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Figure 15. Effect of embryonic age and rcSF3 on genes that regulate transport across the plasma membrane. The ratio of (expression in culture)/
(expression in native E14 RPE) is expressed as a natural logarithm. The dashed lines at +0.7 represent a 2X deviation from expression on E14
in vivo. Complete gene descriptions and values for hybridization to the microarray are included in Appendix 6.

RhoGEF4A activates Rho A, but not Rac 1 or Cdc42 to
regulate filamentous actin. Several other genes that were
affected by rcSF3-regulated actin dynamics. The importance
of filamentous actin for RPE was illustrated by studies of the
ARPEI19 cell line. Culture media that improved barrier
function also caused a redistribution of filamentous actin from
stress fibers to circumferential bands affiliated with the apical
junctional complex [59].

To relate the apical junctional complex to other pathways
that mediate environmental interactions, we should consider
the asymmetric nature of the RPE environment. Some of this
asymmetry was reproduced in the culture model by growing
the cells on a laminin-coated filter, with pituitary hormones
supplied on the basal side and rcSF3 on the apical side. Aside
from the absence of serum and the secretions of choroidal
cells, the basal environment suffers by using commercial,
laminin 1 to coat the filters. Laminin 1 is found in the
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Figure 16. Effect of embryonic age and rcSF3 on genes for extracellular matrix components and their receptors. The ratio of (expression in
culture)/(expression in native E14 RPE) is expressed as a natural logarithm. The dashed lines at +0.7 represent a 2X deviation from expression
on E14 in vivo. Complete gene descriptions and values for hybridization to the microarray are included in Appendix 6.

extracellular matrix of embryonic tissues, but is replaced by
other isoforms as epithelia differentiate [60,61]. The ability of
cultured RPE to remodel the matrix was indicated by the
laminins and collagen IVs that it expressed, as these are
normal components of the basal lamina (Figure 16). The
laminins were overexpressed in culture, which might reflect
the cells attempt to remodel the matrix in an appropriate way,
but the collagen IV isoforms expressed in vivo were
underexpressed. Combined with the overexpression of B1 and
a8 integrin chains, the basal signaling pathways of cultured
RPE might deviate from normal cells. The absence of contacts
with the neural retina might also affect the expression of
transporters needed for vectorial transport, because the
function of RPE is to regulate the environment for these
interactions. Although rcSF3 affected the expression of
several transporters, this cohort of genes showed the most
substantial differences from gene expression in vivo. An
exception to this observation was the expression of glucose
transporters. The chick retina is more dependent on glycolysis
than the mammalian retina. Previous studies demonstrated
that the expression of glucose transporters correlated with the
formation of tight junctions in vivo and in culture [47]. The
microarray data extend this to a larger collection of facilitated
transporters and a Na* cotransporter that are regulated by

rcSF3. It would be interesting to see if photoreceptor outer
segments would induce the expression or regulated the
distribution of the ion transporters.

The RPE of all species forms a blood-retinal barrier, but
the specific properties of the barrier shows species variation
[62]. This variability is reflected by species differences in the
TER and transepithelial electrical potential. Whereas claudins
10 and 19 are prominent in human RPE [2,4,36], claudins 1
and 20 are prominent in chick. Nonetheless, the coordinated
differentiation of the outer retina and choroid observed in
chicks and mammals suggests there are fundamental,
evolutionarily conserved mechanisms that regulate the
assembly of the outer blood-retinal barrier [63—65]. This study
demonstrates an apical stimulus, secretions of the neural
retina, were more effective than a basal stimulus, serum, in
regulating the functions of tight junctions and the expression
of tight junctional proteins. Although rcSF3 was an effective
agent to retard dedifferentiation of E14 cells in culture and
promote the differentiation of E7 cells, rcSF3 alone was
insufficient to direct RPE cell differentiation. The ability of
serum to modulate the effects of rcSF3 suggests an important
avenue for future studies of differentiation.
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Appendix 1. E7 Microarrays

Mean values for hybridization to the microarray is
reported in arbitrary units as the natural logarithm. The p
statistic for the one-way ANOVA analysis is indicated in

Appendix 2. E14 clusters

The top 50 from the STEM cluster program are listed.
The basal condition is set at zero. The data are normalized to
allow high expressing and low expressing genes to be
represented on the same scale. The graph shows a schematic
of how expression changes with culture conditions for each

© 2008 Molecular Vision

column F. To access the data, click or select the words
“Appendix 1.” This will initiate the download of an Excel
archive that contains the file.

cluser. The x-axis is ordered according to columns C-F of row
7. The statistically significant clusters are colored. To access
the data, click or select the words “Appendix 2.” This will
initiate the download of an Excel archive that contains the file.

Appendix 3. Genes most affected by retinal conditioned medium in E7 and

E14 cultures: Upregulated genes

The 40 identifiable genes that were upregulated the most
by E14 retinal conditioned medium are listed along with the
level of expression relative to RPE maintained in basal
conditions. Data represent the average of three microarrays
that were probed with total RNA from independent
experiments. Shading indicates genes that were upregulated
in both E7 and E14 cultures. Italicized entries indicated genes

that were regulated to the same or greater extent in E7 cultures
as in E14 cultures, but were not among the top 40 regulated
genes of E7. *Expression level in rcSF3 cultures relative to
expression in SF3. Tgenes that are included in the analyses of
RPE specific pathways below. To access the data, click or
select the words “Appendix 3.” This will initiate the download
of a compressed (pdf) archive that contains the file.

Appendix 4. Genes most affected by retinal conditioned medium in E7 and

E14 cultures: Down-regulated genes.

The 40 identifiable genes that were down-regulated the
most by E14 retinal conditioned medium are listed along with
the level of expression relative to RPE maintained in basal
conditions. Data represent the average of three microarrays
that were probed with total RNA from independent
experiments. Shading indicates genes that were down-
regulated in both E7 and E14 cultures. Italicized entries
indicated genes that were regulated to the same or greater

extent in E7 cultures as in E14 cultures, but were not among
the top 40 regulated genes of E7. *Expression level in rcSF3
cultures relative to expression in SF3. fgenes that are included
in the analyses of RPE specific pathways below. To access the
data, click or select the words “Appendix 4.” This will initiate
the download of a compressed (pdf) archive that contains the
file.

Appendix 5. Quantification of the effect of rcSF3 on the differentiation of

E7 RPE in culture.

Select genes characterized in Figure 3 and Table 3 were
examined to identify those that E14 rcSF3 upregulated or
down-regulated more than 2X in cultures of E7 RPE. For
comparison, the second column indicates how gene
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expression would increase or decrease during normal
development [1]. The third and forth columns indicate the
level of mRNA expression in different culture conditions
relative to expression in vivo on E14. The last, fifth, column
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indicates the level of expression in rcSF3 cultures relative to
SF3 cultures. For many genes, the El4-derived rcSF3
increased or decreased expression in E7 cultures in parallel
with an increase or decrease that occurred during normal
development. For many genes, the culture/native E14 RPE

Appendix 6. E7 and E14 Microarrays

Mean values for hybridization to the microarray is
reported in arbitrary units as the natural logarithm. For
comparison, column P reports expression in vivo on E14. The
p statistic for the one-way ANOVA analysis is indicated in

© 2008 Molecular Vision

was closer to the ideal of 1.0 in the rcSF3 cultures. To access
the data, click or select the words “Appendix 5.” This will
initiate the download of a compressed (pdf) archive that
contains the file.

columns J and P. To access the data, click or select the words
“Appendix 6.” This will initiate the download of an Excel
archive that contains the file.

The print version of this article was created on 2 December 2008. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.
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