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Purpose: To document the expression of mRNA for transthyretin (TTR) and retinol binding protein (RBP) in native and
cultured Rhesus monkey retinal pigmented epithelium (RPE); to compare mRNA transcripts for these two proteins ex-
pressed in RPE with those found in whole monkey liver and brain; to demonstrate the secretion of TTR by RPE during
short-term maintenance in a protein-free, defined medium, as a manifestation of the differentiated state of these cells in
vitro.

Methods: Total RNA was isolated from cultured RPE in first passage, after incubation for eight days in defined, protein-
free medium. Conditioned medium was collected for western analysis at this time. Total RNA was also extracted from
RPE/choroid freshly dissected from monkey eyes. Using cDNA probes for human TTR and RBP, northern analysis was
performed on the total RNA from fresh and cultured RPE samples, together with'polf®NA purified from monkey

liver and brain.

Results: Conditioned medium from RPE yielded TTR protein of the expected monomer subunit molecular size. The TTR
secreted de novo from the cultured cells was detectable in the absence of biosynthetic labeling. With the exception of
some extremely low abundance transcripts expressed in cultured RPE, all samples contained a single 900 bp transcript for
TTR. Based on relative amounts of actual message, RPE ranks higher than liver in abundance of TTR mRNA. In contrast,
both native monkey RPE and cultured RPE cells expressed comparatively low levels of mRNA for RBP. All samples
displayed a single RBP mRNA transcript at 1100 bp.

Conclusions: Our results indicate that TTR is a significant gene product of the RPE, and may be considered as a marker
for a differentiated phenotype for these cells in culture. There is increased recognition of various forms of ocular pathol-
ogy associated with mutations or other malfunctions involving TTR and RBP, warranting a greater understanding of
mechanisms of transcriptional and translational control for these two proteins.

Previous investigations have established that culturedt the level of the RPE [9,10]. A systemic carrier, retinol-bind-
mammalian retinal pigmented epithelial (RPE) cells can bég protein (RBP), synthesized by the liver, is responsible for
utilized as a model system for studying the visual cycle ofransport of all-trans-retinol to its target tissues, including the
vitamin A (retinoids) [1-4]. Many of the binding proteins and RPE, via receptor-mediated uptake [11]. The functions of the
enzymes (or enzyme activities) that are dedicated to the upinding proteins that subserve these extracellular transloca-
take, storage, chemical transformations, and release of retitiens are to increase the aqueous solubility of vitamin A, to
oid compounds within the native neural retina-RPE complexegulate its delivery to target cells, to prolong the stable half-
[5,6] are expressed in pure cultures of RPE from various velife of the retinoid ligand in extracellular compartments, and
tebrate sources, including human. One exception would ke protect tissues from cytotoxicity engendered by high local
interphotoreceptor retinoid binding protein (IRBP), which isconcentrations of retinoids [12-15]. Within the eye, vitamin A
a product instead of photoreceptor cells, and which fulfillsmay also perform roles not directly related to photoreceptor-
functions associated with translocation and stabilization obased visual transduction. In fact, RBP also can be detected
retinoids in the extracellular space between the apical RPiBtraocularly, in both intracellular and fluid compartments,
and the photoreceptor outer segments [7,8]. In addition, vitalespite its inability to penetrate the blood-retinal barrier [16].
min A, originating from its dietary source and supplied fromTherefore, RBP is one of three extracellular proteins with the
the circulation in the form of all-trans-retinol, is required, forpotential to bind vitamin A and transport it within the eye,
its entry into the visual cycle, to cross the blood-retina barriezlong with IRBP and serum albumin [17,18] (also Liao and
Gonzalez-Fernandez, unpublished data, cited in [8]). Recent
investigations suggest that RBP of RPE origin does have more
Ean a vestigial role in maintaining homeostasis at the level of

e visual cycle. Since IRBP “knockout” mice retain high rates
of recovery of visual function after bleaching [19], RBP fits a
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profile of a putative auxiliary carrier of retinoids, including (Grade Il, Roche Applied Science, Indianapolis, IN) allowed
11-cis-retinal, in the interphotoreceptor space [20,21]. In adharvesting of intact RPE sheets free from contamination by
dition, there is evidence of constitutive basal efflux of all-transeither neural retinal or choroidal cells. Attachment, spread-
retinol from RPE, such efflux being promoted by elevated 11ing, and proliferation to confluence commenced in 35 mm
cis retinoids and impaired in RPE-65 “knockout” mice [22].dishes using a low-calcium growth medium based on a 1:1
RBP is the most likely, of any retinoid-binding proteins thatmixture of Medium 199 and Dulbecco’s modified Eagle’s
are known to originate in the RPE, to possibly undergo basahedium (formulated by the Media Unit, NIH, Bethesda, MD),
release [23]. with bovine calf serum (“defined CS”; HyClone, Logan, UT;
As evidenced by in situ hybridization to localize messag¢Ca?*]=3.5 mmol/L) at 1% (v/v), and total calcium ion con-
for RBP in native ocular tissues, the RPE is the intraoculazentration reduced to approximately 0.1 mmol/L (remainder
source of this protein [24]. Messenger RNA for transthyretirfrom a 200X stock of Cag)l Among the relevant supplements
(TTR; formerly known as prealbumin) has also been localadded (see [31] for a complete list) were: 0.5% of a saline
ized exclusively to the RPE by means of in situ hybridizatiorextract of bovine retinas (v/v; final dilution to approximately
[25]. TTR is normally found as a homotetrameric protein re-7.5ug protein/ml from an original 200X stock); 200 mg/L of
leased by the liver to the circulation, predominantly in a 1:JAlbumax, a fatty acid supplement (GibcoBRL Invitrogen Life
complex with RBP. [26]. TTR, both free and bound to RBP;Technologies, Rockville, MD); 1Qg/L “Long RIGF-1"
independently functions as a transport protein for thyroxindLRIGF; Sigma Chemical Co., St. Louis, MO); 15 mg/L hu-
(T4) and for triiodothyronine (T3). In addition to being a man transferrin (30% iron-saturated, Roche); Q#8I/L re-
plasma protein of hepatic origin, TTR under normal conditinol acetate, in a noncovalent complex with metpyl-
tions also attains significant concentration levels in the brainyclodextrin (Sigma); and 10 nmol/L triiodothyronine. Other
[27]. Meanwhile, immunocytochemical methods have showmon-protein hormones and trace nutrients were added to en-
that, in addition to RPE, TTR protein is prominent in eye tistich the reduced serum formulation. Cells were maintained as
sues such as ciliary and iris epithelium, corneal endotheliunstable monolayers in 12 well Costar clusters (Corning Life
and the optic nerve fiber layer of the retina [28]. Consequentlyiciences, Oneonta, NY) for at least two weeks in medium
expression of TTR and RBP mRNA, and the secretion of TTRontaining 0.45 mmol/L C& designed to optimize the ex-
and/or RBP, may be considered markers for RPE in its diffepression of a variety of biochemical and physiological mark-
entiated state. It has now been established that under cell cals characteristic of the differentiated tissue in vivo [31,32] (a
ture conditions, rat, fetal bovine, and fetal human RPE do inepresentative micrograph has been published previously [32]).
deed secrete these two proteins [23,29]. The only additiondhese markers include de novo melanization, morphological
ocular cell type that may display this expression phenotype mpical-basal polarization, formation of domes (emblematic of
iris pigment epithelium, a tissue that shares optic vesicle orirectorial fluid transport), and expression of cellular
gins with the RPE; RBP message was recently demonstrategtinaldehyde binding protein. Confluent wells contained x10
via reverse transcription-polymerase chain reaction (RT-PCRells each, as calculated from hemacytometer counting of par-
analysis of cultured iris pigment epithelial cells [30]. In theallel cultures.
present study we investigated the expression of TTR and RBP  For production of conditioned media (RPE-CM), RPE
by adult monkey RPE, both native and in vitro. We extendedells were maintained in a protein-free defined medium that
previous findings by demonstrating that monolayers of RPEvas a modification of the one described above in the follow-
cells cultivated in a protein-free medium express mRNA foiing respects: Serum, bovine retinal extract, LRIGF and trans-
these two genes, and that the accumulation of RPE-derivéerrin were omitted; Alboumax was replaced by Chemically

TTR may be detected without biosynthetic labeling. Defined Lipid Concentrate (Gibco) at 0.1% (v/v); (apo-) dim-
ethyl--cyclodextrin and hydroxypropyg-cyclodextrin
METHODS (Cyclodextrin Technologies Development, High Springs, FL)

Cell culture and collection of conditioned media: First pas- were added, each at 0.1% (w/v). Several quick rinses of the
sage cultures derived from freshly harvested, normal Rhesusonolayers with the protein-free medium ensured that there
monkey Macaca mulatta) RPE were employed for these ex- was virtually no carryover of serum proteins that could con-
periments. Animal care and experimental procedures were found the results obtained with the RPE-CM. The initial me-
accordance with “Principles of Laboratory Animal Care” (NIH dium volume per well was 1.0 ml, and after five days of the
Publication No. 86-23, revised 1985), as well as with the guidesight-day conditioning period fluid levels in the wells were
lines set forth in the ARVO Statement for the Use of Animalgestored to 1.0 ml by the addition to each well of from 0.1 to
in Ophthalmic and Vision Research. Detailed methodologie8.3 ml of balanced salt solution supplemented with glucose,
for obtaining RPE sheets for primary culture, for subculturevitamins, and amino acids. After the eight-day conditioning
without the use of proteolytic enzymes, and for formulatingoeriod the pH of the medium remained within the physiologi-
media designed to promote either proliferation or differentiacal range, as indicated by the color of the phenol red, and cell
tion of RPE, as well as selective criteria for evaluating thenorphology was unchanged, based on the appearance of the
latter state in these cells have been described [31]. Brieflgultures in the inverted microscope. RPE-CM from six wells
incubation of posterior segments of monkey eyes, from whictvere pooled and stored frozen until use. The RPE monolayers
sclera was partially removed, with 2.4% (w/v) crude Dispasevere then processed for isolation of RNA (see below).
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Preparation of RNA from cells and tissues: Freshly Polyacrylamide gel electrophoresisand western blotting:
enucleated Rhesus monkey eyes were placed on ice and r&tandard methods of polyacrylamide gel electrophoresis
idly microdissected to obtain native RPE samples, which alsPAGE) were used to separate proteins from the RPE-CM.
included Bruch’s membrane plus adhering choroidal tissuelhe sample volume of RPE-CM was 2D, containing 8.8
Tissue samples were then snap frozen on dry ice and storedugt total protein. Authentic TTR from human was obtained
-70°C until further processing. from The Binding Site (San Diego, CA), to be used as a posi-

For northern analysis, total RNA was isolated from RPEtive control. Proteins were subsequently transferred onto ni-
choroid tissue following the method of Chomczynski androcellulose paper (0.48n, BioRad, Hercules, CA) by the
Sacchi [33], using RNAzol (Tel-Test, Friendswood, TX); RNA method of Towbin et al. [39]. The blot was pretreated with 1%
was dissolved in DEPC-treated water, and stored frozen aBSA in TBST (20 mmol/L Tris, 150 mmol/L NaCl, 0.05% (v/
80 °C. Total RNA from cultured cells was purified using thev) Tween-20, pH 7.5) for 1 to 2 h at room temperature and
modification of Peppel and Baglioni [34], and was stored unthen reacted in the same buffer, also containing 1% (w/v) BSA,
til further use under absolute ethanol at>*C0Poly(A) RNA  with polyclonal ovine antiserum against human TTR (The
samples from Rhesus monkey liver and whole brain were puBinding Site), at 1:100 dilution for 16 h & &@. The blot was
chased from Clontech Labs (Palo Alto, CA). subsequently treated with biotinylated rabbit anti-sheep 1gG

Northern blotting and preparation of probes. A partial-  (Mector Laboratories, Burlingame, CA) at a 1:400 dilution in
length human TTR cDNA clone containing 540 base pairs (bp)BST with 1% BSA for 1 to 2 h at room temperature, fol-
[35] was kindly provided by Dr. J. Herbert, New York Univer- lowed by avidin-biotinylated horseradish peroxidase (HRP)
sity, and a human RBP cDNA clone of approximately 1000 bgomplex (Vectastain ABC Kit, Vector) for 1 h. Biotinylated
[36] was kindly supplied by Dr. D.R. Soprano, Temple Uni-molecular weight standards were obtained from BioRad. Color
versity, Philadelphia, PA. The cloned cDNA insert from eactdevelopment to visualize TTR ensued by means of a HRP color
plasmid clone (either for TTR or RBP plasmids) was cut outlevelopment kit (BioRad), as previously described [40].
of the construct using specific restriction endonucleases, iso-
lated, and purified using standard protocols [37]. In each case,
the purified insert cDNA was radiolabeled using a random 1 2
primer labeling protocol that incorporated?]dCTP (Perkin-

Elmer, Shelton, CT) into the DNA probe synthesized. The
specific activity of each probe was not less thahcpinfug.

RNA samples for electrophoresis were applied to 1% aga-
rose gels in a formaldehyde running buffer system [37]. Sample - 56 6
sizes were g for monkey liver and brain poly(ARNA,
and 3ug for total RNA from native RPE-choroid and cultured

RPE. After separation of RNA species, northern transfers were =45
made onto Genescreen Plus nylon membranes (Perkin-Elmer)

by means of passive blotting in 10X SSC (final concentra- *
tions: 1.5 mol/L NaCl; 0.15 mol/L Na citrate, pH 7.0). Blots . - 31

were UV cross-linked and heat baked for 2 h at@@nder

vacuum before use. Prehybridization, hybridization, and blot

washes were carried out in Hybrisol Il (Serologicals Corp.,

Gaithersburg, MD) according to standard protocols. Probes - 20.1

were hybridized to the blot at 66 and washed stringently in :

0.1X SSC at 65C. Autoradiography was carried out at -70

°C using X-omat film (Eastman Kodak, Rochester, NY) be- -

tween two intensifying screens. The profile of expression was -—

verified by the analysis of duplicate northern blots. To account

for differences in band intensities caused by differences in RNA

loading, the relative intensity of the ribosomal RNA bands in

each total RNA sample, stained with ethidium bromide, wa€igure 1. Immunochemical detection of transthyretin in RPE-condi-

used to quantitatively normalize values of correspondingjoned medium. Immunochemical detection of transthyretin in con-

mRNA for the proteins in question [38]. ditioned medium from cultured monkey RPE (retinal pigmented epi-
Densitometry: For densitometric analysis of northern thelium). Western immunoblot analysis was performed on pl_Jrified

blots, autoradiographs and gel photographs were scannéy™an TTR (lane 1), and on non-concentrated RPE-conditioned

medium (lane 2). Immunoreactive bands are displayed at an appar-

From these saved image files, calculations of band and baceﬁt molecular size of 15 kDa (arrow), representing TTR monomer,

g'round '”te”S'tY an_d volume in pixels were S’O”e using thﬁ’] both samples. In addition, both samples reveal a higher molecular
histogram function in Adobe Photoshop version 7. Analysignass hand, most likely corresponding to TTR dimer, at approximately
of these densitometry results was performed using Microsoff1 kDa (lane 1) and 35 kDa (lane 2, asterisk). The molecular size
Excel version 8 for Windows. scale is based on biotinylated standards.
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RESULTS tally defined medium, for detection without the use of biosyn-
Western blot for transthyretin: The western blot of RPE-CM thetic radioactive labeling. Significant intracellular stores of
for TTR shows an immunopositive band at the expected m&FTR should be detectable in RPE as well [41], but we did not
lecular size for the monomer of 15 kDa (Figure 1, lane 2 (aassay cell homogenates.
row)), as previously demonstrated for fetal bovine and human  An additional diffuse band was observed in the western
RPE in culture [23]. As an experimental control, 4 ml of cul-blot for authentic TTR, that corresponded to the apparent mo-
ture medium that had been incubated in parallel without cellecular mass of approximately 31 kDa for TTR dimer (Figure
was concentrated 1:200, before loadingue®r PAGE and 1, lane 1), as well as a faint auxiliary band for the RPE-CM
western blotting for TTR; this sample displayed no bands lasample, migrating at approximately 35 kDa (Figure 1, lane 2
beled by the antiserum for TTR [results not shown]. The iden(asterisk)). In fact, the latter mobility value result is character-
tification of the band at 15 kDa as TTR was confirmed byistic of how TTR tetramer would run, that is, as a dimer, in a
comparison with the identically migrating labeled band fromnative gel [42], and this might have resulted from incomplete
a sample of authentic TTR (Figure 1, lane 1). There was aplenaturation of TTR in our SDS-PAGE system. Other faint
parently sufficient cross-reactivity of antibody against humarigher molecular size immunopositive bands from the RPE-
TTR with macaque TTR for detection in the non-concentrate@€M might indicate the formation of TTR aggregates during
RPE-conditioned medium. During the conditioning periodthe conditioning period. TTR is known, even as the wild type,
enough TTR was released by the RPE, when cultured in tée undergo irreversible conformational changes to form ag-
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Figure 2. Northern analysis for transthyretin in monkey tiss@dedwo hour autoradiographic exposures are displayed in the upper part of
lanes 1-4. For lanes 1 and 24d poly(A") mRNA from monkey liver and brain, respectively, were loaded. For lanes 3 and df ®tal RNA

from freshly dissected monkey RPE/choroid complex and from cultured monkey RPE (retinal pigmented epithelium) cells lyegeetive
loaded. Monkey liver expresses one major transcript at ca. 900 bp (lane 1). No signal is evident from the monkey brainthésusipbet a
exposure time (lane 2). One 900 bp transcript is seen from the fresh monkey RPE/choroid sample (lane 3), while for cubtyrie@®Edhe

single 900 bp transcript band in lane 4 is denser than that for native RPE/cBofidid. RNA electrophoresed on the agarose gel was stained
with ethidium bromide and visualized with ultraviolet illumination before transfer to nylon membrane. The lower part ofdlaesel

sponds to the samples described jrmbove. The density of the 28 s (denoted by black dot) and 18 s (asterisk) ribosomal RNA bands for fresh
RPE/choroid (lane 3) and cultured RPE (lane 4) are a function of the relative loading with tot&:FdAr day autoradiographic exposures

for total RNA from monkey RPE/choroid and cultured RPE are displayed in lanes 5 and 6, respectively. No additional batets aretrey

native tissue sample, while overexposure elicits a faint, larger mRNA species, ca. 3 kbp for cultured RPE. Molecularisikéotzede

pairs (kb).D: Densitometric analysis of the 900 bp bands from lanes 3 and 4 of the northern blot in A, above, using the 18 s ethide&im bromi
stained band in lane 4 &f for normalization. By this measurement, the TTR mRNA in cultured RPE is 1.4 times as abundant as that for
freshly harvested RPE/choroid.
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gregates at high concentrations and when RBP is not avail- DISCUSSION
able in stoichiometric amounts to stabilize the tetramer [43].This is the first characterization of expression of message for
Northern blots: As can be seen from the northern blotsTTR and RBP in cultured RPE, and it is notable that this was
depicted in Figure 2A,C, the probe based on the human TTpbssible utilizing total RNA extracted from the equivalent of
cDNA sequence was sufficiently complementary to monkeyne 12-cluster well containing fewer tharf tells, and by
TTR mRNA to evince specific binding under our hybridiza- means of northern analysis without amplification by RT-PCR.
tion conditions. The predominant molecular size of monkeyrurthermore, the ability to detect message for monkey TTR
TTR mRNA is approximately 900 bp in brain, liver, native and RBP using human probes of full or partial length, and the
RPE, and cultured RPE, compared with human at 700 bp, &ggh stringency conditions utilized for the analysis, are in-
determined by Soprano et al. [35]. On the basis of previoudicative of high homology between the human and monkey
findings [24,25,44], we have ruled out a significant contribu-RNA transcripts for these two proteins. Therefore, the design
tion of message for TTR or RBP by the choroidal elements aif specific probes for further investigations of TTR and RBP
our freshly dissected RPE-containing monkey tissue. It is na@xpression in monkey tissues would be straightforward.
surprising that the signal is quite strong from the enriched  Although it cannot always be assumed that expression
poly(A*) mRNA sample obtained commercially from mon- levels of a particular protein and the copy number(s) of its
key liver, the major source of circulating TTR in vertebratesorresponding mRNA transcript(s) are directly and function-
(Figure 2A). Furthermore, given that the choroid plexus andlly correlated, our results agree qualitatively with the find-
meninges would be expected to be the major contributor afgs of previous studies with respect to the abundance of both
specific TTR mRNA expression in the brain [35,45], consid-TTR and RBP mRNA and protein in the rat eye [24,25,28].
erable dilution of the message must have taken place in the
whole brain sample we utilized, as no signal is seen in the 2 h
exposure (Figure 2A). A much longer exposure did reveal 1 2 3 4
faint band representing a TTR transcript of the expected siz4 i-|A 3
900 bp, for monkey brain (unpublished data). Bearing in minc ™™ ~
first, that the two RPE samples were composed of total RN/
of which only a small percentage (possibly as low as 2% b2.4 -
weight) would be expected to be the poK)(MRNA frac- 1.4
tion, and second, the relative density, as revealed by visu " ~
inspection, of the bands from the RPE samples vs. live
poly(A*) mRNA, it can be deduced that TTR mRNA levels
are dramatically higher in native RPE than in liver. Quantita
tive densitometry was utilized to demonstrate that TTR mRN/
in RPE may be further upregulated as a result of culture col
ditions (Figure 2A,D). Cultured RPE may also be expressin
some higher molecular size splice variants, at 2.4 kbp (Figu
2C) and 7.5 kbp (unpublished data) in low copy number, ok-

served ',n longer exposur.es. These auxiliary band§ do not r,elgl'gure 3. Northern analysis for retinol binding protein in monkey
resent ribosomal RNA, since they are not present in the natiygs es. A: 18-day autoradiographic exposures are displayed in the
RPE/choroid sample. Their appearance may indicate transcrigpper part of lanes 1-4. For lanes 1 and2y poly(A") mRNA from

tion of heterogeneous nuclear RNA originating with open readmonkey liver and brain, respectively, were loaded. For lanes 3 and 4,
ing frames within introns; however, these large species arRug of total RNA from freshly dissected monkey RPE/choroid com-

not believed to be productively expressed in other tissuelex and from cultured monkey RPE cells, respectively, were loaded.
sources of TTR [46]. For monkey liver, a single dense band centered around ca. 1100 bp is

The northern blot for RBP (Figure 3A), in like manner evident (lane 1). Monkey brain also expresses one 1100 bp transcript

oo . lane 2). Both monkey RPE/choroid (lane 3) and cultured RPE (lane
Il’.ldlcateS thf”‘t the human probe we employed prowgled SUﬁEf) exhibit 1100 bp bandB: The RNA electrophoresed on the agar-
cient SpQCIfIC blndlng. to detect mess'age' for RBP in all th_ se gel was stained with ethidium bromide and visualized with ultra-
monkey tissues examined, at a transcript size of 1100 bp, whigyjet illumination before transfer to nylon membrane. The lower
corresponds well with the accepted size of the main humaghrt of lanes 1-4 corresponds to the samples descrifedaibove.
transcript [36]. As opposed to the result for TTR, both nativerhe density of the 28s (denoted by black dot) and 18s (asterisk) ribo-
and cultured monkey RPE express this mMRNA species in relaemal RNA bands for fresh RPE/choroid (lane 3) and cultured RPE
tively low abundance, especially when compared with mondane 4) are a function of the relative loading with total RIGA.

densitometric analysis of the 1100 bp bands revealed that ¢ ne northern blot i\, above, using the 18 s ethidium bromide stained
d in lane 4 oB, above, for normalization. The RBP mRNA in

tured RPE ex'pressed RBP mesgage .m higher copy num Cultured RPE is 3.9 times as abundant as that for freshly harvested
than freshly dissected RPE/choroid (Figure 3A,C). RPE/choroid.

Normalized levels

Dissected RPE/ Cultured
Choroid RPE Cells

(Lane 3) (Lane 4)
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Essentially, rat RPE in situ exhibits a strong signal representa experiments utilizing a human hepatoma cell line, both re-
ing TTR message, in contrast to that for RBP, which is at &inol and retinoic acid stimulated RBP gene expression at the
relatively lower level. For protein expression, TTR immunore-mRNA level [52]. This latter result may reflect the elucida-
activity in rat RPE is intense, while this cell layer is not contion of a retinoid-responsive element in the human RBP gene
sidered a prominent site of RBP intracellular localization, com[53]. Whether this route of induction is operative for cultured
pared to other eye tissues. Accordingly, we find that TTRRPE, and what concentrations of retinoids in the medium
message occurs in high abundance in both native and cultureduld be required to up-regulate RBP gene and/or protein
monkey RPE cells, while RBP mRNA transcripts are mainexpression above the levels seen in the present study, remain
tained at a much lower, but still detectable level. This disparto be determined. The precise mode of delivery of vitamin A
ate relationship—for two proteins that normally show closeo the cultured RPE may prove to have a bearing on its effects
physiological association in the systemic circulation—is nof4]. Other factors that may modulate RBP expression in vitro
inconsistent with the apparently efficient biosynthesis and reare the presence of serum [54], and the cyclic AMP status of
lease of TTR, and our ease of detection for this protein, ithe cells [55].
contrast to the lack of same for RBP, in the RPE-CM. TTR  Since in our study the size of the major transcript for TTR
was plentiful enough, after 10 days of accumulation in iniin monkey was identical in RPE, liver, and brain, the implica-
tially protein-free culture medium, to be demonstrated bytion is that identical initiation sites exist in the TTR gene for
western blotting; however, RBP was below our level of detecall three tissues, regardless of the relative position of any regu-
tion with a commercially available antibody [unpublishedlatory DNA sequences. Our finding of low abundance, addi-
data]. For bovine and fetal human RPE in culture, Ong, et dlional transcript sizes for TTR in cultured RPE could be in-
[23] calculated the TTR:RBP ratio in conditioned media to belicative of regulatory elements governing a transcription start
approximately 50:1 and 30:1, respectively. Their purificatiorsite further upstream from the preeminent one utilized in hepa-
methods suggest that, at least in isolated cell culture, theretmcytes. We did not detect any variations in the size of the
some expected physicochemical association of the two moRBP mRNA, among the tissues we tested, that would have
ecules either during, or after, their secretion into conditionethdicated variations in splicing or in initiation of transcrip-
medium, but it is clear that an excess of TTR is produced hjon.
RPE cultures. A more complete understanding of the transcriptional
Our findings may well indicate that, save for the choroidcontrol of the two genes investigated here could yield practi-
plexus [47,48], the abundance of TTR message in RPE is upal information with clinical significance. Much as the pre-
matched by any other tissue of the body. This possibility furdominant expression of RPE-65 in RPE has been explored as
ther raises questions concerning the normal function of TTR platform for gene therapy [56], so the in vitro expression of
in the eye, and whether such a prominently secreted proteinTd R by RPE, including secretion and extracellular accumula-
implicated in ocular pathology. For example, the demonstraion of the protein, may prove amenable to therapeutic exploi-
tion that TTR is a component of Drusen, although not at th&tion. In this regard, the possibilities include applications in
frequency or intensity of detection as other more prominergene therapy, such as transplantation of transfected RPE, as
Drusen constituents, suggests the involvement of TTR in ag&+ell as gene manipulations to drive in vitro protein produc-
related macular degeneration [49]. Whether TTR in this caston. It is therefore pertinent that we have demonstrated here
originates from the affected RPE cells or from plasma has notbust expression of the TTR gene, with respect to transcript
yet been ascertained. Both the senile and familial forms afbundance, in primate RPE cultured in a totally defined, pro-
amyloidotic polyneuropathy, characterized by fibrillar accu-tein-free medium.
mulations of TTR, may have ocular involvement [50]. White
and Kelly [43] have demonstrated that holo-RBP stabilizes ACKNOWLEDGEMENTS
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