
Renin Release and Gene Expression
in Intact Rat Kidney Microvessels and Single Cells
Allen D. Everett,* Robert M. Carey,* Robert L. Chevalier,* Michael J. Peach,* and R. Ariel Gomez*
With the technical assistance of Katalin M. Geary
Departments of*Pediatrics, tInternal Medicine, and §Pharmacology, University of Virginia
Health Sciences Center, Charlottesville, Virginia 22908

Abstract

To investigate whether newborn kidney microvessels and iso-
lated single microvascular cells have the capacity to release
renin and/or alter the expression of the renin gene in response
to adenylate cyclase stimulation, newborn kidney microqvessels
were isolated and purified (95%) using an iron perfusion/enzy-
matic digestion technique. Incubation of microvessels with ei-
ther vehicle (control; C) or 10-5 M forskolin (F) in media
resulted in an increase in microvessel cAMP (0.67±0.13 vs.
22±4.6 pmol/min per mg protein) (P < 0.005) and renin re-
leased into the culture media (1,026±98 vs. 1,552±159 pg an-
giotensin I/h per mg protein) (P = 0.008) (C vs. F). Renin
mRNA levels in the newborn kidney microvessels increased
1.6-fold with forskolin treatment. Renin release by isolated,
single microvascular cells (with or without forskolin) was as-
sessed using the reverse hemolytic plaque assay. Forskolin
administration resulted in an increase in the number of renin-
secreting cells without changes in the amount of renin secreted
by individual cells.

In conclusion, newborn kidney microvessels and isolated
renin-releasing microvascular cells possess a functionally ac-
tive adenylate cyclase whose short-term stimulation results in
accumulation of cAMP, a significant increase in renin release,
and an enhancement of renin gene expression. The increase in
renin release is due to recruitment of microvascular cells se-
creting renin. Recruitment of hormone-secreting cells in re-
sponse to stimuli may prove to be a mechanism of general
biological importance shared by many endocrine cell types. (J.
Clin. Invest. 1990. 86:169-175.) Key words: renin * messenger
RNA * microvessel * cAMP - reverse hemolytic plaque assay-
recruitment

Introduction

During development of the rat metanephric kidney, renin is
localized to the large arcuate and interlobular arteries in the
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fetus and shifts to the classical juxtaglomerular loci by the time
of adulthood (1). Similar developmental changes in immuno-
reactive renin distribution have been demonstrated in the
mouse (2), pig (3), and human embryo (4). Using in situ hy-
bridization histochemistry and renin immunocytochemistry,
we have demonstrated that renin is synthesized and stored in
widespread renal vascular segments during maturation (5). In
addition, immunoelectron microscopy studies have demon-
strated renin in granules of developing juxtaglomerular cells
(6). These studies suggest a renin secretory process in the devel-
oping kidney vasculature. Although a recent study demon-
strated that renal cortical slices from fetal lambs release renin
in response to isoproterenol (7), the mechanism(s) underlying
the increase in renin secretion during ontogeny remains in-
completely understood.

Whereas 3'-5' cAMP is considered to be an important sec-
ond messenger for renin release (8, 9), it is not known whether
developing kidney microvessels possess a functionally active
adenylate cyclase (AC)' or if intracellular levels of cAMP re-
sults in renin release. Renin release in response to activation of
the AC-cAMP system may result from an increase in the num-
ber of cells that secrete renin, from an increase in the amount
of renin secreted per cell, or both. Using the reverse hemolytic
plaque assay (10), it is now possible to perform secretion stud-
ies at the single cell level (1 1, 12) and to identify (and enumer-
ate) those cells that release renin under basal conditions and/or
in response to stimulation. The present series of experiments
were designed to determine whether newborn kidney micro-
vessels are capable of releasing renin under basal conditions
and in response to stimulation of adenylate cyclase, and to
establish whether the increase in renin secretion observed re-
sults from an increase in the amount of renin secreted per cell
and/or a recruitment ofrenin-releasing cells. In addition, since
cAMP accumulation may modulate renin gene transcription
(13, 14), the effect of increasing intracellular cAMP concen-
tration on renin gene expression in intact microvessels also
was investigated.

Methods

Microvessel isolation. 15 late-gestation Wistar-Kyoto rats (Charles
River Breeding Laboratories, Inc., Wilmington, MA) were housed in
the University of Virginia vivarium and maintained on standard rat
chow (5012; Ralston Purina Co., St. Louis, MO) and tap water ad lib.
throughout the study. After delivery, the newborn rats were kept and
fed by their respective mothers until the day of the study.

For each experiment (n = 30) four rat pups on days 4-10 postnatal
age were killed by decapitation into liquid nitrogen and perfused sys-
temically through the heart with 3 ml of a 5% (wt/vol) iron oxide

1. Abbreviations used in this paper: AC, adenylate cyclase; Al, angio-
tensin I; LD, lactate dehydrogenase.
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solution (RPMI 1640 culture media [Gibco Laboratories, Grand Is-
land, NY] and ferrous ferric oxide [black; Fisher Scientific Co., Pitts-
burgh, PA]). Kidneys were removed, the capsule and medulla were
dissected, and the remaining cortical tissue was placed in 30 ml ofcold,
oxygenated (95% 02, 5% C02) enzyme solution containing 0.5 mg/ml
collagenase type I (Sigma Chemical Co., St. Louis, MO) in tissue cul-
ture medium (RPMI 1640). Kidney cortical tissue was minced with a
sterile razor blade and the remaining tissue fragments were teased apart
with forceps. The crude kidney cortex dispersion was incubated at
370C in a shaker bath for 30-45 min with intermittent mixing. Micro-
vessels were separated from the nonvascular portion of the homoge-
nate with a powerful magnet. Glomeruli were separated from the mi-
crovessels by passing the microvessel suspension through a 20-gauge
needle twice. This maneuver efficiently detached glomeruli from their
respective afferent arterioles. The microvessel suspension was trans-
ferred to a 75-Mm sieve (E-C Apparatus Corp., St. Petersburg, FL) and
washed under a stream of cold RPMI 1640 culture medium (20 ml).
Microvessels were resuspended in 5 ml of tissue culture medium and
purity was determined by microscopic examination. Only microvessel
preparations > 90% free oftubular contamination were used (less than
five tubule fragments per 100-mm petri dish). In addition, purity was
assessed biochemically by spectrophotometrically assaying for alkaline
phosphatase activity (15) in the crude avascular cortex from seven
experiments and the microvessel fractions from nine experiments as a
marker of tubular contamination (16).

Intact microvessel studies. Microvessels were suspended and
equally divided between two 100-mm petri dishes containing 10 ml
culture medium (RPMI 1640, 10% fetal bovine calf serum, 100 U/ml
penicillin G, and 0.1 mg/ml streptomycin) (Sigma Chemical Co.) and
incubated at 370C in an atmosphere of 5% C02, 95% air with con-
trolled humidity for 3 h. To one plate I0-'M forskolin (8 AIs) was added
at I-h intervals for 3 h. The second dish was used as a control with 8 jAI
of 95% ethanol (vehicle) added as described above. As a measure of
microvessel viability and stability, nonconcentrated medium was as-
sayed for lactate dehydrogenase (LD) activity each hour after the
method of Wroblewski and LaDue (17). Medium samples before ad-
dition of microvessels (n = 4) and from three control and six forskolin
experiments were assayed and results expressed as mean±SEM. At the
end of 3 h the medium was decanted from each plate, concentrated
using centrifugation tubes (Amicon Corp., Danvers, MA), and pro-
cessed for renin enzymatic activity determinations or immediately
frozen in liquid nitrogen and stored at -70'C. Microvessels were re-
moved from each plate with a rubber policeman and transferred to a
sterile polyethylene tube, immediately frozen in liquid nitrogen and
stored at -70'C until assayed for cAMP concentration, or processed
for renin mRNA determination as described below.

Medium renin content. Angiotensin I (Al) generation was measured
by the radioimmunoassay method of Sealy and Laragh (18) using an
excess of rat renin substrate. Concentrated medium samples were in-
cubated at 370C, pH 6.5, for 30 min. Concentrations are expressed as
nanograms ofAl/hour per milligram of medium protein. Protein was
determined by the method ofLowry et al. (19). Medium samples were
assayed from 20 forskolin and control microvessel experiments with
each sample measured in duplicate. Results were expressed as
mean±SEM.

MicrovesselcAMP content. Microvessels were homogenized in 2 ml
ofcold 0.1 N HC1 and centrifuged at 5,000 g for 5 min at 4VC. 0.5-ml
aliquots of supernatant were acetylated by adding 10 jl triethylamine
and 5 j1 of acetic anhydride at room temperature. Samples were as-
sayed for cAMP concentration by automated gammaflow radioimmu-
noassay as described by Harper and Brooker (20). Five forskolin and
five control microvessel experiments were assayed for cAMP content
with each sample measured in duplicate and the results expressed as
mean±SEM.

Microvessel renin mRNA determinations. Microvessel samples
were pooled from eight experiments (33 animals) and repeated in two
other independent groups of experiments. Microvessels were pooled
since the total RNA recovery from newborn kidney microvessels was

too low to be analyzed independently. Total RNA was extracted as
previously described following the method of Chirgwin et al. (21).
Total RNA samples were submitted to Northern blot analysis as pre-
viously described (5, 22), and hybridized by the method ofChurch and
Gilbert (23) using a full-length (1.4 kb) rat renin cDNA (24) (gift ofDr.
K. Lynch, University ofVirginia, Charlottesville, VA) labeled with 32p
by nick translation as we previously described (5, 22). Renin mRNA
was detected by autoradiography using an intensifying screen and
quantified by densitometry using an Ultroscan XL laser densitometer
(LKB Instruments, Inc., Bromma, Sweden). Each lane was scanned
three times and the average absorbance units for each lane were deter-
mined. Multiple exposures of Kodak AR and RP film were made to
determine linearity. As a control, total RNA samples also were hybrid-
ized to beta-actin cDNA prepared from a rat aorta cDNA library (a gift
of Dr. Gary Owens and Marcie Corjay, University of Virginia).

Single cell studies. Release of renin by individual microvascular
cells was determined in seven separate experiments by the reverse
hemoly~ic plaque assay as previously described (I 1, 12). Freshly iso-
lated microvessels were enzymatically dispersed (RPMI 1640, 1 mg/ml
collagenase, 0.125 mg/ml elastase type III, 250 pg/ml soybean trypsin
inhibitor, and 3 mg/ml BSA; Sigma Chemical Co.) to single cells and
counted with a hemocytometer. Cell viability was determined by try-
pan blue exclusion and was > 95%. Dispersed microvessel cells at a
concentration of - I07 cells/ml were mixed with an equal volume
staphylococcal protein A-conjugated sheep erythrocytes (12% vol/
vol). A Cunningham chamber was prepared by placing a glass coverslip
with double-sided tape at each end on a poly-L-lysine-coated micro-
scope slide. Each chamber held - 30 A1 of solution. 30 pl of cell
suspension, containing - 2.4 X 106 sheep erythrocytes and 1 X 105
microvessel cells, was pipetted underneath the coverslip by capillary
action and the cells were allowed to attach for 30 min. After the cells
had formed a lawn, 10-1 M forskolin or vehicle (95% ethanol) was
added to each slide with rabbit anti-rat renin antibody (1:60 final
concentration; generously provided by Dr. T. Inagami, Vanderbilt
University, Nashville, TN) and incubated at 37°C for 2 h. The high
specificity and characterization of this antibody have been docu-
mented previously (25, 26). Complement from guinea pig serum was
applied to each slide (1:60) and incubated for 15-25 min until areas of
hemolysis or plaques were visible. Viability ofplaque-forming cells was
determined by trypan blue exclusion and the slides were fixed in 2%
glutaraldehyde. Slides were stained (0.05% azure II, 0.02% methylene
blue, and 0.05% sodium borate in distilled water for 30 s) and plaque
number was determined by direct light microscopy. From seven ex-
periments a minimum ofthree slides per experiment were counted and
the results averaged for each experiment. Results are expressed as
plaque number±SEM. Plaque diameters (a measure ofthe quantity of
renin released per cell) were measured by microscopic examination
using an ocular micrometer. The diameter of a total of 232 and 121
plaques were measured in the forskolin and control groups, respec-
tively.

Statistical analysis. Results are expressed as mean±SEM and ana-
lyzed by the unpaired t test or Wilcoxon ranked sum test. For compari-
sons of results obtained with the reverse hemolytic plaque assay,
plaque diameter frequency distribution polygons were constructed and
compared using chi-square analysis. Significance was defined as P
<0.05.

Results

With the described iron oxide perfusion technique, newborn
kidney microvessels of high purity were obtained. Microscopic
visualization demonstrated the microvessel preparation to be
> 90% free of glomerular and tubular tissue. A low-power,
light photomicrograph of a typical newborn kidney microves-
sel preparation is shown in Fig. 1, demonstrating iron oxide-
filled arterioles free of glomerular and tubular tissue. In addi-
tion to visual inspection, alkaline phosphatase determinations
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Figure 1. Top, Representative low power, light photomicrograph of
newborn kidney microvessels. The isolated microarterioles appear as
fine iron oxide-filled branching structures without evidence of glo-
merular or tubular tissue. X25. Bottom, Alkaline phosphatase activ-
ity in the avascular dispersed kidney cortex and the newborn kidney
microvessels. For each experiment, microvessels or avascular cortex
from eight kidneys (four rat pups) were isolated as described in the
text. Cortex and microvessels from seven and nine experiments, re-
spectively, were homogenized in normal saline and centrifuged at
5,000 g, and the supernatant was assayed for alkaline phosphatase
activity. Results are expressed as mean±SEM. *P < 0.008.

were used as enzymatic markers of tubular tissue contamina-
tion. As demonstrated in Fig. 1, there was a> 10-fold enrich-
ment in alkaline phosphatase activity in the cortex as com-
pared with the microvessel fraction (0.02±0.002 U/mg protein
per h vs. 0.0017±0.0001; P < 0.001), reflecting the relative
isolation of tubular tissue from the vessel fraction.

Effect offorskolin on cAMP accumulation and renin re-
lease. The effect of acute forskolin stimulation on intracellular
cAMP accumulation and renin release from intact microves-
sels is shown in Fig. 2. Forskolin administration resulted in a
significant increase in newborn kidney microvessel cAMP
levels (22.04±4.57 vs. 0.667±0.13 pmol/mg protein; n = 5, P
<0.005) and in renin release into the medium (1,551±159 vs.
1,026±98 pg/h per mg protein; n = 20, P = 0.008).

Microvessel viability and stability were assured by LD de-
terminations from the culture medium each hour of incuba-

c30 2500 Figure 2. Microvessel
0 ; <,, cAMP concentrationm l -2000 ° (cell associated) and

E> 20- *1* E renin released into the
- medium in response to

E forskolin administra-
0~~~~~~~~~1000 Z

Z 10- 2 tion. For each experi-
Z0 ment, microvessels
C-) ~~~~~~~~500z

o_ - - 500 from eight kidneys (four
t o- _ _0 N < rat pups) were isolated

cAMP RENIN as described in the text
and then equally di-

vided into control and forskolin treatment. Microvessels were as-
sayed for cAMP content and the medium was assayed for renin con-
tent after 3 h of incubation (see text for details). Results are ex-
pressed as mean±SEM of 5 and 20 microvessel experiments for
cAMP and renin determinations, respectively. *P < 0.005;
**P= 0.008.

tion. No significant elevation of LD activity occurred at the
end of the 3-h study period in the time control (100±1 1.5 LD
units/ml, n = 3) or forskolin group (100±8.9 LD units/ml, n
= 6) as compared with the medium alone before the addition
of microvessels (120±11.5 LD units/ml, n = 4).

Renin release from individual cells. To determine whether
the increase in renin release associated with adenylate cyclase
stimulation resulted from an increase in the amount of renin
released per cell and/or the number of cells releasing renin,
renin release by isolated, single newborn microvessel cells was
determined using the reverse hemolytic plaque assay. Fig. 3
shows a photomicrograph of a typical plaque formed with a
single renin-releasing cell in the center, surrounded by a ring of
complement-mediated red cell hemolysis. As shown in Fig. 4,
forskolin induced a significant increase (41±9.5 vs. 22±5.9; n
= 7, P < 0.05) in the number of renin-releasing (plaque-form-
ing) cells. Since renin release may be a heterogeneous process
varying from cell to cell, to obtain a better understanding of
the population, the distribution of renin-releasing cells was
analyzed according to plaque size to estimate the quantity of
renin released per cell. Fig. 5 shows a frequency distribution
demonstrating the number of renin-releasing cells corre-
sponding to different plaque diameters. As demonstrated, the
population of renin-releasing microvascular cells, under basal
conditions, is a heterogeneous group with a wide distribution
of plaque diameters (mean = 15.4, median = 13.6, range
= 30.6, and variance = 45.5), with the most frequent diameter
(mode) being 10.2,um. Forskolin administration significantly
increased (P < 0.0001) the number of cells forming plaques at
each diameter interval, although as the population statistics
(mean = 15.8, mode = 10.2, median = 13.6, range = 47.6, and
variance = 52.2) and the curve in Fig. 5 demonstrate, the
distribution of plaque diameters was not altered from the basal
state. This result suggests that while forskolin increases the
number of cells releasing renin, it does so by inducing a gener-
alized increase in renin-releasing cells without favoring a par-
ticular cell subgroup. To confirm this hypothesis, a relative
frequency distribution was constructed to determine if adenyl-
ate cyclase stimulation would alter the amount of renin re-
leased by each cell and thus result in an increase in the percent-
age of plaque diameters formed at a particular plaque diameter
interval. As demonstrated in Fig. 6, the percentage of renin-
releasing cells at any plaque diameter interval was not altered
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Figure 3. Reverse hemolytic plaque assay. For each experiment, freshly isolated microvessels obtained from eight kidneys (four rat pups) were
dispersed into single cells (107 cells/ml) and mixed with protein A-conjugated sheep erythrocytes (12% vol/vol). 30 Ml of the cell suspension was
introduced into a Cunningham chamber and allowed to attach to a poly-L-lysine-coated slide. After the cells have formed a lawn, IO-' M forsko-
lin or vehicle (control, 95% ethanol) were added to each slide with renin antibody (1:60). After incubation for 2 h, complement (1:60) was
added and incubated until areas of hemolysis (plaques) were visible. Shown is a representative light photomicrograph of a single renin-releasing
cell (center) with its associated halo of lysed sheep erythrocytes (plaque). X 125.

from the basal state with forskolin administration (P = 0.427),
as evidenced by the lack of shift in the plaque diameter distri-
bution. Therefore, forskolin administration results in an in-
crease in the overall number of renin-secreting cells without
altering the overall amount of renin released by each cell.

Effect offorskolin on renin gene expression. The effect of
treatment with forskolin on newborn kidney microvessel renin
mRNA accumulation was studied using Northern blot analy-
sis. The autoradiogram (Fig. 7) demonstrates a 1.6-fold in-
crease in renin mRNA as compared with control. Similar re-

Figure 4. Effect of forskolin on num-
ber of renin-releasing cells. For each

70 experiment, freshly isolated microves-
C 60- sels from eight kidneys (four rat pups)60s _CONTROL were dispersed into single cells and

E 50- MFORSKOLIN * submitted to the reverse hemolytic
Qf T plaque assay as described in Fig. 3
m (see text for details). The number of
D 30 renin-releasing cells (plaques) in re-

z sponse to forskolin or vehicle (con-
D 20- trol) were counted and compared be-
CY

10 tween the two groups. The results
a- - m from seven separate experiments are
0o presented as mean±SEM. *P < 0.05.

sults (1.6-fold increase) were obtained in two separate experi-
ments (data not shown). 5-d-old kidney total RNA was
included as a positive control to confirm the appropriate elec-
trophoretic mobility and molecular weight of the newborn

100- 0 OCONTROL Figure 5. Relative fre-

80OO-FOTRSOLIN quency distribution
80-o showing the distribution
EE3 /\of plaque diameters

>3 60- r / *with forskolin and con-
Z trol treatments. From
Or

/ o.Q \the seven experimentsXy 40-t. \ ........describedin Fig. 4, a
W / * ........total of232and 121
Or 20- / OO. O\ ........plaques from forskolin
CL / \ and control experi-

0 1, o @-_ ments were measured.
0) 0 20 30 40 50 Abeissa, Plaque diame-

PLAQUE DIAMETER (microns) ter intervals; ordinate,
number of plaques cor-

responding to each plaque diameter interval. Chi-square analysis
demonstrated that forskolin resulted in a significant (P < 0.0001)
generalized increase in the number of cells secreting renin at every
plaque diameter interval without significantly affecting plaque diam-
eter.
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50- Figure 6. Relative fre-
v *-*FORSKOLIN quency distribution
X 40 showing the percent of
lm renin-releasing cells cor-
0 responding to different
30-

m plaque diameters. Ab-
cissa, Plaque diameter

c 20- 0 intervals; ordinate, per-
t; 1 ! centage of cells corre-
D 10 0 sponding to each
W / \o plaque diameter inter-
o

I
_ * 8 q val. Percent of cells re-

0 10 20 30 40 50 leasing renin at each
PLAQUE DIAMETER (microns) plaque diameter inter-

val was obtained from
the total number of plaques formed within each group (control 121
or forskolin 232). Chi-square analysis showed that the percent of
cells releasing renin at each plaque diameter interval were not signifi-
cantly different (P = 0.427). Thus, forskolin results in an increase in
the number of cells secreting renin without altering the amount of
renin secreted per cell.

kidney microvessel renin mRNA (data not shown). Beta-actin
mRNA levels were not altered by forskolin administration.

Discussion

This study demonstrates that isolated intact newborn rat kid-
ney microvessels and single microvascular cells possess AC,
and that stimulation of the cyclase results in a significant in-
crease in renin release and an enhancement in renin gene
expression. We also demonstrate that the increase in renin
release is due to recruitment of renin-secreting cells and not to
an increase in the amount of renin secreted per cell.

The diterpene compound, forskolin, is a direct (receptor-
independent) stimulant of the catalytic subunit of adenylate
cyclase (27). Stimulation ofAC with forskolin in a number of
cell systems rapidly increases intracellular concentrations of
cAMP (27-29). Forskolin has been shown to induce renin
release in isolated perfused adult rat kidneys (30, 31) and adult
rat kidney slices (32). While AC in isolated adult rabbit kidney
microvessels can be stimulated by parathyroid hormone frag-
ments (33), the effect of forskolin and its relation to renin
release has not been reported with renal microvessels or iso-
lated cells at any age. In the present study, detection of basal
levels of cAMP and stimulation of intact newborn kidney mi-
crovessels with forskolin provided evidence for an intact and
active AC in newborn renal microvascular cells. The accumu-

CONTROL FORSKOLIN

..

RENIN

B

ACTIN

Figure 7. Newborn kidney microves-
sel renin gene expression with forsko-
lin administration. Representative
Northern blot analysis of total RNA
forskolin-treated newborn kidney mi-
crovessels and control (vehicle treated
= 95% ethanol treated) newborn kid-
ney microvessels. Total microvessel
RNA was pooled from 33 4-10-d-old
Wistar-Kyoto rats. 5 gg of total RNA
was applied to each lane and hybrid-

ized to a 32P-labeled, full-length rat renin cDNA (A) or beta-actin
cDNA (B). Exposure was 7 d at -70'C (Kodak RP film) for A and 3
d (Kodak AR film) for B, both with an intensifying screen.

lation of intracellular cAMP was accompanied by a parallel
increase in renin released into the medium, suggesting that
renin release from newborn renal microvessels may be me-
diated by changes in the intracellular concentration ofcAMP,
as has been assumed from studies in the adult kidney (34).
Since only two cell types are predominant in the preparation
used in current studies, it seems likely that renin is released by
a cAMP-dependent process.

The reverse hemolytic plaque assay provides a useful
method for examining renin release at the single cell level. The
results of the present study indicate that the population of
renin-secreting cells is heterogeneous, with a wide range of
renin secretory rates between individual cells. Although pep-
tide-secreting pancreatic beta (35, 36), thyroid (37), and he-
patic cells (38) possess heterogeneous peptide synthetic and
secretory capabilities, this heterogeneity had not been pre-
viously described for the renin-secreting cell. Stimulation of
newborn kidney microvascular cells with forskolin resulted in
a significant increase in the number of renin-releasing cells
(hemolytic plaques) without a change in plaque size. These
findings indicate that the cAMP-induced increase in renin re-
lease from developing kidney microvessels is achieved through
recruitment ofrenin-releasing cells. We have recently observed
a similar phenomenon in renal cells obtained from rats sub-
jected to chronic inhibition of angiotensin converting enzyme
(1 1). Thus, it appears that under the influence of certain stim-
uli, renin release is accomplished by an increase in the number
of available renin secretory cells. Further studies are necessary
to determine whether a similar response is obtained with other
well-known stimuli for renin release. Taken together, these
findings suggest that cell recruitment may be a general biologi-
cal phenomenon shared by many different endocrine cells
(35-38), which in turn may be important in the control of
peptide hormone availability.

Pratt et al. (39) recently demonstrated in mouse cell lines
transfected with the human renin gene that stimulation of
renin release with 8-bromo-cAMP resulted in an increase in
the release of active renin from storage granules without alter-
ing the constitutive release of prorenin. This is consistent with
our results of increased secretion of active renin into the me-
dium from newborn kidney microvessels in response to a for-
skolin-mediated increase in intracellular cAMP levels. How-
ever, the present study with isolated cells cannot address
whether prorenin or active renin was secreted due to the fact
that the antibody used in the reverse hemolytic plaque assay
recognizes both forms of renin (25, 26). Acute administration
of forskolin increased renin release from newborn kidney mi-
crovessels and was associated with a detectable increase in
renin mRNA levels at 3 h. In addition, renin mRNA did not
appear degraded in the forskolin and control groups as beta-
actin mRNA levels were not altered. Dzau et al. (40) reported
that acute isoproterenol administration in the adult mouse
resulted in an immediate increase in plasma renin and cAMP
levels, although kidney renin mRNA levels did not increase
significantly for 6-8 h. Further studies on gene expression with
forskolin over longer periods oftime are currently in progress.
Both studies do suggest that cAMP and/or secretion ultimately
affect renin gene expression or turnover ofmRNA in the adult
and newborn animal.

In summary, isolated newborn kidney microvessels and
individual microvascular cells possess a functionally active
AC. Stimulation ofAC for 3 h results in a significant increase
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in renin release and an enhancement in renin gene expression.
Renin-releasing microvascular cells are a heterogenous popu-
lation composed of cells with variable rates of renin secretion
in the basal and stimulated states. We conclude that the
cAMP-dependent increase in renin release is due to a recruit-
ment of microvascular cells. Recruitment of hormone-secret-
ing cells may prove to be a mechanism of general biological
importance shared by many endocrine cells in the newborn as
well as the adult animal.
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