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The developmental regulation of CD81 in therat retina
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Purpose: The tetraspanin CD81 is expressed in Miller glial cells and retinal pigment epithelium (RPE). CD81 and other
members of the tetraspanin family link extracellular interactions of cells into intracellular cascades. This study examined
the developmental expression of CD81 and protein-protein interactions linking CD81 to intracellular proteins.

Methods: We used synthetic peptides of the C-terminal intracellular domains of CD81 to probe fusion proteins of PDZ
domains blotted to nitrocellulose membranes, then confirmed the relationships between the PDZ proteins using immuno-
precipitation methods. Colocalization of the associated proteins was analyzed across development, using double-label
immunohistochemical methods in the retina of Sprague-Dawley rats.

Results: The C-terminal intracellular sequences of CD81 bound to three putative PDZ domains that potentially repre-
sented domains on Sap97 and EBP50. In immunoprecipitation experiments using RPE cells, CD81 coprecipitated with
both proteins, EBP50 and Sap97. Like CD81, EBP50 and Sap97 are expressed at low levels immediately after birth and
upregulated during the first two postnatal weeks, reaching almost adult levels at postnatal day 20. In the RPE layer,
synapse-associated protein 97 (Sap97) and CD81 were associated with the basolateral surface of the cells; ezrin-radixin-
moesin-binding phosphoprotein 50 (EBP50) localizing with CD81 was found on microvilli at the inner surface of RPE
cells.

Conclusions: These results support the hypothesis that CD81 is associated with the final stages of RPE cell maturation,
establishing key molecular interactions linking the cell membrane proteins into macromolecular complexes containing
PDZ protein scaffolds.

Previous studies from our laboratory have defined a smaffacellular N and C terminal domains. Tetraspanins form rela-
membrane protein that regulates glial cell proliferation in retively large molecular complexes, called tetraspanin webs,
sponse to injury [1] and in brain development [2]. Neither thevithin the plane of the membrane [7-9]. At present, many dif-
specific functions nor molecular associations of CD81 are fullferent membrane proteins can be present within these com-
understood. In an effort to characterize CD81 fully, we havelexes, including the 12 different mammalian tetraspanins that
turned to the developing retina, which offers a unique opporare known to interact with at least 38 different transmembrane
tunity to study the expression and developmental interactionoteins [10-13]. The specific function of the tetraspanin com-
of this small membrane protein. CD81 is expressed by Mullgplexes appears to depend on the district proteins forming the
glial cells [3] and RPE cells [2]. In rodents, both of these celcomplex and the cells in which they are expressed. For ex-
types exit the cell cycle after birth [4-6]. Specifically, retinalample, CD81, through its association with integrin adhesion
pigment epithelium (RPE) cells divide up to two weeks, andanolecules, can be critically important for cell adhesion and
Muiller cells until 14-22 days after birth [5]. Furthermore, bothmigration [14-19]. These tetraspanin complexes link extra-
cell types are restricted in the well-characterized laminar strucellular events to intracellular signaling cascades [20-24].
ture of the retina, allowing relatively simple anatomical char\When CD81/tetraspanin forms a complex with integrins, it
acterization of protein distribution. If CD81 is involved in the modulates the cells interactions with the extracellular matrix
final stages of maturation of RPE cells and Milller cells, wg25-27] through activation of second-messenger systems
can examine its developmental expression pattern relative [23,28,29].
that of other proteins co-expressed or associated with CD81. There is a general lack of knowledge about how these

CDa81, like other members of the tetraspanin family ofproteins link into intracellular processing and second messen-
proteins, is a small membrane protein with four transmemger cascades. Examination of the intracellular domains of the
brane segments, two small extracellular loops, and small inetraspanin family members reveals that CD81 is unique in

that it carries a potential PDZ binding domain. At the intracel-
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teractions of CD81 with PDZ target proteins and to determinaided in dissections and culturing. RPE cells were cultured
the temporal regulation and distribution of CD81 and PDZising the method of Edwards [34]. In brief, we removed the
targets in the retina. Since RPE expressed high levels of CD8dyes from rat pups 6 to 8 days of age and placed them in bal-
we focused on it as well as two PDZ proteins, synapse-assoeinced salt solution with 0.3 mM Ca@r 2-3 h at room tem-
ated protein 97 (Sap97) and ezrin-radixin-moesin-bindingerature in the dark. We placed the globes in 1 mg/ml of trypsin
phosphoprotein 50 (EBP50), which are spatially segregatdd Hank’s balanced salt solution (HBSS) plus 70 units of col-
[33]. lagenase (pH 7.8) for 45 min at 3Z. We then transferred the
eyes to medium with 20% fetal calf serum (FCS) and antibi-

METHODS otics and removed the anterior chamber by cutting through
Association of CD81 with intracellular proteins. Toexamine the sclera and neural retina just behind the ora serrata. We left
the putative PDZ binding domain on the intracellular, C-terthe posterior chamber in medium so that the retina expanded,
minal end of CD81, we used a modification of a commerseparating from the underlying pigment epithelium. We gen-
cially available protocol developed by Panomics (Redwoodly removed the RPE from Bruch’s membrane and place it in
City, CA). We produced a peptidel-Gly-Lys-Pro-lle-Pro-  sheets of RPE in HBSS/EDTA plus 0.1% trypsin for 5 min.
Asn-Pro-Leu-Leu-Gly-Leu-Asp-Ser-THreu-Cys- Cys-Gly-  We rinsed the disassociated cells and transferred them to a
lle-Arg-Asn-Ser-Ser-Val-TWOH, containing the C-terminal T25 flask. Confluent cultures of rat RPE were rinsed three
end of CD81 with its putative PDZ binding domain (in bluetimes in cold 0.01 M phosphate buffered saline (PBS), pH
color). To allow detection of this peptide in assays, we incor7.4. We lysed the cells in ice-cold 1% Brij 97 in 0.05 M Tris
porated the epitope tag for the anti-V5 antibody (red). We alsand 0.05 M NaCl, pH 7.3, containing NaN3 and
synthesized two control peptides. One had a scrambled amipbenylmethylsulphonyl fluoride (PMSF), then centrifuged at
acid sequencd-Gly-Lys-Pro-lle-Pro-Asn-Pro-Leu-Leu-Gly- 15,000 x g for 90 min at 2C. CD81 and the associated pro-
Leu-Asp-Ser-Thr-Tyr-Val- Ser-SeiArg-Asn-lle-Gly-Cys-  teins were co-isolated by immunoprecipitation with the AMP1
Cys-Leu-OH; the other contained the C-terminal, intracelluantibody. We placed the proteins in nonreducing sample buffer,
lar portion of CD81 minus the putative PDZ binding domainseparated them by SDS PAGE, transferred them to nitrocellu-
H-Gly-Lys-Pro-lle-Pro-Asn-Pro-Leu-Leu-Gly-Leu-Asp-Ser- lose, and blotted with antibodies directed against Sap97,
Thr- Leu-Cys- Cys-Gly-lle-Arg-Asn-OH. EBP50, and Ezrin.

We purchased dot blots of glutathione S-transferase (GST) Immunaoblot analysis: We used one litter of 12 Sprague-
fusion proteins representing all of the known PDZ sequencd3awley rat pups for the immunoblot analysis. For pups taken
from Panomics. We probed these blot dots with the experbefore P15, we used hypothermia as anesthesia and decapi-
mental peptide and immunostained them with the V5 antitated the pups. The mother was anesthetized by intraperito-
body, which is amouse monoclonal antibody tagged with horseeal injection of a mixture of xylazine (13 mg/kg, Rompun)
radish peroxidase (HRP; Invitrogen, Carlsbad, CA) then proand ketamine (87 mg/kg, Ketalar), and her eyes were used as
cessed them according to the manufacturer’s suggested protbe adult sample. After the animals were sacrificed, their eyes
col. To monitor chemiluminescence, we placed the blots iwere removed. We dissected the retinas and placed them in
the supplied detection buffer and scanned them using a Typeonreducing sample buffer (2% SDS and 10% glycerol in 0.05
phoon 8600 Scanner (Molecular Dynamics). We then analyzed Tris-HCI buffer, pH 6.8). To analyze the concentrations of
the blots to determine if there were sequence-specific bindingD81 in the retina, we used gel electrophoresis and
to any of the GST fusion proteins, which represented 29 difimmunoblot methods, similar to those described in Geisert
ferent PDZ domains (Redwood, CA). A total of six Panomid2]. Using balanced samples of proteins from the retina, we
dot blots were run, two for each peptide. ran them in 4% to 16% acrylamide gels, then transferred them

Antibodies: The antibody directed against rat CD81 wasto nitrocellulose. The blots were blocked with 5% nonfat dry
AMP1, developed in our laboratory [1]. Other antibodies werenilk in borate buffer (pH 8.4) and probed overnight with the
rabbit anti-Sap97 (Affinity BioReagents, Golden, CO), rabbitprimary antibody, AMP1, or anti-EBP50. We then rinsed the
anti-EBP50 (Affinity BioReagents), mouse anti-CD71, theblots and probed them with the secondary antibody, HRP-la-
transferrin receptor (Chemicon, Temecula, CA), and rabbibeled goat anti-mouse. The blots were rinsed with 0.5 M Tris
anti-Ezrin (Santa Cruz Biotechnology, Santa Cruz, CA). Seduffer (pH 7.4) and reacted with 0.05% DAB and hydrogen
ondary antibodies were either labeled with fluorescent markperoxide.
ers or HRP. Peroxidase antibodies used were donkey anti-rab- Immunohistochemistry: We used one litter of 11 postna-
bit or donkey anti-mouse 1gG (Jackson ImmunoResearch, Wetstl Sprague-Dawley rat pups and the mother in our immuno-
Grove, PA). Fluorescence-labeled secondary antibodies ifistochemical analysis of the retina, taking at least two pups
cluded rhodamine-labeled donkey anti-rabbit (Jacksomat each developmental age: PO, P2, P10, P15, or P20. The
ImmunoResearch), Alexa 568 goat anti-rabbit (Moleculamother was used as the adult sample. For the pups taken be-
Probes, Eugene, OR), and Alexa 488 donkey anti-rabbit (Mdere P15, we used hypothermia as anesthesia and perfused the
lecular Probes). pups. The P20 pups and the mother were anesthetized by in-

I solation of proteins associated with CD81 fromcultured  traperitoneal injection of a mixture of xylazine (13 mg/kg,
retinal pigment epithelium: Weused Long-Evans rats for tis- Rompun) and ketamine (87 mg/kg, Ketalar) and perfused
sue-culture experiments to determine the presence of pigmehtough the heart with a saline solution followed by 4%
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paraformaldehyde in 0.1 M phosphate buffer (pH 7.3). AftelCD81; the second was a control peptide missing the putative
administering the anesthesia, we removed the eyes and plad®idZ binding domain; the third was a control peptide with a
them in 4% paraformaldehyde overnight. The next day, wecrambled amino-acid sequence. We used the peptides in an
transferred the eyes to 30% sucrose for a minimum of 2 daysverlay assay probing GST-fusion proteins representing dif-
We cut 16um sections of the eyes on a cryostat and placetkrent types of PDZ domains. When the blots were analyzed,
them on glass slides. The methods used to stain the retina wenece different types of PDZ domains bound specifically the
similar to those previously described [2]. The slides were rinse@-terminal sequence of CD81 and not to control peptides (Fig-
in 0.02 M PBS (pH 7.3), placed in 4% BSA containing 0.05%ure 1). One PDZ domain belonged to Sap97. The second and
DMSO, and probed overnight with the primary antibody,third sets of spots that bound to CD81 peptide represented a
AMP1 (1:100). After rinsing, we added a donkey anti-mousd°DZ domain type 1. This finding suggested not only that the
secondary antibody (1:200) for 2 h then rinsed the slides in
three changes of 0.05 M Tris (pH 7.3). To determine if the

CD81 associated with Sap97 or EBP50, we used double-label
immunohistochemistry similar to that described in Clarke and

Geisert [3]. We first stained the retina with the anti-rat CD81,

then added a rabbit antiserum directed against Sap97 or EBP50. 1 O 0
The fluorescent-tagged secondary antibodies had been made

in donkey and preabsorbed against serum proteins to prevent

Cross reactivity.

RESULTS 68
The present study began with the observation that CD81 con- -
tains a potential PDZ binding domain at its intracellular C-
terminus, the amino acid sequence Ser-Ser-Val-Tyr. As a first 27

step in our analysis of the ability of CD81 to interact with

PDZ domains, we used synthetic peptides to identify interact-
ing PDZ domains on a dot blot constructed with GST fusion
proteins. The first peptide was identical to the C-terminus of

ABCDEF

. Figure 2. Proteins associated with CD81. Cultured rat retinal pig-
SAPQ? ment epithelium (RPE) cells were solubilized in 1% Brij 97 and im-
munoprecipitated with mouse anti-rat CD81 antibody. The sample
of proteins was then separated by SDS PAGE, transferred to nitro-
cellulose, and probed with antibodies directed against CD81 (lane
A), EBP50 (lane B), Ezrin (lane C), and Sap97 (lane D). Note that
. CD81 coimmunoprecipitated with EBP50, Ezrin, and Sap97. In con-
M |nt' D 1 trol experiments, antibodies directed against the transferrin receptor

; (CD71) were used to immunoprecipitate proteins from cultured RPE.
When these samples were probed for EBP50 (lane E) or Sap97 (lane
F), these two PDZ proteins were not observed. Molecular weight
. markers are indicated to the left in kDa.

PTP-D1

EBP50 '“’

1 = 3 CD81

Figure 1. Binding of C-terminal peptides to PDZ domains. The bind- PO P2 P10 P15 P20 Adult

ing of synthetic peptides to dot-blotted GST fusion proteins repre-
senting PDZ domains. Lane 1: a peptide that models the C-terminégure 3. Quantitative changes in CD81 and EBP50. The develop-
of CD81 Lane 2: a peptide without the putative PDZ binding domental regulation of EBP50 and CD81 is shown for different devel-
main. Lane 3: the binding of a scrambled protein. Specific bindingpmental ages: postnatal day 0 (P0), P2, P10, P15, P20, and adult. At
was observed for the Sap97 domain 3, the protein-tyrosine phoR0, scant EBP50 and CD81 are present in the retina. There is a gradual
phatase domain 1 (PTP-D1), and the X11L2 protein domain 1 (Mintincrease until P20, when almost adult levels are observed. The levels
D1). Each PDZ domain is spotted with two concentrations of proef these two proteins do not completely mirror each other. EBP50 is
tein: 400 ng (upper spot) and 80 ng (lower spot). GST represenexpressed only in the microvilli of the retinal pigment epithelium
glutathione S-transferase. cells, and CD81 is expressed throughout the entire retina.
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C-terminal end of CD81 was a PDZ binding domain, but thatliately obvious, Sap97 and EBP50, both expressed at high
the C-terminal end bound to a subset of PDZ proteins, Sap-%vels in RPE. Sap97 and EBP50 contain all of the types of
and the Domina 1 of Mint and PTP. PDZ domains labeled by the CD81 C-terminal peptide.

The next step was to determine if the proteins expressed To directly test for the binding of CD81 to Sap97 and
by RPE cells contained any of these PDZ domains. WEBP50, we did a series of immunoprecipitation studies. For
searched our microarray data from RPE cells [35] and corthese studies, we solubilized cultured rat RPE with a mild de-
sulted the literature [33]. Two candidate proteins were immetergent, then precipitated complexes of proteins associated with

< W o — () &, -
\ -

Figure 4. Colocalization of CD81 with Sap97 and EBP50 in the developing retinal pigment epithelium layer. The develogtreentsHl pa
expression of Sap9A(D, G, J), EBP50 M, P, S,V), and CD81B, E,H, K, N, Q, T, W) is shown for the retinal pigment epithelium (RPE)
cell layer in double-stained sections at different developmental ages:®@0M-0), P2 O-F, P-R), P10 G-I, S-U), and P15J-L, V-X). The
merged images are shown to the rigbt, I, L, O, R, U, X). At PO A-C, M-O) CD8L1 levels are low, with only a faint outline of the
developing RPE. There is little immunostaining for Sag97of EBP50 1). By P2 D-F, P-R), CD81 defined the cellular membranes of the
RPE cells. There is a clear upregulation of Sap97 along the basal surface of tbe &R#). Sap97 is distributed on the basolateral surfaces
of the RPE cellsK). The levels of EBP50 are also increasiRp {orming a tight band of immunoreactivity at the junction between the RPE
cells and the developing photoreceptors (arrow). EBP50 immunoreactivity labels the apical surface of RIRE Tedddvels of all three
proteins increase over time, and the immunolabeling pattern becomes more distinct at P10 and P15. All photomicrogragmsaténe tak
same magnification. In the scale bar, X32b.
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CD81, using antibodies against CD81 attached to Sepharosesults demonstrate that CD81 is specifically associated with
beads (Figure 2). As expected, a variety of proteins were preoth Sap97 and EBP50. Since there is a strong association
cipitated along with CD81. To test for both Sap97 and EBP5Between EBP50 and Ezrin [33,36], we also probed the immu-
among these proteins, we conducted a cross-blotting experieprecipitated proteins with anti-Ezrin antibodies, observing
ment. We separated the precipitated proteins on SDS PAGESstrong band (Figure 2C). These results demonstrate a direct
gels, transferred them to nitrocellulose, and probed the blotik between any tetraspanin (CD81) and an intracellular sig-
with antibodies directed against CD81 (Figure 2A), EBP5Maling pathway (Sap97 and EBP50), linking a tetraspanin com-
(Figure 2B), and Sap97 (Figure 2D). These protein bands wepdex into the cytoskeleton through Ezrin and potentially into
not observed with similar protein samples immunoprecipitatedecond-messenger cascades.

with control mouse IgG (data not shown) or with antibodies  To further explore the relationship between CD81 and
against CD71, the transferin receptor (Figure 2E,F). Thedhese PDZ proteins, we examined the levels of CD81 and

Figure 5. Colocalization of CD81 with Sap97 and EBP50 at P20. The staining of the P20 rat retina féx &) (Sap97B), and EBP50
(E) is shown in two double-stained sections. The merged images of these two sections are GlawdiilThe pattern of CD81 labeling is
consistent with the labeling of Mller glial cells, as shown by the prominent labeling of the external limiting membranA)amdwetinal
pigment epithelium (RPE) cells (double arréyy, Sap97 shows a general stain in the retinal neurons and a prominent band at the base of the
RPE (arrow irB). In the merged imag€j, Sap97 immunoreactivity is colocalized with CD81 on the basolateral surface of RPE cells. EBP50
labels a prominent band at the junction between the retina and the PRE cellsHprféve, EBP50 immunoreactivity colocalizes with CD81
immunoreactivity at the apical surface of the RPE cElsIf A andF, the layers of the P20 retina are shown: the ganglion cell layer (GCL),
inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), and outer nuclear layer (ONL). All pirographs are

taken at the same magnification. The scale bBrrepresents 2am.

185



Molecular Vision 2007; 13:181-9 <http://www.molvis.org/molvis/v13/a21/> ©2007 Molecular Vision

EBP50 in the developing retina, running a series oEBP50 were low at PO but high by P20. Thus, in addition to
immunoblots on samples of retina taken at different postnatéthe dramatic upregulation of CD81 during postnatal develop-
time points (Figure 3). At PO, we found a faint but distinctment of the retina, at least one PDZ, EBP50, follows the same
band at 27 kDa, indicating that the levels of CD81 were lowpattern.

Over the next few days, the levels of CD81 gradually increased, Weextended this analysis by looking at the change in the
and by P20, CD81 was close to that of the adult level. We thetevelopmentally regulated immunolabeling pattern in the RPE
guantified the protein levels in the retina relative to that obeell layer at closely spaced postnatal developmental time points
served in the adult, using the intensity of the 27 kDa band ifFigure 4). In the developing retina, the RPE layer is adjacent
three protein samples from individual eyes to determine the the outer edge of the retina next to future photoreceptor
relative levels of CD81. We found that the levels of CD81 atayer. At PO (Figure 4A-C, Figure 4M-0), there is little
PO were 31% of the adult level. There was increased intensitmmunolabeling for Sap97 (Figure 4A), CD81 (Figure 4B,N),
of the immunopositive band, and at P15, the levels were apr EBP50 (Figure 4M). By P2, all proteins begin to increase
proximately 85% of that in the adult. We did not measure thén expression and reveal a distinctive pattern of labeling, with
levels of Sap97 because its expression is dominated by syn&pap97 at the basal surface of the developing RPE cells (Fig-
tic formation in the retina relative to the low levels observedire 4D, arrow) and EBP50 at the dorsal inner surface of these
in the RPE cell layer. We did measure the levels of EBP56ells (Figure 4P, arrow). The labeling on the inner surface ap-
because this protein is almost exclusively expressed in the RPEars to mark the emerging microvilli on the RPE that eventu-
cells (Figure 3). We found, as with CD81, that the levels o#lly will surround the outer segments of the photoreceptors.

Figure 6. Colocalization of CD81 with Sap97 and EBP50 at P2. The staining pattern of CD81, Sap97, and EBP50 in the @evelopang

is shown at P2A andD are stained for CD8B is stained for Sap97, arilis the merged imag& is stained for EBP5C is the merged
image. At this age, the ganglion cell layer (GCL) and inner plexiform layer (IPL) are present. The remainder of the rigisattans
neuroblastic layer (NBL). The arrowsBhandE indicate the location of the developing retinal pigment epithelium (RPE) layer. All photomi-
crographs were taken at the same magnification. The scale bar in represents 25
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This pattern continues to emerge until by P20 the adult pailum. In general, CD81 and other members of the tetraspanin
tern is observed. For Sap97, the antibody is localized to tHamily participate in a wide variety of molecular complexes.
dorsal lateral and ventral surfaces of the RPE cells (FigurEhese associations of CD81 with different membrane proteins
5B). EBP50 is diametrically apposed, selectively labeling theesult in molecular complexes, representing diverse
microvilli on the inner surface of the RPE cells (Figure 5E) microdomains within the cell membrane. CD81 forms a com-
Both of these intracellular proteins appear to be colocalizeplex with CD19 and CD21 in the mnemonic response of B
with CD81, forming two distinct molecular groupings: onecells [9,24,37]. In addition, CD81 is critical for cell adhesion
on the basolateral surface of the RPE cells (Figure 5C) arahd migration through its association with adhesion molecules
the other on the inner surface of the RPE cells (Figure 5F).[14-19]. In both cases, the tetraspanin complexes link extra-
We next focused on the general pattern of CD81, EBP5@ellular events to intracellular signaling cascades [20-24].
and Sap97, at two time points, P2 (Figure 6) and P20 (Figuiehese links are revealed by antibody binding to CD81 that
5). The first distinct pattern of labeling in the retina is seen adctivates a tyrosine kinase in human lymphocytes [22,23,28].
P2, when there was light generalized labeling for CD81 (Fig- By partnering with different membrane proteins, CD81
ure 6A,D). The ganglion layer had the highest levels of CD81s involved in a variety of different cellular functions
immunoreactivity, which outlined groups of cell bodies. The[15,18,22,38,39]. For example, when CD81 forms a complex
next highest level of CD81 labeling was in the inner plexi-with integrins, it is directly involved in regulating cellular in-
form layer with light labeling around the undifferentiated teractions with the extracellular matrix [25-27]. This interac-
neuroblasts that make up the majority of retinal cells in the PRon has a defined effect on second-messenger systems
retina. In addition, there was relatively prominent labeling 0123,28,29] and, eventually, modulates the mitotic activity of
the developing blood vessels in the inner retina. The pattethe cell [1,40,41].
observed at P2 provides the first indication of specific label-  Given all that we know about tetraspanin interactions with
ing by Sap97and EBP50. Sap97 labeling appeared in the d@embrane proteins, there remains a distinct lack of informa-
veloping RPE cell layer (Figure 6B) and was strongly assocition about the linkage of the tetraspanin complexes into intra-
ated with CD81 at the base of these cells (Figure 6C). In theellular compartments. Recently, Sala-Valdes et al. [13] dem-
developing retina, EBP50 labeled a prominent band in thenstrated linkage of CD9 directly to Ezrin protein. This inter-
developing retina (Figure 6E) that is associated with the innexction links EWI-2 and EWI-F proteins, along with CD81,
surface of the developing RPE cell layer (Figure 6F). directly to actin through the CD9/Exrin complex to the actin
The pattern of labeling at P20 was similar to that observedytoskeleton. Like the complex observed by Sala-Valdes et
in the adult retina and was suggestive of labeling of Mulleal. [13], CD81 in the RPE cells is associated with E EWI-2,
cells and astrocytes (Figure 5A,D). There was prominent lsEWI-F, CD9, b1l integrin, a3 integrins, and a5 integrin [42].
beling of the retina from the internal limiting membrane toFurthermore, the RPE cells allows us one of the first glimpses
the outer limiting membrane. In addition, the inner limitinginto the potential linkage of tetraspanin complexes through
membrane was clearly labeled. This pattern is similar to thaD81 into intracellular components.
which we previously described (Clarke and Geisert 1998) [3]. Wefound that the amino acid sequence on the C-terminal
The prominent labeling of the external limiting membrane aneénd of CD81 appeared to have the ability to bind a PDZ bind-
increased immunoreactivity around blood vessels, especiallpyg domain. When we tested synthetic peptides of the C-ter-
in the ganglion cell layer, was indicative of labeling of Miller minal domain against GST fusion proteins, we observed that

glial cells and astrocytes in the ganglion cell layer. the peptide specifically bound to three spots on the Panomic
dot blot. The Sap97 spots represent the PDZ domain 3 of
DISCUSSION Sap97. Examination of microarray data from RPE cells [35]

Previous study of the developing brain and spinal cord [14jevealed that the most likely candidates were Sap97 and
demonstrated that CD81 is upregulated at approximately tHeBP50. EBP50 has two PDZ domains, including PDZ domain
same time that glial cells exit the cell cycle. A similar tempo-1 [36]. Immunoprecipitation studies confirmed an association
ral pattern of expression was observed in the developing retinamong CD81, Sap97, and EBP50.

CD81 is expressed by Miller glial cells [3] and RPE cells [2].  In adult rats, we found CD81 on all surfaces of the RPE

In the postnatal retina [4,5], cells of the RPE actively dividecells [2], while EBP50 was associated with microvilli on the
through P7 [6]; Muller cells proliferate up to P22 [5]. During inner surface and Sap97 was on the basolateral surface of the
the end of mitotic activity, we observed a significant increaseells [33]. Upregulation of all three proteins followed approxi-
in the levels of CD81 as well as patterns of expression consisiately the same time course. As RPE cells mature, these pro-
tent with CD81 being expressed by RPE cells and Miller celldeins occupy their specific subcellular localizations and, pre-
The fact that CD81 is upregulated at the specific time thessumably, carry out their adult functions. Due to the distinct
cells stop dividing indicates that this protein has a critical funclocations of these two PDZ proteins within the RPE, CD81
tion in the final stages of development, maturation, and nomust be involved in at least two different molecular complexes,
mal function of the adult retina. one in the microvilli associated with EBP50/Ezrin and the other

This study has allowed us to examine CD81 and its poassociated with Sap97 on the lateral and basal cell surfaces.
tential intracellular interactions in RPE cells, for these celldndeed, this is what we found. On the apical surface of the
develop postnatally and represent a well-characterized epitheells, CD81 is associated with EBP50, and these proteins are
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upregulated on a similar time course as the RPE matures.
What are the specific functional roles of each of the CD81/
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and the target of the antiproliferative antibody, TAPA. J Neurosci
1996; 16:5478-87.

tetraspanin complexes? At present, we do not know the Sp%,_Geisert EE Jr, Abel HJ, Fan L, Geisert GR. Retinal pigment epi-

cific molecular components of each complex. However, we
do know that CD81 is associated with EBP50 on the inner

thelium of the rat express CD81, the target of the anti-prolifera-
tive antibody (TAPA). Invest Ophthalmol Vis Sci 2002; 43:274-
80.

RPE microvilli. Recent studies [43,44] have found that EBPS%. Clarke K, Geisert EE Jr. The target of the antiproliferative anti-

is associated with cellular retinaldehyde-binding protein
(CRALBP). This molecular interaction localizes CRALBP to

body (TAPA) in the normal and injured rat retina. Mol Vis 1998;
4:3.

the precise subcellular compartment where the shed outer seg-Young RW. Cell differentiation in the retina of the mouse. Anat

ments of rods are ingested by the RPE and where retinoid

Rec 1985; 212:199-205.

processing occurs. It is tempting to speculate that the PD¥Z Stroeva OG, Panova IG. Retinal pigment epithelium: pattern of

protein EBP50 links the CD81 complex in the microvilli to
CRALBP. If the CD81/EBP50 complex is associated with the
. . ! . 6
ingestion of shed outer rod segments, this association through
EBP50 would bring the molecular machinery for retinoid pro-
cessing into direct association with the shed outer rod seg-
ments.

We also found CD81 colocalized with Sap97 on the
basolateral surface. Immunohistochemical examination

showed a similar upregulation during early postnatal devel-

proliferative activity and its regulation by intraocular pressure
in postnatal rats. J Embryol Exp Morphol 1983; 75:271-91.

Bodenstein L, Sidman RL. Growth and development of the mouse

retinal pigment epithelium. 1. Cell and tissue morphometrics
and topography of mitotic activity. Dev Biol 1987; 121:192-
204.

7.Le Naour F, Charrin S, Labas V, Le Caer JP, Boucheix C, Rubinstein

E. Tetraspanins connect several types of Ig proteins: IgM is a
novel component of the tetraspanin web on B-lymphoid cells.
Cancer Immunol Immunother 2004; 53:148-52.

opment. One could speculate that CD81 associated with Sap§.7Levy S, Shoham T. Protein-protein interactions in the tetraspanin

on the basolateral surface of cells has an important function ign
the final stages of RPE cell development and the stabilization
of cellular contacts. In the postnatal retina, RPE cells and

Muiller cells continue to divide until the appropriate number

of cells is reached. In the final stages of retinal developmenig.

these two cell types downregulate their cell cycles and enter
GO0 [4,6]. The stopping of proliferation and the attainment of
final maturation are developmental consequences of differen-

tiation. After injury of the adult retina, these two cell typesl:

can reenter S phase and proliferate again [45,46], frequentll)é
resulting in the formation of cellular membranes termed pro-
liferative vitreoretinopathy [47-50]. These membranes can,
contract, causing the retina to detach.

In our effort to understand the molecular mechanism gov-
erning the regulation of glial proliferation and reactivity, we
focused on a member of the tetraspanin family of proteins,

CD81. This tetraspanin was originally termed the target of ah?4-

antiproliferative antibody [40], since antibodies directed
against CD81 depressed the mitotic activity of cultured cells.
A considerable amount of experimental findings indicate th
CD8L1 is part of one of the molecular mechanisms regulating
the cell cycle as well as cell migration [9,11,41]. When the
normal stabilizing functions of CD81 are disrupted, as in pho-
toreceptor cell death, the complex may signal to the cell to
begin migrating and dividing again. We currently are pursu-

ing further studies of the function of CD81 following injury. 16.
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