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ChapterChapter 9 

FindingsFindings on AMPA type giutamate receptor subunits 

andand amacrine ceii types 

inin the normal and ischemic rat retina 

Thiss thesis focuses on the distribution of the AMPA-type of giutamate receptor (GluR) 

inn the rat retina. The main aim is to gain insight in the role of the AMPA-type of 

giutamatee receptor in mediating retinal ceil death induced by ischemia/reperfusion. A 

majorr finding is that ischemia/reperfusion induces a general decrease of AMPA-type 

GluR1-44 subunits at the transcript level while differential changes take place at the 

proteinn level. Most prominent is the rapid loss of GluR1 at 2 hours of reperfusion. 

Thiss shows that changes in the AMPA-type of GluR expression are associated with 

thee early stages of the neurodegeneration. Neuroprotection studies in the 

ischemia/reperfusionn model have indicated that application of AMPA-type GluR 

receptorr blockers is particularly beneficial for the survival of amacrine subpopulations 

253,290,2911 A characterization of the vulnerability of the different amacrine cell types for 

ischemiaa may provide insight in the mechanism underlying neurodegeneration. A 

differentiall response was observed for the various amacrine cell types. 

TheThe presence of GluR2 in the ON pathway of the rat retina 

Double-labellingg studies using cell-type specific markers and antibodies directed 

againstt specific GluR subunits allowed us to elucidate which cell types make use of 

thesee GluRs in the retina. In untreated retinas, it was noticed that the observed 

patternss in the outer retina did not match the pattern predicted from functional 

studies.. Based on physiological studies, it is generally accepted that the OFF-type 

bipolarr cells mediate light-offset evoked responses and use ionotropic AMPA- or 

kainate-typee GluRs, whereas bipolar cells involved in the ON-pathway use the 

metabotropicc GluR6 (see Fig. 4 in Chapter 1). The immunocytochemical double 

labellingg studies described in Chapter 2 demonstrate that AMPA-type GluR 

expressionn is not restricted to the cone-driven OFF pathway but is also present in 

ON-bipolarr cells. More specifically, GluR2 is expressed by most of the somata in the 

outerr zone of the INL. Approximately 70% of the somata labelled by the rod ON-

bipolarr marker PKC co-localized with GluR2. In addition, 90% of the cone (ON/OFF)-

typee bipolar cells, identified by the presence of recoverin, showed GluR2 

immunoreactivity,, the latter indicating that also cone ON type bipolar cells contain 
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GluR2.Thesee findings indicate that GluR2 is involved not only in the OFF pathway, 
butt also in the rod and cone ON signalling pathway 136. 

Single-cellss with a characteristic bipolar morphology were dissociated from retinal 
tissuee 73,123, subjected to multiplex PCR with specific primers, followed by qPCR. 
Usingg the presence of both PKC and mGluR6 as the criterion for a rod bipolar cell 
signature,, it was shown that around 73% of these cells expressed GluR2, with a 
minorr contribution of GluR1 (20%), GluR3 (7%), and GluR4 (20%). Quantification of 
thee transcript levels demonstrated that mGluR6 and GluR2 genes are expressed at 
similarr levels in rod ON-type bipolar cells, which is in good agreement with 
immunocytochemicall results 429. 

Itt may be argued that the dissociation procedure leads to alterations in gene 
expressionn patterns. To circumvent this confounding factor, we studied rod bipolar 
cellss immunopositive for PKCa isolated from paraformaldehyde fixed sections by 
laserr pressure catapulting. qPCR was employed to assess gene expression levels of 
PKCa,, mGluR6, and the GluR subunits. Unfortunately, in samples from PKCa 
immunopositivee somata no significant enrichment of PKCa transcript levels was 
observedd when compared with control samples from immunonegative somata. 
Probably,, the technique of laser pressure catapulting somata from the INL lacks 
sufficientt spatial resolution due to the high density of somata in this layer42g. 

Thee presence of the ionotropic GluR2 subunit in both the OFF and the ON 
pathwayy at the protein and the transcript level was unexpected because it is not 
supportedd by physiological evidence. Whereas AMPA-receptor mediated 
depolarizationn is readily observed in OFF cone bipolar cells, it was thus far not 
detectedd in rod or cone ON bipolar cells 73,76. ON bipolar cells have been reported to 
respondd to application of kainate, and the response could be blocked by CNQX, but 
thee response was also blocked by bicuculline and strychnine indicating the 
involvementt of GABAergic horizontal and glycinergic amacrine cells that provide 
inputt to ON bipolar cells 76. Recently, it was claimed that in the carp retina AMPA 
receptorss had been physiologically detected in the ON pathway 445. However, all 
resultss of this study can be explained by the feedback mechanisms present in the 
photoreceptorr synapse 3. Application of AMPA receptor agonists and antagonists to 
cone-dominantt ON bipolar cells elicited the same instead of the opposite responses. 

Inn conclusion, the expression of mGluR6 and iGluRs in ON and OFF bipolar cell 
typess was demonstrated at the mRNA and protein level. This indicates that the ON 
pathwayy of the retina does not exclusively use mGluR6, although so far no support 
thereoff has come from physiological studies. The presence of ionotropic GluRs in the 
ONN pathway in the outer retina may have consequences for our understanding of the 
processess underlying signal transduction of light-evoked responses. As was put 
forwardd and explained in detail in the discussion of Chapter 3, it may be that the 
AMPA-typee GluRs are membrane expressed only under low-light conditions as a 
resultt of translocation to the membrane under conditions of hyperpolarisation. The 
insertionn of AMPA-type GluRs would limit further hyperpolarisation and may allow 
mGluR66 to generate fast responses even in the dark. At present, more definite proof 
iss lacking to support this speculative hypothesis and clearly further research is 
neededd to resolve the tentative functional role of the AMPA-receptors in the ON-
pathway. . 
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RelationshipRelationship between retinal ischemia and glaucoma 
Thee ischemia/reperfusion model was used as a model to study the mechanisms 
underlyingg glaucomatous neurodegeneration. Whether this model is adequate in this 
contextt is discussed below. 

Persistentt levels of elevated IOP remains the main risk factor for the development 
andd progression of glaucoma and even a transient elevation of IOP may cause 
glaucomatouss damage 167446. However, the therapeutic effects of IOP-lowering 
agentss are highly variable even for patients with IOP within a similar range, indicating 
thatt additional strategies are required to decrease the rate of cell loss to the normal 
age-relatedd rate 447. Besides the relationship between IOP and RGC loss, a similar 
relationshipp exists between retinal ischemia and RGC loss217. The most anterior part 
off the optic nerve head (ONH) (the surface nerve fibre layer) receives its blood from 
retinall arterioles, but all the deeper regions of the ONH are supplied by branches of 
thee posterior cilliary arteries (PCAs; see Fig. 2 in Chapter 4) 168. The (chronic) high 
pressuree may either narrow retinal arterioles in the nerve fibre layer and PCA 
branchess that supply the ONH, thereby indirectly causing cell death by ischemia, or 
thee pressure could lead to a cupping of the optic nerve head and subsequently 
occludee the central retina artery 161170172. The evidence that ischemic conditions 
linkedd to vascular deficits, and the glaucomatous pathology are related is presented 
inn diverse studies. Several studies on glaucoma patients suggest a relationship 
betweenn an affected optic nerve blood flow and glaucoma 168177178. On the other 
hand,, retinas of glaucoma patients show a loss of neurons from the GCL and the 
INL,, which indicates that primarily the retinal blood flow is affected 6716118224fi. Retinal 
ischemiaa causes a loss of nerve fibres that subsequently results in optic nerve head 
atrophyy 161'179. 

Thee fact that no clinical test is available to quantify and follow the loss of RGCs 
(besidess indirectly by determining the cup to disc ratio) nor to 'measure' retinal 
ischemia,, makes it difficult to obtain indisputable evidence that retinal ischemia is 
involvedd in the aetiology of glaucoma. Nevertheless, substantial evidence obtained 
fromm animal models shows the involvement of retinal ischemia in the development 
andd progression of RGC loss 178202217218. Therefore, there is ample evidence that 
ischemicc condition contribute to the progression of glaucomatous neurodegeneration. 
Ass the ischemia/reperfusion model allows for a direct study on the effects of 
ischemia,, the data gathered provide valuable information on the pathophysiology of 
glaucoma.. The controlled and time-limited induction of acute degeneration will 
providee insight in the underlying processes and their time course. In the end, 
understandingg the processes that lead to retinal cell death may elucidate the 
aetiologyy of glaucoma, eventually leading to better means of intervention. 

InvolvementInvolvement of AMPA-type GluRs in mediating excitotoxicity 
Ischemia-inducedd changes in GluR1-4 at the transcript and the protein level 
Followingg retinal ischemia, a significant down regulation of all AMPA-type GluR 
subunit-encodingg transcripts was observed as described in Chapter 6 238. This 
information,, derived from whole retina samples, becomes more meaningful when it is 
putt together with knowledge on the spatial distribution pattern as revealed by 
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immunocytochemicall staining, showing that the GluR subunits are mainly expressed 
inn the inner layers of the retina4-11*19. 

Thee comparison between changes at the mRNA level and changes in 
immunostainingg has yielded some interesting results. For instance, for GluR1 
immunoreactivity,, a near complete loss was observed at 2 hours of reperfusion that 
wass followed by some recovery 197, while in contrast, at 2 hours GluR1 transcript 
levelss showed a minor reduction of 12% that was followed by a further decrease 238. 
Thee 'opposite' situation was observed for GluR2. GluR2 immunoreactivity showed no 
detectablee change in the total amount of labelling up to 24 hours after reperfusion 197, 
whilee GluR2 gene expression had decreased at 2 hours by 44%, indicating that the 
declinee in GluR2 transcript levels does not immediately affect the protein levels 238. 
GluR33 transcript levels could not be compared to immunocytochemical data because 
noo GluR3 subunit specific antibody is available. The immunocytochemical staining for 
GluR44 showed a profound decrease in labelling at 2 hours, while transcript levels 
decreasedd gradually presenting a comparable pattern to that of GluR1 197238. 
Att longer reperfusion times (more than 48 hours of reperfusion) the 
immunocytochemicall and qPCR findings are in general agreement with each other. 
Thee long-term decrease of GluR1-4 transcript levels is explained by the loss of 
ganglionn and amacrine cells and the thinning of the IPL. 

GluR2GluR2 hypothesis 
Thee motivation to initiate the studies of changes in GluR distribution in the ischemic 
retina,, came from studies on global brain ischemia, provoked by occlusion of the 
commonn carotid arteries. It has been suggested that a specific down regulation of 
GluR22 mRNA, the presence of this subunit is responsible for the impermeability of 
thee receptor complex to calcium, may cause the delayed neuronal cell death in the 
CA11 area of the hippocampus in rats 374'448. Support for a neurodestructive role of the 
GluR22 subunit, comes from a study in which the endonuclease inhibitor ATA 
(aurintricarboxylicc acid) was applied one hour before a global ischemic insult, 
preventingg the reduction of GluR2 and the delayed neuronal cell death in the CA1 325. 
Moreover,, the decreased GluR2 mRNA levels in CA1, CA3, and DG after 
intracerebrall injections of GluR2 antisense oligodeoxynucleotides resulted in the loss 
off pyramidal neurons in CA1 and CA3, indicating that reduced GluR2 levels are 
sufficientt to cause neurodegeneration even without an ischemic insult374. 

However,, today the GluR2 hypothesis is rather controversial as evidence rejecting 
thee hypothesis has been presented. The decreased levels of GluR2 do not seem to 
bee unique for the CA1 region and have also been detected in the ischemia-resistant 
CA3CA3 and dentate gyrus (DG) regions of the hippocampus 351. Global ischemia 
inducess a general decrease in AMPA receptor subunits before the onset of delayed 
neuronall death 343375'389. The latter findings are in line with our observations that in 
thee inner layers of the ischemic retina, there is a general decrease in AMPA receptor 
subunitss at the mRNA level, and not a specific decrease of GluR2. This contradicts 
thee involvement of the GluR2-hypothesis in ischemia-induced retinal neuronal 
degenerationn 238. As reviewed in Chapter 4, several other processes induced by the 
ischemicc event may underlie the loss of retinal cells. 
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SelectiveSelective and rapid reduction in GluR1 following ischemia/reperfusion 
Inn addition to the general decrease in AMPA-type GluR subunits in response to 
retinall ischemia/reperfusion, we observed a selective and almost complete 
disappearancee of GluR1 at the protein level 22\ GluR1 knockdown in vitro and in vivo 
didd not result in pathological effects or neurodegeneration, which indicates that the 
losss of GluR1 on itself is not detrimental 449-450. It is believed that GluR1 plays an 
importantt role in the efficacy of synaptic transmission through its involvement in the 
regulationn of the number of receptors expressed on the cell surface 33,36 . 
Furthermore,, phosphorylation of GluR1 at Ser845 by PKA increases the channel 
openn probability, thereby increasing the receptor currents; and phosphorylation at the 
Ser8311 site by PKC and CaMKII increases the single channel conductance, 
potentiatingg synaptic transmission 451. Transient ischemia and 1 hour of reperfusion 
inducedd an increase in the CaMKII-mediated phosphorylation of Ser831 in the CA1 
40,4522 W e Specu |a te ^a t perhaps due to excessive GluR activation, GluR1 subunits 
aree actively removed from the membrane and/or degraded to prevent further 
glutamatergicc activation. This could be a protective response of the cells to prevent 
excitotoxicc damage 133197. 

GeneralGeneral decrease in AMPA GluR subunits in response to ischemial reperfusion 
Thee general decrease in AMPA-type GluR subunits observed in hippocampus 
343,375.3899 a n ( j r e y n a 197,238 j n r e S p 0 n s e \0 ischemia/reperfusion demonstrates that 

GluRss are affected by ischemia. Conflicting results have been reported on the ability 
off AMPA-receptor antagonists to prevent neurodegeneration which would 
demonstratee that activation of GluRs is an essential step for the initiation of the 
processess leading to neurodegeneration. Systemic administration of the potent, 
selectivee non-competitive AMPA receptor antagonist CP-465,022 at the onset of 
reperfusionn after brief global ischemia was unable to reduce neuronal cell death in 
thee CA1 subfteld of the hippocampus 453. However, this is not supported by findings 
withh another non-quinoxalinedione AMPA receptor antagonist, 4-(8-methyl-9H-1,3-
dioxa-6,7-diaza-cyclohepta[f]inden-5-yl)-phenylamine,, GYKI-52,466, which was 
shownn to be neuroprotective in focal and global brain ischemia 453. 

Studiess in the retina have demonstrated a neuroprotective role for non-NMDA 
receptorr blockers. AMPA/KA receptor blockers DNQX 276 and CNQX 69 provided at 
leastt partial protection from excitotoxicity in vivo. Specifically amacrine cell 
populations,, including ChAT and GAD-containing cells, appear to be more vulnerable 
too AMPA/KA agonists, and to benefit from NBQX application, whereas NMDA-
antagonistss appear to be more protective for ganglion cells 253-290291. These findings 
couldd indicate that the distribution of AMPA/KA and NMDA receptors differs between 
amacrinee and ganglion cells 292. This is supported by a localization study performed 
inn cat retina, which showed that staining for the NMDA-R2B subunit in the inner 
retinaa is limited to neurons in the GCL and their dendrites in the IPL 454. NMDA-R2B 
iss associated with NMDA-R1, which is considered an essential subunit of the 
receptorr complex 454. In the normal cat and human inner retina, NMDA-R1 is 
expressedd by neurons in the INL and the GCL. In the glaucomatous retina, 
immune-reactivityy was found to be substantially decreased455. 
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Inn conclusion, the current findings, obtained in ischemia models in brain and 
retina,, strongly suggest that AMPA receptors contribute significantly to the initiation 
off neurodegeneration in response to ischemia/reperfusion and, in addition, that they 
aree affected in the stage before apoptosis sets off. To what extent the observed 
changess in the AMPA-type GluRs contribute to the processes leading to apoptosis 
remainss unclear, but a selective downregulation of GluR2 seems not to be involved. 

Ischemia-inducedIschemia-induced changes in amacrine cell types 
IdentificationIdentification of ischemia-vulnerable cell types at the protein level 
Stainingg with the apoptotic cell-marker TUNEL offers the opportunity to identify those 
cellss that die in response to ischemia/reperfusion (Chapter 5). Apoptosis in the 
ischemicc retina starts in neurons in the GCL at around 3 hours, and TUNEL positive 
cellss are present in the INL at around 6 hours. An estimated 37-45% of neurons is 
lostt from the GCL after 7 days of reperfusion 197-213-231. The INL loses approximately 
15%% of its somata. In absolute numbers, cell loss in the INL exceeds the cell loss in 
thee GCL by a factor three 197. Most of the TUNEL-positive somata are located in the 
innerr third of the INL, indicating that the degeneration of amacrine cells contributes 
substantiallyy to the thinning of the I PL. 

Thee application of cell-type specific markers in the immunocytochemical studies 
describedd in this thesis has allowed a detailed description of the process of cell loss 
off amacrine- specific cell types. Antibodies directed against glycine transporter 1 
(Glytl),, calretinin, parvalbumin (PV), and choline acetyltransferase (ChAT) identify 
majorr subpopulations of amacrine cells. These markers demonstrated a substantial 
losss in terms of immunopositive cell numbers and amount of labelling in the I PL 
(Chapterr 8). For Glytl and calretinin, this loss was prominent at around 24 hours of 
reperfusion,, but for PV and ChAT the loss in cell numbers was already evident at 
shorterr reperfusion times, indicating that the All and cholinergic amacrine cells are 
relativelyy vulnerable to ischemia 199213241-242-365. A subpopulation of GABAergic 
amacrinee cells is formed by the substance P (SP)-containing cells. The number of 
SP-positivee cells remained unaltered at all reperfusion times, indicating that this 
subpopulationn is not affected by ischemia 241. These findings show, at the protein 
level,, a differential response of various amacrine subpopulations to 
ischemia/reperfusion.. Which particular characteristic feature of the SP-positive cells 
renderss these cells resistant for the effects of ischemia is not clear. 
Unfortunately,, double-labelling of TUNEL with various amacrine specific cell markers 
resultedd in only sparse co-localization (mostly around 24 hours of reperfusion), which 
wass most likely due to the fact that the proteins under investigation had already been 
degradedd by the time the somata turn TUNEL positive resulting in low levels of 
immunoreactivityy (Chapter 8)241. 

AssessmentAssessment of cell type-specific alterations at the transcript level by qPCR 
Quantitativee PCR-obtained data are relatively easy to interpret when cell-type 
specificc transcripts are used. Transcripts specific for rods, bipolar and horizontal cells 
(rhodopsin,, PKCa, mGluR6, and calbindin) were unaltered by ischemia/reperfusion. 
Ass anticipated, the transcripts specific for ganglion cells, Thy-1 and neurofilament, 
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showedd a decrease compared to the control group that was significant from 12-24 
hourss onward. At 1-2 weeks, transcript levels of Thy-1 and neurofilament were 
approximatelyy 50% of the control level (Chapter 6) 238. Similarly, the All-specific 
transcriptt parvalbumin showed a fast response to ischemia/reperfusion at the 
transcriptt level, and levels remained low (around 30%) at 1-4 weeks of reperfusion. 
However,, most other amacrine subpopulation-specific transcripts demonstrated less 
straightforwardd changes as described in Chapter 7. Amacrine subpopulations 
identifiedd by Glytl, calretinin, glutamic acid decarboxylase (GAD) isoforms, and 
ChATT transcripts, showed a gradual decrease in transcript levels, reaching a 
minimumm at 72 hours. Unexpectedly, after 72 hours these transcript levels showed 
significantt recovery toward the control level. Substance P transcript levels were not 
significantlyy altered after ischemia/reperfusion 24 . 

Ischemia/reperfusionIschemia/reperfusion results in a differential response in various amacrine cell types 
Thee interpretation concerning various amacrine cell types of the immunocytochemical 
andd qPCR results taken jointly presents some difficulties. From the qPCR results of 
Glytl,, calretinin and ChAT, one would conclude that these amacrine cell populations 
havee only temporarily decreased gene expression, whereas from 
immunocytochemistryy one is led to conclude that a far greater percentage of these 
amacrinee cells is lost in response to ischemia/reperfusion. The most extreme 
examplee of this discrepancy is ChAT. Transcript levels gradually decrease to 1% but 
subsequentlyy increase to 70% at 4 weeks. At the protein level, already at 2 hours a 
rapidd and irreversible decrease in cell numbers was observed and att 1-4 weeks only 
0.3%% of the control number of immunopositive somata was detected 241. The most 
straightforwardd explanation for the lack of close association between the long-term 
changess in transcript and protein levels is that the small remainder of a particular 
subpopulationn of amacrine cells compensates for the loss of the others by increasing 
itss expression level. It is also feasible that the number degenerated amacrine cells is 
actuallyy limited but that the protein levels are too low to be detected by 
immunocytochemistry.. This issue may be resolved by in situ hybridizations or in 
somee instances from laser-assisted isolation techniques to compensate for the lack 
off spatial resolution of qPCR on whole-retina samples. 

Relativelyy little is known on the role that amacrine cells may play in glaucoma. In 
glaucomatouss retinas from subjects with relatively recent loss of sight, atrophy of the 
nervee fibre layer and loss of RGCs is observed. In retinas from subjects with a longer 
durationn of blindness, a reduction in cell numbers in the INL and atrophy of the IPL is 
alsoo recognized 248. TUNEL staining of human glaucomatous retinas show only 
occasionall positive somata and predominantly in the GCL 157-247-249. More specific 
studiess on retinas of glaucoma patients may give insight into whether amacrine cell 
populationn degradation is an important feature of glaucoma. 

InIn conclusion 
Thee different studies described in this thesis have employed either 
immunocytochemistryy or qPCR. In my opinion these techniques must be considered 
ass complementary to one another. The main advantage of immunocytochemistry is 
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thatt the proteins are localized to specific layers or even cell types and that changes 
inn protein distributions can be compared to morphological parameters. The main 
advantagee of qPCR is that changes can be detected with high sensitivity, and in 
addition,, that once a set of cDNA samples has been prepared, many different 
transcriptss can be tested in a short amount of time. From the above it is also evident 
thatt data obtained with qPCR on whole retina samples need to be evaluated 
carefully,, and without additional information, are often insufficient to draw firm 
conclusions.. By combining the two methods used a more complete but more 
complexx image is obtained. Furthermore, it was shown that qPCR on single cells is 
feasible,, and the isolation of other specific cell types, in particular RGCs which are 
lessless densely packed, followed by a series of specific qPCR reactions may provide 
detailedd information on processes taking place in these cells following 
ischemia/reperfusionn or other manipulations. 

Thee ischemia/reperfusion model has shown to be a valuable model to study 
differentt aspects of the pathophysiology of glaucoma. In response to a controlled 
insultt many retinal ceils degenerate. The peak of apoptosis is observed at one day of 
reperfusion.. In addition to the well-recognized loss of retinal ganglion cells, many 
amacrinee cell types are lost. Cell-type specific responses to ischemia are observed, 
Alll amacrine cells and cholinergic amacrine cell types appear particularly vulnerable, 
butt other subpopulations of amacrine cells are also affected. The relationship 
betweenn the loss of these interneurons from the retina and glaucoma has not yet 
receivedd much attention. 

Thee post-ischemic retinal neurodegeneration may, at least in part, be due to 
activationn of ionotropic glutamate receptors. In the control rat retina, AMPA-type 
glutamatee receptor subunits 1-4 are found predominantly in the inner layers. Our 
findingss show that changes occur in the expression of AMPA-type GluRs in response 
too ischemia/reperfusion. We have suggested that the rapid loss of GluR1 
immunoreactivityy may be attributed to a protective removal of these subunits from the 
post-synapticc membranes preventing further excitotoxic activation of the cells. A 
selectivee loss of GluR2 is not responsible for the neurodegeneration in the ischemic 
retina. . 

FutureFuture directions 
Thee studies presented in this thesis and the data described in the literature have 
shownn that the ischemia/reperfusion model contributes to the elucidation of the 
underlyingg mechanisms of RGC loss and therefore to the understanding of processes 
involvedd in glaucoma. We have recently initiated a study on gene expression in the 
ratt retina using micro array. Studies on a wide range of genes may elucidate patterns 
off gene expression that are involved in ischemia/reperfusion. An interesting recent 
findingg is that of ischemic preconditioning; application of a sublethal ischemic insult 
(aroundd 5 minutes) provides significant protection for a period of 1-2 days against a 
secondd longer-lasting ischemic insult (45-60 minutes) that normally leading to 
neurodegenerationn 318. This finding shows that the retina is capable of adaptation, 
andd that it is possible to activate endogenous neuroprotective mechanisms in retinal 
tissue.. For a future direction of the research it seems of great importance to identify 
thee mechanisms involved in ischemic preconditioning to see if they can in some way 
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bee activated in order to slow down the rate of RGC loss in glaucoma. This may be 
donee by comparing gene expression in ischemic retinas with and without preischemic 
conditioning. . 
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