
Sel enoprotein W 1 NM_003009 707.1 (P) 39.3 (A 6.5
MRNA for hMBFlal pha AB002282 2012.1 (P) 211.9 (A 6.5
tudor repeat associator wth PCTAI RE 2 AWL29593 2669.4 (P) 387.8 (M 6.5
EST AV705559 593.1 (P) 107.4 (A 6.5
Cl one: SMAP31-12 AB059408 483.7 (P) 68.1 (A 6.5
G owth arrest and DNA damage induci bl e proteinbeta  AF087853 1895.6 (P) 39.3 (A 6.5
Crystallin, gamma B NM_005210 721 (P) 104.8 (A 6.5
Eukaryotic translation elongation factor 1 delta NM_001960 3814.7 (P) 480.1 (A 6.5
(guani ne nucl eoti de exchange protein)

FK506- bi ndi ng protein 2 NM_004470 503.6 (P) 17.5 (A 6.5
HLA class Il region expressed gene KE2 NM_ 014260 382.3 (P) 30.3 (A 6.5
Neur onal cell adhesion nol ecul e NM_005010 613.1 (P) 94.8 (A 6.5
pol ynerase (RNA) |1 (DNA directed) polypeptide J BG335629 552.8 (P) 31.8 (A 6.5
Ri bosonal protein L27a NM_000990 12053.7 (P) 1609.9 (P) 6.5
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EST L43577 354.2 (P) 43 (A 6. 96
Tetraspan 3 NM_005724 183 (P) 21.3 (A 6. 96
phosphoseri ne ami notransferase Al 889380 4608.5 (P) 970.4 (P) 6. 96
Nucl ear prelamn A recognition factor NM_ 012336 482 (P) 58.2 (A 6. 96
Zinc finger protein honol ogous to Zfp-36 in nouse NM_003407 651.1 (P) 63.6 (A 6. 96
cDNA DKFZp564J1516 AL136601 192.2 (P) 30.5 (A 6. 96
Anti zyme i nhi bitor NM 015878 232.8 (P) 25.5 (A 6. 96
G protein-coupled receptor 39 AL567376 257 (P) 63.1 (A 6. 96
prostatic binding protein BE969671 3392.7 (P) 310.4 (P) 6. 96
Tetratricopeptide repeat donmain 2 NM_003315 397.2 (P) 43.4 (A 6. 96
Ri bosonal protein S15 NM_ 001018 15776.8 (P) 2287.8 (P) 6. 96
Hypot hetical protein FLJ11730 NM_ 022756 639.3 (P) 105.1 (A 6. 96
ki nesin 2 AA284075 199.9 (P) 21.7 (A 6. 96
Prefoldin 5 NM 002624 2490.6 (P) 261.6 (A 6. 96
Pol y(A) -binding protein, cytoplasmc 4 (inducible NM_003819 437.9 (P) 32.9 (A 6. 96
form

Ri bosonal protein L35 NM_007209 6130.5 (P) 732.7 (P) 6. 96
Cat eni n (cadherin-associ ated protein), alpha 2 NM_004389 350.7 (P) 28.5 (A 6. 96
Hypot heti cal protein FLJ10493 NM 018112 107.9 (P) 17.8 (A 6. 96
Lysosonal - associ at ed nmenbrane protein 1 NM_005561 888.3 (P) 54.1 (A 6. 96
Human growt h hor none- dependent insulin-Iike growth MB1159 2003.6 (P) 285.9 (P) 6. 96
factor-binding protein

gl ut at hi one peroxi dase 3 AWL49846 5548.5 (P) 521 (P) 6. 96
Prostatic binding protein NM_002567 4056.2 (P) 356.9 (A 7.46
GWR2 for guanosi ne nonophosphat e reductase isol og NM_ 016576 584.3 (P) 38.3 (A 7.46
henogl obi n, al pha 1 T50399 427.5 (P) 75.7 (A 7.46
Ri bosonal protein L8 NM_000973 5766.6 (P) 462.4 (A 7.46
F-box protein FLRL AF142481 771.2 (P) 114.6 (A 7.46
Honmo sapiens, Simlar to tubulin, beta, 4 BC002654 1096.5 (P) 127.3 (A 7.46
Ri bosonal protein L29 NM_ 000992 1889.9 (P) 228.7 (A 7.46
Kl AA0874 protein AB020681 249.4 (P) 45.6 (A 7.46
CGE -91 protein NM 016034 327.1 (P) 49.7 (A 7.46
Pre-mRNA splicing factor 2 p32 subunit L04636 518.2 (P) 46.5 (A 7.46
Phosphogl ycerate ki nase 1 NM_000291 2262.5 (P) 332.5 (P) 7.46
Human 28S r RNA sequence ML1167 3708.3 (P) 648.4 (P) 7.46
Simlar to granulin BC000324 480 (P) 65.7 (A 8
hypot heti cal protein FLJ10698 Al 951798 422.6 (P) 49 (A 8
solute carrier famly 25 (mitochondrial carrier; Al 961224 6069.8 (P) 397.1 (A 8
adeni ne nucl eotide translocator), nenber 6

SKI P for skeletal nuscle and kidney enriched Al 806031 30.6 (A 249. 4 8

i nositol phosphatase

Protein kinase AF133207 2162.2 (P) 316 (A 8
Extracel lular matrix protein 1 U65932 1252.6 (P) 150.3 (A 8

Al pha Il spectrin us3867 843.9 (P) 96.5 (A 8
nucl eophosmi nB23. 2 AB042278 655 (P) 70.7 (A 8

Ri bosonal protein L4 NM_000968 7153.3 (P) 854.4 (P) 8
Phosphati dyl chol i ne transfer protein NM 021213 205 (P) 23.8 (A 8
SEC13 (S. cerevisiae)-like 1 NM_ 030673 420.4 (P) 37.6 (A 8
Honmo sapi ens nRNA for puronycin sensitive AJ132583 303.3 (P) 39.2 (A 8
ami nopept i dase

Eukaryotic translation initiation factor 3, BC0O00733 1480 (P) 131.3 (A 8
subunit 4 (delta, 44 kD)

SET transl ocation (nyel oid | eukeni a- associ at ed) Al 278616 459 (P) 35.1 (A 8
PROL608 AF119850 10333.9 (P) 1251. 4 (P) 8
Human bcl -1 nRNA M7 3554 780.7 (P) 139.7 (A 8.57
ECSI T NM 016581 238.5 (P) 27.4 (A 8.57
MCT-1 protein NM_ 014060 328.5 (P) 20.5 (A 8.57
Human sol ubl e protein Jagged mRNA ur7914 1063.3 (P) 109.4 (A 8. 57
ni dogen (enactin) BF940043 608.8 (P) 93.6 (A 8.57
M tochondrial robosomal protein S15 NM_031280 132.4 (P) 11.3 (A 8. 57
Pr ot easone (prosome, nmacropain) subunit, beta NM_002793 1915.3 (P) 357.2 (A 8. 57
type, 1

Transl ocase of inner mitochondrial nenbrane 17 BC004439 128.3 (P) 7.6 (A 9.19
(yeast) honol og A

Mcrofibrillar-associated protein 2, transcript NM_ 017459 233.4 (P) 23.6 (A 9.19
variant 1

Ri bosonal protein L4 BC005817 7644.3 (P) 816.1 (P) 9.19
Zinc finger protein 162 NM_004630 734.7 (P) 25.1 (A 9.19
Tyrosi ne 3-nonoxygenaset rypt ophan 5-nbnoxygenase BC003623 373.6 (P) 32.5 (A 9.19
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activation protein, zeta pol ypeptide

Spi nde pol e body protein NM_006322 215.4 (P) 12.6 (A 9.19
d ycogeni n NM_004130 407 (P) 30.8 (A 9.85
6- pyruvoyl -tetrahydropterin synthasedi neri zati on NM_000281 217.7 (P) 13.4 (A 9.85
cof actor of hepatocyte nucl ear factor al pha

Moesi n NM 002444 974.5 (P) 38.7 (A 9.85
Nucl ear autoantigenic sperm protein NM_002482 155.1 (P) 16.4 (A 9.85
('hi st one- bi ndi ng)

Met al | opr ot ease NM_007038 220.2 (P) 9.9 (A 9.85
KI AA0116 protein AL581473 822.7 (P) 45.9 (A 9.85
GAPDH M33197 5091.6 (P) 530.9 (A 9.85
Brain acid-soluble protein 1 NM_006317 7329.2 (P) 674 (P) 9.85
HSPC177 NM_ 016410 310.9 (P) 30.8 (A 9.85
gl ycer al dehyde- 3- phosphat e dehydr ogenase BF689355 9541.6 (P) 1048.9 (P) 9.85
Latent transform ng growh factor beta binding NM_ 021070 377.9 (P) 39 (A 9.85
protein 3

U6 snRNA-associated Smlike protein LSnv NM_ 016199 395.4 (P) 37 (A 10. 56
GANP protein AJ010089 462.1 (P) 29.2 (A 10. 56
McKusi ck- Kauf man syndrome protein NM_ 018848 533.2 (P) 20.9 (A 10. 56
Cl one inage: 3611719 BC003542 167 (P) 22.2 (A 10. 56
Cyclin GL BC000196 4919.8 (P) 480.8 (A 10. 56
M crotubul e associ ated protein Al 633566 402.3 (P) 44.9 (A 10. 56
MV 1 beta AB055804 1917.7 (P) 106.5 (A 10. 56
transket ol ase L12711 5334 (P) 535.8 (P) 10. 56
78 kDa gastrin-binding protein 04627 370.5 (P) 24.3 (A 10. 56
SH3 domai n binding glutam c acid-rich protein NM_ 007341 682.4 (P) 38.7 (A 10. 56
EEF1 gamma NM_ 001404 9570.8 (P) 935.6 (A 10. 56
phosphol i pase C, beta 3 BE305165 419.7 (P) 42.3 (A 10. 56
G ut at hi one per oxi dase 3 NM_002084 9749.5 (P) 594.4 (P) 11.31
RD protein L03411 506.3 (P) 40.5 (A 11.31
Adaptor-rel ated protein conplex 2 NM_ 021575 225 (P) 19.3 (A 11.31
Phosphomannonut ase 1 NM_002676 238.4 (P) 40.7 (A 11.31
Qui none oxi dor educt ase honol og BC000474 934 (P) 50.2 (A 11.31
HSPCOB84 protein NM 016126 217.9 (P) 12.8 (A 11.31
Ornithin decarboxyl ase anti zyne 1 AF090094 1153.7 (P) 36.4 (A 11.31
JMb protein BC000464 327.3 (P) 30.5 (A 12.13
Retinitis pignentosa 2 NM_006915 33.1 (P) 1.3 (A 12.13
Quani ne nucl eoti de binding protein (G protein), NM_006098 3013.5 (P) 315.4 (A 12.13
beta pol ypeptide 2-1ike 1

Cyti di ne deani nase NM_001785 324.7 (P) 23.4 (A 12.13
al pha- 2- HS- gl ycoprotei n BG538564 3032.1 (P) 152.1 (A 12.13
Ri bosonmal protein L11 NM_000975 4539.6 (P) 162.2 (A 12.13
L-iditol -2 dehydrogenase L29008 1540.6 (P) 93.4 (A 12.13
v-fos FBJ nurine osteosarconma viral oncogene BC004490 508.5 (P) 17.2 (A 12.13
horol og

Crystallin beta B2 NM_000496 18394.2 (P) 1113.3 (P) 12.13
28S ribosomal RNA gene M27830 8810.6 (P) 639.5 (P) 12.13
KI AA0230 gene D86983 300.7 (P) 19.7 (A 12.13
Cl one 24461 AF070577 517.8 (P) 16.7 (A 12.13
MRJ gene for a menber of the DNAJ protein famly BC002446 244.5 (P) 19 (A 13
HMG box nmRNA, 3 end cds. LO7335 1053.5 (P) 80.1 (A 13
Beaded filament structural protein 2, phakinin NM_ 003571 7986.8 (P) 454.7 (A 13
Adi pose specific 2 NM_ 006829 822.3 (P) 103.3 (A 13
NADH dehydr ogenase (ubiquitone) 1 al pha NM_005001 537 (P) 24 (A 13
subcompl ex, 7

Hi stidyl-tRNA synt het ase NM_002109 1033.2 (P) 33.8 (A 13
Myristoyl ated al anine-rich protein kinase C NM_002356 203.9 (P) 22.5 (A 13.93
substrate

1 d-2H conpl ete cds. inhibitor of DNA binding 2, D13891 195.8 (P) 16.8 (A 13.93
dom nant negative helix-|oop-helix protein

Anci ent ubiquitous protein 1 NM_ 012103 258.7 (P) 25.4 (A 13.93
solute carrier famly 1 (glutamateneutral am no BF340083 5269.5 (P) 333.4 (P) 13.93
acid transporter), menber 4

signal peptidase conpl ex N99438 789.3 (P) 51.9 (A 13.93
I D4 helix-1oop-helix DNA binding protein AL022726 210.3 (P) 16.1 (A 14.93
prot easonme (prosone, macropain) inhibitor subunitl BGD29917 426.1 (P) 28.4 (A 14.93
Cysteine-rich protein 1 (intestinal) NM_ 001311 583 (P) 31 (A 14.93
Epi thelial menbrane protein 1 NM_ 001423 154.2 (P) 10.6 (A 14.93
EST R06655 758.5 (P) 32 (A 14.93
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Het er ogeneous nucl ear ribonucl eoprotein AB
H V-1 TAR RNA bi nding protein

Cal pain 4, small subunit (30 kDa)
Archain 1
RuvB (E coli honol og)-like 2

peptidyl prolyl isonerase B (cyclophilin B)

Beaded filament structural protein 1, filensin
HSPC165 protein

chinerin (chimaerin) 1

Hypot hetical protein FLJ11798

Saposin proteins A-D

Unchar acteri zed henat opoi eti c stenprogenitor cells
protein MDS032

Eukaryotic translation elongtion factor 2

Lysyl oxidase-like 1

transket ol ase

Al pha A crystallin

Crystallin beta B3

gl ycoprotei n M6A

G owt h arrest and DNA- damage-i nduci bl e,
pUb- RS

solute carrier famly 25 (mitochondrial carrier;
adeni ne nucl eotide translocator), nenber 6

ri bosomal protein, |arge, PO

Lens intrinsic nmenbrane protein 2

Crystallin beta A3

M crovascul ar endot hel i al
Crystallin gamma D

Ri bosonal protein S9
Phosphogl ycerat e ki nase
matrix Ga protein
Intersectin short isoform
Hypot heti cal protein PRO2577
Lengsin

Crystallin beta A2
Crystallin beta Bl

Heat shock 27 kD protein 1
Crystallin beta A4

al pha

differentiation gene 1

NM_004499 638.7 (P) 33.7 (A 14.93
L22453 4646.4 (P) 263 (A 14. 93
NM_001749 866.5 (P) 44.7 (A 16

NM_001655 635.5 (P) 12.6 (A) 16

NM_006666 451.2 (P) 31.5 (A 16

NM_000942 741.1 (P) 24.4 (A 17.15
NM 001195  6597.1 (P) 185.7 (A 17.15
NM 014185 393.4 (P) 22.3 (A 17.15
BF339445 709.7 (P) 44.2 (A 17.15
NM 024907 510.9 (P) 16.8 (A) 18. 38
MB2221 554.2 (P) 25.1 (A) 18. 38
NM 018467 335.2 (P) 25 (A 19.7
NM 001961 4841  (P) 138.5 (A 21.11
NM_005576 824.8 (P) 18.7 (A) 21.11
BF696840 1557.5 (P) 27 (A 22.63
U66584 10945. 8 (P) 264.4 (P) 22.63
NM 004076  2515.8 (P) 64.9 (A) 22.63
BF939489 360.8 (P) 19.6 (A) 24. 25
NM 001924  1548.3 (P) 31 (A 24. 25
AB033605 867 (P) 30 (A 24. 25
AA916851 1736.5 (P) 20.8 (A) 25. 99
AA555113 2885.2 (P) 73.5 (A) 27. 86
NM 030657  7106.4 (P) 144.3 (A 27.86
NM 005208  16082.8 (P) 582.6 (M 27. 86
NM 012328 110.3 (P) 6.4 (A 27.86
NM 006891  6226.2 (P) 204.5 (A) 29. 86
NM 001013  5469.9 (P) 207.3 (A) 32

S81916 477.3 (P) 23.8 (A 42.22
Al 653730 546.9 (P) 14.5 (A) 42.22
AF114488 119.3 (P) 4.3 (A 45. 25
NM 018630 133.3 (P) 6.8 (A 45. 25
NM 016571 2135 (P) 17.1 (A) 51.98
NM 005209  14598.1 (P) 108.3 (A 55. 72
NM 001887  7181.6 (P) 68.5 (A)  119.43
NM 001540  3620.6 (P) 28.2 (A) 128

NM 001886  17523.3 (P) 118.1 (A)  168.9

In the third and fourth columns, the abbreviations Pis present, statistically greater than background intensity values, A is absent, not statisti-
caly different than background intensity values, and M is marginal, possibly different than background intensity values.

clear lenses was conducted using Affymetrix HG_U133A
microarrays as described in the methods section. In thisanaly-
sis, only one hybridization was conducted for each RNA popu-
lation due to the extremely large number of human lens epi-
theliarequired for this type of analysis and the limited avail-
ability of these tissues. Comparison of the gene expression
datafor 22,215 genes represented by 222,830 separate probe
sets, each probe set containing 10 perfect match and 10 1 base
pair mismatch probe sequences, between cataract and clear
lens samples, identified 412 transcripts that were increased
(Figure 1) and 919 transcripts that were decreased (Figure 2)
by 2 fold or greater in cataract compared to clear lenses. Of
the genesthat exhibited increased expression in cataracts, 82%
of them were increased by 2-5 fold, 13% by 5-9 fold, 3% by
9-15 fold, and 2% by greater than 15 fold (Figure 1). Of the
genes that exhibited decreased expression in cataracts, 74%
of them fell into the 2-5 fold range, 15% in the 5-9 fold range,
7% in the 9-15 fold range, and 4% in the 15 fold and greater
range (Figure 2). Of theidentified genes, 74 exhibited increased
expression, of which 24 are ESTs or unknown gene products,
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and 241 exhibited decreased expression, of which 25 are ESTs
or unknown gene products, at the 5 fold or greater level in
cataract relative to clear lenses. These genes and their relative
expression levels, intensity values and accession numbers are
listed in Table 2. Theraw microarray data, including intensity
values and its statistical analysis, can be accessed in Appen-
dix 1.

Semi-quantitative RT-PCR confirmation: In order to con-
firm the accuracy of the microarray data, semi-quantitative
RT-PCR was conducted with the original RNA samples used
for the microarray experiments and 2 other sets of separately
prepared cataract and clear lens RNA samples. Thirteen genes
that were either increased or decreased by 2 fold or greater in
cataracts were first examined using the same RNA samples
that were used for the microarray studies. Theseincluded Na'/
H* exchanger isoform 11 (6.50 fold), serine/threonine protein
kinase (3.73 fold), Na'/K* ATPase (8.00 fold), secreted
apoptosisrelated protein 2 (6.06 fold), pleiotrophin (7.46 fold),
and E3-ubiquitin ligase (4.59 fold) which all exhibited in-
creased expression in cataracts according to the microarray
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data. Heat shock protein 27-1 (128 fold), aA-crystallin (22.63
fold), ribosomal protein large subunit 13a (2.64 fold),
metallothionein | F (5.66 fold), metallothionein IH (3.48 fold),
metallothionein |G (3.73 fold), and glutathione peroxidase-1
(4.92 fold) all exhibited decreased expression in cataracts ac-
cording to the microarray data.

Eleven of the 13 genes examined followed the same trends
in gene expression as demonstrated by the microarray study
(Figure 3A) using the original RNA samples including Na'/
H* exchanger isoform |1, secreted apoptosisrelated protein 2,
pleiotrophin, E3-ubiquitin ligase, heat shock protein 27-1, aA-
crystallin, ribosomal protein large subunit 13a, metallothionein
IF, metallothionein IH, metallothionein |G, and glutathione
peroxidase-1. Thetwo genesthat did not follow the sametrends
in gene expression as demonstrated by the microarray data
were serine/threonine protein kinase and Na'/K* AT Pase (Fig-
ure 3A).

A second sample of RNA was prepared from an addi-
tional 50 cataract and 10 age-matched clear lenses. Dueto the
limited amount of RNA recovered from the second popula-
tion of cataracts, seven of the 13 aforementioned genes (in-
cluding the two that did not confirm the microarray datausing

A

Primary Confirmations

Genes decreased in Cataract vs. Normal lenses
NCINCINCINCINCIN CINC

Hsp27-1 oA |RPL13a | MTIF | MTIH| MTIG | GPX-1

Genes increased in Cataract vs. Normal lenses
N CIN CINCINC|INCI|N C

Na+/H+ | S/T PK | Na+/K+
Ex ATPase

SARP| Ple. | UBE3-

Lig
B Secondary Confirmations

Genes decreased in Cataract vs. Normal lenses

RPL13a| MTIF

Genes increased in Cataract vs. Normal lenses

Figure 3. RT-PCR confirmation of gene expression differences. RT-
PCR confirmation of gene expression differences detected by
microarray hybridization between cataract (C) and normal (N) lens
epithelia. The expression levels of indicated genes were confirmed
by RT-PCR. A: Genes examined using the same cataract and clear
lens RNAs analyzed by microarray hybridization. B: Genes exam-
ined using separately prepared cataract and clear lens RNA samples.
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the first samples of RNA) were re-examined using the new
samples of RNA. Of these, five of the seven genes exhibited
similar trends as detected in the microarray analysisincluding
Na'/H* exchanger isoform |1, pleiotrophin, metallothionein I F,
serine/threonine protein kinase, and Na'/K* ATPase (Figure
3B). Thetwo genesthat did not reconfirm in the second sample
of RNA were aA-crystallin and ribosomal protein large sub-
unit 13a.

In order to further confirm the trends exhibited by the
microarray study and to demonstrate that the PCR cyclesused
arewithin the linear range, we examined two particular genes
of interestin athird sample of RNA prepared from another 50
cataract and 10 age-matched clear lenses. Consistent with the
microarray data, Hsp 27 form 1 and 2 exhibited decreased
expression in cataract relative to clear lenses using a fixed
amount of cataract RNA (50 ng) and 5 different amounts of
clear lens RNA (5, 10, 30, 50, and 100 ng, Figure 4). Heat

A Hsp27-1
C N N N N N
50 5 10 30 50 100
Hsp27-2
C N N N N N

50 5 10 30 50 100

oB-Crystallin
C N N N N N
50 5 10 30 50 100
Catalase
C N N N N N
50 5 10 30 50 100

MTF-1
N N N N
10 30 50 100

C N
50 5

Figure 4. Further RT-PCR confirmation of selected gene expression
differences and control genes. RT-PCR confirmation of gene ex-
pression differences for HSP27-1 and -2 (A) and 3 control genes
whose expression levels should be equal between cataract (C) and
normal (N) lens epithelia (B). Thetotal amount of RNA (ng) used in
each reaction isindicated.
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TABLE 3. FOLD CHANGES AND DENSITOMETRY VALUES OF RT-PCR CONFIRMATIONS OF THE MICROARRAY DATA

Fol d change in
cataracts accordi ng

Gene to mcroarray data
Control genes shown in Figure 4
aB-Crystallin No Change
Cat al ase No Change
MIF- 1 No Change

Primary confirmations shown in Figure 3A

Hsp27-1 Decreased 128.00 Fold
aA-Crystallin Decreased 22.63 Fold
RPL13a Decr eased 2.46 Fold
Met al | ot hionein I F Decr eased 5.66 Fold
Met al | ot hi onein I H Decr eased 3.48 Fold
Met al | ot hionein I G Decr eased 3.73 Fold
d ut at hi one Per oxi dase 1 Decr eased 4.92 Fold
Na+/ H+ Exchanger || I ncreased 6.5 Fold
Serine/ Threoni ne Protein I ncreased 6.5 Fold
Ki nase

Na+/ K+ ATPase I ncreased 8.00 Fold
Secreted Apoptosis I ncreased 6. 06 Fold
Rel ated Protein

Pl ei ot rophi n I ncreased 7.46 Fold
E3- Ubi qui tin Ligase I ncreased 4.59 Fold

Secondary confirmati ons shown in Figure 3B

aA-Crystallin Decreased 22.63 Fold
RPL13a Decr eased 2.46 Fold
Met al | ot hionein I F Decr eased 5.66 Fold
Na+/ H+ Exchanger || I ncreased 6.5 Fold
Serine/ Threoni ne Protein I ncreased 6.5 Fold
Ki nase

Na+/ K+ ATPase I ncreased 8.00 Fold
Pl ei ot rophi n I ncreased 7.46 Fold

Tertiary confirmati ons shown in Figure 4

HSP27- 1 Decreased 128 Fol d
HSP27- 2 Decr eased 5.28 Fold

Per cent Per cent
adj ust ed adj ust ed
vol une for vol une for Cal cul at ed

nor mal cat ar act ous densitonetry fold

| ens RNA | ens RNA change in cataracts
21.62 17.52 Decreased 1.23 Fold
26.55 18. 38 Decreased 1.44 Fold
22.29 24. 46 Increased 1.10 Fold
72. 35 27. 65 Decreased 2.62 Fold
78. 27 21.73 Decreased 3.60 Fold
60. 37 39. 63 Decreased 1.52 Fold
74.11 25. 89 Decreased 2.86 Fold
86. 92 13.08 Decreased 6.65 Fold
86. 05 13.95 Decreased 6.17 Fold
60. 98 39. 02 Decreased 1.56 Fold
17.2 82.8 Increased 4.81 Fold
40. 96 59. 04 Increased 1.44 Fold
52.73 47. 27 Decreased 1.12 Fold
17.78 82.22 Increased 4.62 Fold
33. 67 66. 33 Increased 1.97 Fold
34.84 65. 16 Increased 1.87 Fold
57.21 42.79 Decreased 1.34 Fold
54. 29 45. 71 Decreased 1.19 Fold
67.16 32.84 Decreased 2.05 Fold
6. 99 93.01 I ncreased 13.31 Fold
22.86 77.14 Increased 3.37 Fold
2.03 97.97 I ncreased 48.26 Fold
14.78 85. 22 Increased 5.77 Fold
34.74 4,23 Decreased 8.21 Fold
20. 49 15. 69 Decreased 1.31 Fold

Densitometric analysis of the RT-PCR confirmations shown in Figure 3A,B and Figure 4.

shock protein 27 form 1 was decreased in cataract relative to
clear lenses by approximately 10 fold while heat shock pro-
tein 27 form 2 was decreased in cataract by approximately 2
fold. Using this same sample of RNA we examined the ex-
pression levels of 3 genes (catalase, MTF-1, and aB-crystal-
lin) that were unaltered between cataracts and clear lenses
according to the microarray data as a further control. All 3 of
these genes exhibited identical expression levelsbetween cata-
ract and normal lens epithlia, as predicted by the microarray
analysis (Figure 4).

Densitometric gel scanning of al of the semi-quantita-
tive RT-PCR products described in Figure 3 and Figure 4 was
also conducted to further eval uate the data (Table 3). Although
all of the calculated fold changes do not exactly match those
detected by the microarray hybridization data, they importantly
follow the same general trendsin gene expression revealed by
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the microarray data. These combined confirmations suggest
that the gene expression trends reveal ed by microarray analy-
sis are approximately 84% accurate.

Functional clustering analysis of differentially expressed
transcripts: The set of genes that exhibited either increased
or decreased expression levels of 2 fold or greater was ana-
lyzed for significant enrichment with respect to various cat-
egories of gene function using the EA SE bioinformati cs pack-
age. Categories enriched within the mRNAs increased or de-
creased at the 2 fold or greater level with an EASE score of
less than 0.05 are shown in Figure 5, Figure 6, Figure 7, Fig-
ure 8, and listed in Table 4. Because many genes have more
than onefunction and areinvolved in various pathways, many
of the identified genes appear in multiple categories.

The entire EASE data set can be accessed in Appendix 1.
Statistically significant trendsin biological processes (Figure
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Chromosome Organization
4.35%

Nuclear Organization
P 427%
o~

-

Nucleic Acid
Metabolism
1.62%

Transcription/
—DNA-Dependent
1.82%

Transeription /

1.90%

Figure 5. Functional cluster analysis of genesinvolved in biological
processes which have increased expression levels in cataract versus
clear lenses. Functiona cluster analysis of genes involved in bio-
logical processes which have increased expression levelsin cataract
compared to clear lenses. The specific sub-categories of genes deter-
mined to be significantly altered using the statistical clustering pro-
gram, EASE, are indicated. Percentages indicate the number of al-
tered genesin each sub-category relative to their total representation
on the microarray. Colors denote the approximate relative cellular
location for which the genes in each sub-category function ranging
from the nucleus to the plasma membrane (red to violet). Individual
genes in each category are listed in Table 4. Pie piece size approxi-
mates the number of changed genes in each sub-category.
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_Nucleic Acid
Binding
1.42%

/

Ligand Binding
or Carrier
1.068%

N

*.__DNA Binding
1.38%

Figure 6. Functional cluster analysis of genesinvolved in molecular
functions which have increased expression levelsin cataract versus
clear lenses. Functional cluster analysis of genes involved in mo-
lecular functions which have increased expression levels in cataract
versus clear lenses. The specific sub-categories of genes determined
to be significantly altered using the statistical clustering program,
EASE, areindicated. Percentagesindicate the number of altered genes
in each sub-category relative to their total representation on the
microarray. Colors denote the approximate relative cellular location
for which the genesin each sub-category function ranging from the
nucleus to the plasma membrane (red to violet). Individual genesin
each category are listed in Table 4. Pie piece size approximates the
number of changed genes in each sub-category.
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Figure 7. Functional cluster analy-
sisof genesinvolved in biological
processes which have decreased
expression levels in cataract ver-
sus clear lenses. Functiona clus-
ter analysis of genes involved in
biological processes which have
decreased expression levels in
cataract versus clear lenses. The
specific sub-categories of genes
determined to be significantly al-
tered using the statistical cluster-
ing program, EASE, areindicated.
Percentagesindicate the number of
altered genesin each sub-category
relativeto their total representation
on the microarray. Colors denote
the approximate relative cellular
location for which the genes in
each sub-category function rang-
ing from the nucleusto the plasma
membrane (red to violet). Indi-
vidual genes in each category are
listedin Table 4. Pie piece size ap-
proximatesthe number of changed
genesin each sub-category.

Protein Synthesis
" Elongation
/ 26.67%

Biosynthesis
7.48%

Amine

Reaction
26.67T%

Process
10.81%



Molecular Vision 2003; 9:515-37 <http://www.molvis.org/molvis/iv9/a65>

5) and molecular functions (Figure 6) with increased gene ex-
pression in cataract were chromosome organization, nuclear
organization, transcription/DNA-dependent, transcription,
nucleic acid metabolism, nucleic acid binding, ligand binding
or carrier, and DNA binding. Statistically significant trendsin
biological processes (Figure 7) and molecular functions (Fig-
ure 8) with decreased gene expression in cataract were RNA
splicing, protein biosynthesis, protein synthesis elongation,
protein synthesis initiation, macromolecule biosynthesis,
amine biosynthesis, peroxidase reaction, microtubule-based
process, organelle organization, cytoskeleton organization,
temperature response, heat shock response, vision, response
to external stimulus, U6 snRNA binding, pre-mRNA splicing
factor, mMRNA binding, proteasome endopeptidase, translation
factor, selenium binding, alcohol dehydrogenase, heat shock
protein, oxidoreductase, glutathione peroxidase, chaperone,
structural constituents of lens, and structural molecules. Spe-
cific examples of the genesincluded in each category are sum-
marized in Table 4.

DISCUSSION

In the present study, we have compared the relative expres-
sion levels of more than half of the genes predicted to com-
prise the human genome between age-matched cataract and
clear human lenses; we have confirmed the accuracy of the
data set by semi-quantitative RT-PCR and clustered the dif-
ferentially expressed genes into functional categories. This
analysishasidentified over 1,300 genesthat areatered in cata-
ract relativeto clear lenses. Of these, 74 areincreased and 241
are decreased at the 5 fold or greater level between cataract
and clear lenses. Although limitations in obtaining sufficient
numbers of cataract and clear lenses preclude the extensive

© 2003 Molecular Vision

analysis of individual genes at the mRNA and protein level,
we estimate that the trends in gene expression detected in the
microarray procedure are approximately 84% accurate based
on semi-quantitative RT-PCR using separately isolated RNA
populations. Although we cannot rule out the possibility that
temporal and/or spatial differences between cataract and clear
lenses may influence the results of the present study, we are
confident that the differencesin gene expression detected are
truly cataract-specific since the lenseswere approximately age-
matched (cataract approximately 70.2 years and clear lenses
approximately 61.5 years), controlled for the proportion of
males and femal es between the two samples (approximately
45% male), obtained within 24 h post-mortem, and carefully
dissected for central epithelium (2-3 mm cataract and 6-8 mm
clear). The cataracts examined in this study were mostly mixed
and nuclear (70% mixed, 20% nuclear, 5% cortical, and 2%
posterior subcapsular) therefore, the effects in gene expres-
sion detected in the present survey most likely reflect general
gene expression changes associated with age-related cataract
and are unlikely to be related to specific types of cataracts,
except for possibly nuclear. Large numbers of specific types
of cataracts will need to be collected in order to analyze type-
specific gene expression patterns. However, it isimportant to
note that many of the same genes and their corresponding
magnitude changes detected in the present study correlate al-
most exactly with the gene expression differences and magni-
tude changes detected between cataract epitheliaand clear lens
epitheliausing an entirely different population of human sub-
jects as well as a different type of hybridization screening
[19,20]. Thiscomplementary study provides great confidence
in the gene expression differences detected in the present sur-

vey.
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TABLE 4. INDIVIDUAL FUNCTIONALLY CLUSTERED GENES

Increased In Cataract
Probe
number Gene nane
Bi ol ogi cal Process
Chr onpsone or gani zati on
200679 hi gh-nobi lity group (nonhistone
chronosonal ) protein 1
205062 retinobl ast oma- bi nding protein 1
( RBBP1)
208859 al pha thal assem anental retardation
syndrome X-1inked
209258 chondroitin sul fate proteoglycan 6
(bamacan)
209715 het erochronatin protein honol ogue

(HP1)

Nucl ear organi zation

200679
205062
208859
209258

209715

Transcripti
200679
201138
202173
202600

202612

204771
205062
205070
205443
205596
206848
208003
208859

209088
210504

212079
212492
Transcripti
200679
201138
201606
202173
202600

202612

204771
205062
205070
205443
205596
206848
208003
208859

209088
210504

212079
212492

Nucl ei ¢ aci

hi gh-nobi lity group (nonhistone
chronosonal ) protein 1

retinobl ast oma- bi nding protein 1
( RBBP1)

al pha t hal asseni ament al
syndrome X-1inked
chondroitin sul fate proteoglycan 6
(bamacan)

het erochronatin protein honol ogue
(HP1)

retardation

on/ DNA- dependent

hi gh-nobi lity group (nonhistone
chronosonal ) protein 1

Sj ogren syndrone antigen B
zinc finger protein 161

nucl ear receptor interacting
protein 1

cofactor required for Spl
transcriptional activation,
2

transcription ternination factor,
RNA pol ynerase |

retinobl astoma- bi nding protein 1
( RBBP1)

subuni t

inhibitor of growh famly, nenber
3

smal | nuclear RNA activating

conpl ex

E3 ubiquitin ligase Snurf2

homeo box A7

nucl ear factor of activated T-cells
5

al pha t hal asseni anent al
syndrone X-1inked
ubinuclein 1
erythroid-specific transcription
factor

nyel oi dl ynphoi d or
| eukem a

KI AAO876 protein

retardation

nm xed- | i neage

on

hi gh-nobi lity group (nonhistone
chronosonmal ) protein 1

Sj ogren syndrone antigen B
nucl ear phosphoprotein

zinc finger protein 161

nucl ear receptor interacting
protein 1

cofactor required for Spl
transcriptional activation

2

transcription ternmination factor,
RNA pol ynerase |

retinobl astoma- binding protein 1

subuni t

( RBBP1)

inhibitor of growth famly, nenber
3

smal | nuclear RNA activating

conpl ex

E3 ubiquitin |igase Snurf2
homeo box A7
nucl ear factor
5

al pha thal asseni anent al
syndrone X-1inked
ubinuclein 1
erythroid-specific transcription
factor

nyel oi dl ynphoi d or
| eukem a

KI AA0876 protein

of activated T-cells

retardation

m xed- | i neage

d netabolism

Accessi on
number

NM 002128
NM 002892
NM 000489
NM 005445

NM 012117

NM 000489
NM 002892
NM 000489
NM 005445

NM 012117

NM 002128
NM 003142
NM 007146
NM 003489

NM_ 004229

NM 007344
NM 002892
NM 019071
NM 003082
NM 022739
NM 006896
NM 006599

NM 000489

T70262
NM_ 006563

NM 005933

AWR37172

NM 002128
NM 003142
NM 007062
NM 007146
NM 003489

NM_ 004229

NM 007344
NM 002892
NM 019071
NM 003082
NM 022739
NM_ 006896
NM_006599

NM_000489

T70262
NM 006563

NM_ 005933

AWR37172

Noo

16.

4

Ll

oo

19.

16. 0000

4

19.

6.

No oo

. 5948

9246

. 6569

5742

. 0000

. 5948

9246

. 6569

5742

. 0000

.5948
4980
9644
. 4643

0000

. 0000

. 9246

4.2871

9644
5948
2871
2871
. 6569

6569
. 2780

6983

9644

5948

4980
2780
9644
4643

4.0000

. 9246

4.2871

. 9644
. 5948
2871
. 2871
. 6569

. 6569
. 2780

6983

9644
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200679
201138
201606
202173
202600

202612

202905
204771
205062
205070
205443
205596
206848
208003
208835
208859
209024
209088
209579
209715
210504
212079
212492

Ml ecul ar

hi gh-mobi lity group (nonhistone
chronosonal ) protein 1

Sj ogren syndrome antigen B
nucl ear phosphoprotein

zinc finger protein 161

nucl ear receptor interacting
protein 1

cofactor required for Spl
transcriptional activation,
2

Ni j negen breakage syndrome 1
(nibrin)

transcription termnation factor,
RNA pol ynerase |

retinobl astone-bi nding protein 1
( RBBP1)

inhibitor of growth fanmly,
3

smal | nucl ear RNA activating
conpl ex

E3 ubiquitin ligase Snurf2
honeo box A7

nucl ear factor of activated T-cells
5

cisplatin resistance-associ at ed
over expressed protein

al pha thal asseni anent al
syndrone X-1inked
NS1-associated protein 1
ubinuclein 1

net hyl - CpG bi ndi ng domain protein 4
het erochromatin protein honol ogue
(HP1)

erythroid-specific transcription
factor

nyel oi dl ynphoi d or nixed-1|ineage

| eukeni a

KI AA0O876 protein

subuni t

nenber

retardation

Function

Nucl ei ¢ acid binding

200679

201138
201635

202173

202612

202905

203567
204771

205062

205070

206848
208003

208325
208624

208859
209024
209088
209579
209715
210504
212079

212492

hi gh-nobi lity group (nonhistone
chronosomal ) protein 1

Sj ogren syndrome antigen B
fragile X mental retardation,
aut osonal honol og 1

zinc finger protein 161
cofactor required for Spl
transcriptional activation,
2

Ni j megen breakage syndrone 1
(nibrin)

ring finger protein 15
transcription termination factor,
RNA pol ynerase |

retinobl astoma-binding protein 1
( RBBP1)

inhibitor of growth famly,
3

honmeo box A7

nucl ear factor of activated T-cells
5

| ynphoi d bl ast crisis oncogene
eukaryotic translation initiation
factor 4 gamma

al pha thal asseni anent al
syndronme X-1inked
NS1-associated protein 1
ubinuclein 1

et hyl - CpG bi ndi ng donain protein 4
het erochromatin protein honol ogue
(HP1)

erythroid-specific transcription
factor

nyel oi dl ynphoi d or nixed-|ineage

| eukeni a

KI AA0876 protein

subuni t

nenber

retardation

Li gand binding or carrier

200679

201138
201242

201635

201711
201752
201777
202082
202118
202173
202600

202612

hi gh-nobi lity group (nonhistone
chronosonal ) protein 1

Sj ogren syndronme antigen B
ATPase, Na+K+ transporting,
1

fragile X mental retardation,
aut osonal honol og 1

RAN bi nding protein 2
adducin 3 (gamm)

KI AA0494 gene product

SEC14

copine 111

zinc finger protein 161

nucl ear receptor interacting
protein 1

cofactor required for Spl
transcriptional activation,
2

bet a

subuni t
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NM 002128
NM 003142
NM 007062
NM_ 007146
NM 003489

NM 004229

NM 002485
NM 007344
NM 002892
NM 019071
NM 003082
NM 022739
NM 006896
NM_ 006599
AWB9673
NM 000489
AF037448
T70262
NM 003925
NM 012117
NM 006563
NM 005933

AVR37172

NM 002128

NM 003142
NM 005087

NM 007146
NM 004229
NM 002485

NM_ 006355
NM 007344

NM 002892
NM 019071

NM 006896
NM 006599

NM 006738
AF104913

NM 000489
AF037448
T70262
NM 003925
NM 012117
NM 006563
NM 005933

AVR37172

NM 002128

NM_ 003142
BC000006

NM_005087

NM 006267
NM 019903
NM 014774
NM 003003
NM_ 003909
NM 007146
NM 003489

NM_ 004229

16.

o

19.

o

o

N
»>©

L

o &

o

19.

@© o

-
NoOORNO M

16.

Nouoo

Hpos

oo

pPrOP

5948

4980
2780
9644
4643

0000

. 9644

0000

. 9246

2871

. 9644

5948
2871
2871
2871
6569
9246
6569
2871
0000
2780

6983

. 9644

. 5948

4980

. 5948

9644

. 0000

. 9644

6983
0000

. 9246

. 2871

2871
2871

2871
4980

6569
9246
6569
2871
0000
2780
6983

9644

. 5948

4980
0000

5948

5948
0629
1484
9246
9644
9644
4643

0000
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202831 gl ut at hi one peroxi dase 2

202905 Ni j megen breakage syndronme 1
(nibrin)

203567 ring finger protein 15

204771 transcription ternmination factor,
RNA pol ynerase |

205062 retinobl ast oma- bi nding protein 1
( RBBP1)

205070 inhibitor of growth famly, nenber
3

205809  Wskott-Aldrich syndrone-like

206848 homeo box A7

207152 neur ot rophi ¢ tyrosine kinase,
receptor, type 2

208003 nucl ear factor of activated T-cells
5

208325 | ynphoid blast crisis oncogene

208624 eukaryotic translation initiation
factor 4 gamma

208859 al pha thal asseni amental retardation
syndrone X-1inked

209024 NS1-associated protein 1

209088 ubinuclein 1

209258 chondroitin sul fate proteoglycan 6
(banacan)

209466 pl ei ot rophin

209579 net hyl - CpG bi ndi ng donmain protein 4

209715 het erochronatin protein honmol ogue
(HP1)

210504 erythroid-specific transcription
factor

212079 nyel oi dl ynphoi d or m xed-1ineage
| eukem a

212492 KI AA0876 protein

212926 KI AA0O594 protein

214464 Ser-Thr protein kinase

214933 cal ci um channel, vol tage-
dependent, PQ type, al pha 1A

DNA bi ndi ng

200679 hi gh-nobi lity group (nonhistone
chronosonal ) protein 1

202173 zinc finger protein 161

202612 cofactor required for Spl
transcriptional activation, subunit
2

202905 Ni j megen breakage syndronme 1
(nibrin)

204771 transcription termnation factor,
RNA pol ynerase |

205062  retinobl astoma-binding protein 1
( RBBP1)

205070 inhibitor of growth famly, nenber
3

206848 homeo box A7

208003 nucl ear factor of activated T-cells
5

208859 al pha thal asseni anmental retardation
syndrone X-1inked

209088 ubinuclein 1

209579 net hyl - CpG bi ndi ng donain protein 4

209715 het erochronatin protein honmol ogue
(HP1)

210504 erythroid-specific transcription
factor

212079 nyel oi dl ynphoi d or m xed-1ineage
| eukem a

212492 KI AA0876 protein

Decreased | n Cataract

Probe
number Gene nane
Bi ol ogi cal Process
RNA splicing

200826 snal | nucl ear ribonucl eoprotein D2
pol ypepti de

201698 splicing factor,
arginineserine-rich 9

202567 smal | nucl ear ribonucl eoprotein D3
pol ypepti de

204559 U6 snRNA-associated Smlike protein
LSnv

208880 putative mitochondrial outer
menbrane protein inport receptor

209449 SMX5-1i ke protein

Protein biosynthesis

200005

200689

eukaryotic translation initiation
factor 3, subunit 7

eukaryotic translation elongation
factor 1 gamm

NM_ 002083
NM_ 002485

NM 006355
NM 007344

NM 002892
NM 019071
NM 003941
NM_ 006896
NM 006180
NM 006599

NM 006738
AF104913

NM 000489
AF037448
T70262

NM 005445
V57399

NM 003925
NM 012117
NM 006563
NM 005933
AR37172
ANL83677

NM 003607
AAT69818

NM 002128
NM 007146
NM 004229
NM 002485
NM 007344
NM 002892
NM 019071

NM 006896
NM 006599

NM 000489
T70262

NM 003925
NM 012117
NM 006563
NM 005933

AW37172

Accessi on
nunmber

NM 004597
NM 003769
NM 004175
NM 016199
AB019219

AF196468

NM 003753

NM_ 001404

o

.
»>0

i
Ea ol

o N

o

PN

Ea

rpo

19.

10.

0000

. 9644

6983

. 0000

9246

. 2871

9285
2871
0000

. 2871

2871
4980

6569

9246
6569

. 5742

4643
2871
0000

2780
6983
9644
1896

4980
9246

. 5948

. 9644

. 0000

. 9644

. 0000

. 9246

. 2871

2871
2871

6569
6569
2871
0000
2780
6983

9644

. 5948

. 0629

5948

. 5561

5948

. 6569

9246

5561
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201064

201263
201530

201632
201841
202021
202042
203113
203725
204102

208856
208887

210213

pol y(A) - bi ndi ng protein,

cytoplasnic 4

threonyl -t RNA synt het ase
eukaryotic translation initiation

factor 4A, isoform1

eukaryotic translation initiation

factor 2B, subunit 1

heat shock 27 kDa protein 1

SU 1 isolog

hi stidyl -t RNA synt hetase

eukaryotic translation elongation

factor 1 delta

growth arrest and

DNA- danmge- i nduci bl e, al pha

eukaryotic translation el ongation

factor 2

ri bosomal protein, large, PO
eukaryotic translation initiation
factor 3, subunit 4

translation initiation factor 6

Protein synthesis el ongation

200689

203113

204102

208856

eukaryotic translation elongation
factor 1 gamma

eukaryotic translation elongation
factor 1 delta

eukaryotic translation el ongation
factor 2
ri bosomal

protein, large, PO

Protein synthesis initiation

201530

201632

202021
210213

eukaryotic translation initiation
factor 4A, isoform11

eukaryotic translation initiation
factor 2B, subunit 1

SU'1 isol og

translation initiation factor 6

Macronol ecul e bi osynt hesi s

200005

200689

201064

201263
201530

201632
201841
202021
202042
203113
203725
204102

208856
208887

210213

eukaryotic translation initiation

factor 3, subunit 7

eukaryotic translation elongation

factor 1 gama

pol y(A) - bi nding protein,

cytoplasnic 4

threonyl -t RNA synt het ase
eukaryotic translation initiation

factor 4A, isoform1

eukaryotic translation initiation

factor 2B, subunit 1

heat shock 27 kDa protein 1

SU 1 isolog

hi stidyl-tRNA synt hetase

eukaryotic translation elongation

factor 1 delta

growt h arrest and

DNA- danmge- i nduci bl e, al pha

eukaryotic translation elongation

factor 2

ri bosomal protein, large, PO
eukaryotic translation initiation
factor 3, subunit 4

translation initiation factor 6

Anmi ne bi osynthesis

200790
201772
207621

Per oxi dase

200736
201106

201348
212013

orni thine decarboxyl ase 1
antizyme inhibitor
phosphat i dyl et hanol anmi ne
N-net hyl transf erase

reaction

gl ut at hi one peroxidae 1 (GPX1)
gl ut at hi one peroxi dase 4
(phosphol i pi d hydroper oxi dase)
gl ut at hi one peroxi dase 3 (GPX3)
KI AA0230 gene

M crot ubul e-based process

200712

200750
203690
204398

205191
208786

208977
209191

m crot ubul e-associ ated protein,
RPEB family, nenber 1

GTP binding protein

spi ndl e pole body protein (GCP3)

ni crot ubul e-associ ated protein |ike
echi noder m ENAP

retinitis pignentosa 2

m crotubul e-associ ated proteins
1A1B i ght chain 3

tubulin, beta, 2

Similar to tubulin, beta, 4

Organel | e organi zati on

200712

530

ni crot ubul e-associ ated protein,
RPEB fanily, nmenber 1

© 2003 Molecular Vision

NM_ 003819

NM_ 003191
NM_ 001416

NM 001414
NM 001540
AF083441

NM 002109
NM 001960
NM 001924
NM 001961

BC003655
BC000733

AF022229

NM 001404
NM 001960
NM 001961

BC003655

NM 001416
NM 001414

AF083441
AF022229

NM 003753
NM 001404
NM 003819

NM_ 003191
NM 001416

NM 001414
NM 001540
AF083441

NM 002109
NM_ 001960
NM 001924
NM 001961

BC003655
BC000733

AF022229

NM 002539
NM 015878
NM 007169

NM_ 000581
NM_ 002085

NM_ 002084
D86983

Al 633566
AF054183

NM 006322
NM 012155

NM_ 006915
AF183417

BC004188
BC002654

Al 633566

»o

o

128.
. 5948
12.
. 4980

24.

21.

@~

10.

21.

Eal ol

10.

»>o

o

128.
. 5948
12.
. 4980

24.

21.

@~

o oA

Falb

11.
12.

10.

hpoOop

6.
7.

10.

. 9644

0629
2871

. 0629

0000

9960

2515

1121

5948
0000

0000

5561

4980

1121

5948

. 2871

0629

5948
0000

9246

5561

. 9644

0629

. 2871

. 0629

0000

9960

2515

1121

5948
0000

0000

9246
9644
0629

9246
2871

3137
1257

5561

9246
1896
9246

. 1257
5.

6569

0629
4643

5561
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200750
200866
201707
201821

203690
204398

205191
208786

208977
209191

GTP binding protein

saposin proteins A-D

peroxi sonael farnesylated protein
transl ocase of inner mtochondrial
nmenbrane 17

spindl e pol e body protein (GCP3)
mi crotubul e-associ ated protein |ike
echi noder m ENAP

retinitis pignentosa 2

ni crot ubul e-associ ated proteins
1A1B light chain 3

tubulin, beta, 2

Similar to tubulin, beta, 4

Cyt oskel et on organi zati on

200712

200750
203690
204398

205191
208786

208977
209191

m crot ubul e-associ ated protein,
RPEB fam |y, nenber 1

GTP binding protein

spindl e pole body protein (GCP3)

mi crotubul e-associ ated protein like
echi noder m ENAP

retinitis pignentosa 2

ni crot ubul e-associ ated proteins
1A1B light chain 3

tubulin, beta, 2

Similar to tubulin, beta, 4

Tenperature response

200064 isolate Liv chaperone protein HSP90
bet a
200664 DnaJ (Hsp40) honol og, subfanily B,
nmenber 1
200797 nyeloid cell |eukeni a sequence 1
(BCL2-rel at ed)
200800 heat shock 70 kDa protein 1A
201161 col d shock donmin protein A
201841 heat shock 27 kDa protein 1
202581  heat shock 70 kDa protein 1B
205824 heat shock 27 kDa protein 2
Heat shock response
200064 isolate Liv chaperone protein HSP90
bet a
200664 DnaJ (Hsp40) honol og, subfanily B,
nmenber 1
200797 nyeloid cell |eukem a sequence 1
(BCL2-rel at ed)
200800  heat shock 70 kDa protein 1A
201841 heat shock 27 kDa protein 1
202581  heat shock 70 kDa protein 1B
205824 heat shock 27 kDa protein 2
Vi sion
201563 L-iditol -2 dehydrogenase
201842 EGF-containing fibulin-like
extracel lular matrix protein 1
202766 fibrillin 1
204398 m crot ubul e-associ ated protein |ike
echi noder m ENAP
205191 retinitis pignmentosa 2
206777 beta B2 crystallin
206843 beta A4 crystallin
207399 phaki nin, beaded fil anent
structural protein 2
207532 gamma D crystallin
207685 beta B3 crystallin
Response to external stimulus
200064 isolate Liv chaperone protein HSP90
bet a
200664 DnaJ (Hsp40) honol og, subfanily B,
nenber 1
200797 nyel oid cell |eukenia sequence 1
(BCL2-rel at ed)
200800 heat shock 70 kDa protein 1A
201064 pol y(A)-bi nding protein,
cytoplasnic 4
201161 col d shock domain protein A
201315 interferon induced transmenbrane
protein 2
201348 gl ut at hi one peroxi dase 3 (GPX3)
201563 L-iditol -2 dehydrogenase
201841 heat shock 27 kDa protein 1
201842 EGF-contai ning fibulin-like
extracellular matrix protein 1
201891 bet a-2-microgl obul i n
202581 heat shock 70 kDa protein 1B
202727 interferon ganma receptor 1
202766 fibrillin 1
203725 growth arrest and
DNA- danmage- i nduci bl e, al pha
203921 car bohydrate (chondroitin 6keratan)
sul fotransferase 2
204398  nmicrotubul e-associated protein |ike

echi noder m ENAP

AF054183
M32221
NM_ 002857
BC004439

NM 006322
NM 012155

NM_ 006915
AF183417

BC004188
BC002654

Al 633566

AF054183
NM 006322
NM 012155

NM 006915
AF183417

BC004188
BC002654

AF275719
BG537255
Al 275690

NM 005345
NM 003651
NM 001540
NM 005346
NM 001541

AF275719
BG537255
Al 275690

NM 005345
NM_ 001540
NM 005346
NM 001541

L29008
Al 826799

NM_ 000138
NM_ 012155

NM 006915
NM_000496
NM 001886
NM 003571

NM 006891
NM 004076

AF275719
BG537255
Al 275690

NM 005345
NM 003819

NM 003651
NM 006435

NM 002084
129008

NM 001540
Al 826799

NM 004048
NM 005346
NM 000416
NM 000138
NM 001924

NM_ 004267

NM 012155

No

10.

son

o

No

12

4.

12.
6.
168.
12.

29.
22.

11.

go® ok

. 9246

3800
0000
1896

1896
9246

1257
6569

0629
4643

5561

9246
1896

. 9246

1257

. 6569

0629

. 4643

. 9246

4980

. 0000

0000
6569
0000
6569
2780

. 9246

. 4980

0000

0000

. 0000

6569
2780

1257
9246

2780
9246

1257
4980
8970
9960

8571
6274

. 9246

4980

. 0000

0000
9644

6569
5948

3137
1257

. 0000

9246

2871
6569
0000
2780
2515

5948

9246

531
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205081
205191
205824
206777
206843
207399

207532
207685
208650
208791
208910

209189

212013
216598

cysteine-rich protein 1
retinitis pignmentosa 2

heat shock 27 kDa protein 2
beta B2 crystallin

beta A4 crystallin

phaki nin, beaded filanent
structural protein 2

gamma D crystallin

beta B3 crystallin

CD24 anti gen

conpl enent cytol ysis inhibitor
pre-nRNA splicing factor 2 p32
subuni t

v-fos FBJ nurine osteosarconma viral
oncogene honol og

KI AA0230 gene

nonocyte chenotactic protein

Ml ecul ar Function

U6 snRNA bi

204559

209449

ndi ng

U6 snRNA-associated Smlike protein
LSnv7
SMX5-1i ke protein

Pre-nmRNA splicing factor

200826  snmall nuclear ribonucl eoprotein D2
pol ypepti de

201698 splicing factor,
arginineserine-rich 9

202567 smal | nucl ear ribonucl eoprotein D3
pol ypepti de

204559 U6 snRNA-associated Smlike protein
LSnv7

208880 putative mtochondrial outer
menbrane protein inport receptor

209449 U6 snRNA-associ ated Sm|ike protein

nRNA bi ndi ng

200826  small nuclear ribonucl eoprotein D2
pol ypepti de

201064 pol y(A) - bi nding protein,
cytoplasnic 4

201530 eukaryotic translation initiation
factor 4A, isoform1

201698 splicing factor,
argi nineserine-rich 9

202567 smal | nucl ear ribonucl eoprotein D3
pol ypepti de

204559 U6 snRNA-associated Smlike protein
Lsnv

208880 putative mitochondrial outer
nmenbrane protein inport receptor

209449 U6 snRNA-associated Smlike protein

Prot easone endopepti dase

200786 pr ot easone
(prosone, macropai n) subuni t, beta
type,

200876 pr ot easone
(prosome, macr opai n) subuni t, beta
type, 1

201532  proteasone
(prosone, macr opai n) subuni t, al pa
type, 3

202243 pr ot easone

(prosone, macropai n) subuni t, beta
type, 4

Transl ation factor

200005

200689

201530

201632

202021
203113

204102

208887

210213

Sel eni um bi

200736
201106

201194
201348

eukaryotic translation initiation
factor 3, subunit 7

eukaryotic translation elongation
factor 1 gamma

eukaryotic translation initiation
factor 4A, isoform1

eukaryotic translation initiation
factor 2B, subunit 1

SU'1 isol og

eukaryotic translation elongation
factor 1 delta

eukaryotic translation el ongation
factor 2

eukaryotic translation initiation
factor 3, subunit 4

translation initiation factor 6

ndi ng

gl ut at hi one peroxi dase 1

gl ut at hi one peroxi dase 4
(phosphol i pi d hydroper oxi dase)
sel enoprotein W 1 (SEPW)

gl ut at hi one peroxi dase 3 (GPX3)

NM 001311
NM 006915
NM 001541
NM 000496
NM 001886
NM 003571
NM 006891
NM 004076
BG327863
M25915
104636
BCD04490

D86983
S69738

NM 016199

AF196468

NM 004597
NM 003769
NM 004175
NM 016199
AB019219

AF196468

NM 004597
NM 003819
NM 001416
NM 003769
NM 004175
NM 016199
AB019219

AF196468

NM_ 002799

NM 002793

NM_ 002788

NM 002796

NM 003753
NM 001404
NM 001416
NM 001414

AF083441
NM_ 001960

NM 001961
BCD00733

AF022229

NM 000581
NM 002085

NM 003009
NM 002084

14.
12.
. 2780
. 4980
168.

12.

10.

10.

o &

21.

> P

ro

9285
1257

8970
9960

. 8571
. 6274
. 9246
. 2871
. 4643

. 1257

. 1257
. 4980

5561

. 6569

. 5948

. 0629

5948

. 5561

. 5948

6569

5948

. 9644

. 2871

0629

. 5948

. 55661

. 5948

. 6569

. 0629

. 5742

. 6569

. 2780

9246

5561

. 2871

0629

5948
4980

1121

0000

. 0000

9246
2871

4980

. 3137
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Al cohol dehydrogenase

201563
210609
213540

Heat shock
200064
200664
200800
201841

202581
205824

L-iditol -2 dehydrogenase
qui none oxi dor educt ase honol og
bet a3- Gal act osyl transferase

protein

isolate Liv chaperone protein HSP90
bet a

DnaJ (Hsp40)
nmenber 1
heat shock 70 kDa protein 1A
heat shock 27 kDa protein 1
heat shock 70 kDa protein 1B
heat shock 27 kDa protein 2

honol og, subfamily B,

Oxi dor educt ase

200736
201106

201194
201348
201563
201892

202201

202539
202785

202839

203570
206024
208631
209213
210609
212013
212224
213540

gl ut at hi one peoxi dase 1 (GPX1)

gl ut at hi one peroxi dase 4

(phosphol i pi d hydroper oxi dase)

sel enoprotein W 1 (SEPW)

gl ut at hi one peroxi dase 3 (GPX3)
L-iditol -2 dehydrogenase

i nosi ne nonophosphat e dehydr ogenase
2 (1 MPDH2

biliverdin reductase B(flavin
reduct ase (NADPH))

3- hydroxy- 3- net hyl gl ut aryl - Coenzyne
NADH dehydr oxygenase (ubi qui none)

1 al pha subconplex, 7

A reductase

NADH dehydr oxygenase (ubi qui none)

1 beta subconplex, 7

lysyl oxidase-like 1 (LOXL1)

4- hydr oxyphenyl pyruvat e di oxygenase
78 kDa gastrin-binding protein
carbonyl reductase 1

qui none oxi dor educt ase honol og

nel enoma associ at ed gene

al dehyde dehydrogenase 1 (ALDH1)
contains BING5 gene, the gene for
bet a3- gal act osyl transferase

d ut at hi one peroxi dase

200736
201106

201348
Chaper one

200064

200664

200800
200812

200968

201459
201841
202416
202581
202843

205191
205824
207132

Structural
206746

206777
206778
206843
207399

207532
207685
207715

Structural

200600
200696
201650
202007
202766
203690
203725

205373

206746

gl ut at hi one peroxidae 1 (GPX1)
gl ut at hi one peroxi dase 4
(phosphol i pi d hydroperoxi dase)
gl ut at hi one peroxi dase 3 (GPX3)

isolate Liv chaperone protein HSP90
bet a

DnaJ (Hsp40)
nmenber 1
heat shock 70 kDa protein 1A
chaperoni n contai ning TCP1,
subunit 7

peptidyl prolyl isomerase B
(cyclophilin B)

RuvB

heat shock 27 kDa protein 1
tetratricopeptide repeat donamin 2
heat shock 70 kDa protein 1B

m crovascul ar endot hel i al
differentiation gene 1

retinitis pignentosa 2

heat shock 27 kDa protein 2
prefoldin 5

honol og, subfamily B,

constituent of |ens

filensin, beaded filanment
structural protein 1
beta B2 crystallin

beta B2 crystallin

beta A4 crystallin

phaki ni n, beaded filanment
structural protein 2
gamma D crystallin

beta B3 crystallin
crystallin, gamma B

nol ecul e

noesi n

gel solin

keratin 19

ni dogen (enactin)

fibrillin 1

spindl e pole body protein
growt h arrest and

DNA- danmage- i nduci bl e, al pha
catenin (cadherin-associ ated
protein), alpha 2

filensin, beaded filanent
structural protein 1

L29008
BC000474
AL031228

AF275719
BG537255

NM_ 005345
NM_ 001540
NM_ 005346
NM_ 001541

NM_000581
NM_002085

NM 003009
NM 002084
129008

NM 000884

NM 000713

ML1058
NM_005001

NM 004146

NM 005576
NM_ 002150
04627

BC002511
BC000474
D86983

AF003341
AL031228

NM 000581
NM 002085

NM 002084

AF275719
BG537255

NM 005345
NM_ 006429

NM_000942

NM 006666
NM_ 001540
NM 003315
NM 005346
NM 012328

NM 006915
NM 001541
NM 002624

NM 001195

NM_ 000496
NM_000496
NM_ 001886
NM_ 003571

NM 006891
NM 004076
NM 005210

NM 002444
NM 000177
NM 002276
BF940043
NM 000138
NM 006322
NM 001924

NM_ 004389

NM 001195

12.
11.
. 0629

21.
. 2780
10.
. 2780
11.
12.
. 0000
. 0629

Ealt

11.

17.

29.
22.
. 4980

N

17.

pPOoO®OAPMO

1257
3137

. 9246

. 4980

0000
0000
6569
2780

9246
2871

4980

. 3137
. 1257

2780

. 6569

9960

. 6569

. 5948

1121

5561

3137
1257

9246
2871

3137

. 9246

. 4980

0000
9246

. 1484

. 0000
. 0000
. 9644
. 6569
. 8576

1257
2780
9644

1484

. 4980
12.
168.
12.

1257
8970
9960

8571
6274

8492
2871
9246
5742
2780
1896
2515

9644

1484

532
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206777 beta B2 crystallin NM_ 000496 6. 4980
206778 beta B2 crystallin NM_ 000496 12.1257
206843 beta A4 crystallin NM 001886  168. 8970
207399 phaki nin, beaded filanent NM 003571 12. 9960
structural protein 2
207532 ganma D crystallin NM_ 006891 29. 8571
207685 beta B3 crystallin NM_ 004076 22.6274
207715 gamma B crystallin NM 005210 6. 4980
208611 al pha Il spectrin us3867 8. 0000
208856 ri bosonal protein, large, PO BC003655 4.5948
208977  tubulin, beta, 2 BC004188 6. 0629
209191 Similar to tubulin, beta, 4 BC002654 7.4643
210987 troponyosin ML9267 4. 0000
214953  anyloid beta (A4) X06989 4.0000

The table lists all genes comprising each of the sub-categories that
were significantly altered between cataract and clear lenses.

The present study provides evidence for multiple novel
differencesin gene expression between cataract and clear hu-
man lenses. Although descriptionsof all of theindividual genes
that exhibit altered expression are too cumbersome to report,
and many of the detected gene expression differencesinvolve
ESTswith no known function, some observations can be made.
The majority of genes whose expression levels are altered in
cataract exhibit decreased expression. These genes function
in diverse processes including protein synthesis, oxidative
stress, membrane transport, structural proteins, chaperones,
and cell cycle control proteins. Many of these processes rep-
resent metabolic systems designed to preserve lens homeo-
stasis and their decreased expression may reflect the inability
of the lens to maintain its internal environment in the pres-
ence of stressand/or cataract. Specific examples of individual
genes that exhibit decreased expression in cataract include
multipleribosomal subunitsinvolved in protein synthesis (in-
cluding large subunits 21, 15, 13a, and 7a which were previ-
ously shown to be decreased in cataract relative to clear hu-
man lenses) [15], selenoprotein W1, a glutathione dependant
antioxidant known to protect lung cells against H,O, cytotox-
icity [21] that could play arole in defending the lens against
oxidative damage, Na/K ATPase, a membrane transporter
likely to be critical for osmotic regulation of the lens (whose
proteinslevelshave previously been shown to be decreased in
lens epitheliaisolated from human age-related cataract [22]),
glutathione peroxidases 1, 3 and 4, important oxidative stress
enzymes that are likely to play major rolesin lens protection
and maintenance [23], ferritin, which has been linked to he-
reditary hyperferritinemia-cataract syndrome [24], multiple
crystallinsand other lens structural components, Hsp70, akey
ATPase activated chaperone[25], Hsp27-1, asmall heat-shock
protein likely to beimportant for lens protection [26], Hsp27-
2, asmall heat shock protein closely related to aB-crystalin
[27] which may also beimportant for lens protection, and a.A-
crystallin that, in addition to its structural role in the lens, is
also asmall heat shock protein that can prevent protein aggre-
gation in the lens [28].

The microarray data showing 21 large and small riboso-
mal subunit transcripts that have decreased expression levels
of 2 fold or greater in cataracts is consistent with differential
display results showing that 4 of the large ribosomal subunit
transcripts are decreased in cataractous lenses [15]. This pro-
cessreflectsageneralized decreasein protein synthesisin cate-
ractous lens epithelial cells.
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We also found significant decreases in genes associated
with oxidative stress such as glutathione peroxidase, the
metallothionein | genes, quinone oxidoreductase, and
transketolase. It has previously been demonstrated that glu-
tathione peroxidase-1-deficient mice develop cataracts at an
early age [23] and that the levels of glutathione peroxidase
are significantly decreased in the plasma of patients with se-
nile cataracts [29]. It is also known that oxidative stress oc-
curs when the quinone oxidoreductase gene is damaged re-
sulting in the production of oxygen radicals [30]. The down
regulation of the quinone oxidoreductase gene would also re-
sult in the same outcome, an increase in the overall produc-
tion of oxygen radicals. Others have shown that the loss of
transketolase function, an enzyme that catalyzes two of three
reactionsfor entry into the pentose-phosphate pathway, ama-
jor source of chemical reducing power, results in lens fiber
cell degeneration [31].

Another mgjor functional category exhibiting decreased
gene expression in cataracts is the small heat shock proteing/
chaperones. Small heat shock proteins (sHSPs) arealarge fam-
ily of proteins that, unlike the large HSPs that are mainly in-
volved in protein folding, play animportant role in protecting
organisms against stress [26]. This study specifically found
rather large decreases in many of the crystallin proteins as
well as HSP27. Mice lacking the aA-crystallin gene develop
cataracts at an early age [32] and a missense mutation in the
gene has been genetically linked to one form of autosomal
dominant congenital cataractsin mice[33] and humans[34,35].

Many of the genes encoding structural lens proteins also
exhibited decreased expression in cataract. Thisincludes many
of the - and y-crystallins which are thought to be essentia
for lens clarity and refraction. Indeed, mutationsin p-crystal-
lin has also been related to cataract formation, including a
nonsense mutation in pB1-crystallin [36] and a mutation in
the pB2-crystallin gene[37]. Two other genesinvolvedinlens
structure are filensin and phakinin. These two genes together
make up the lens-specific intermediate filament known asthe
Beaded Filament [38]. It has been shown that the filensin pro-
tein is absent in lenses that have posterior subcapsular cata-
racts[39].

One additional functional category exhibiting decreased
expression in cataractous lenses is the cyclins. This includes
cyclin D1, cyclin G1, and BCL-1. Although there are very
few reports examining the roles of these genesin the lens or
their effects, if any, on cataract formation, one group of re-
searchers has demonstrated that overexpression of cyclin G1
infetal human lensepithelia cellsresultsin anincreased inci-
dence of apoptosis [40].

Fewer genes exhibited increased expression in cataract.
These genesfunction in processes as diverse as transcriptional
control, ion transport, cytoplasmic transport, ion regulation,
Ca?* homeostatsis, protein salvaging pathways, and extracel-
lular matrix interactions. Many of the pathways that exhibit
increased expression in cataract are al so associated with tran-
scriptional processes that may represent attempts by the lens
to compensate for stresses related to cataract. Specific ex-
amples of individual genes include multiple zinc finger pro-
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teins (important for transcriptional regulation), Na/H exchang-
ers (which play key rolesin regulating intracellular pH levels
[41]), multiple cal cium transporters and chloride channel s (im-
portant for the maintenance of cellular homeostasis),
osteonectin (a calcium-binding protein that functions in the
regulation of cell growth [42]), and adducin (a member of a
gene family encoding cytoskeletal proteins[43]).

According to the EASE analysis, functionally related
groups of genes that exhibit overall trends of increased ex-
pression in cataracts include peptidyl-prolyl cis-trans
isomerases. Twenty five percent of cyclophilin-like peptidyl-
prolyl cis-trans isomerases present on the microarray exhib-
ited increased gene expression in cataract including RAN bind-
ing protein. The peptidyl-prolyl cis-transisomerases catalyze
the cis-trans isomerization of prolyl-peptide bonds [44-46].
Some peptidyl-prolyl cis-trans isomerases may also possess
chaperone activity by binding to and inhibiting the formation
of misfolded protein aggregates[47-49)]. It ispossiblethat these
isomerases are increased in cataracts in an attempt to prevent
theaggregation of proteinsin thelenswhich occur during cate-
ract formation. Splice variants of a new class of cyclophilin-
related proteins, types| and |1, have beenisolated [50,51] and
it was found that the type |1 isoform isidentical to Ran-bind-
ing protein 2 (RanBP2) [52,53].

Ran-binding protein 2 isacomponent of the nuclear pore
complex which mediates macromolecular transport between
the nucleus and the cytoplasm of the cell and servesthecell’s
requirement for bi-directional, selective, diverse and high-
volumetransport between these two compartments[54]. Thirty
to 40 different proteins, called nucleoporins, have been iden-
tified as components of the nuclear pore complex [55].
RanBP2, which exhibited increased expression in cataracts,
is the largest nucleoporin and has been localized to the cyto-
plasmic filaments of the nuclear pore complex [56]. RanBP1,
another cytosolic protein closely related to RanBP2, is also
involved in nuclear transport [57] and exhibits increased ex-
pression in cataracts.

In addition to cytoplasmic transport, many genes associ-
ated with ionic transport also exhibit increased expression in
cataracts. One gene in particular, cullin 5, which shares 96%
homology with vasopressin-activated Ca?*-mohilizing recep-
tor, isincreased in cataract. Although its specific function is
currently unknown, it islikely to be involved in the Ca?* and
CAMP dependent cell signaling pathways [58]. Organ culture
studies of the bovine lens demonstrate that a marked decrease
in protein synthesis and a net leakage of proteinsis strongly
associated with anincreasein calcium concentration [59]. The
activity of Ca?*-AT Pase has al so been shown to be reduced by
50% in the membranes of lens epitheliaisolated from catarac-
tous lenses compared to clear human lenses [60]. Oxidative
stress has also been demonstrated to have an effect on the ac-
tivity of Ca?* transportersin the lens. For example, hydrogen
peroxide decreases the activity of Ca?* transporters in rabbit
lenses [61]. These phenomenon are closely associated with
our results demonstrating an increase in Ca?* transporters,
possibly in an attempt to overcome their decreased activity in
cataractous lenses, as well as a decrease in genes associated
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with protein synthesis.

Another ion channel that demonstrated increased expres-
sion in cataracts is the Na'/H* exchanger isoform 2.
Electroneutral Na‘-H* exchangeis present in virtually all cell
types and mediates the exchange of extracellular Na* for in-
tracellular H* and therefore plays an important rolein regul at-
ing theintracellular pH level, cell volume, and transepithelial
Na absorption [41]. Intracel lular pH can affect many cell func-
tions such as metabolic activity, protein synthesis, and cell
growth rates [62]. Previous studies have demonstrated that
the Na'/H* exchangersplay asignificant rolein regulating the
intracellular pH of cultured bovinelens epithelial cells[63]. It
isalso known that the type | Na'/H* exchanger is activated by
hypertonicity in many cell types [64] and the epithelia cells
of toad lenses exposed to hypertonic conditions become acidi-
fied, stimulating the Na*/H* exchanger to return the pH of the
epithelial cells back to normal levels[65].

Another major group of genes that exhibit increased ex-
pression in cataractous epitheliacompared to normal clear epi-
thelia encode extracellular matrix proteins. Specifically,
adducin, afamily member of genesencoding cytoskeletal pro-
teins [43], was increased in cataract. A second gene,
pleiotrophin, which isalso an extracel lular matrix protein that
binds heparin [66] and is induced during wound repair [67],
was a so increased in cataracts. Claudin, acomponent of tight
junction filaments capable of interacting adhesively with
complementary molecules on adjacent epithelial cells [68],
also exhibited increased expression in cataracts. Recent stud-
ies have found that overexpression of claudin-2 induces cat-
ion-selective channelsin tight junctions of epithelia cellsre-
sulting in increased ion permeability [69]. Another extracel-
[ular matrix gene whose expression isincreased in cataractsis
supervillin, an F-actin bundling plasmamembrane protein that
containsfunctional nuclear localization signals[70]. Bamacan,
a chondroitin sulfate proteoglycan that abounds in basement
membranes and isthought to beinvolved in the control of cell
growth and transformation [71], also exhibited increased ex-
pression in cataracts. One final extracellular matrix gene that
wasincreased in cataractsis Osteonectin which has previously
been demonstrated to be increased in human age-related cata-
racts [72].

In summary this report identifies the global gene expres-
sion changes associated with age-related cataract and provides
evidence for specific biological pathways that are associated
with this disease. It is not possible from this study to deter-
mine whether these gene expression differences are a cause of
cataract formation or aresponse of the lens to the presence of
the cataract. However, future confirmation at the protein level
and functional analysis of the identified genes in tissue cul-
ture and animal model systemswill eventually help definethe
individua roles that the identified genes play in lens mainte-
nance, protection, and cataract. Analysis of theidentified path-
wayswill yield important information concerning the regula-
tion of gene expression in age-related cataract and may aid in
the devel opment of therapeutic treatmentsto prevent or delay
the onset of this disease.
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Appendix 1. Raw affymetrix chip data with EASE analysis

Thesefilesaretheraw affymetrix dataand the entire EASE dataanalysis. Thefile entitled "raw-data.txt" is
alist of all of the genes that are either increased or decreased by 2 fold or greater levels according to the
affymetrix chip data. The list includes each gene's relative signal intensity, statistical probability, and de-
scription. Thefile entitled "increased-2-fold.txt" represents the EASE analysisdatafor all of the genesthat
are increased by 2 fold or greater levels according to the microarray data with the statistical analysis for
each of the categories. This is the data that was used to create Figure 5 and Figure 6. The file entitled
"decreased-2-fold.txt" representsthe EASE analysisdatafor al of the genesthat are decreased by 2 fold or
greater levels according to the microarray data with the statistical analysisfor each of the categories. This
is the data that was used to create Figure 7 and Figure 8. The file entitled "scatter-plot.jpg" is a graphical
representation of the expression differences between cataract and clear lenses. The Y-axis is the signal
intensity value of the clear lens hybridization versus the cataract hybridization. The X-axisis the cataract
signal intensity value. Each dot on this graph represents an individual gene. The blue dots are genes in-
creased in cataract while the red dots represent genes decreased in cataract. The green lines indicate fold-
chage values with the two most exterior lines representing 10 fold and the two most interior lines represent
2 fold changes. The middle lines represent 3 fold changes.

To access this data, click or select the words "data and analysis' in the online version of this article. This
will initiate the download of acompressed (zip) archive. Thisfile should be uncompressed with an appro-
priate program (the particular program will depend on your operating system). Once extracted, you will
have afolder (or directory) containing eight files (onefor each microarray). Thefilesaretab delimited text.
Most spreadsheet programs will import files in this format.

The print version of thisarticle was created on 7 Oct 2003. Thisreflectsall typographical corrections and erratato the article through that date.
Details of any changes may be found in the online version of the article.
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