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Distinct Renin Isoforms Generated by Tissue-Specific
Transcription Initiation and Alternative Splicing
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Abstract—The aspartyl protease renin catalyzes the initial and rate-limiting step in the formation of the biologically active
peptide angiotensin II. It is mainly synthesized in the kidney as a preprohormone and secreted via constitutive and
regulated pathways. We identified a novel transcript of the rat renin gene, renin b, characterized by the presence of an
alternative first exon (exon 1b) that is spliced to exon 2 of the known transcript, termed renin a. We demonstrated that
renin b is exclusively expressed in the brain. In contrast, renin a was not expressed in the brain. Using primer extension
assays, we mapped the transcriptional start site of this novel mRNA within intron 1 of the rat genomic sequence,
suggesting the presence of a brain-specific promoter within intron 1. The presence of a brain-specific renin isoform is
evolutionally conserved, as demonstrated by the finding of renin b isoforms in mice and humans. The predicted protein
renin b lacks the prefragment as well as a significant portion of the profragment and is therefore predicted not to be a
secreted protein, unlike the classically described isoform renin a. As shown by in vitro translation of full-length renin
b mMRNA in the presence of microsomal membranes, renin b was not targeted into the endoplasmatic reticulum and
remained intracellularly in transiently transfected AtT-20 cells. These findings provide evidence for a novel pathway of
intracellular angiotensin generation that occurs exclusively in the bf@irc Res 1999;84:240-246.)
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he renin gene, which encodes the enzyme that catalyzessuggest additional functional roles of Ang Il within the

the rate-limiting step in the formation of the biologically central nervous system, mediated primarily through the AT
active peptide angiotensin Il (Ang Il), consists of 9 exons. receptor subtype, in processes such as neuronal develop-
They are arranged as 2 homologous clusters of 4 exons eachment?1° apoptosis? and complex behavidr.t> Altered
with the first exon being separated from the remainder of the states of activation of the brain RAS have also been suggested
gene by a 5-kb introd.Renin is synthesized as a prepropro- as possibly contributing to or causing certain forms of
tein of 45 kDa. The first exon encodes the signal peptide that hypertensiort®
targets the nascent protein into the endoplasmatic reticulum, In the present study, we provide evidence for the presence
where it undergoes g|ycosy|ati@nRenin is secreted via of a novel molecular variant of renin, eXpreSSEd eXClUSively
constitutive and regulated pathways as both inactive proreninin the brain, that arises from the use of an alternative
and active renin. promoter within intron 1 and from alternative splicing,

Renin is primarily synthesized in the juxtaglomerular cells resulting in a nonsecreted renin isoform.
of the kidney and is released into the circulation after specific .
stimuli such as volume depletion. Among the classic func- Materials and Methods
tions of the humoral renin-angiotensin system (RAS) are Rapid Amplification of cDNA Ends (RACE)
vasoconstriction and stimulation of aldosterone release by theTotal RNA was extracted from frozen tissues by the guanidium
adrenal gland. Components of the RAS have also beenthiocyanate—_cesium chloride gradient method. F?rst-stran_d cDNA
demonstrated in the brain, both outside and inside the oo synthesized from 29 total RNA from rat, brain and kidney
; . ' . ) tissues (Sprague-Dawley) with primer R1’{&ctgatccatagtg-
blood-brain barrief1° Recognized actions of the brain RAS  gatggtgaa-3 located at position 7311 of the published rat renin
include modulation of central regulation of blood pressure sequence using Superscript || RNase HReverse Transcriptase
and sympathetic outflow, the release of hypothalamic and ('-_itfﬁ t‘l’echnollotgies,f Inc). T[‘i C?’\'Ar‘] Wf‘s _CO'Ur_n”;E“”ﬂed: tailedf
P . Wi rmin ran I | n | n I n

pltunqry hormones, and central Contlrol of renal soglum dCTP?and ;enaa;peliﬁzgig Zieqi(;ntgfgoﬁ?ds of neesl?ezssmflﬁqgr-
handling? These effects have been attributed to the action of ase chain reaction (PCR) in a 28- reaction solution, containing
Ang |l via the AT, receptor subtypé&l-12More recent studies 200 nmol/L of each deoxynucleotide triphosphate, 2 mmol/L mag-
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nesium chloride, 0.1 U Tag polymerase (Promega), 75 nmol/L of a
poly-G anchor primer, and 200 nmol/L of the gene-specific primers
R2 (5-agaggttggctgaacccgtgt¢)3and R3 (B-tttgaaggtctgggatg-

gggtacc-3), respectively. In each reaction, an initial denaturation
step for 2 minutes at 94°C was followed by 35 cycles of 94°C for 30
seconds, 56°C for 1 minute, and 72°C for 2 minutes and by a final
extension at 72°C for 10 minutes. Amplification products were
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density of 5<1(° cells per 6-cm dish. After 16 hours, the medium
was changed to growth medium (F10 supplemented with 15% horse
serum and 2.5% FCS), and cells were transfected wittglplasmid
using the calcium phosphate precipitation method. Transfection
efficiencies were monitored by cotransfection of frgalactosidase
gene. Each transfection experiment also included a control transfec-
tion with only the-galactosidase gene. Cell extracts of this control

fractionated on a 2% agarose gel, purified, and cloned into the PCRII yielded no measurable renin activity. Statistical analysis was carried

vector using the TA Cloning Kit (Invitrogen). Clones were se-
quenced with primer R3 on an ABI373A sequencer (Applied
Biosystems). Cloning of the murine (C56 black) and human ho-
mologs from brain RNA (Clontech) was similarly carried out by
RACE using primers M1 through M3 (M1:'8gatccgtagtggatggt-
gaagtc-3;, M2: 5'-cagaggactcatagaggttgtgaa-8nd M3: B-agcaag-
gtagaggcggctgcactt-Band H1 through H3 (H1: Bgacctctccaaac-
atctgtgtcac-3 H2: 5'-ccactgactgtccctgttgaatag:3and H3: B-
gagggtgagttctgttccattgtg)3 respectively. All newly determined se-

out with Student test, and®<<0.5 was considered to be significant.
Forty-eight hours later, cells were washed once with prewarmed
medium, incubated in fresh medium, and collected 3 hours later. The
medium was briefly centrifuged to remove debris, and the superna-
tant was transferred into fresh tubes containing protease inhibitor
cocktail (1 mmol/L EDTA, 100ug/mL PMSF, 2ug/mL leupeptin,

and 1 pug/mL pepstatin). Cells were washed twice witix PPBS,
scraped, pelleted, and lysed in 1@ radioimmunoprecipitation
assay buffer (150 mmol/L NaCl, 50 mmol/L Tris-HCI [pH 8], 0.1%

quences have been deposited with the GenBank database (accessioBDS, 1% NP-40, and 0.5% deoxycholate) containing the protease

numbers: AF117820, AF117821, AF117822).

Primer Extension Assay
Primer R4 (B-tgatcctggtcatgtctactccccgcetectccaggattic-Smple-

inhibitor cocktail. Trypsin activation of prorenin and renin incuba-
tion in the presence of rat angiotensinogen were carried out as
previously describeé” Ang | was measured using the RIANEN
radioimmunoassay kit (Amersham). Prorenin was calculated as the

mentary to a sequence between position 5840 and 5879 in exon 2 ofdifference between renin with and without trypsin activation.

the rat renin DNA was radiolabeled with[**P]-ATP (DuPont
NEN) using T4 polynucleotide kinase (New England Biolabs) and
was column-purified. After overnight hybridization at 45°C of
100 000 cpm of labeled primer against total RNA from rat kidney
(40 ng) and brain (10Qug) in a buffer containing 80% formamide,
40 mmol/L PIPES, 400 mmol/L NaCl, and 1 mmol/L EDTA, and

Results

Identification of a New Alternatively Spliced
Renin Isoform
Using a plasmid encompassing the first 3 exons of the

subsequent ethanol precipitation, reverse transcription was carriedpreviously published rat renin cDNA as a probe for RNase

out at 42°C in the presence of 5@dnol/L of each deoxynucleotide
triphosphate using Superscript 1| RNase Reverse Transcriptase
(Life Technologies). Extension products were purified by extraction
with phenol/chloroform/isoamylalcohol (25:24:1) ethanol-

precipitated and size-fractionated on a 5.5% denaturing polyacryl-

protection assays, we noted that the protected fragment
obtained from brain RNA was shorter than expected. To
determine the nature of this difference, the PCR-based
cloning strategy RACE was used. Sequencing of cDNAs

amide sequencing gel alongside a sequencing ladder obtained in aobtained by RACE from kidney and brain led to the identi-

standard sequencing reaction using labeled Mjlrimer on a
pGEM vector (Promega) template.

RNase Protection Assay
Complementary RNAs were transcribed fromug linearized plas-
mid pRen412” or pT3RR3K encompassing exons 1la, 2, and 3 and

fication of 2 distinct renin MRNA species designated renin a
and renin b, respectively. The distincterminal sequences

represent different first exons termed exons la and 1b,
respectively, that are spliced to a common second exon.
Although exon la represents the first published exon of the

exons 1b, 2, and 3 of the rat renin gene, respectively, in the presencerenin gené, exon 1b has not been described previously.

of [a-**P]-UTP (DuPont NEN) using the MAXIscript kit (Ambion).
A rat B-actin cRNA was transcribed from the plasmid pBEct”

and used as an internal control. Labeled probes were purified over

Databank searches showed that exon 1b, which is 46 bp in
length, maps within the first intron of the published genomic

Chromaspin-100 columns (Clontech). RNase protection assays wereS€guence of the renin gene, from position 5083 to 5129

carried out using the RPAII kit (Ambion). Briefly, 100 000 cpm of
labeled renin probe and 10 000 cpm@fctin probe was hybridized
overnight at 45°C against 40 to 1(@ total RNA or tRNA. Samples

were digested with RNase A and T1, precipitated, and run on a 5.5%

denaturing polyacrylamide sequencing gel.

In Vitro Translation
Full-length cDNAs for kidney and brain isoforms of the rat renin

(Figure 1). The presencef @ C at position 5112 in the
published sequence that would give rise to an open reading
frame was absent in our RACE clones and was shown to be
a mistake in the published sequence by sequencing genomic
DNA containing exon 1b from various rat strains. Exon 1b
does not contain an open reading frame, and the nearest
downstream methionine is located at position 5825 of the

transcript were generated by reverse transcriptase—polymerase chaipublished sequence. Thus, the predicted renin b protein lacks

reaction (RT-PCR), cloned into the pCDNA3 vector (Invitrogen),
and sequenced. mRNA was transcribed fropglplasmid linearized
at the 3-end of the inserts (MEGAscript kit, Ambion). In vitro
translation was carried out using &y of synthetic mRNA in the
presence of rabbit reticulocyte lysate (Promeg&p-methionine
(DuPont NEN), and different amounts of canine microsomal mem-

branes (Promega). After incubation at 30°C for 2 hours, the reaction
products were fractionated over a 10% SDS polyacrylamide gel,

dried, and exposed to x-ray film.

Transient Transfection of AtT-20 Cells and
Measurement of Renin Activity

AtT-20 cells (American Type Culture Collection) were plated in F10
medium supplemented with 10% FCS (Life Technologies) at a

the prefragment as well as a part of the profragment, which
are encoded by exon la. RT-PCR with isoform-specific sense
and antisense primers targeting various positions of the 2
transcripts and sequencing of PCR products yielded no
evidence for further variations within the coding sequence of
the renin gene (data not shown).

Renin b Is Also Present in Mouse and Human

To determine whether the finding of a brain-specific renin
isoform is a species-specific phenomenon restricted to the rat
or whether it represents an evolutionally conserved biological
phenomenon, we used RACE on RNA derived from mouse
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A

la 1b 2 3 4 5 6 7 8 9
ATG, ATGyy

B

rat CTTGAA TTTCCCCAGT
mouse TCCGGC TGCTTTGAAG ATTTGATGAG AGGATACGCA
human T TTTCCAGAGG ATTATGTAAC CCAAATCCAA GCACACACCA

exon Ib | exon 2
rat CAGTGATGAT TGGAGGACAA CTGATTTGAG [AATCTTGCTC AAGAAAATGC CCTCGGETCCG

mouse TAGCACTTCC GATGCCAGGC GGGGAACGGT |AATCCCGCTC ARAGARRAATGC CTTCTGTCCG
human CTCACCACAC AACAGCAAGT AAGCTGAGAG |GATCTTCCTC AAGAGAATGC CCTCAATCCG

rat GGARAATCETE GAGGAGCGGG GAGTAGACAT GACCAGGATC AGTGCTGAAT GGGGTGAATT
mouse GGAAATCCOTG GAGGAGCGGG GAGIGGACAT GACCAGGCTC AGTGCTGAAT GGGGCGTATT
human AGARRAGCCTGE ARAGGAACGAG GTGTGGACAT GGCCAGGCTT GGTCCCGAGT GGAGCCAACC

rat CATCAAGAAG TCTTCCTTTA CCAATGTTAC CTCCCCCGTG GTCCTICACCA ACTACTTGGA
mouse CACAAAGAGG CCTTCCTTGA CCAATCTTAC CTCCCCCGTG GTCCTCACCA ACTACCTGAA
human CATGAAGAGG CTGACACTIG GCAACACCAC CTCCTCCGTG ATCCTCACCA ACTACATGGA

Figure 1. Alternative transcription initiation and splicing of the rat renin gene. A, Schematic presentation of the genomic organization of
the rat renin gene. ATG;, and ATG,, denote the translation initiation sites for renin a and renin b, respectively. Coding regions for the
signal peptide appear in black, the profragment in dark gray, and the active enzyme in light gray. Drawings are not to scale. B, Align-
ment of the exon 1b and exon 2 sequences of the rat, mouse, and human renin genes. Homologies are shaded gray. In-frame stop
codons and start codons are underlined. The arrow indicates the carboxy terminus of the propeptide.

and human brain using analogous experimental conditions as forExpression of Renin a and Renin b in Rat Tissues

the rat. As shown in Figure 1, sequencing of RACE clones Using a renin a—specific probe for RNase protection analysis,
revealed the presence of brain-specific renin variants in both thewe found a 295-bp fragment corresponding to exons la to 3
mouse and human renin genes. As in the rat, an alternative firstthat was protected in the kidney as well as in extrarenal
exon is spliced to a common exon 2. Comparison of the murine tissues such as intestine, testes, adrenal, and whole embryo,
alternative exon 1b, which is 66 bp in length, with the genomic Whereas a shorter protected fragment of 183 bp, correspond-
sequence demonstrated it to be located within the first intron of N9 t© €xons 2 to 3, was found in the brain (Figure 3). In
the mouseRen-1genets The human exon 1b, which is 71 bp in contrast, using a renin b—specific probe, we found a 229-bp
length, also maps within the first intron of the human renin fragmept corresponding to exons 1b to 3 that was protected In
genet® as could be shown by long-range PCR amplification of the brain, whereas only the 183-bp fragment was apparent in

the first intron, followed by Southern blot analysis using the all other tlssges exam_lned (Flgu_re 3). RNas_e protection
assays for renin, normalized f@ractin, on subregions of the
exon 1b sequence as a probe (data not shown).

brain revealed that the highest expression of renin b mRNA
within the central nervous system is present in the midbrain,
followed by medulla oblongata, hypothalamus/thalamus, and
cerebellum, whereas renin a mMRNA was undetectable. Nei-
ther renin a nor renin b expression was detectable in the
cerebral cortex (Figure 3).

Mapping of the Transcriptional Start Sites of

Renin a and Renin b

Primer extension analysis using a primer located at position
5840 within exon 2 of the rat renin sequence resulted in 2
unique extension products of 194 bp and 117 bp in size in
kidney and brain, respectively, that are in agreement with the Unlike Renin a, Renin b Is Not Processed in the
predicted length of renin a and renin b mRNA on the basis of Presence of Microsomal Membranes

the published start site for renin a and on the cDNA clones Renin b lacks the prefragment necessary for targeting the
obtained by RACE for both renin a and renih (Figure 2). nascent polypeptide into the endoplasmatic reticulum and is
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Figure 2. Mapping of the transcriptional start site of renin a and B tP,Pi:B KA I TEL

renin b by primer extension assay. Extension products of primer
R4 located in exon 2 of the rat renin gene using 100 ng and 40
ng of RNA from brain (b) and kidney (k), respectively. A
sequencing ladder primed by M13_,, on pGEM vector was used 229 bp -
as a size marker (G, A, T, C). t indicates tRNA control.
183 bp - —

therefore expected not to be processed into the secretory

pathway. For verification, full-length in vitro transcribed _

mRNAs for both isoforms were translated in the absence or 150 bp - _ _
presence of canine microsomal membranes. In the presence

of microsomal membranes, translation of renin a mRNA led

to a shift of the reaction products from 45 kDa toward a

higher mglecular mass, consisteqt with translocation and C Pt Ph t Hy Ce Mo Mi Co
glycosylation of the nascent protein; conversely, a 42-kDa

protein that did not undergo processing was seen when renin

b mRNA was used as a template in the same experiment 229 bp - ] -~ esoes
(Figure 4). .

Unlike Renin a, Renin b Is Not Secreted by Ll

Transiently Transfected AtT-20 Cells

To further confirm that renin b is not a secreted protein, 150bp- B m
full-length cDNA clones of renin a and renin b were tran-

siently transfected into AtT-20 cells, which are capable of Figure 3. Expression of renin a and renin b in rat tissues.
correctly targeting and processing secretory prot&ifenin RNase protection analysis using 40 ug total RNA from kidney

AT - : - : (K), 100 ng from whole brain (B), adrenal (A), intestine (1), testis
activity in media and cell lysates with and without prior (M) liver (L), and whole embryo () with probe pRend12/Hindlll

trypsin activation of prorenin to renin was determined after encompassing exons 1a to 3 (P,, panel A) or pT3RR3K/Pstl
incubation in the presence of excess rat angiotensinogen,encompassing exons 1b to 3 (P,, panel B). All samples were
s _ cohybridized with a B-actin cRNA (P,.;) probe as an internal

followed by measurement.of generated Ang | by radlo_lmmq control. In vitro transcribed probes P,, P, and P, were 326 bp,
noassay. As ShOWU in Figure 5, expression Of_ren'n a 1IN 266 bp, and 178 bp, respectively, and included a vector-
AtT-20 cells gave rise to prorenin as well as renin, both of encoded sequence. The sizes of the protected fragments for P,,
which were also secreted, as shown by measurements of renirf’» @nd Pac: were 295 bp, 229 bp, and 150 bp, respectively. A

ity in th dium. In contrast. transfection of renin b shorter fragment of 183 bp corresponds to exon 2 and exon 3
?C“V'ty In the me T ! . - sequences. Expression of renin b in subregions of the brain,
into AtT-20 cells resulted in measurable levels of active renin midbrain (Mi), medulla oblongata (Mo), hypothalamus/thalamus
only in cell lysates but not in the medium, consistent with the ,(Hé’), Cerebs}\llt"a\m (Ce), IEmd cortex (Co) is shown in panel C. t
concept that the alternative transcript generates only active ndicates t control.

renin that is not secreted and remains intracellularly. ) ] . .
Moreover, renin a mRNA gives rise to a secreted isoenzyme,

Discussion whereas renin b translation results in an isoform that remains
Our results demonstrate that renin mRNA occurs in 2 intracellularly. The newly identified exon 1b is located within
isoforms: (1) termed renin a, is identical to the previously the first intron of the renin gene and is spliced to exon 2. The
described renin transcript and (2) termed renin b, represents aintron-exon junctions of both renin a and renin b are flanked
new isoform. These isoforms are characterized by the pres-by typical consensus splice donor and acceptor sequéhces.
ence of different first exons, exon 1a and exon 1b, respec- End analysis (5) by RACE and primer extension assays
tively, and by highly specific and mutually exclusive expres- show the presence of 2 distinct-Eader sequences and
sion patterns outside and within the central nervous system.transcriptional start sites, demonstrating the existence of 2
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Figure 4. In vitro translation of renin a and renin b. Translation
products of in vitro-transcribed mRNAs derived from full-length
cDNA clones of rat renin a and renin b synthesized in the pres-
ence of 0, 0.6, 1.2, and 1.8 uL of canine microsomal mem-
branes (0, 0.6, 1.2, and 1.8). Processing of renin a (ren a) from
preprorenin to glycosylated prorenin leads to a shift in molecular
mass of 45 kDa to 50 kDa. In vitro translation of renin b (ren b)
yields a protein of 42 kDa, which is not processed in the pres-
ence of microsomal membranes. lac indicates Escherichia coli
B-lactamase control for signal peptide processing.

unique primary transcripts that are presumably under the
control of alternative promoters. As demonstrated by RNase

protection assays, expression of the newly described isoform

is restricted exclusively to the central nervous system; in

contrast, we found no evidence for renin a expression in the

brain, suggesting a high degree of tissue specificity of the
alternative promoter. A pattern search for putative promoter

basis of our in vitro translation studies, initiation of transla-
tion begins at the first in-frame ATG within exon 2. Because
no discernible targeting sequences are encoded downstream
of this ATG, the resulting protein lacks the signal sequence
that normally directs the kidney isoform, renin a, into the
secretory pathway.Furthermore, owing to the incomplete
profragment, which sterically inactivates the active site
within the cleft of the bilobar structure of the classic renin
molecule? we predicted that renin b would be synthesized as
active renin only. Indeed, transfection experiments estab-
lished that the polypeptide encoded by the renin b transcript
is fully functional and capable of cleaving angiotensinogen to
produce Ang |. Moreover, prior incubation of cell lysates
with trypsin resulted in no additional renin activity, indicating
that renin b, unlike renin a, is not synthesized as an inactive
precursor. The observation that the renin b polypeptide yields
active renin, despite the fact that it retains two thirds of the
profragment, is consistent with earlier experiments demon-
strating that N-terminal but not C-terminal fragments of the
propeptide exhibit strong renin inhibitory propertiésln-
deed, substitution of the first arginine residue of the human
profragment with glutamine is known to yield active prore-
nin.24 Thus, integrity of the N-terminal portion of the pro-
fragment, in particular the first arginine, which is highly
conserved among rat, mouse, and human renins, is necessary
for maintaining prorenin enzymatically inactive. The overall
enzymatic activity of renin b appears to be lower, a feature
that may be due to a shorter half-life of either the transcript or
the protein, to differential translational efficiencies or enzyme
kinetics, to different protein folding, or to different posttrans-

elements in the sequence flanking exon 1b revealed no TATA lational processing.

box but revealed the presence of a number of consensus

Renin consists of 2 domains encoded by exons 2 to 5 and
to 9, respectively, which are thought to have arisen by

sequences such as activator protein-1 (AP-1) and AP-2 sites,6 I I i
glucocorticoid response elements (GRESs), and Pit elements. duplication of an ancestral gehé:The finding of exon 1b in

Whereas exon 1a encodes the prefragment and part of themurine, rat, and human renin genes indicates a high degree of
profragment of renin a, exon 1b does not contribute an conservation throughout evolution. Given that compartmen-
in-frame start codon. Th’erefore renin b encodes a truncatedt@lization of proteins is a feature characteristic of eukaryotic
form of renin. As a result, the 2 proteins share most of their C€llS: one may speculate that the addition of the signal
sequences except the N-terminus, given that a renin a internaS€duénce encoded by exon la represents a later event in
methionine is predicted to serve as the start codon for the gvolutlon, and that the. existence of a nqnsecreted rgnln
brain isoform. The first and second in-frame ATGs in exon 2 isoform reflects the persistence of an archaic form of renin.
are not found within the context of a Kozak consensus

A number of genes have been shown to invoke controlled
sequence? However, as suggested by size estimates on the mechanisms of alternative RNA processing in the generation

of protein diversity. The use of alternative promoters and/or
of differential splicing allows the organism to tailor gene
products to the functional demands of different cell types by
tissue-specific regulation of expression. This mechanism is
also used to generate proteins that are targeted to different
subcellular localizations, thus achieving compartmentaliza-
tion of function. For example, the angiotensin-converting
enzyme gene is transcribed from an alternative promoter
within intron 12 exclusively in the male gonad, resulting in a
testis-specific isoenzyme; male mice lacking the angiotensin-
converting enzyme gene demonstrate reduced ferifli#yin

the case of the yeast invertase gene, constitutive expression
produces an mRNA encoding cytosolic invertase, whereas
glucose repression regulates transcription from an alternative
promoter, resulting in an MRNA encoding a signal sequence
and leading to a secreted form of the enzythe.

cells medium

80

80 Hprorenin

5

Angl(ng/hx 10 cells}

DOrenin
40

Ang | (ng/ ml x b)

20

renin a renin a

renin b renin b

Figure 5. Renin activity in media and cell lysates of AtT-20 cells
transfected with renin a and renin b cDNAs. Prorenin (solid bars)
and renin (open bars) in cell lysates and media of AtT-20 cells
transfected with full-length cDNAs for rat renin a and renin b.
Values represent the mean+SEM of 3 independent transfec-
tions. Differences in renin activity between lysate and medium of
cells transfected with renin b were statistically significant
(P<0.5).
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Principal central nervous system sites involved in cardio- known to be important centers for the integration of central
vascular control are the periventricular tissues surrounding control of the cardiovascular system; that the existence and
the third ventricle, hypothalamic nuclei, the periaqueductal expression pattern of this isoform are conserved in rats, mice,
gray matter in the midbrain, and nuclei in the medulla and humans; and that, as predicted by the absence of the
oblongateé+ Unlike the circumventricular organs, these sites prefragment and a portion of the profragment, this isoform is
are separated from the systemic circulation by the blood-brain not secreted but remains as an enzymatically active protein in
barrier. The expression pattern of renin b mRNA, with the the intracellular space. Evidence for the physiopathological
highest expression found in midbrain followed by hypothal- relevance of this brain-specific alternative pathway for Ang I
amus/thalamus, medulla oblongata, and cerebellum, corre-generation must await more function-oriented studies.
sponds to these sites. Stimulation of central Ang Il receptors
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