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Letter to the Editor 
RECOVERIN EXPRESSION IN THE R 2 8  RETINAL PRECURSOR CELL LINE 

Dear Editor: 

In vitro studies of photoreceptor cell development have been lim- 
ited by the availability of pure retinal cultures with unlimited lifes- 
pan. To date. human retinoblastoma tumor-derived ceil lines have 
been most commonly used as models for the study of photoreceptor 
differentiation in vitro. The most studied of these include Y79 cells 
(Kyritsis et al.. 1987) and WERI-RB1 cells (DiPolo and Farbm, 
1995). Such retinoblastoma cells are highly tumorigenic in viro (del 
Cerro et at., 1993) and often show anomalous gene regulation that 
differs from that of the normal retina (Fong et al., 198& DiPolo and 
Farber, 1995). Therefore, retinoblastoma-derived cells may not al- 
ways be the best model system for the study of retinal cell growth 
and differentiation in vitro and have serious limitations for in vivo 
experimentation. 

As an alternative to transformed, tumorigenic retinal cell lines. 
this laboratory recently developed a 12S E1A-immortalized retinal 
cell culture (Seigel, 1996). The 12S portion of the E1A gene contains 
the immortalizing, but not the transforming functions of the gene 
(Whyte et al., 1988). The resulting retinal eell line R28 has been 
propagated in vitro for over 100 passages, exhibits nontransformed 
growth properties, and has a significant glial cell component (Seigel 
et al., 1996). In this study, we show that R28 ceils exhibit immu- 
noreactivity to reeoverin, a calcium-binding protein expressed in 
photoreeeptors (Wieehmann and Hammarback, 1993: Wieehmann et 
al., 1994) and Y79 retinoblastoma cells (Wiechman, 1996), which 
regulates rhodopsin phosphorylation (Kawanmra et al., 1994; De 
Castro et al., 1995; Senin et al., 1995) and is hypothesized to play 
a role in eaneer- associated retinopathy (Adamus et at., 1993: Polans 
et al., 1995). Because R28 cells represent a virtually unlimited sup- 
ply of immortalized, nontumorigenic cells expressing recoverin, the 
cell line may provide a unique and useful way to study the regulation 
of recoverin gene expression and its integral role in photoreceptor 
differentiation and function in vitro mad in vivo. 

For all experiments in this study. 12S E1A-immortalized retinal 
cells derived from PN6 Sprague-Dawley rats were used. Animals 
were used in accordanee with the Association for Research in Vision 
and Ophthalmology's statement for the Use of Animals in Ophthalmic 
and Vision Research. Establishment of the cell culture, designated 
E1A-NR,3, has been described previously (Seigel, 1996). Briefly, a 
W2 12S E1A replication-defective retroviral vector was used to im- 
mortalize retinal tissue, which was then selected for 2 wk on the 
basis of neomycin resistance. Immortalized cells were maintained at 
37 ° C in a 5% CO~ incubator under the following culture conditions: 
Dulbeeeo's modified Eagle's medium (DMEM + ) with 10% eaIf se- 
rum, 1 × minimal essential medium (MEM) nonessential amino ac- 
ids (GIBCO Laboratories, NY), 1 × MEM vitamins (GIBCO), 0.37% 
sodimn bicarbonate, 0.058% L-glutamine and 100 gg/ml gentamicin. 

The R28 clone derived from a single cell was established by lim- 
iting dilution of E1A-NR.3 in 96-well dishes. For cloning, medium 

was supplemented with 20% calf serum to promote proliferation, as 
these cells proved difficult to grow singly. Cells went through three 
rounds of cloning to ensure that the final elonal population was de- 
rived from one single cell. Microscopic visualization confirmed the 
presence of one cell per well. 

R28 cells, immortalized by the Adenovirus 12S E1A protein, as 
~.ell as uninfected P6 retina were analyzed for the expression of E1A 
and recoverin proteins. Uninfected P6 retinal cells grown in vitro for 
8 d proved to be reliable immunonegative controls for E1A expres- 
sion (Fig. 1 A), while R28 cells exhibited typical nuclear E1A inl- 
munoreactivity in all ceils (Fig. 1 B). R28 ceils and uninfected retinal 
cells were analyzed fro expression of recoverin, a photoreceptor-spe- 
eific calcium- binding protein, whose developmental appearance in 
the mouse is at postnatal Day 5 (Stepanik et al., 1993). In unirffected 
P6 retina, many small round, process-bearing cells showed intense 
imnmnoreactivity to anti-recoverin antibody, while large fiat cells 
remained negative (Fig. 1 C). Cell staining for recoverin was observed 
throughout the R28 cell line with less intensity than the positive 
uninfected P6 retinal cells (Fig. 1 D), Western blot analyses con- 
firmed E1A immunoreaetivity for R28 cells, its parental culture EIA- 
NR.3, and a comparable sister cell line R57, whereas uninfected P6 
retina remained immunonegative (Fig. 2 A). Western blot analyses 
also confirmed significantly less recovcrin immunoreactivity for R28 
cells, as compared with uninfected P6 retina, as evidenced by 23- 
kDa band intensity (Fig. 2 B). 

Quantitative analysis of recoverin expression was compared with 
known R28 markers IRBR E1A, and vimentin for entire R28 cell 
populations. Cmnparisons for all antigens were made at 20 000 cells/ 
well in the linear range of reaction product for all antibodies (Fig, 
3). Results of one representative experiment are shown for each 
panel. At Passage 35, recoverin was detected at the highest level of 
the markers examined, with approximately twice the absorhance of 
the glint marker vimentin and the photoreeeptor marker IRBP, and 
fourfold the absorbanee of E1A {Fig. 3 A). At Passage 85 (Fig. 3 B), 
reeoverin (as well as IRBE E1A, and vimentin) continued to be ex- 
pressed to a significant degree. However, there was a generalized 
decrease in detected antigens across all markers as compared with 
Passage 35. The percent decreases in 405 nm absorbanee from Pas- 
sage 35 to Passage 85 were as follows: recoverin 36%, IRBP 38%, 
E1A 20%, and vimentin 50%. 

Thus, 12S E1A-immonatized retinal cells (E1A-NR.3 and R28) 
display characteristics that are consistent with at least photoreceptor 
and Mtiller celt phenotypes. In a previous study, we showed that the 
R28 cell line has a very. strong glial component, expressing GFAE 
S-100, and vimentin (Seigel et at., 1996). In that study, we were also 
able to demonstrate simultaneous GFAP/IRBP immunoreactivity 
within individual cells. Here, we show that because both E1A and 
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FIG. 1. Cell immunostaining for E1A and recoverin. A, P6 retinal cells. 8 d in ritro, stained for EIA (photograph underexposed to 
show the presence of cells): B, R28 cells exhibit typical nuclear E1A imn~mmreactivitv in all cells: C, P6 retinal cells 8 d in r#ro. stained 
for recoverin. Small, process-bearing cells appear most intense, wherea~ large• fiat c'ells remain immunonegative (arrortl: D. R28 ceils 
express recoverin inununoreactivity in virtually all cells. Scale bar = 20 p-re. Cells were fixed on poly D-lvsine-eoated plastic co~erslips 
for 10 rain at room temperature in 2% paraformaldehyde, incubated for 1 h with the appropriate primary a~tibodv, rinsed, and incubated 
with biotinylated goat anti-rabbit or anti-mouse immunoglobulin (Vector Laboratories. Burlingame. CA) for 60 rain. Reaction product was 
developed with a diaminobenzidine (DAB) kit (Pierce. Rockford. ILL Negative controls consisted of incubations in control serum without 
primary antibody and were processed simuhaneously with experimental cells. 

Primary antibodies included rabbit anti-reco~ erin (Adamus et al.. in preparation) at a 1:1000 dilution: rabbit anti- interphotoreceptor 
retinoid-binding protein (IRBP) (courtesy of Dr. B. Wiggert) (Wiggert et al.. 1986) at a 1:750 dilution: E1A (Oncogene Science. Inc., 
Uniondale, NY) at a 1:100 dilution: and vimentin (Boehringer Mannhehn. Indianapolis. IN) at a 1:50 dilution. 
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FIG. 2. Fig. 2. Western immunoblot of E1A and recoverin. Ten micro- 
grams of protein per lane was analyzed for immunoreactivity to E1A (Panel 
,4) and recoverin (Panel B). Panel A, Lane l ,  P6 uninfected retina: Lane 2. 
E1A-NR.3 (parental cell euhure of R28): Lane 3, R28: Lane 4, R57 (a sister 
clonal cell line of R28). A l-rain ECL ehemiluminescent exposure was used 
for Panel 8, Lane 1, P6 uninfected retina; L~me 2. R28. An ll-min ECL 
chemiluminescent exposure was used for Panel B. 

recoverin are expressed in virtually all R28 ceils, it appears that 
recoverin can coexpress with E1A in ~'itro. Yet, recoverin is expressed 
to a lesser degree in R28 cells than in uninfected P6 retina. This 
difference and ensuing decrease in reeoverin expression at high pas- 
sage number• may be due to the proliferative nature of E1A- immor- 
talized retinal cells, which progress through the cell cycle every. 24 
h (Seigel, 1996). Cell passaging may select for the most proliferative, 
least mature cells over extended periods in culture• However, this 
limitation of high cell passage number can be avoided by amplifi- 
cation and freezer storage of lower passage R28 cells. 

What accounts for the particular expression pattern of R28 cells? 
There are several potential explanations• One is that the original 
retroviral infection may skew the population in one direction or an- 
otheL depending upon the susceptibility of particular cells to im- 
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FIG. 3. Relative levels of reeoverin expression. R28 cells were grown in 
96-well dishes at 5000 to 40,000 ceils per well. Cells were fixed in 2~  
paraformaldehyde and stained for reeoverin, interphotoreeeptor retinoid- 
binding protein (IRBP), E1A, and vimentin as per DAB method. To xisualize 
the reaction, a soluble peroxidase substrate 2,2'-azino-bis(3- ethylbenzothia- 
zoline-6-sulfonic acid (ABTS) (Vector Laboratories, Burlingame, CA) was 
used. The eolorimetric reaction was read in a Biorad 96-well plate reader at 
405 rim, The linear range of the reaction was determined to be 5000 to 40.000 
cells per well, and for comparison purposes, 20,000 cells per well were used 
for determining relative levels of immunoreactivity. Plates were read at 405 
nm and hlanked against negative controls which received blocking serum 
instead of prims W antibody. Graphs show results of representative experi- 
ments of at least three repetitions with a minimmn of quintuplicate wells. A. 
R28 cells, Passage .35; B, R28 cells, Passage 85. Graphs are shown at the 
same scale to illustrate differences. 

mortalization infection on postnatal day 6. The only cells susceptible 
to immortalization are still proliferative, (Cone et al., 1988) and 
hence,  conditions favor the immortalization of mitotic precursor cells. 
Mitoses can be detected in the rat ret ina during development until 
P7; at I:'6 the majority of dividing cells appear  to be dest ined for the 
photoreceptor l ineage (Grun, 1982). However, it is clear that indi- 
vidual precursor cells may lead to multiple phenotypes (Turner and 
Cepko, 1987; Turner et al., 1990). Late developmental  photoreceptor 
markers,  such as S-Antigen and rhodopsin, may depend upon qui- 
eseence for enhanced expression, whereas the immortalization/ 
growth stimulation process itself may lead to more immature phe- 
notypes (Berlingieri et al., 1993; Boulukos and ZifL 1993), To pro- 

mote expression of postmitotic markers or to enhance  recoverin-fjex- 
pression to levels seen in uninfected retina, t reatment of cells with 
inhibitors of cell division may be required, and such experiments are 
now ongoing, including dibutytyl cAMP/sodium hutvrate treatment 
which has been shown to enhance  reeoverin expression in Y79 re- 
t inoblastoma cells (Wiechman. 1996). 

Potential applications for immortalized retinal cells which express 
recoverin are numerous at both tile cellular and molecular levels. 
The parent culture of the R28 cell line (E1A-NR.3) has been used 
as a system for the study of IRBP promoter gone regulation and found 
to he eomparable to normal ret ina (Fei el al., 1996). In addition, the 
parental  cells have been useful for studies of recoverin antibody 
effects in an ill vitro model of cancer-associated retinopathy (Adamus 
el al., 1997: Machnicki  et al.. 1996). Recoverin-expressing R28 cells 
can readily be used for studies of gone regulation, protnoter char- 
actevization, and long-term transfection studies not possible with 
short-lived primary retinal cuhmes ,  as well as developmental  retinal 
transplautation studies not possible with ret inoblastoma-derived 
cells. 

In summary, we have shown that the R28 cell line expresses re- 
coverin along with IRBE consistent  ~ ith a photoreeeptor cell lineage. 
The photoreceptor elements,  along with strong glial components,  sup- 
port the hypothesis of a precursor cell origin for R28 cells. ~ e  are 
currently conducting both in vitro and in rico studies to determine 
the full spectrum of their  differemiation potential. Further  study and 
identification of nontnmorigenic retinal cells such as R28 which ex- 
press recoverin will continue to elucidate the function and regulation 
of this protein in the retina. 
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