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Purpose: The target of the antiproliferative antibody (TAPA, CD81) is a member of the tetramembrane spanning superfamily of
proteins and appears to be involved in the regulation of mitotic activity and the stabilization of cellular contacts [J 19&@;0sc
16:5478-5487]. The present study examines the distribution of this protein in the normal rat retina and its role in resistive gl
occurring after retinal injury.

Methods: An immunoblot was used to define the relative level of TAPA in the normal rat retina. The distribution of the protein was
examined using indirect immunohistochemical methods. Both of these methods were used to define the upregulation of TAPAin the
rat retina injured with a needle scrape.

Results: The immunohistochemical analysis of the retina shows that TAPA is found in all layers of the normal retina with a distinct
lack of labeling in the inner and outer segments of the photoreceptors. After retinal injury, a dramatic upregulation GfsTAPA w
observed. The immunohistochemistry also revealed a pattern of expression similar to that observed in the normal retina with two
notable exceptions: (1) small finger-like projections extending down into the outer segments are immunopositive, areyé2¢the el

levels of TAPA can be seen outlining cell bodies in the outer nuclear layer and the ganglion cell layer.

Conclusions: TAPA is found in the normal rat retina and there is a dramatic upregulation of this protein following injury. The
distribution of the protein within the retina is consistent with its expression in retinal glia, the Miller cells whicleshaktiess

of the retina, and astrocytes found in the ganglion cell layer. These data suggest that TAPA may play a role in thevgroliferati
response of non-neuronal cells that occurs following a mechanical injury to the retina.

The response of the mammalian retina to injury is similatetramembrane superfamily of proteins and plays a major role
to that occurring in other parts of the central nervous systenm the maturation of CNS glia, the regulation of their mitotic
Like the brain and spinal cord, the retina contains glial cellsactivity, and the process of reactive gliosis [11]. After an in-
astrocytes in the ganglion cell layer, and Mdiller cells that spajury to the brain or spinal cord, a glial scar is formed and high
the cellular layers. When the retina is injured, one of the mo$tvels of TAPA are found in association with these reactive
striking features is the change occurring in astrocytes anakstrocytes [11]. The present study is designed to: (1) deter-
Muiller cells [1,2]. These cells hypertrophy and increase exmine if TAPA is expressed in the mammalian retina, (2) de-
pression of the intermediate filament protein, glial fibrillary fine the distribution of the protein in the retina, and (3) deter-
acidic protein (GFAP) [3-6]. Although this reactive responsemine if TAPA is upregulated following retinal injury as itis in
is very similar to that observed in astrocytes within the braimther regions of the CNS.
and spinal cord, in the retina, Fhe glial cells also prolifgrate METHODS
and migrate throughout the retina [7]. Once the retina is de- . )
tached, the Miiller cells send their processes into the spack@n adult Sprague-Dawley (Albino) rats were used in the
between the photoreceptors and retinal pigment epitheliurﬁ?,resem study: five for the |mmunoh|stoch¢mlcal analysis and
causing a subretinal fibrosis or scar [8]. This glial scar apfivé for theimmunoblotanalysis. To examine the effects of
pears to contribute to the lack of retinal reattachment and tfgtinal injury, six of the animals received a scrape injury to the
death of photoreceptors [9]. The retinal glial cells also cafight retina. The animals were anesthetized with an intraperi-
migrate into the vitreal space, proliferate, and form cellulafon€al injection of a mixture of xyaline (13 mg/kg, Rompun),
membranes [7]. This response is known as proliferativ@nd ketamine (87 mg/kg, Ketalar). A 22 gauge needle was
vitreoretinopathy and can result in retinal detachment [10}uS€d to penetrate the lateral sclera and to scrape along the in-
Thus, reactive glial responses can have serious consequend, Surface of the nasal retina. The injury was allowed to heal
potentially resulting in the loss of sight. Understanding mo]‘o_r fourt(_aen days, aft_er which all of the rats were eutham_zed
lecular mechanisms associated with these changes may pHgth @ mixture of xyaline (26 mg/kg, Rompun), and ketamine

vide insights into interventions that may stop or reverse thel74 mg/kg, Ketalar) by intraperitoneal injection. For immu-
detrimental effects of reactive gliosis in the retina. nohistochemistry the animals were perfused as described and

. o . for biochemistry the eyes were removed and the tissues placed
Our laboratory [11] has recently identified the expression, sample buffer (see below)

of the Target of the Antiproliferative Antibody (TAPA) [12,13] _ _ ) )

by glial cells in the rat brain. TAPA is a member of the ~ Antibodies—Three monoclonal antibodies and one
polyclonal antibody were used to stain the sections and pro-
“To whom correspondence should be addressed: Eldon E. Geisdin Samples of the normal and injured retinas. In the rat retina,
Jr., PhD, Department of Anatomy and Neurobiology, University of the AMP1 monoclonal antibody recognizes only TAPA (CD
Tennessee, Memphis, Health Science Center, 855 Monroe Avenu]) in tissue sections or on immunoblots of retinal proteins.
Memphis, Tennessee, 38163, Emedeisert@nb.utmem.edu This is not the case for the brain, where AMP1 antibody rec-
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ognizes TAPA in tissues, but labels two proteins orRompun), and ketamine (174 mg/kg, Ketalar) by intraperito-
immunoblots: alpha actinin and TAPA. The AMP1 monoclonalneal injection and the eyes removed. Using a dissecting mi-
antibody only recognized TAPA in formalin fixed tissue or incroscope the retinae were removed and placed im66
cultured cells [11]. The AMP1 antibody will only immuno- non-reducing sample buffer (2% SDS, 10% glycerol in 0.05
precipitate TAPA, not alpha actinin [11]. Furthermore, theM Tris-HCI buffer, pH 6.8). The protein samples were bal-
AMP1 antibody recognizes alpha actinin on immunoblots ohnced and equal loads of proteins were run on 4-16%
protein from tissues it will not stain. For example, onacrylamide gels on a Bio-Rad Mini Protein Il Gel apparatus
immunoblots of C6 glioma, human glioma (U373), or human(Bio-Rad, Hercules, CA). The proteins were then transferred
brain, the AMP1 antibody recognizes a single protein at 10® nitrocellulose, using a Bio-Rad mini-transblotter. These blots
kDa (our antibody does not recognize human TAPA-1). Whemere blocked in borate buffer (pH 8.4) containing 5% non-fat
these glioma or sections of human brain are stained using irdry milk, and probed with the primary antibody. After rinsing
munohistochemical methods no immunoreaction product ig1 borate buffer, the blots were incubated in peroxidase-la-
observed (data not shown), demonstrating that the antibodeled secondary antibody, rinsed extensively, and reacted with
can see alpha actinin on immunoblots but not in tissues. Také&05% diaminobenzidine and 0.01% hydrogen peroxide.
together these data demonstrate that the AMP1 antibody rec- To define the level of proteins on immunoblots, the

ognizes only TAPAn the rat retina. The anti-vimentin monOsm noreaction product was quantified by scanning the blots

clonal antibody was purchased from Boehringer Mannheim, naiy7ing these scans with the NIH Image software. Al
(Catalog Number 814318). To identify glial fibrillary acidic protein samples were balanced. The samples were then di-

protein (GFAP) two antibodies were used: a polyclonal antif e jn two fold increments and run on 4% to 16% gradient
body purchased from Lipshaw (Catalog Number 460740) andes and transferred to nitrocellulose. The immunoblots were

amonoclonal antibody TED1 produced in our laboratory [14]ained with antibodies directed against one of three proteins
The peroxidase conjugated secondary antibodies were: g '\PA, GFAP, or vimentin). Blots were scanned using a

anti-mouse IgG and goat anti-rabbit IgG. Fluorescein labelegy, -intosh computer with a high resolution desktop scanner

antibodies included a goat anti-mouse IgG antiserum and(@lewlett Pakard ScanJet Il CX). NIH Image software was then

goat anti-rabbit IgG antibody. All secondary antibodie§ Werg,sed to compare the intensity of the immunolabeling, defin-

purchased from Jackson ImmunoResearch Laboratories. i, the dilution factor that produced a similar level of reaction
Immunohistochemistrr For the immunohistochemical product. The relative level of each protein band was defined

analysis, the rats were euthanized with a mixture of xyaline relative absorbance units. For this analysis only, samples

(26 mg/kg, Rompun), and ketamine (174 mg/kg, Ketalar) byun on the same immunoblots were used to define changes in

intraperitoneal injection. The rats were perfused through thhe levels of proteins.

heart with a 0.1 M phosphate buffered saline (PBS, pH 7.5),

followed by 4% paraformaldehyde in 0.1 M phosphate buffer.

Both eyes were removed from the normal animals (2 rats, 4 RESULTS

eyes) and the injured eye was removed from the other three

rats (3 eyes). The eyes were plqced in 4% paraformaldehy%rmm Retina—When sections through normal retina are

in 0.1 M phosphate buffer overnight at@. The cornea and stained using the AMP1 antibody, a distinct laminar pattern of

!ens were removc_ed from each eye and the globes were placl%%eling is seen (Figure 1A). In the ganglion cell layer the

in 30% sucrose in phosphate buffer. A cryostat was used }Qrge cell bodies of the ganglion cells are outlined by the anti-

make 13um sgctions of the.globe. The sections were mountegody_ The AMP1 antibody also appears to label structures sur-
on poly-L-lysine coated slides and stored &4 The sec- rounding blood vessels in the ganglion cell layer. A dense re-

tigns were .blockeod for1hin borate buffered_saline con'.tainingcmar pattern of staining is observed in the inner plexiform
4% BSA \_N'th 0.1% DMSO' They were thgn mcubated_ n prI'Iayer with very intense labeling throughout the layer. The cell
mary antibody overnight at 4C. The sections were rinsed bodies in the inner nuclear layer are outlined by the AMP1

extensively and placed in the secondary antibody overnight ?&beling. The labeling in the outer plexiform layer is similar

4 °C. The sections were then rinsed three times. When fluQg 1hat seen in the inner plexiform layer with high level of

rescein Iabelgd antibodies were useq, the sectlon_s were ?Xa@éining throughout the layer in a dense reticular pattern. In
ined d',reCt,ly n phosphate buffer using a We}ter IMMErSIOM1e outer nuclear layer the cell bodies of the photoreceptors
25x objective (Zeiss). When peroxidase-conjugated secon%—re outlined by the immunolabeling. In the layer of photore-

ary e}nnbodu?s. were used, the sections were reacted wi ptors (inner and outer segments), no antibody-dependent
dl.amlnoben2|d|ne.and hydrogen peroxide, mounted on gla?‘ﬁlmunolabeling was observed. There were high levels of
slides and coverslipped. autofluorescence in this layer. This autofluorescence is also
SDS-PAGE/Immunoblottinrg To analyze changes in ex- observed in sections stained for vimentin (Figure 1B), for
pression levels of TAPA in the retina following injury, a quan-GFAP (Figure 1C), or when the sections were exposed to the
titative immunoblot method was used as previously describesecondary antibody only (data not shown). True
in Geisert et al. [11]. Protein samples were taken from fouimmunolabeling in the retina was limited to cellular processes
normal eyes (2 rats) and three injured eyes (3 rats). The rdtsat extend from the inner limiting membrane to the external
were euthanized with a mixture of xyaline (26 mg/kg,limiting membrane and filled the two plexiform layers. This
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pattern of antibody localization suggests that the Miller celltevel of AMP1 reactivity. The cell bodies in the inner nuclear
are labeled by the AMP1 antibody. layer become even more distinctly outlined due to the high

To allow us to compare the pattern of AMP1 labeling toIevels of TAPA. The high levels of immunoreactivity are evi-

the major glial cell types in the retina, sections through nordent through the outer plexiform layer and into the outer nuclear

mal retina were stained using anti-vimentin antibodies to |al_ayer. In the outer nuclear layer, the cell bodies of the photore-

bel Miller cells (Figure 1B) and anti-GFAP to label astro-CEPOrS are distinctly outlined. A distinct separation between

cytes in the ganglion cell layer (Figure 1C). In the sectionéhe outer.nljlc_lear Iaygr and photorec_eptor segments IS more
stained for vimentin, an array of processes is observed e@pparentin injured retina compared with normal retina. A dra-

tending from the internal limiting membrane through the ce|fnatic increase in the immunolabeling at the external limiting

bodies in the inner and outer nuclear layers to end at the egp_embrane is observed. In addition, small labeled processes

ternal limiting membrane. The level of immunoreactivity is ©a" NOW _be seen extending dc_)wn into the Iayer 9f outer seg-
highest in the inner nuclear layer where the Miller cell bodMents _(F|gure 2A). Whep sections through_the injured retina
ies are located. In some instances there is a hint of cell boaﬁe stained for.GFAP (Figure Z_B)' a dran_’naﬂc pattern. OT vert-
labeling in this layer. As with other samples, a high level ofal processes is observed. This pattern is characteristic of re-

autofluorescence is observed in the layer of outer segmen%‘?t've Miller cells within the injured retina.

When normal retinal sections are stained for GFAP (Figure Immunoblot Analysis- An immunoblot analysis of reti-
1C), the label was restricted to astrocytes in the ganglion cellal tissues was conducted to confirm that TAPA is expressed
layer. In the normal retina, there are no indications of labeling the retina. The samples of retinal proteins were blotted and
in Maller cell bodies or their processes. probed with antibodies directed against TAPA (Figure 3, Lane

Retinal Response to Injury The retinal injuries were ). GFAP (Figure 3, Lane C) and vimentin (Figure 3, Lane E).

made by scraping the retinal surface with a 22 gauge needf@" immunoblots of protein samples from the normal retina,
Niss! stained sections showed deep enfoldings of the retifde AMP1 antibody recognized only TAPA at 27 kDa (Figure
14 days after the lesion (data not shown). In sections staingd -@n€ A). When reducing agents were added to the sample
with the AMP1 antibody, the level of immunoreactivity ap- 2Uffer. the band at 27 kDa was no longer recognized (data not
peared to be dramatically increased compared to normal reti§3oWn), demonstrating that the epitope recognized by the
(Figure 2A). The ganglion cell bodies in the ganglion cell layef:MP1 antibody is destroyed by reduction. The sensitivity of
are outlined and the inner plexiform layer also shows a higEAPA to reduction is believed to be due to the presence of the

Figure 1. TAPA in the Normal Rat Retina. Normal retina stained with the AMP1 antibody (A) shows distinct laminar pattemisigf st
Blood vessels in the ganglion cell layer are distinctly outlined by the AMP1 antibody (arrow). In the inner nuclear léngeoated huclear
layer the cell bodies are outlined by the AMP1 antibody. The high level of staining in the photoreceptor layer is duedoeackoite
(double asterisk). The sections of normal retina were stained with antibodies directed against vimentin (B) or GFAP (GlaMhg e of
the retina are indicated by: ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer. The scaledpaesets 50m.
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disulfide bonds between cysteines in the second extracellulgp = 0.028). The same protein samples also were probed with
loop of the protein [11]. Taken together, these data demomntibodies directed against GFAP (Figure 3C and D) and
strate that the AMP1 antibody recognizes TAPA in the adultimentin (Figure 3E and F). There was an elevation in the
rat retina. levels of both of these intermediate filament proteins associ-

The upregulaton of TAPA that occurs following retinal ated with retinal injury. For vimentin there was an approxi-

injury was quantified using an immunoblot analysis. Proteifate 2-fold increase in the injured retinas (mean = 2.1, stan-

samples from four normal retinas and three injured retinas We%‘rd deviation = 04) relative to the normal reynas (mean_ =~
run out on gels and transferred to nitrocellulose. Thesé.l,standard deviation = 0.1). The most dramatic upregulation

immunoblots were then probed with antibodies directed againgfas observed in the levels of GFAP, with a 6.7-fold increase

TAPA, vimentin, and GFAP (Figure 3). The blots were scannedf’ th? injured retinas (mgan = 10.5, standard deviation = 1_'3)
and the relative intensities of immunolabeling of the 27 kDéelat'Ve to the normal retinas (mean = 1.6, standard deviation
protein were examined (Figure 3A and B). There was no sig- 0.5).

nificant difference in the intensity of TAPA in the samples

fr(_)m the nqrmal r_etinas, indicating that the levels of this pro- DISCUSSION

tein were similar in all samples. There were elevated levels of

TAPA in all of the protein samples from the injured retinas

relative to the samples of the normal retinas. To determine thihis is the first study to demonstrate that TAPA is present in
extent of TAPA upregulation, limiting dilutions of each samplethe retina. Based on the distribution of TAPA in the retina, it
were prepared, run on immunoblots, scanned and analyzeddppears to be expressed by astrocytes and Miller cells.
define the level of immunoreaction product. This analysis reHowever, we cannot exclude the possibility that TAPA is also
vealed an average 1.7-fold increase in TAPA in the proteiexpressed by other retinal cells. At the present time, we have
samples from the injured retinas (mean = 7.2, standard devianly examined the retina at one time point after injury. With
tion = 1.4) relative to the samples of the normal rat retinaenly a single time point in these initial studies, we cannot make
(mean = 4.2, standard deviation 0.6). All of the samples frora precise correlation with the upregulation of TAPA and the
the injured retinas contained levels of TAPA that were higher

than the maximum level observed in the protein samples from
the normal retinas. Using the conservative non-parametric sta-
tistic the Mann-Whitney U test, the increase in the overall levels
of TAPA in the samples from the injured retinas is significant

100 - .

Figure 2. TAPA in the Injured Rat Retina. Sections of injured retine A B C D E F

stained with the AMP1 antibody (A) demonstrate higher levels of

immunoreactivity than seen in normal retina. A very distinct line ofFigure 3. Immunoblots from Normal and Injured Retinae.
separation is apparent at the junction between the outer nuclear laygrmunoblots of protein samples from normal (Lanes A, C, and E)
and the photoreceptor layer. High levels of immunoreactivity areand injured (B, D, and F) rat retina. The blots were probed with the
apparent throughout the layers of the retina. Notice the fine AMP#&ntibodies directed against TAPA (A and B), GFAP (C and D), and
labeled projections extending through the outer segments of thémentin (E and F). The presence of TAPA in the retina is confirmed
photoreceptors (arrow). Sections of the injured retina stained for GFABy the presence of a single dark band at 27 kDa in Lane A on the
(B) show high levels of immunoreactivity in the ganglion cell layerimmunoblot. Following injury there is an increase in the intensity of
as well as in the filaments extending throughout the layers of ththe TAPA band (B). There is also a dramatic increase in the levels of
retina. The cellular layers of the retina are indicated: ONL, outeGFAP when the protein sample from the normal retina (C) is com-
nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer.pared to that of the injured retinal sample (D). Molecular weights are
The scale bar in B represents|#a. indicated to the left in kDa.
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time-course of the reactive response of the retinal glia [7]. ACKNOWLEDGEMENTS
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