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-Analysis of differentially expressed genes in retinitis pigmentosa retinas

Altered expression of clusterin mRNA
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The molecuiar and cellular processes underlying photoreceptor degeneration in retinitis pigmentosa (RP) are unknown. We have investigated gene

expression in diseased retinas using differential hybridization screening of a retinal cDNA libraty with probes detived from normal and RP retinal

RNA. Most differeatial clones detected corresponded to transcripts absent from the dystrophic state, including e.g. opsin. However, one clone was

noticeably increased in RP in comparison with the contral: partial sequencing showed it encoded clusterin. Encreased expression of clusterin has

been identificd in several cases of tissues undergoing apoptosis (programmed cell death), and our finding suggesis that the degenerative changes
in advanced RP may represent another example of apoptosis, possibly with common causative mechanisms.

Retinitis pigmentosa; Clusterin; Programmed cell death; Apoptosis

1. INTRODUCTION

Retinitis pigmentosa (RP) ir " term for a heter-
ogeneous group of inheritable retinal diseases in which
degeneration of the photoreceptor cells results in nizht
blindness and progressive contraction of the visual
fields. The diseases, which together affect 1-2 in 5,000
of most populations studied, may be transmitted in au-
tosomal dominant, autosomal recessive, and X-linked
modes [1]. Sporadic (simplex) cases also occur. The ge-
netic defects responsible for a number of autosomal
dominant cases have been identified: the majority are
point mutations distributed through the coding region
of the gene for the visual pigment protein, rhodopsin,
but ‘display ‘no. obvious relationship ‘between altered
amino acid residue and the known functional signifi-
cance of rhodopsin structure [2-4]. Mutations in other
genes expressed in the photoreceptors, including peri-
pherin, have also been associated with dominant RP
[5.6]. In spiie of the rapidly increasing identification of
RP-associated mutations, however, the links between
the genetic faults and the molecular and cellular proc-
esses which result in photoreceptor degeneration in all
types of RP remain peotly understood.

Insight into the pathology of RP may be gained by
an g=alysis of the transcriptional activity in discased
retinas. We have previously reported RP-related abnor-
nalitics in the expression of specific retinal mRNAs by
Northern blot and in vitro translation analysis [7]. Here
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we describe an extinction of these studies by the use of
differential screening of a retinal cDNA library with
c¢DNA probes derived from normal and RP RNA, and
discuss the significance of abnormally expressed genes
in the dystrophic retina in relation to possible mecha-
nisms of cellular degeneration.

2. EXPERIMENTAL

2.1, Tissues

Normal human cyes were obtained through the UK Transplant
Service, Bristol. Enucleated eyes were dissected and the retinas re-
moved; these were stored frozen in liquid nitrogen until RNA cxtrac-
tion, Dystrophic retinas were frozen in liquid nitrogen through the UK
RP Eyc Donor Scheme. The post-morten interval (pmi) between
death and freezing was recorded in cach case. RNA was extracted
from the retinas of 3 donors with ocular dicease. two of whom had
retinitis pigmentosa (DYS2 and DY'S3), and a third who had here-
ditary optic atronhy (DYS1):

Donor DYSi. Female, age 55 years, pmi not > 24 h. Hereditary
oplic atrophy, based on medical history: normal dark adaptation and
no pigmentary abnormalitics of retina. Daughter also affected.

Donor DYS2: Male, age 65 years, pmi = 22 h. Father known RP
sufferer. Son (only child, age 30 years) normal. Probable autosomal
dominant RP with reduced penetrance.

Donor DYS3: Male, age 81 ycars, pmi = 32 h. No history of visual
disorder in family. Probable simplex RP.

RNA was also extracted from the retinas of 4 normal donors with
no known history of cye discase:

Donior CONI: Malc, age 54 years, pmi = 26 h.

Doner CON2: Male, age 64 years, pmi = 25 h,

Donor CON3: Male, age 70 years, pmi = 38 h.

Doror CON4: Male, age 72 years, pmi = 33 h,

2.2 RNA extraction and ¢DNA probe syathesis

Total cellular RNA was cstricted from frozen tssues using the
guanidinium  isothiocyame cavsium chloride method 8], Single-
stranded cDNA (ss¢DNA) probes were prepared by reverse wanserip-
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o of 1tz retmal RNA {DYS3 and QONJ) using the following
conditices (. Eduands. personal communicationk: in a 30 gl reaction
volume containimg S grg total RNA: SO0 mM Tris-HCL pH B X at 33°C.
AATP. dTTP and ¢GTP a1 0.96 mM each. 3.2 M JCTP, 150 mM
KCL 10 mM MgCh. 5 mM DTT, 20 uzp/ml oligo dT,;. (. 1.85 MBq
={“PRCTP a1 110 TBg'mmeol 2nd 25 U RAV2 reverse transcriptase
{Amersham Int. UKL moubated for 2 b at 43°C. and the reaction
stoppad with 2 2105 M EDTA and 221 10 M NaOH. The RNA was
findrohysed by heating the mixture at 65°C for 30 min. the skDNA
products neutralized with T M HCl and scparated from unincor-
porated nuclcotides by spun column (Sephadex G-50) chromatogra-
phy. The activities of the probes were determined [9)

33 Differemtial screening of ¢DNA library

The method was adapied from that of Leonard et al. {10). A nommal
human retinal cDINA library in Agt11 (Clontech) was plated out on
host £ coli Y1090 cells at low density (approx. 3.000 pfu per 14cm
petri dish). Single nylon filer disc (Amersham InL. UK} plaque lifts
were 12ken from cach of 6 plates. and processed throupgh denaturing.
neutralizing and UV cross-linking according to the manufacturer's
recommendations. Following washing and pre-hybridization, the fil-
ters were havbridized at 42°C for 40 h. with cither the RP or control
retinal sxxDNA probes. using approximately equal amounts of ra-
dicactivity for cach screening (4.8 x 10° cpm in total). The filters were
aworadiographed following the first hybridization. stripped off the
probe, autoradiopraphed 1o confirm probe removal. re-prehybridized
and hytdized with the sceond probe. and autoradiographed again.
Piagues showing differing intensities of hybridization sipnal with the
two probes were picked using the wide end of a Pasteur pipette. and
subjected 10 2 second round of sereening. Sinple, well-isolated plaques
correspoading to differentially-capressed retinal cDNA clones were
picked and used for iurther analysis.

24 Anmalysis of differcutial cDNA clones

DNA proparations from liguid cultures of tsolated recombinant
lambda phage were digested with EcuR 1. and subjected 1o agarose pel
clectrophoresis and Southern blotting for hybridization with probes
for known retinal genes [9]. Oligonucleotide probes (19mers) for the
detection of opsin and S-antigen were synthesized based on published
seguences [11.121 by Dr. A Nornthrop (AFRC. Babraham) and cnd-
tabelled with p-{"PIAT® using T4 polynucieotide kinase {13). The
prabes were hybndized separately with the blot and avtoradiographed
after washing to high stnngency. Inserts from clones not showing
hvhridization with these probes sere subcloned into M13 vectors for
sequencing by the dideony methosd [14] using the Sequcnase version
2.0 ki (Unaad statex Biochenucals).

2S5 Northern Blot gralyvsis

Three microgram samples of towa! cellular RNA extracted from
human retings were denstured and electrophoresed ina 1.3% agarose
formaldehyde mini-gel {15) blotad onto avlon membrans and fiacd
by UV iHlumination.

bolated ¢<DNA inseris from differentially expressed clones were
labetied with a4 " PRCTP wsing e Multiprime kit (Amersham In.
UK axcording 1o the manufactiurer’'s protocols. and hybridized se-
paratcly with the Northemn biot i the presence of 0% formamide at
A7 gvermight. The blot was washed al vernving siningencics (sce
wpeng 1o Fig. 2 and autoradiepraphad. The bist was npped be-
tacrn rotungs and probe semova’ confirmed by sutoradiography.

3 RESULTS AND DISCUSSION

Screeming of the buman retinal ¢cDNA Bbrary filters
vang probes feverse anseribed from control and RP-
affecied reunal RNA revealed 35 primany differential
mybndustion sgnals. Analyse of & dilfereniul clencs
confirmed by secondary screeming b presented here. OF

s A1)
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Fig. 1. Southern blot of EcoRI-digested DNA isolated trom ditteren-

tially-cxpressed cloncs, probes with y-*P-labelled oligonucleotide

probe complementary 1o human opsin. Lanes 1-6: clones K111, 411,

S11 554,611 and 661, respectivety. Four size markers are shown. The

upper hybridizing bands correspond to residual undigested recom-
binant DNA.

these. 5 gave strong signals with the control probe and
weak or absent signals with the RP probe. Since it is the
photoreceptor cells that are primarily affected in RP, it
is probable that these clones correspond to messenger
RNAs expressed mainly in this layer, although altered
expression in other neural lavers cannot be excluded.
Support for the former possibility was obtained by
probing a4 Southern blot of the inserts with a labelled
oligonucleotide probe specific for human - psin: two
clones (K111 and K554) contained compiementary se-
quences {Fig. 1). Two other clones (K511 and Ké611)
cross-hybridized with 1k olisonucleotide probe for S-
antigen (not shown), which is another genc abundantly
expressed in photoreceptors. A fifth clone (K411), not
detected by these probes, whose insert was obtained by
PCR amplification using vector specific primers, was
used io probe a Northern blot of retinal RNAs (Fig. 2a).
It detected an abundant transeript of approximately 2.0
kb. and a faint, possibly precursor transcript in 3.0 kb,
in normal retinal RNA. These transcripts were com-
pletely absent from the retinal RNA of the two cases of
advanced RP (donors DYS2 und DYS3) but were
clearly detecrable in the case of optic atrophy (donor
DYSi) When the blot was hyvbridized with a ¢DNA
probe specific for seun. banas of simislar intensity corre-
sponding to transenipls of approumately 2.3 kb were
detected in cach RNA semple, indizating that the dif-
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Fig. 2. Northern blot of normal and dystrophic total retinal RNA (3
Mg per lane) probed with a-*P-labelted differential and control eD! A
probes. Lanes 1 -6: RNA from donors CON1, DYSI, CON2, DYS2,
CON3, DYS3, respectively. Probes: (a) K411 {opsin): (b) K661 (clus-
terin) and (¢) actin, washed to stringencies of (a) 1 x SSPE, 0.1% SDS,
65°C; (b) 2 x SSPE, 0.1% SDS. 42°C; (¢) | xSSPE, 0.19 SDS, 42°C.
(1 x SSPE is 0.18 M NacCl, 10 mM sodium phosphatc pH 7.7. 1 mM
disodium EDTA.) The actin signal (¢} is relatively reduced owing 1o
repeated reprobing and stripping of the blot.

ferences in expression of the K411 transcripts were not
due to variation in sample loading or integrity (Fig 2¢).
Subcloning and partial sequencing of K411 showed that
it also encoded human opsin. The lack of opsin mRNA
expression in advanced RP supports our previous ob-
servations of reduced opsin in in vitro translation prod-
uct from RP retinal RNA [7], and presumably reflects
the subsiantial loss of photoreceptors from the discased
retinas. In contrast, the case of optic atrophy shows
essentially normal expression of opsin mRNA, concor-
dant with the norma! dark-adaptation seen in this donor
shortly before her death, and suggests that she bad re-
tained a largely intact population of photoreceptors.
A further clonc (K661) gave moderately strong sig-
nals with the control sscDNA probe, but stronger sig-
nals with the RP prohe. Digestion with EcoR1 released
two fragments, of 850 and 170 bp. Use of the larger
fragment as a probe on the Northern blot of retinal
RNA detected a4 major abundant transeript of approxi-
mately 1.8 kb present in both normal and RP RNA: a
minor, poszible precursor mRNA at 1.6 kb was aisu
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visible in somc lanes on the original autoradiograph
(Fig. 2b). Stronger signals were seen with both cases of
advanced RP (donors DYS2 and DYS3) than with the
controls, confirming the differential screening result.
Again, with the case of optic atrophy (DYS!), expres-
sion of this gene approximated normal levels. Both
EcoR1 frapments of K661 were subcloned into M13 and
sequenced wholly or partially. Comparison of the se-
quences with the EMBL and GenBank databases
showed that both contained paris of the coding se-
quence of the human clusterin gene (>99.5% identity;
differences assumed to be cloning artifacts), known var-
iously, also, as SP-40,40. complement lysis inhibitor
{CLD, sulphated glycoprotein 2 (SGP-2), testosterone-
repressed message-2 (TRPM-2), and apolipoprotein J
[16-20). The size of the major retinal transcript is in
agreement with repor:s of mRNAs of human clusterin
in other tissues (1.9-2.0 kb [20.21]). Internal cleavage of
the K661 insert had occurred at the EcoRI site at base
856 of the published sequence of clusterin {as SP-40,40)
[16]).

Clusterin is a 70-80 kDa sulphated glycoprotein com-
prised of two nonidentical polypeptides off M, 40.000
linked by disuiphide bonds. The polypeptides are pro-
teolytically derived from a precursor protein translated
from a single mRNA transcript [16]. Clusterin is present
at concentrations of 50-100 gg/ml in normal human
plasma and at about 10-fold higher concentrations in
seminal plasma, and is expressed in a variety of tissucs
[16-18]. Our report describes the first observation of
clusterin mRNA expression in retina. and the strength
of hybridization signal on the Northern blot indicates
it is a highly abundant transcript cven in the normal
tissue. Clusterin is assumed to be multifunctional, and
in blood associates with components of the complement
system [17]: it also appears to interact with apolipo-
protein Al, suggesung possible involvement in lipid
transport [20,22]. Most significantly for our own obser-
vations, an increcase in expression of clusterin mRNA or
protcin has been obscrved in several instances of tissrer
undergoing pr zrammed cell death {apopuosis) 14.25-
25]. The increase in clusterin expression in the retinas
of patients with advanced RP suggests that the associ-
ated photoreceptor degencration may be another in-
stance of programmed cell death, possibly with molecu-
lar and cellutar mechanisms in common with these re-
ported exainples,

Apoptotic events characteristically include endonu-
clease-induced fragmentation of genomic DNA into nu-
cleosomal unit oligomers. followed by irreversible mor-
phological changes. including nuclear disintegration.
cell surface blebbing. and cellular fragnientation nto a
cluster of  membranc-bound apoptotic bodies [26].
While nuclear DNA changes have. to our knowledge.
never been examined i ultrastructural studies of
RP retinas show, i addition o photoreceptor foss, se-
vere membranous distortion and vesiculation, reactive
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gliosis of Muller c=lls. and variably. autophagocytic
vacuoles, epiretinal membrane formation. and extensive
and heterogeneous extracellular deposits in the region
of Bruch’s membrane [27.28]. We have previously
shown that the gliotic process in RP is linked to an
increase in expression of the mRNA for the intermedi-
ate filament component and glial cell marker, glial fi-
brillary acidic protein (GFAP) [7]). It is possible that
clevated clusterin expression is also associated with glial
proliferatios or activity. either as a result of the in-
creased contribution of this cell type to the total tissue
mass of the degenerate retina, or as a specific intracellu-
lar increasc in response to the adjacent dystrophic pho-
toreceptor cells. In this regard, observations of the con-
comitant elevation of clusterin and GFAP mRNA levels
in Alzheimer-diseased hippocampus [21]. and of similar
transcriptional changes in the hippocampus of castrated
rats {29), are of particular relevance. Further. McNeill
et al. [30] detected the clusterin homologue, SGP-2, in
the degenerating dentate gyrus of adrenalectomized
rats, as punctate deposits in the molecular layer, and in
the glial cells juxtaposed to surviving neurons, but not
in the granule neurons exhibiting signs of degeneration.
SGP- 2 was not detected in corresponding brain regions
of intact rats or adrenalectomized rats not showing
granule cell loss.

At least 3 possible roles for elevated clusterin cxpres-
sion in tissuc degeneration may be hypothesized (sce
also e.g. [22,30]): (i) a direct causal involvement in the
cascade of events leading to apoptosis in the cells where
clusterin transcription increases: (i1) an "anti-suicide’ ac-
tion, as a response of the cell to retard the committed
progression of the cell death program: or (i) a response
not of the dying cells but of their immediate neighbours,
possibly as part of a repair or tissue remodelling mech-
anism. We sugpest that the parallel molecular and cel-
lular changes in ghal cells in neurodegenerative states.
including perhaps advanced RP, may correlate most
closely with hypothesis (iii). In ihese cases. the glia,
which are gencrally regarded as important supportive
clements of neurons, may upregulate clusterin expres-
sion to supplement its activity possibly as a lipid sca-
venger to redistribute or recycle lipid membrane com-
ponents {22], or as a transporer of lipids. Analysis of
normal and degenerating retinas, including in situ and
smmunocytochemical approaches. is in progress to help
resolve these questions.
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