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Genome-wide expression profile of human trabecular meshwork
cultured cells, nonglaucomatousand primary open angleglaucoma
tissue

Paloma B. Liton, Coralia Luna, Pratap Challa, David L. Epstein, Pedro Gonzalez

Department of Ophthalmology, Duke University, Durham, NC

Purpose: To contrast genome-wide gene expression profiles of cultured human trabecular meshwork (HTM) cells to that
of control and primary open angle glaucoma (POAG) HTM tissues.

Methods: Cultured HTM cells, HTM tissue dissected from control donors, and HTM tissue from POAG donors receiving
medication for glaucoma were fixed in RNA later™. Total RNA extracted from these samples was linearly amplified with
the Ovation Biotin RNA Amplification and Labeling System and individually hybridized to Affymetrix Human Genome
U133 Plus 2.0 high density microarrays. Data analysis was performed using GeneSpring Software 7.0. Selected genes
showing significant differential expression were validated by quantitative real-time PCR in nonamplified RNA.

Results: Cultured HTM cells retained the expression of some genes characteristic of HTM tissue, including chitinase 3-
like 1 and matrix Gla protein, but demonstrated downregulation of physiologically important genes such as myocilin.
POAG HTM tissue showed relatively small changes compared to that of control donors. These changes included the
statistically significant upregulation of several genes associated with inflammation and acute-phase response, including
selectin-E ELAM-1), as well as the downregulation of the antioxidants paraoxonase 3 and ceruloplasmin.

Conclusions: Downregulation in cultured HTM cells of genes potentially relevant for outflow pathway function high-
lights the importance of developing new conditions for the culture of TM cells capable of preserving the characteristics of
TM cells in vivo. Comparative analysis between control and POAG tissues suggests that the upregulation of inflamma-
tion-associated genes might be involved in the progression of glaucoma.

The conventional outflow pathway, consisting of the tra-outflow of AH, as well as the cause for the increase in resis-
becular meshwork (TM) and Schlemm'’s canal (SC), is a highlyance leading to elevated IOP in POAG, remain unknown.
specialized tissue located at the angle formed by the cornea Over the last decade, gene expression profiling has
and iris. This tissue is involved in intraocular pressure (IOPgmerged as one of the most powerful approaches for dissect-
homeostasis by modulating the outflow of aqueous humang the regulatory mechanisms and transcriptional networks
(AH) from the anterior chamber to the venous system. Inthat underlie biological processes. Although several laborato-
creased IOP resulting from abnormally high outflow resistancées, including ours, have extensively worked to define the
is commonly associated with primary open angle glaucomgene expression profile of the outflow pathway, there is still
(POAG) [1-3]. incomplete information available, mainly due to the small

In addition to modulating AH outflow resistance, the con-amount of RNA that can be isolated from each sample. To
ventional outflow pathway is believed to be involved in detoxi-date, two different cDNA libraries from human TM (HTM)
fication of the AH, phagocytosis of cellular debris, and theissue have been reported. Using single-pass sequencing,
maintenance of immune privilege in the eye. To accomplisionzalez et al. [8] described the 833 genes more highly ex-
all these functions, the conventional outflow pathway is orgapressed in a PCR-amplified cDNA library constructed from
nized, despite its small size (100-1&§) containing approxi- the TM of a perfused human anterior segment of a single indi-
mately 200,000-300,000 cells), as a complex structure convidual. Tomarev et al. [9] identified the 3,459 genes more
posed of morphologically and functionally different cell types:highly expressed in a cDNA library constructed from a pool
the Schwalbe’s line (SL) cells, proposed to be the progenitaf native TM from 28 donors. Although these two libraries
cells of the TM [4,5]; TM cells, involved in phagocytosis andhave provided important information regarding the genes that
tissue remodeling; and juxtacanalicular tissue (JCT) cells thadye more highly expressed in the TM, we still lack critical
together with the cells of the inner wall of SC, contain thanformation about genes with lower expression that still might
locus for outflow resistance [6,7]. The physiological mechabe essential for tissue function.
nisms by which the TM/SC outflow pathway regulates the  To generate a genome-wide gene expression profile of
the TM and identify genes associated with the maintenance of
Correspondence to: Pedro Gonzalez, Duke University Eye Centdissue physiology, we performed microarray analysis in both
Erwin Road, Box 3802, Durham, NC, 27710; Phone: (919) 681-599Fative TM tissue and cultured HTM cells. We used the new
FAX: (919) 684-8983; email: pedro.gonzalez@duke.edu Affymetrix Human Genome U133 Plus 2.0 Array in conjunc-
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tion with a novel linear mMRNA amplification method, Ribo- in a humidified atmosphere of 5% C® low glucose
SPIA, recently introduced by NUGEN technologies. In addiDulbecco’s Modified Eagle Medium (DMEM) with L-
tion, we have analyzed, for the first time, the gene expressiafiutamine and 110 mg/I sodium pyruvate, supplemented with

profile of TM tissue from POAG donors. 10% fetal bovine serum (FBS), 10 nonessential amino
acids, 100 units/ml penicillin, 1Q@/ml streptomycin sulfate
METHODS and 0.25ug/ml amphotericin B. All reagents were obtained

Human tissue procurement: Human cadaver eyes from do- from Invitrogen Corporation (Carlsbad, CA).
nors were obtained from the North Carolina Eye Bank (NCEB).  RNA extraction and quality analysis: Total RNA, from
The anterior segments of the five pairs of eyes used for thdissected TM tissues and RNA later-fixed cultured HTM cells
gene expression profile of TM tissue included three contrcht passage three, was isolated using the RNeasy kit (Qiagen
pairs of eyes without known history of glaucoma and two pairénc., Valencia, CA) following the manufacturer’s protocol.
of eyes from donors with documented history of POAG andifter DNase treatment, RNA yields were determined using
glaucoma medication (Table 1). All eyes were enucleated lesbe RiboGreen® fluorescent dye (Molecular Probes Inc., Eu-
than 6 h postmortem and immediately fixed in RNA later™gene, OR). RNA quality was confirmed by assessing the ratio
(Ambion Inc., Austin, TX) to preserve RNA integrity. The of ribosomal bands 28S and 18S, using the Agilent 2100
anterior segments of the three pairs of eyes used for gene d@ioanalyzer.
pression profile of cultured TM cells were obtained less than ~ RNA amplification and cDNA biotin labeling: RNA
24 h postmortem and immediately immersed in Optisol. Ocusamples were amplified using the Ovation™ Biotin RNA
lar histories were carefully reviewed by a certified ophthal-amplification and Labeling System (NuUGEN Technologies
mologist. Tissues from eye donors were manipulated at alihc., San Carlos, CA) according to the manufacturer’s instruc-
times in accordance to the Tenets of the Declaration of Helsinkions. Briefly, total RNA (20 ng) was reverse transcribed into
Human trabeculr meshwork primary cultures. Primary ~ cDNA using a reverse transcriptase and a DNA/RNA chimeric
cultures of HTM were prepared from cadaver eyes followingrimer. This strand is copied by a DNA polymerase with re-
previously described guidelines [10] and maintained aC37 verse transcriptase activity to give double-stranded cDNA with

TasLE 1.
Age/ O her
Sanpl e Sanpl e Sex/ Cause of ocul ar
type nane Race deat h di sease | oP Tr eat ment
HTM Cel | s HTM A 45/ F/ C Mul tisystem
organ
failure
HTM B 25/ F/ C Pneunoni a
HTM C 58/ M C Cancer
Cont r ol CA 70/ F/ C I C bl eed
C-B 85/ F/ C I C bl eed
CC 78/ M AA  Abdomi nal
aortic
aneurism
POAG P- A 59/ M C Renal Cat aracts 17-28 Xal at an
failure (Lat anopr ost ;
17 nont hs)
P-B 771 Fl AA Renal Cat ar act s, 15-25 Xal at an,
failure Di abet es Cosopt

(Dor zol ani de
hydrochl ori de,
Ti nol ol

mal eat e;

>12 nont hs)

Summary of the information for the donors used in this study, including history of glaucoma treatments.
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an RNA-DNA heteroduplex at one end. This double-stranded

cDNA is amplified using the novel isothermal linear amplifi- HTM Cultured Cells Control TM Tissue

cation method Ribo-SPIA™ (NUGEN Technologies Inc.). The 13.609 18.440

cDNA amplification products were fragmented and labeled t

generate biotinylated cDNA targets.
Oligonucleotidemicroarray analysis. Biotinylated cDNA

targets were hybridized on Affymetrix Human Genome U13:

Plus 2.0 high density microarrays following the manufacturer*

instructions. A total of eight cDNA target preparations were

performed, and each preparation was analyzed using o

microarray. Data analysis was performed using GeneSprir

Software 7.0 (Silicon Genetics, Redwood City, CA). Raw dat:

from eight hybridizations were normalized to the fiftieth per-

centile per chip and to median per gene. Normalized mee

values for the three individual experimental groups (culture:

TM cells, control, and POAG) were generated for the experi

mental interpretation. Genes with a differential expression ¢

two fold were selected and then filtered on flags to retain th

genes that were presented in all samples of at least one of |

experimental groups. Statistical analyses were performed t

using the cross-gene-error model in combination with a one POAG TM Tissue

way ANOVA (p<0.05). Since some genes were represented 21.010

the arrays in more than one spot, we verified a consistent dir- !

ferential expression in all the spots to eliminate false posi- _ ) o o

tives. Elgtyre ; tVenn dlalf)rar(rj]shshownlg tt?e trlanscrlpﬂona:(p(ﬁ_l}lll\%dlstﬁl-

. . . . ution petween culture: uman trabecular mesnwor cells,

Quantltatlve real-timePCR: First strand cDNAwas syn- control trabecular meshwork (TM) tissue, and POAG TM tissue.

thesized from a pool of total RNA (O, equal amounts of

each individual sample) by reverse transcription using oligodT

TaBLE 2. Sequences of the primers used for real-time PCR analysis.

Cene Priner sequences Cene Priner sequences
ADORA3 F: 5 - ATCGCTGTGGACCGATACTT- 3 MGP F: 5' - CCAAGAGAGGATCCGAGAACG 3!
R 5' - GGCCAGCCATATTCTTCTGT- 3 R 5' - ATCCATAAACCATGGCGTAGC- 3
APCD F: 5 - AACCTTTGAGAATGGACGCT- 3 MKK6 F: 5' - CACAGAGACGTCAACGCCTTC- 3
R 5' - GGCTTCACCTTCGATTTGAT- 3 R 5' - CAGAGT CCACCAAGTAGCCA- 3
AQP1 F: 5 - CAATGACCTGGCTGATGGT- 3! MVP10 F: 5' - TGCATCAGGCACCAATTTAT- 3'
R 5' - GGTAGTAGCCAGCACGCATA- 3 R 5' - TGTTGGCTGAGTGAAAGAGC- 3
BCL2A1 F: 5' - TCAACAGCTTCAAGGTGAGC- 3 MVP3 F: 5' - GCCAGGCATTAATGGAGATG 3
R 5' - ACGCACTGCAGATAGICCTG 3 R 5' - ATTTCATGAGCAGCAACGAG 3
CDH10 F: 5' - CCTGAAACAGGTATCATCAGGA- 3' MYQoC F: 5' - CTGGCTATCTCAGGAGTIGGAG 3
R 5' - AGCGTGATGTTCACAGTGGT- 3 R 5' - CGCATCCACACACCATACTT- 3
CALB1 F: 5' - GCTGACGGAAGTGGTTACCT- 3 PODXL F: 5' - CCAGAATGCAACCCAGACTA- 3
R 5' - TCTTTGCCCATACTGATCCA- 3 R 5' - CTGGGCTGTATCTGIAGCCA- 3
CDT6 F: 5' - AACGAACACATCCACCGGECTCTC- 3' PROK2 F: 5' - ACAAGGACTCCCAATGIGGT- 3
R 5' - GTGGCTATACTCAGCGTAGCCCAG 3' R 5' - ATGGAACTTTACGAGTCAGTGG 3
cP F: 5 - AGAGCAGAAGTGTGCCTCCT- 3 SELE F: 5' - GCAACTTCACCTGTGAGGAA- 3
R 5' - TAGTGGGATCCACAGCAGAA- 3 R 5' - GCACTGGAAAGCTTCACAAA- 3
COCH F: 5' - GCCTATCCCTGAAGAACTGG 3 SAA2 F: 5' - AGTGATCAGCAATGCCAGAG 3
R 5' - TTGGGCATGTGGTAAGAGAA- 3 R 5' - AGCAGGTCGGAAGTGATTG 3
ELOVL7 F: 5' - TTCCATCATACCATCATGCC- 3 TTR F: 5' - TGAGCATGCAGAGGT GGTAT- 3
R 5' - CCCAATGCAGAAAGT CCATA- 3 R 5' - GGTCCACTGGAGGAGAAGTC- 3
El F4E F: 5' - GCTACTAAGAGCGGCTCCAC- 3 SORCS3 F: 5' - CAGAGAACAACCTTGCCTCA- 3
R 5' - CTTTGGT TCAGCTCCCAAAT- 3 R 5' - TGCACTGATGTTGACCTCCT- 3
FN1 F: 5' - GCAGAGGCATAAGGT TCGGGAAG 3 W F1 F: 5' - GTGTGAAATCAGCAAATGCC- 3
R 5' - GGGAAACTGTGTAGGGGTCAAAGE- 3' R 5' - CTCCCTGGTAACCTTTGGAA- 3
GPR146 F: 5' - TACGAAAGAATGGCAACAGC- 3
R 5' - TTCTCAGAACCCTGTGGTGA- 3
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TaBLE 3.
TM Ti ssue TM Cel | s
Gene namne Uni gene ( Sv+SD) (SV+SD) [9] [ 8] [11] [12]
Beta actin ACTB 29338. 7+4900. 8  45504. 0+£13031.0 * * * >
Calreticulin MNT 27317.0+7448.7 32472.2+27730.8  * *
Matrix G a protein MGP 26948. 0£6100. 0  30903. 3+#13352.6  ** > * *
Turor protein, TPT1 25270. 3+5290. 6 33857. 7+7219. 6 *x *x *
translationally
controlled 1
Het er ogeneous nucl ear HNRPAL 24886. 7+4085. 1 30312. 0+11590. 7 * *
ri bonucl eoprotein Al
Chitinase 3-like 1 CHI 3L1 24598. 3+4220. 7 39115. 3+13522.0  * > * o
Het er ogeneous nucl ear HNRPH1 24576. 3+3208. 4 20595. 0+12332. 5 * *
ri bonucl eoprotein HL
Cal ponin 3, acidic CNN3 22844.0+3750.4  21742.0+16406.3 * *
Met ast asi s- associ at ed MALAT1 22386. 0+£1582. 3 21798. 3+15656. 1

| ung adenocar ci nona
transcript 1

Ayl oi d beta (A4) APP 22323.0+£7007.3  21240. 7+£15793.5 * o *
precursor protein

H3 hi st one, H3F3A 21357.3+2846.2  26101.3+11870.1 * * *
famly 3A

Nucl ear ubi quitous NUCKS 21013. 0+4169. 4 20936. 3x13559. 1 *

casei n ki nase/
cyclin-dependent
ki nase substrate

Ti ssue inhi bitor of TI MP2 20966. 3+2314.1  28300. 0+8642. 6 * *
met al | opr ot ei nase 2

Heat shock 90 kDa HSPCA 20751. 3+6126.9  25471. 3+£9332.5 * * *
protein 1, al pha

Het er ogeneous nucl ear HNRPK 20493. 7+3298. 0 21150. 7+8755. 2 * *
ri bonucl eoprotein K

ATP synt hase, H+ ATP5E 20445. 7+3525.3  28864. 0+15308.5  *

transporting

m tochondrial F1

conpl ex, epsilon

subuni t

ATPase, H+ ATP6VOE  20388. 7+1447.9 19010. 2+15830.0  * *
transporting

| ysosomal 9 kDa, VO

subunit e

Mortality factor 4 MORF4L2 20365. 3+6236.3  25724. 7+£9497. 2

like 2

SMI3 suppressor of SUM2 20276. 3+4859. 2 24991. 3+x13212.0 * *
mf two 3 honol og 2

(yeast)

CD59 antigen pl8-20 CD59 20138. 7+2108. 3 19595. 7+6500. 0
Hi gh-nobi ity group HVGN2 19939. 7+4243. 4 19998. 3+£9536. 1 * *
nucl eosomal bi ndi ng

domain 2

Interferon induced I FI TVB 19864. 7+331. 9 22892. 0+2719.0 * *x
transmenbrane protein

3 (1-8Y)

Tyr osi ne YWHAE 19845. 7+2765. 7 21488. 7+11620.9  * *
3- nonooxygenase/

trypt ophan

5- nobnooxygenase

activation protein

Transmenbr ane 4 TMASF1 19822. 7+1445.5 24529. 0+10827.0 * * * *
superfam |y menber 1

Cal nexin CANX 19817. 0+£2297.7 21184.0+10323.6  * * *

*
*
*

Summary of 25 genes sharing the highest signal values in both normal native tissue and cultured human trabecular meshegl&. (HTM)
The Unigene site is provided in the public domain by the National Center for Biotechnology Information, Bethesda, MD.iSkhindister
cates that transcripts are represented and the double asterisk indicates that the transcripts are highly represeraeié sttt [gpstmor-

tem trabecular meshwork (TM), perfused TM, infant primary TM culture, and from gene expression profile of cultured HTMeusing th
U95Av2 Affymetrix microarrays (12,626 probe sets). The term SV indicates signal value.
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primer and Superscript Il reverse transcriptase (Invitrogemmarizes the number of transcripts expressed in cultured cells
Carlsbad, CA) according to the manufacturer’s instructionsand TM tissue. Table 3 summarizes the 25 genes sharing the
Real-time PCR reactions were performed in al@ixture  highest signal values in both cultured and native TM cells
containing lul of the cDNA preparation, 1XiQ SYBR Green compared with the previously published cDNA libraries from
Supermix (Biorad, Hercules, CA) and 500 nm of each primeiTM tissue [8,9], a cDNA library from infant TM primary cul-

in the Bio-Rad iCycler iQ system (BioRad, Hercules, CA)ture [11], and the gene expression profile of nonamplified HTM
using the following PCR parameters: 95 for 5 min fol-
lowed by 50 cycles of 98 for 15 s, 60C for 15 s, and 72C

for 15 s. The fluorescence threshold value (Ct) was determine
using the iCycle iQ system software. Expression levels wer
represented as the inverse of the normalized mean Ct val
(InvCt). Eukaryotic translation initiation factor 4E (EIF4E)  Stressresponse
served as an internal standard of mRNA expression. The a Metabolism
sence of nonspecific products was confirmed by both the anal
sis of the melt curves and electrophoresis in 3% Supe
AcrylAgarose gels. The sequences of the primers used for thNucieic acid binding
amplifications are indicated in Table 2. Signalling

Apoptosis m Upregulated = Downregulated

Cell cycle

Immunity

Transport

RESULTS
Gene expression profile of trabecular meshwork: To generate
a genome-wide comprehensive gene expression profile of tl
TM, total RNA (20 ng) from three different cultured TM cell ECM
lines and the TM from three pairs of control donors was arr Unclassified
plified, independently hybridized to Affymetrix Human Ge- 00 100 200 300 400 500
nome U133 Plus 2.0 GeneChip microarrays, and analyzed Percent of genes
detailed in the Methods. The full list of gene expression data,
including those for the two additional samples from POAGrigure 2. Functional distribution of the genes differentially expressed
donors, is published online in the Gene Expression Omnibus cultured human trabecular meshwork (HTM) cells compared to
(GEO) database (accession number: GSE4316). Figure 1 suhhFM tissue.

Cell adhesion
Cytoskeleton

TABLE 4.
Fol d
Gene nane Uni gene change p val ue

Cartilage linking protein 1 HAPLN1 147.8 0. 0036
M crofibril-associated glycoprotein-2 MFAPS 38.1 0. 0029
Fi bronectin 1 FN1 37.9 0. 0009
Col | agen, type XV, alpha 1 COL14A1 35.7 0. 0029
Col | agen, type X, alpha 1 COL11A1 28.5 0. 0066
Vitronectin VTN 26.1 0. 0011
Periostin, osteoblast specific factor POSTN 25.8 0.0478
Spondin 2, extracellular matrix protein SPON2 21. 7 0. 0117
Col | agen, type VI, alpha 1 COL6AL 20.3 0. 0092
Lysyl oxi dase LOX 19.7 0. 0068
Col | agen, type VI, alpha 2 COL6A2 17.5 0. 0154
Col | agen, type V, alpha 2 COL5A2 17.5 0. 0052
Chordin-1ike 2 CHRDL2 17.2 0. 0353
Lysyl oxidase-like 2 LOXL2 13.7 0. 0011
Fol listatin FST 12. 6 0. 0004
Col | agen, type IIlIl, alpha 1 COL3Al 12. 4 0. 0007
Lam nin, gamma 1 LAMCL 8.9 0. 001

Fi bronectin leucine rich transnmenbrane protein 2 FLRT2 7.6 0.0161
Col | agen, type |, alpha 1 COL1AL 7.2 0. 0003
Col | agen, type XlII, alpha 1 COL12A1 6.5 0.0074
Thr onbospondin 3 THBS3 6 0. 0001
Extracellular matrix protein 1 ECML 5.8 0. 0005
Col | agen triple helix repeat containing 1 CTHRC1 5.2 0. 0074

ECM-related genes upregulated (>5 fold) in cultured human trabecular meshwork (HTM) cells.
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primary cultures using the U95Av2 Affymetrix microarrays unknown genes or genes still not associated with cellular func-
(12,626 probe sets) [12]. To simplify the data, we have extion. Table 5 lists genes down regulated in cultured TM cells
cluded from the list the generally highly expressed ribosomakhose functions may be important or have already been asso-
proteins and elongation factors. Matrix Gla Protein (MGP)ciated with the maintenance of TM tissue functionality, such
chitinase 3-like 1 (CHI3L1), and the ubiquitously expresseds cochlin, aquaporin, and adenosine A3 receptor. Of particu-
tumor protein translationally controlled 1 (TPT1) were foundlar interest is the downregulation of the genes highly expressed
to be present at high levels in at least three out of the fivia native TM tissue: myocilin, angiopoietin-like factor, and

studies. apolipoprotein D (Appendix 1; Downregulared genes).
Genes differentially expressed in trabecular meshwork Differential gene expression profile analysis between con-

tissue and human trabecular meshwork cultured cells: The  trol and primary open angle glaucoma donors. The gene ex-
gene expression profile of cultured TM cells was compared tpression profile of the TM from the two analyzed POAG
that of control TM tissue. The full lists of genes differentially samples revealed relatively small changes compared to that
expressed at least two fold with a p value lower than 0.05 isf control donors. A total of 156 genes showed a significant
included in Appendix 1. In summary, 657 genes were foundverage fold-change value greater than 2 in POAG tissue; 72
to be upregulated and 2,646 genes were downregulated in cgenes were upregulated (Table 6), and 84 genes were
tured TM cells compared to native TM tissue. Figure 2 repredownregulated (Table 7). Among all these genes, selectin-E
sents the functional distribution of the differentially expressedELAM-I) demonstrated the highest differential transcriptional
genes. It is worth noting that most of the genes showing tHevels (31 fold induction), as well as restricted expression to
highest upregulated differential fold expression are involved?OAG samples. mRNA for this gene was not detected in ei-
in the maintenance of the extracellular matrix (ECM), includther control TM tissue or cultured TM cells. Together with
ing matricellular proteins (microfibril-associated glycoprotein-selectin-E, the TM from POAG tissue showed an upregulation
2 and spondin 2), leptins (fibronectin-1 and vitronectin), sevef several genes coding for proteins involved in inflammation
eral types of collagens, as well as proteins involved in thand acute-phase response, such as chemokine (C-X-C motif)
synthesis of the ECM (cartilage linking protein 1 and lysylligand 6, chemokine (C-C motif) ligand 5, immune-associ-
oxidase; Table 4). Among the genes downregulated in cukated nucleotide, interleukin 1 receptor type I, transthyretin,
tured TM cells, the highest proportion (43%) corresponded thaptoglobin, and myelin basic protein. Other genes upregulated

TABLE 5.
Fol d

Gene nane Uni gene change p val ue
Serum anyl oi d A2 SAA1 194.7 0. 000622
Endot helin 3 EDN3 169. 3 0. 0000759
Tachyki nin, precursor 1 TAC1 156. 5 0. 00108
Cerul opl asmin cP 146 0. 0000125
Integrin, alpha 9 | TGA9 127.2 0. 000216
Cochlin COCH 125 0. 000803
Aquaporin 1 AQP1 107.5 0. 000468
WNT inhibitory factor 1 W F1 89. 05 0. 0151
Adrenergic, beta-1-, receptor ADRB1 83.21 0. 00119
Purinergic receptor P2Y, G protein coupled, 12 P2RY12 73.23 0. 0048
Endot helin receptor type B EDNRB 68. 77 0. 000207
Latrophilin 3 LPHN3 66. 7 0. 00304
Regul ator of G protein signaling 1 RGS1 61. 49 0. 00191
Adrenergic, al pha-2A-, receptor ADRA2A 60. 12 0. 00372
Angi opoi etin-like factor CDT6 43. 95 0. 000396
Frizzl ed honol og 10 FZD10 38. 36 0. 00155
Matri x netall oproteinase 3 MVP3 28.8 0. 0136
Apol i poprotein D APCD 25.75 0. 00000206
Matri x netall oproteinase 10 MVP10 23. 07 0. 0094
Car boni ¢ anhydrase XV CAl14 22.85 0. 0107
Adenosi ne A3 receptor ADORA3 18.72 0. 0044
Adrenergic, beta-2-, receptor, surface ADRB2 16.7 0. 00589
d utat hione S-transferase theta 2 GSTT2 13. 44 0. 0109
Hapt ogl obi n HP 10. 68 0. 0145
Myocilin MyQC 7.228 0.0000878

List of the selected genes downregulated in cultured human trabecular meshwork (HTM) cells compared to trabecular meshasrk.(TM)
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TABLE 6.
Fol d Cont rol
Gene nane Uni gene change p val ue ™

selectin E (endothelial adhesion SELE 31.08 0. 0258 A-A-A
nmol ecul e 1)
testes devel opnent-rel ated NYD- SP21 NYD- SP21 12. 67 0. 00513 A-A-A
ELOVL family nenber 7, elongation of |ong ELOVL7 6. 864 0. 00908 A-P-A
chain fatty acid
prokineticin 2 PROK2 6.778 0. 00682 A-A-A
BCL2-rel ated protein Al BCL2A1 6. 431 0. 0244 P-P-A
SRY (sex determ ning region Y)-box 17 SOX17 4.236 0. 0446 P-A-P
neural precursor cell expressed, NEDD9 4.184 0. 00521 P- P-P
devel opnental | y down-regul ated 9
LI M donain only 7 LMO7 3.706 0. 0201 P-P-P
protocadherin 17 LOC144997 3.422 0. 0481 P-P-A
menbrane protein, palnmitoylated 3 (MAGUK VPP3 3.237 0.0173 M M P
p55 subfanmily menber 3)
solute carrier famly 16 (nmonocarboxylic SLC16A6 3.016 0.0378 P- P-P
acid transporters), nmenber 6
transthyretin (preal bum n, TTR 2.945 0. 00554 A-P-P
anyl oi dosi s type I)
M crofibril-associated gl ycoprotein-2 MAGP2 2.849 0. 00292 A-A-A
hypoxi a-i nduci bl e protein 2 H & 2.838 0. 00298 P-P-P
ecotropic viral integration site 1 EVI 1 2.809 0. 0195 P-P- A
G protein-coupled receptor 146 GPR146 2.78 0. 0376 P- P-P
oxysterol binding protein-like 6 OSBPL6 2.777 0. 00563 P-P-A
hapt ogl obi n HP 2.76 0. 0145 P-P-P
chenokine (C-X-C notif) ligand 6 CXCL6 2.713 0. 000373 P-M P
(granul ocyte chenotactic protein 2)
i mmune associ ated nucl eoti de hl AN7 2.695 0. 000109 P- P-P
zinc finger protein 36, C3H type, ZFP36 2.686 0. 0368 P- P-P
honol og (nouse)
synaptotagmn |V SYT4 2.635 0. 0101 P-A-P
lunatic fringe honol og (Drosophila) LFNG 2.621 0. 0073 P-A-A
regulator of Gprotein signalling 1 RGS1 2.537 0. 00191 P-P-P
neuropeptide Y receptor Y2 NPY2R 2.535 0.0176 A-A-P
v-fos FBJ nurine osteosarcona viral FOs 2.521 0.0134 P-P-A
oncogene honol og
transient receptor potential cation TRPML 2.468 0. 0315 P-P-P
channel, subfamly M nmenmber 1
matrix nmetalloproteinase 1 (interstitial MVP1 2.463 0. 0393 P-A-A
col | agenase)
neuropilin (NRP) and tolloid (TLL)-1ike 2 NETO2 2.416 0. 0362 P- P-P
Epstein-Barr virus induced gene 2 EBI 2 2.41 0. 00647 P-P-P
adenosi ne A3 receptor ADORA3 2.393 0. 0044 P-P-P
interleukin 1 receptor, type Il I L1R2 2.388 0. 0233 P-A-A
chenokine (C-C notif) ligand 15 CCL15 2. 366 0. 0107 P-P-P
tripartite notif-containing 16 TRI ML6 2.352 0. 0215 P- M P
platel et activating receptor honol og H963 2.324 0. 000568 P-P-A
ri bonucl ease, RNase A famly, k6 RNASE6 2. 253 0. 00015 P-M A
menbr ane- spanni ng 4-donei ns, subfamly A, VB4A7 2.227 0. 00326 P-P-P
menber 7
protein tyrosi ne phosphat ase, PTPN4 2.175 0. 0222 P-A-P
non-receptor type 4 (negakaryocyte)
Brut on aganmagl obul i nemi a tyrosine ki nase BTK 2.159 0. 000247 P-A-A
nyelin basic protein VBP 2.149 0.0183 P-P-A
chloride intracellular channel 2 CLI C2 2.148 0. 0377 P-P-P
Fc fragnment of 1gG high affinity Ia, FCGR1A 2.142 0.00185 P-P-P
receptor for (CD64)
F-box only protein 4 FBXO4 2.116 0. 0061 pP- P-P
cadherin 19, type 2 CDH19 2. 055 0. 00322 P-P-P
carbohydrate (chondroitin 4) CHST12 2.05 0. 0221 P-M P
sul fotransferase 12
CD1D antigen, d pol ypeptide CD1D 2.044 0. 00277 P-P-P
delta sleep inducing peptide, DSI PI 2.038 0. 00392 P-P-P
i munor eact or
insulin-like growth factor 2 | GF2 2.018 0. 0051 p- P-P

(somat onedi n A)

List of the known genes significantly upregulated in POAG trabecular meshwork (TM) tissue. Genes were present in all 6f saerip@a.
The presence of (P), marginal (M), or absence of (A) a signal in each of the three control samples is indicated in thislCohtnoh.
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TABLE 7.
Fol d POAG

Gene nane Uni gene change p val ue ™
VPS10 donmi n receptor protein SORCS 3 SORCS3 9. 021 0. 0026 A
m t ogen-activated protein kinase 6 VAP2K6 5.794 0.0108 P
cadherin 10, type 2 (T2-cadherin) CDH10 5. 041 0. 00537 P, A
TPTE and PTEN honol ogous inositol lipid TPTEps1 4.992 0. 000971 A
phosphat ase pseudogene
cal bindin 1, 28 kDa CALB1 4.907 0. 00917 P, M
| eucine-rich, glioma inactivated 1 LG 1 3.976 0. 00129 P
matri x netall oproteinase 10 MVP10 3.97 0. 0094 P
(stronelysin 2)
testis expressed sequence 15 TEX15 3.821 0. 0317 A
WNT inhibitory factor 1 W F1 3.774 0.0151 P
car boxyl esterase 1 (nopnocyte/ nmacrophage CES1 3.352 0. 0417 P, A
serine esterase 1)
growh arrest-specific 7 GAS7 3.186 0. 0365 P, A
protein kinase, |ysine deficient 4 PRKWNK4 3. 117 0. 0145 P
cytochrome P450, family 39, subfamily A CYP39A1 3.1 0. 000473 P
pol ypeptide 1
gl ycoprotein hornone al pha 2 GPHA2 3.012 0. 000588 P
ATP- bi ndi ng cassette, sub-famly A ABCA9 2.822 0. 00679 A
(ABCl), nenber 9
purinergic receptor P2Y, Gprotein P2RY12 2.684 0. 0048 P, A
coupl ed, 12
nebul i n NEB 2.627 0. 00939 P
cortactin binding protein 2 CORTBP2 2.575 0.0111 P
proprotein convertase subtilisin/kexin PCSK1N 2.575 0. 0259 P
type 1 inhibitor
par aoxonase 3 PON3 2.523 0. 006 A
solute carrier famly 10, nmenber 4 SLC10A4 2. 496 0. 000439 P
cancer susceptibility candidate 1 CASCL 2.436 0.0188 P
solute carrier famly 35, nmenber D1 SLC35D1 2.296 0. 00196 P
cerul opl asmin cP 2.282 0. 00137 P
tripartite notif protein TRIM isoform TRI MD 2.235 0. 0246 P
al pha (TRI M)
protocadherin beta 6 PCDHB6 2.223 1. 49E- 05 P
cadherin-1ike 24 CDH24 2.221 0. 00234 A
| ow density |ipoprotein-related protein LRP1B 2.221 0.0183 P
1B (deleted in tunors)
solute carrier family 6 (neurotransmtter SLC6A1 2.218 0. 00295 P
transporter, GABA), nenber 1
frizzled honol og 10 (Drosophil a) FzD10 2.18 0. 00155 P
H19, inprinted maternal ly expressed H19 2.179 0. 00277 P
untransl at ed nRNA
adrenergi c, beta-2-, receptor, surface ADRB2 2. 157 0. 00589 P
serine protease ECS ECS 2.146 0. 00748 P, A
X transporter protein 3 SLC6A20 2.115 0. 00243 P
del ta-notch-1ike EGF repeat-containing DNER 2.11 0.011 P, M
transnenbr ane
protei n phosphatase 1, regul atory PPP1R1B 2.089 0.0198 P
(inhibitor) subunit 1B
B-cel |l CLL/I|ynphonma 6, nenber B (zinc BCL6B 2.078 0. 0495 P, M
finger protein)
i duroni dase, al pha-L- | DUA 2.052 0. 00162 A
GATA binding protein 6 GATA6 2.04 0. 0433 P
EGF-1i ke-donain, nmultiple 6 EGFL6 2.035 0. 00526 P
SVA3 LOC153561 2.023 0.0141 P
EH domai n containing 3 EHD3 2.015 0. 0307 P, A
sortilin-related receptor, L(DLR class) A SORL1 2. 009 0. 000666 P
repeat s-contai ni ng
acyl - Coenzyne A dehydrogenase, |ong chain ACADL 2. 005 0. 000153 A

List of the known genes significantly downregulated in POAG trabecular meshwork (TM) tissue. Genes were present in ablthe cont
samples. The presence of (P), marginal (M), or absence of (A) a signal in each of the two POAG samples is indicated iTMe&OAG
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in POAG samples included ELOVL7 and oxisterol bindingdescribed to be linked to different forms of glaucoma (Table
protein-like 6, both genes involved in lipid metabolism; sev-8). The complete list of genes is available upon request. To
eral genes related to G-protein signaling regulation, likenarrow the search for glaucoma candidate genes, we also evalu-
prokineticin 2, G protein-coupled receptor 146, regulator ofited the chromosomal location of the genes significantly
G-protein signaling 1, neuropeptide Y receptor Y2, and addownregulated in cultured HTM cells compared to TM tissue
enosine A3 receptor; as well as genes involved in ionic trangTable 9), as well as the genes showing significant differential
port, such as transient receptor potential cation channel aeapression between control and POAG TM tissue (Table 10).
chloride intracellular channel 2.

Genes downregulated in POAG donors included two
members of the vacuolar protein sortin-10 dpmgip receptc T Jaiv Bllcontol MEPOAG)|
family, SORCS3 and SORL1; both the WNT-inhibitory fac-
tor 1 and the receptor frizzled homolog 10; several membe  0-061
of the solute carrier family, the mitogen-activated protein ki-
nase 6, ceruloplasmin, as well as paraoxonase 3, an inhibi
of LDL oxidation. 0.05+

Confirmation of gene microarray analysis by real-time
PCR: To further confirm the results of the microarray analy-
sis, we chose a subset of genes differentially expressed amc  0.041
cultured TM cells, control TM tissue, and TM tissue from
POAG donors for validation by real-time PCR analysis in
nonamplified RNA. With the exception of some small differ-  0.03-
ences at the level of statistical significance, these 24 gen
were shown to have consistent trends of change by bo
microarray analysis and real-time quantitative PCR (Figur:

3).

Inv Ct

Glaucoma candidate genes: Among all the genes ex-
pressed in TM tissue, 929 genes were identified in the 11 lo

Figure 3. Real-time confirmation of selected genes with differentiay 0049

expression among cultured human trabecular meshwork (HTM) cell: 2
HTM tissue, and POAG trabecular meshwork (TM) tissue. Expres ™
sion levels are represented as the inverse normalized mean
valuetSD. Inv Ct values below 0.028 (Ct >35 cycles) were confirmec

as primer-dimer products and are not included in the graphic. EIF:

a, which showed no variance in the expression levels between ct 0031
tured HTM cells and TM tissue, was used for normalization. The
single asterisk indicates a p<0.05, the double asterisk indicates
p<0.001, and the triple asterisk indicates a p<0.0001 (t-test, n=3).

TABLE 8.
TM tissue
Contr ol
and Contr ol POAG Downr egul at ed Upr egul at ed Downr egul at ed
Gene POAG specific specific in Cells in POAG in POAG
GLC1A (1g23-24) 121 3 13 28 2 0
GLC1B (2cen-ql3) 66 2 15 9 1 0
GLCL1C (3g21-24) 111 4 13 31 1 2
GLC1D (8g23) 24 0 2 3 0 0
GLCLE (10p14) 36 1 3 3 0 0
GLC1F (7qg35-36) 79 6 12 17 1 1
GLC1G (5022) 46 1 2 11 0 0
15q11-13 56 1 5 15 2 0
GLC3A (2p22.2) 22 0 1 6 0 0
GLC3B (1p36.2-36.1) 195 4 25 31 0 0
GLC3C (14924. 3) 56 1 3 13 1 0
Total genes 812 23 94 167 8 3

Summary of glaucoma candidate genes. The trabecular meshwork (TM) tissue list is available upon request.
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TasLE 9. List of the genes downregulated in cultured human trabecular meshwork (HTM) mapping in glaucoma loci.

G.C1B

G.C1C

Activating transcription factor 6

ATPase, Na+/ K+ transporting, alpha 2 (+)

pol ypepti de

AV712694 DCA Hono sapi ens cDNA cl one DCAAJG07 5',
MRNA sequence.

CD1D antigen, d pol ypeptide

CDNA FLJ13332 fis, clone OVARC1001813

Coagul ation factor V (proaccelerin, |abile factor)
DnaJ (Hsp40) honol og, subfamily C, nenber 6
Expressed in hematopoietic cells, heart, liver

Fc fragnent of IgE, high affinity I, receptor for;
ganma pol ypepti de

Fc fragnent of 1gG low affinity Ila, receptor for
(CD32)

Fc fragnent of 1gG low affinity Ilb, receptor for
(CD32)

FLJ45235 protein

Honmo sapiens Fc fragnent of IgE, high affinity I,
receptor for; gamma pol ypepti de, mRNA (cDNA cl one
MGC: 22620 | MAGE: 4704425), conpl ete cds.

Hypot heti cal protein FLJ10287

Hypot heti cal protein FLJ20442

Hypot heti cal protein LOC57821

Hypot heti cal protein M3C21854

Lam na- associ ated pol ypeptide 1B

M tochondrial ribosomal protein Sl4

Myoci lin, trabecul ar meshwork inducible

gl ucocorticoid response

Sel ectin L (lynmphocyte adhesi on nol ecule 1)
SPT3-associ ated factor 42

Tenascin N

Torsin famly 3, menber A

Vang-|i ke 2 (van gogh, Drosophila)

Vesi cl e-associ at ed nenbrane protein 4

V-ski sarcoma viral oncogene honol og (avian)

WA37f 07.x1 NCI _CGAP_Ki d11 Hono sapi ens cDNA cl one
I MAGE: 2300293 3', nRNA sequence.

NCK adaptor protein 2

Pl eckstrin honol ogy, Sec7 and coil ed-coil donains,
bi nding protein

PQU donmi n, class 3, transcription factor 3
RAN bi ndi ng protein 2

RAN bi ndi ng protein 2-like 1

REV1-1i ke (yeast)

Ri bosonmal protein L31

Transcri bed sequence with strong simlarity to
protein prf:2115329A (H. sapi ens) 2115329A

nucl eoprotei n Nup358 [ Honp sapi ens]

Unc-50 honol og (C. el egans)

ATPase, Ca++ transporting, type 2C, nenber 1

B aggressive | ynphona gene

CD86 antigen (CD28 antigen ligand 2, B7-2 antigen)
Cerul opl asmi n (ferroxi dase)

disrupted in renal carcinoma 2

EphB1

G protein-coupl ed receptor 105

General transcription factor II1E, polypeptide 1,
al pha 56 kDa

Her mansky- Pudl ak syndrome 3

HSPCO56 protein

Hypot heti cal protein FLJ10546

Hypot hetical protein FLJ10618

Hypot heti cal protein FLJ23751

Hypot heti cal protein LOC132241
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Uni gene

Kl FAP3
CD1D

F5
DNAJC6
HHL
FCERLG

FCGR2A
FCGR2B

FLJ45235
FCERLG

FLJ10287
FLJ20442
LOC57821
M3C21854
LAP1B
MRPS14
MYoC

SELL
STAF42
TNN
TOR3A
VANGL2
VAVP4
SKI
DNVB

NCK2
PSCDBP

POU3F3

RANBP2

GCC2

REV1L

TBC1D8
DKFZp686P0288

UNC50

ATP2CL
BAL
CD86
crP

DI RC2
EPHB1
GPR105
GTF2E1

crP
HSPC056
FLJ10546
FLJ10618
FLJ23751
LOC132241

Uni gene

I D cluster

. 433046
. 34114

FFOF FFFFFF

FFEFFFE FFFFFFS

FFEFFF FF

FEFFFF FIFFFFFF B

1799

. 225093

30054

129587
495257
433300

352642

126384

. 130054

40337

425801
130746
233125
234265
247324
78454

82848
435967
156369
26267
137507
6651
2969

101695
270

248158
199179
434959
443077
375921
516168

13370

106778
131315
27954
282557
11360
272311
2465
145381

282804
102708
518278
144130

. 312930
. 437334
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TABLE 9. cont i nued.

Uni gene
Locus Gene Uni gene I D cluster
Hypot heti cal protein M3C3040 M3C3040 Hs. 280740
Integrin, beta 5 | TGB5 Hs. 149846
KI AAO779 protein Kl AAO779 Hs. 362996
Kruppel -1i ke factor 15 KLF15 Hs. 272215
Oxysterol binding protein-like 11 OSBPL11 Hs. 61260
Pphosphol i pid scranbl ase 1 PLSCR1 Hs. 348478
Protein phosphatase 2 (fornerly 2A), regulatory PPP2R3A Hs. 133234
subunit B, al pha
Purinergic receptor P2Y, G protein coupled, 12 P2RY12 Hs. 444983
Rhysin 2 BBAP Hs. 334875
Ri bosomal protein S6 kinase, 90 kDa, polypeptide 1 RPS6KAL Hs. 149957
Serine/threoni ne kinase with Dbl- and pleckstrin TRAD Hs. 162189
hornol ogy donai ns
Solute carrier famly 15 (H+/ peptide transporter), SLC15A2 Hs. 118747
menber 2
Sorting nexin 4 SNX4 Hs. 267812
Transcription factor Dp-2 (E2F dinerization TFDP2 Hs. 379018
partner 2)
Transmenbrane protein 22 TMEMR2 Hs. 101257
Zinc finger protein 148 (pHzZ-52) ZNF148 Hs. 442787
Zinc finger protein 9 (a cellular retroviral ZNF9 Hs. 2110
nucl ei ¢ acid binding protein)

GLC1D Angi opoietin 1 ANGPT1 Hs. 2463
Hypot heti cal protein M3C35555 MGC35555 Hs. 209569
Proenkephal i n PENK Hs. 339831

GLClE Adenovirus 5 E1A binding protein ZMYND11 Hs. 145894
Coi | ed-coi| domain containing 3 CCDC3 Hs. 107253
DNA- danage-i nduci bl e transcript 4 DDl T4 Hs. 111244

GLC1F CDNA cl one | MAGE: 6183232, partial cds Hs. 491104
CDNA FLJ46106 fis, clone TESTI 2026284 Hs. 308222
df 18g11.y1 Morton Fetal Cochlea Honp sapi ens cDNA
clone | MAGE: 2483901 5', mRNA sequence.

DnaJ (Hsp40) honol og, subfanmily B, nmenber 6 DNAJ B6 Hs. 181195
Hepat ocel | ul ar carci noma-associ ated antigen 112 HCA112 Hs. 12126
Human i mune associ at ed nucl eoti de 2 hl AN2 Hs. 105468
I mmune associ at ed nucl eoti de hl AN7 Hs. 124675
I nmune associ ated nucl eotide 4 |like 1 (nopuse) | ANAL1 Hs. 412331
I mmunity associated protein 4 HI MAP4 Hs. 30822
KI AA1718 protein KI AA1718 Hs. 222707
LR8 protein LR8 Hs. 190161
Protein tyrosine phosphatase, receptor type, N PTPRN2 Hs. 74624
pol ypepti de 2

SW/SNF related, matrix associated, actin SMARCD3 Hs. 444445
dependent regul ator of chromatin, subfamly d,

menber 3

Th95b11. x1 Soares_NSF_F8_9W OT_PA_P_S1 Hono | ANAL1

sapi ens cDNA cl one | MAGE: 2126397 3', nmRNA

sequence.

Tt 37906. x1 NCI _CGAP_GC6 Hono sapi ens cDNA cl one hl AN6

| MAGE: 2243002 3' similar to contains MERL3.t1

MER13 repetitive el enent, nRNA sequence.

Wp61gll. x1 NCI _CGAP_Brn25 Hono sapi ens cDNA cl one LOC154761

| MAGE: 2466308 3', nmRNA sequence.

Zinc finger protein 212 ZNF212 Hs. 108139

GL.C1G 601661186R1 NI H_ M3C_72 Honop sapi ens cDNA cl one MCC
I MAGE: 3916173 3', nmRNA sequence.

APGL2 aut ophagy 12-like (S. cerevisiae) APGL2L Hs. 264482
COW domai n contai ning 10 COWD10 Hs. 151458
Cyst ei ne di oxygenase, type | CDOL Hs. 442378
Decappi ng enzyne hDcp2 DCP2 Hs. 442039
G ut at hi one peroxi dase 3 (pl asma) GPX3 Hs. 386793
Praja 2, RING H2 notif containing PJA2 Hs. 224262
Serma domai n, transnenbrane donmin (TM, and SEMAGA Hs. 443012
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Cyt opl asm ¢ domai n, (semaphorin) 6A

TI GAL

Tripartite notif-containing 36

Ubi qui tin-conjugating enzyme E2B (RAD6 honol og)

GLC3A Adenyl ate cycl ase 3
Bacul oviral | AP repeat-containing 6 (apollon)
Chronpsone 2 open reading frane 8
Human Tislld gene, conplete cds.
Hypot heti cal protein M3C33926
Solute carrier famly 8 (sodium cal cium
exchanger), menber 1

GLC3B Angi opoi etin-like factor
Cal modul i n binding transcription activator 1
Chl ori de channel Kb
Col | agen, type XVI, alpha 1
Conpl ement conponent 1, q subconponent, al pha
pol ypepti de
Conpl ement conponent 1, g subconponent, beta
pol ypepti de
DnaJ (Hsp40) honol og, subfamily C, nenber 6
Gar dner - Rasheed feline sarcoma viral (v-fgr)
oncogene honol og
Hc93h01. x1 Soares_NFL_T_GBC_S1 Honp sapi ens cDNA
clone | MAGE: 2907601 3' similar to contains el enent
MER30 repetitive el enent, nRNA sequence.
Het er ogeneous nucl ear ribonucl eoprotein R
Honmo sapi ens cDNA cl one MGC: 1167 | MAGE: 3536204,
conpl ete cds.
Hypot heti cal protein BCO07899
Hypot heti cal protein FLJ10287
Hypot heti cal protein M3C34648
Kinesin fam |y menber 1B
LOC388610 (LOC388610), nRNA
M tochondrial ribosomal protein L20
MRNA; cDNA DKFZp667N1113 (from cl one
DKFZp667N1113)
Peri od honol og 3 (Drosophil a)
Phosphati di ¢ aci d phosphat ase type 2B
Phosphol i pase A2, group Il A (platelets, synovial
fluid)
Phosphol i pase A2, group V
Protein tyrosine phosphatase type | VA nenber 2
Qe51c05. x1 Soares_fetal _| ung_NbHL19W Hono sapi ens
cDNA cl one | MAGE: 1742504 3' similar to
SW C1QC_HUMAN P02747 COVPLEMENT C1Q SUBCOVPONENT
C CHAI N PRECURSOR;, mRNA sequence.
Retinoid binding protein 7
Simlar to RIKEN cDNA F730108M23 gene (LOC400734),
MRNA
SMART/ HDACL1 associ ated repressor protein
Solute carrier famly 2 (facilitated
gl ucose/fructose transporter), menber 5
Synonym TDP-43; TAR DNA- bi ndi ng protein-43;
go_conponent: nucl eus [goi d 0005634; evidence
TAS;, pmd 7745706]; go_function: mcrotubule
bi nding [goid 0008017; evidence TAS; pmid
8599929]; go_function: transcription factor
activity [goid 0003700; evidence TAS; pmd
8599929]; go_function: RNA binding [goid 0003723]
[evidence | EA]; go_process: mitosis [goid 0007067]
[evidence TAS; pmid 8599929]; go_process:
transcription fromPol |l pronmoter [goid 0006366]
[evidence TAS;, pmid 7745706]; go_process: nRNA
splicing [goid 0006371; evidence |EA];
go_process: regulation of transcription,
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ADCY3

C2orf8
ZFP36L2
M3C33926
SLC8AL

CDT6
CAMIAL
CLCNKA
COL16A1

c1Qa
C1(B

DNAJC6
FCR

I L28RA

HNRPR
ATPI F1

LOC148898
FLJ10287
MGC34648
KI F1B

MRPL20
RSC1Al

PER3
PPAP2B
PLA2G2A

PLA2G5
PTP4A2

Cc1QG

RBP7
GPR157

SHARP
SLC2A5

TARDBP

Uni gene
I D cluster

. 12082
. 429642
385986

188402
360026
368545

40808
144465

FF FFEF FFF

146559
253254
352243
26208
9641

8986

. 129587
. 1422

FF F FFFFF

&

15265

61884
40337
96607
444757
355747
182698
24183

418036
525620
76422

319438
82911

FF F5F FFFFFFS

. 422688
. 31181

. 184245
. 33084

FF FE
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G.c3C

15g11- 13

DNA- dependent [goi d 0006355; evidence | EA];
go_process: nuclear nmRNA splicing, via spliceosone
[ goid 0000398; evidence |EA]; Hono sapiens TAR
DNA bi ndi ng protein (TARDBP), nmRNA

Tunor necrosis factor receptor superfam |y, menber
1B

UBX donmi n containing 3

Cal modulin 1 (phosphoryl ase ki nase, delta)
Chronosone 14 open reading frane 141

Chronpsone 14 open reading frane 168

Chronpsone 14 open reading frane 168

Chronpsone 14 open reading frane 58

Cei odi nase, iodothyronine, type |

Hypot heti cal protein LOC283578

KI AAO759

KI AA1737

Ri bonucl ease, RNase A family, 2 (liver

eosi nophi | -deri ved neur ot oxi n)

RNA- bi ndi ng regi on (RNP1, RRM containing 7
Serine pal mitoyl transferase, |ong chain base
subunit 2

Synonym ACYPE; isoforma is encoded by transcript
variant 1; go_function: acyl phosphatase activity
[goid 0003998; evidence TAS;, pmd 7796909];
go_function: hydrolase activity [goid 0016787]
[evidence | EA]; go_process: phosphate netabolism
[goid 0006796; evidence TAS; pm d 3026468]; Hono
sapi ens acyl phosphatase 1, erythrocyte (conmon)
type (ACYP1l), transcript variant 1, nmRNA

71 87909. x1 NCl _CGAP_Ov18 Hono sapi ens cDNA cl one
| MAGE: 3341728 3', nRNA sequence

AV715153 DCB Honp sapi ens cDNA cl one DCBBNEO7 5'
MRNA sequence

CDNA FLJ37663 fis, clone BRH P2011120

Hypot heti cal protein FLJ20313

Hypot heti cal protein FLJ38426

Li kely orthol og of nopuse aquari us

Ccul ocut aneous al binism 11 (pink-eye dilution
horol og, nouse)

PRO1914 protein

Protein inhibitor of activated STAT, 1

Simlar to RIKEN cDNA 5730421E18 gene

Smal | nucl ear ribonucl eoprotein polypeptide N
Transi ent receptor potential cation channel
subfamly M nmenber 1

Transmenbrane 6 superfam |y nenber 1

Ubiquitin protein Iigase E3A (human papill oma
virus E6-associ ated protein, Angel man syndrone)
Xmb1f 06. x1 NCI _CGAP_GC6 Hono sapi ens cDNA cl one
| MAGE: 2687747 3' similar to contains MER2. b2 MER2
repetitive el ement; nmRNA sequence
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TNFRSF1B

UBXD3

CALML
LTBP2
Cl4orf 168
Cl4orf 168
Cl4orf58
DI G2
LOC283578
Kl AAO759
Kl AA1737
RNASE2

RBM25
SPTLC2

ACYP1

SNRPN
UBR1

LOC283713
FLJ20313
FLJ38426
AR

OCA2

FLJ20582
Pl AS1
M3C14798
SNRPN
TRPML

HDGFRP3
UBE3A

FLJ20582

Uni gene

I D cluster

Hs. 256278

Hs. 432503

FF FFFFFFFFFF

FF FFFFF FFAFF

282410
512776
7086
7086
267566
436020
212992
7285
22452
728

. 197184

59403

4986

. 126721

6799
129952
82027

5327
75251
149176
48375
155942

151155

. 180686
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DISCUSSION in cultured HTM cells. In addition to a three-dimensional struc-
In this study, we present for the first time, the genome-widéure and the presence of aqueous humor rather than culture
gene expression profile of both cultured HTM cells and narich-media, cells in the outflow pathway are continuously sub-
tive TM tissue, including that of POAG donors, usingjected to mechanical forces in situ [17,18]. The absence of
Affymetrix gene microarrays in conjunction with the novel such factors in culture conditions could affect the expression
linear mMRNA amplification method, Ribo-SPIA™. This am- of genes essential for outflow pathway functionality in vivo.
plification tool, which has been demonstrated to provide ain addition, since the outflow pathway is composed of differ-
accurate and reliable representation of the transcripts [13,14nt cell types, we cannot rule out the possibility that genes
allowed us individual hybridizations, thereby preventing po-downregulated in cultured conditions are normally expressed
tential false positives that might result from pooling RNA fromin the tissue by cell types that may be underrepresented or
different donors. We performed quantitative real-time PCRabsent in primary cultures of HTM cells at passage 3 due to
analysis of a subset of genes in nonamplified RNA to validatdrift in cellular representation. Finally, differences in donor
the use of this technique to overcome the limitation of TMage and post-mortem time could potentially exert some influ-
size in this type of study. ences in the pattern of gene expression of culture cells.

The comparative gene expression profile analysis of cul-  Although no strictly TM specific genes were identified in
tured HTM cells showed a high level of similarity to that ofthis study, many of the genes downregulated in cell culture,
native tissue. More than 90% of the genes expressed in tkach as podocalyxin and angiopoietin-like factor, are known
HTM cells in vitro were also present in TM tissue, indicatingto be involved in specialized functions or present a restricted
that cells growing in the culture plates do indeed derive fronpattern of tissue distribution indicative of their involvement
the TM. To date, no gene strictly specific to the TM has beem specific tissue functions. In contrast, most housekeeping
uncovered. However, the consistent high levels of expressigenes did not showed a significant change in the levels of
of MGP and CHI3L1 in the TM, together with their restrictedexpression in cultured cells. These results suggest some lev
pattern of tissue expression, strengthen the potential use @t of dedifferentiation when subjected to cultured conditions.
MGP and CHI3L1 as markers for cultured TM cells [12,15]. Both gene arrays and real-time PCR analysis confirmed

Despite the high level of similarity, important changes athe downregulation of three genes highly represented in na-
the gene expression level were found when cultured TM cellsve TM tissueMYOC, CDT6, andAPOD. Lower expression
were compared to native TM tissue. As recently pointed outf MYOC in TM cell primary cultures and perfused TM tissue
by Fautsch et al. [16], TM cells, which rarely replicate in vivo,has already been reported [8,11]. Interestingly, expression of
are “forced” to replicate and grow in bi-dimensional plasticMYOC is rescued when HTM cells are cultured in DMEM
substrates when cultured in vitro. The adaptation to this artifsupplemented with aqgueous humor instead of standard serum
cial architecture and environmental cues likely explains th§l6], suggesting a critical role of aqueous humor composition
observed increased cellular activity in cultured HTM cells, agor the transcription dfAYOC. It is more difficult to speculate
well as the upregulation of ECM genes, which are requiredbout the potential causes leading to the downregulation of
for the formation of a new biological substrate. CDT6 andAPOD. CDT6, located within the glaucoma locus

Potentially more relevant to the understanding of outflonGLC3B, encodes a secreted angiopoietin-like factor that is
pathway physiology are the genes downregulated or even lasiso highly expressed in the human corneal stroma where it is

TasLE 10.
Locus Upregul ated in POAG Downr egul ated i n POAG

GLC1A Sel ectin E (endothelial adhesion None

nmol ecul e 1)

CD1D antigen, d pol ypeptide None
GLC1B Interleukin 1 receptor, type Il None
GL.C1C Ecotropic viral integration site 1 Purinergic receptor P2Y, Gprotein

coupl ed, 12 ceruloplanmin

GLC1D None None
GL.CLE None None
GLC1F I nmune associ at ed nucl eoti de cDNA cl one | MAGE: 6183232, partial cds

Honmo sapi ens cDNA cl one | MAGE: 2243002 3
simlar to contains MER13.t1
15911- 13 Transi ent receptor potential cation None
channel , subfamly M nenber 1
CDNA FLJ37663 fis, clone BRH P2011120

GLC3A None None
GL.C3B None None
G.C3C V-fos FBJ nurine osteosarconma viral None

oncogene honol og

List of the genes differentially expressed in POAG trabecular meshwork (TM) mapping glaucoma loci.
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thought to influence the deposition of the ECM [19]. Theradation rather than increased synthesis. The TM from POAG
upregulated expression GDT6 in cultured HTM cells has donors showed upregulation of several genes involved in in-
been reported after treatment with TEFand TGH32 [20],  flammatory and acute-phase responses, including the expres-
factors known to be increased in the aqueous humor afion of a previously reported molecular marker of the glau-
pseudoexfoliation glaucoma and POAG donors, respectivelgoma disease phenotype, selectin-E (ELAM-1) [37], which,
The function of APOD, a carrier protein member of theinterestingly, was not found to be expressed either in the con-
lipocalins family, and its possible role in the TM remain yet totrol TM tissues or in cultured TM cells. A similar inflamma-

be determined. Interestingly, the transcription of this gene wasry phenotype accompanies a large number of age-related
significantly induced in the TM of perfused human anteriordiseases such as atherosclerosis, Alzheimer’s disease,
segments subjected to elevated intraocular pressure [21]. Parkinson’s disease, and rheumatoid arthritis [38].

Other genes showing significant downregulated expres- The expression of inflammatory molecules in aged tis-
sion in cultured HTM cells and reported to be potentially im-sues is believed to result from the production of reactive oxy-
portant in the maintenance of outflow pathway function wergen species (ROS) and free-radical chain reactions generated
aquaporin 1AQP1) and adenosine A3 recept@®ORA3).  from lipid peroxidation [39]. The generation of ROS, which
AQP1 has been previously localized in the endothelium of theay initiate or contribute to the progression of glaucoma, is
TM and SC in addition to the nonpigmented epithelium of thdikely to occur in the TM, a tissue constantly exposed to an
ciliary processes and the iris epithelium [22,23]. The exaabxidative environment [40,41]. Indeed, decreased antioxidant
role of AQP1 expression in TM and SC cell function has nopotential [42,43], increased expression of oxidative stress
yet been demonstrated, although it was hypothesized to influnarkers [43], as well as increased oxidative DNA damage [44]
ence osmotic permeability of the TM plasma membrane aa@nd peroxized lipids [45] have been described in the TM of
well as the resting intracellular volume and, thus possiblglaucoma patients. Moreover, we have recently reported an
paracellular permeability [24]. AQP1 deletion in mice has beeaccumulation of senescent cells in the glaucomatous outflow
shown, instead, to decrease IOP by reducing the aqueous Ipathway [46], which may, in turn, increase the generation of
mor secretion without affecting outflow resistance [25]. Asimi-ROS. In addition, the TM from POAG donors demonstrated
lar role in modulating IOP by altering both aqueous humodownregulated expression of the antioxidants, paraoxonase 3
production and outflow facility has been proposed for adenosnd ceruloplasmin. Interestingly, ceruloplasmin, which also
ine receptors [26-28]. ADORAZ3, in particular, has been showshowed downregulated expression in cultured HTM cells and
to increase the rate of aqueous humor secretion by activatimghose mutations are related to several diseases [47-49], is lo-
the chloride channels in the nonpigmented ciliary epitheliatated in the glaucoma locus GLC1C.
cells [29,30]. This gene has recently been reported to be se- In summary, we have generated and compared, for the
lectively upregulated in the ciliary epithelium of eyes withfirst time, the genome-wide gene expression profile of cul-
pseudoexfoliation syndrome and glaucoma [31]. Interestinglytured HTM cells and TM tissue from both control and POAG
our analysis also demonstrated increased expression dbnors. Although cultured HTM preserved the TM markers,
ADORAZ3 in the TM of POAG donors. Given its protective CHI3L1 and MGP, several differences in gene expression com-
role in extraocular tissues against oxidative damage [32,33pared to the native TM tissue highlight the importance of de-
as well as its anti-inflammatory effects [34], ADORA3 may veloping new conditions for the culture of TM cells capable
be particularly important in pathophysiological mechanism®f preserving the characteristics of TM cells in vivo. Like-
in the outflow pathway. wise, our profile analysis of POAG TM tissue shows that the

Consistent with the absence of dramatic morphologicalM in POAG does not experience extensive changes in gene
changes, a relatively small number of genes showed signifexpression. Our data suggests that upregulation of genes in-
cant differential expression between the TM from POAG dovolved in inflammation and acute phase response might ini-
nors and control samples, which resulted mostly from the higtiate or contribute to the progression of glaucoma. However,
levels of individual variability among the samples. Since strinthe observation of great levels of individual variability indi-
gent criteria were applied in the analysis of the data in order wated that the analysis of a relatively high number of samples
obtain confident results despite the individual variation anavill be necessary in the future to obtain a reliable glaucoma
sample size, the small number of observed changes is likebjgnature.
to be an underestimate. It also has to be taken in consideration
that, due to the difficulty in obtaining samples from untreated ACKNOWLEDGEMENTS
donors, a general limitation of this and other studies includingThis work was supported in part by the Research to Prevent
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