




Demonstration of renin mRNA, angiotensinogen mRNA, and angiotensin converting enzyme mRNA expression in the human eye

Blotting was terminated after 2 hours on
20XSSC (IXSSC: 0S15 M NaCl, 0-015 M
sodium citrate). cDNA was crosslinked to the
nylon membrane in an ultraviolet linker (No
1800, Stratagene Inc, La Jolla, CA, USA).
Membranes were prehybridised with 50%
deionised formamide, 5 XDenhardt's solution,
25 pug/ml herring sperm DNA for 4 hours.
Hybridisation was done on the same buffer
overnight at 60°C adding the corresponding
probes, which were randomly labelled using
32P-dCTP.

Labelled probes were purified on a Nensorb
column (DuPont, Wilmington, DE, USA).
Renin-cDNA was hybridised to a 1-3 kb long
BamHI/HindIII rat renin-cDNA fragment
obtained from the complete rat renin-cDNA
cloned into a pGEM4 vector. A plasmid vector
(Bluescript KS, pB35-19) containing 3334 bp
ofhuman ACE-cDNA was cut with EcoRI and
BglII to yield 1-7 and 1-6 kb of human ACE-
cDNA, which were isolated from the 3-0 kb as
probes. A 844 bp StuI fragment of human
angiotensinogen-cDNA allowed detection of
angiotensinogen-cDNA. Nylon membranes
were washed after hybridisation at room tem-
perature in 0 2XSSC and 0-1% sodium dode-
cyl sulphate for 30 minutes and three times at
56°C for 30 minutes. Blots were exposed for
18 hours at - 80°C to XAR x ray films
(Eastman Kodak Co, Rochester, NY, USA).

Results
The RNAse
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Figure 2 Demonstration of renin mRNA expression in
human eyes by the polymerase chain reaction. Southern
blot of amplification products. (1) Negative control
(without RNA); (2) human kidney; (3) retinal pigment
epithelium choroid (four individual samples); (4) neural
retina (three individual samples); (5) sclera (three
individual samples).

pooled tissue samples, because it was not sen-
sitive enough to detect renin-mRNA in indi-
vidual eye samples. Examination of individual
eye samples was possible only by using PCR.
Human kidney samples served as positive con-
trols, since in these samples renin mRNA,
angiotensinogen mRNA, and ACE mRNA are
readily detectable.1I

Using the RNAse protection assay, renin
mRNA expression could be demonstrated in
pooled RPE choroid samples, which also con-
tained some neural retinal tissue, but not in
neural retina alone or in sclera (Fig 1).
Compared with the kidney, the ocular renin
mRNA levels were low (Fig 1).

protection assay was used in
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Figure 1 Ocular expression of renin mRNA. Renin
mRNA was determined in different layers of the human eye
by RNAse protection assay using a human specific renin
probe. For detection, ocular tissuesfrom several patients
were pooled. (1) pUC/Sau3a (length marker); (2) human
renin probe; (3) tRNA; (4) rat kidney as specificity
control; (5) human kidney (20 pg); (6) sclera (35 ,ug);
(7) neural retina (25 ,ug); (8) retinal pigment epithelium
choroid/retina (85 ,ug).
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Figure 3 Demonstration of angiotensinogen mRNA in
human eyes by the polymerase chain reaction. (Top)
Agarose gel of amplification products. (1) PhiXI74RF Hae
III length marker; (2) negative control; (3) human kidney;
(4) neural retina; (5) retinal pigment epithelium (RPE)
choroid; (6) neural retina; (7) RPE choroid; (8) RPE
choroid. (Bottom) Southern blot of the amplification
products. (1) Empty; (2) negative control; (3) human
kidney; (4) neural retina; (5) RPE choroid; (6) neural
retina; (7) RPE choroidj, (8) RPE choroid.
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Figure 4 Demonstration of angiotensin converting enzyme
mRNA in human eyes by the polymerase chain reaction.
Southern blot of amplification products. (1) Human
kidney; (2) negative control; (3) neural retina; (4) retinal
pigment epithelium (RPE) choroid; (5) RPE choroid;
(6) neural retina.

The length of the PCR products of the dif-
ferent genes detected in the eye were identical
to the corresponding amplification signal from
the kidney (Figs 2-4). After reverse transcrip-
tion of 1 ,ug of total RNA and subsequent
amplification, all three components of the RAS
could be detected in both neural retina and
RPE choroid.

Repeatedly, renin mRNA expression
appeared to be higher in RPE choroid than in
retina alone (Fig 2), confirming our findings
with the RNAse protection assay, where renin
mRNA was detected in RPE choroid but not
neural retina. RPE choroid renin mRNA
expression was similar in samples from eyes
enucleated for choroidal melanoma and eyes
enucleated for other reasons (data not shown).
In scleral tissue, either no signal or a signal
close to the detection limit for renin gene
expression was observed, as was the case in the
RNAse protection assay. No positive signal of
renin mRNA expression was observed in the
two anterior uveal tract samples we studied
(data not shown).

Angiotensinogen and ACE gene expression
were subjected to PCR analysis only, because
of the small amount of human material avail-
able. Angiotensinogen and ACE expression
were detected both in RPE choroid and neural
retina (Figs 3 and 4). No marked differences
were found between these two ocular tissues in
the expression of either angiotensinogen or

ACE. At the end ofPCR amplification, expres-
sion of these two RAS components was absent
or only marginal in sclera (data not shown).

Discussion
This study demonstrates gene expression of
renin, angiotensinogen, and ACE in various
parts of the human eye. These peptides may
therefore be synthesised locally within the eye.
These data, together with previous findings
demonstrating the presence of RAS com-
ponents in human and cattle ocular fluids and
tissues,1-7 strongly support the existence of an
intraocular RAS independent of the circulating
RAS. Renin gene expression was found to be
highest in the RPE choroidal layer, both by
RNAse protection assay and by polymerase

chain reaction. Using the polymerase chain
reaction, renin mRNA could also be detected
in the neural retina. The polymerase chain
reaction only gives a rough measure of gene
expression. However, in view of the results
obtained with the RNAse protection assay,
expression of the renin gene is most likely

lower in the neural retina than in the RPE
choroid. In support of this assumption, the
ocular renin and angiotensin levels were found
to be lower in the retina than in the RPE
choroid.27

In human eyes, prorenin, the inactive pre-
cursor of renin, has been detected in aqueous,
vitreous, and subretinal fluid, the highest levels
being present in the latter.' Based upon these
findings and the present study, one may specu-
late about the source of prorenin in human
ocular fluids. As we have shown previously,
prorenin leakage from plasma is only a minor
source of ocular fluid prorenin.' Prorenin pro-
duced in the retina can directly enter the vitre-
ous fluid, whereas prorenin synthesised in the
choroid would first have to pass the RPE. This
layer is part of the so called 'blood-retinal bar-
rier', which is normally impermeable to
proteins such as prorenin. Under patho-
physiological conditions - for instance, in eyes
affected by proliferative retinopathy in diabetic
subjects,25 partial breakdown of the blood-
retinal barrier may occur, so that this barrier
becomes permeable to prorenin.
Two lines of evidence support prorenin pro-

duction in the posterior part (retina and/or
RPE choroid) of the eye. Firstly, as mentioned
above, prorenin levels were higher in vitreous
than in aqueous.1 Secondly, a prorenin
gradient exists in vitreous fluid with the lowest
levels present in the most anterior parts of the
vitreous.2 Others have suggested that ocular
prorenin is produced in the anterior uveal
tract,3 since they detected prorenin by
immunohistochemistry in the pars plicata of
the ciliary body. We also detected renin and
prorenin in the anterior uveal tract (ciliary
body and iris) of the bovine eye.2 However, in
the present study we failed to show renin
mRNA expression in this part of the eye. RPE
choroid and retina, therefore, are the most
likely production sites of (pro)renin in the eye.

It has not been clarified yet, whether
(pro)renin at these sites is expressed in the
vasculature (smooth muscle or endothelial
cells) or in neuronal and/or glial cells. In the
brain, renin has been demonstrated in the lat-
ter two types of cells.26 Interestingly, a recent
preliminary study localised renin in human and
rat eyes to Muller cells of the retina, in close
apposition to retinal blood vessels.27

Angiotensinogen and ACE mRNA expres-
sion could be demonstrated by polymerase
chain reaction both in neural retina and in
RPE choroid. No marked difference was found
for the expression of either angiotensinogen or
ACE between the two layers, in contrast with
our observations on renin. Scleral expression
was low or undetectable for all three compo-
nents of the RAS.

Angiotensinogen is known to be present in
brain glial and neuronal cells,28 but, as for
renin, its gene expression in the highly vascu-
larised RPE choroidal layer may also suggest a
vascular origin of the peptide. Angio-
tensinogen mRNA has been demonstrated in
vascular smooth muscle cells.29 Similarly, ACE
is widely expressed in the brain; it is found in
neuronal cells30 as well as in brain vascular
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endothelial cells.31 Ocular ACE expression
may therefore occur in either vascular or
neuroglial cells in retina and/or RPE choroid.
The co-expression of all components of the

RAS in the retina and the RPE choroid is a
prerequisite for intraocular angiotensin II pro-
duction. Angiotensin II generated locally in
retina and RPE choroid may be an important
regulator of vascular blood flow. Indeed,
angiotensin II has been reported to constrict
retinal blood vessels.'4 We have previously
demonstrated that, relative to albumin,
prorenin was twice as high in vitreous fluid
obtained from eyes affected by proliferative
diabetic retinopathy as in vitreous fluid
obtained from eyes of non-diabetic subjects.'
An activated intraocular RAS may lead to
enhanced intraocular levels of angiotensin II,
which, in view of its effects on growth,'8 19 may
contribute to the development of proliferative
retinopathy.
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