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Pericytes synthesize renin
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Abstract

AIM: To investigate renin expression in pericytes dur-
ing normal kidney development and after deletion of
angiotensinogen, the precursor for all angiotensins.

METHODS: We examined the distribution of renin ex-
pressing cells by immunoshistochemistry in the intersti-
tial compartment of wild type (WT) and angiotensino-
gen deficient (AGT -/-) mice at different developmental
stages from embryonic day 18 (E18: WT, n = 4; AGT
-/-,n =5)and at day 1 (P1: WT, n = 5; AGT -/-, n =
5), 5 (P5: WT, n = 7; AGT -/-, n = 8), 10 (P10: WT, n
=3; AGT -/-,n =5), 21 (P21: WT, n = 7; AGT -/-, n =
5), 45 (P45: WT, n = 3; AGT -/-, n = 3), and 70 (P70:
WT, n = 2; AGT -/-, n = 2) of postnatal life. We quanti-
fied the number of pericytes positive for renin at all the
developmental stages mentioned above and compared
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the results of AGT -/- mice to their WT counterparts.

RESULTS: In WT mice, renal interstitial pericytes syn-
thesize renin in early life supporting a lineage relation-
ship with renin cells in the vasculature. The number
of pericytes positive for renin per area of 0.32 mm?’
(density) in WT mice was maintained from fetal life till
weaning age (E18 = 4.25 + 0.63, P1 = 3.75 + 0.48, P5
=3.75+ 0.48, P10 = 4 + 0.71, P21 = 3.8 + 0.58) and
markedly decreased in adult life (P45 = 1.2 + 0.37, P70
= 0.8 £ 0.20). On the other hand, in AGT -/- mice the
density of pericytes expressing renin was not signifi-
cantly different from WT mice at E18 and P1: E18 = 5.75
+ 0.50 vs 4.25 + 0.63 (P = 0.106), P1 = 9.25 + 3.50
vs 3.75 £ 0.48 (P = 0.175) but significantly increased
from P5 till P70: P5 = 38.25 £ 515 3.75 £ 0.48 (P =
0.0004), P10 = 173 £ 7.50 vs 4 £ 0.70 (P = 5.24567
x 107), P21 = 83 + 6.70 s 3.8 + 0.58 (P = 2.97358
x 10°), P45 = 49 + 3.50 15 1.2 £ 0.37 (P = 8.18274 x
107) and P70 = 17.8 + 2.30 15 0.8 + 0.20 (P = 3.51151
x 10”). The AGT -/- mice showed a marked increase in
the number of pericytes per field studied starting from
P5, reaching its peak at P10, and then a gradually de-
creasing until P70.

CONCLUSION: Interstitial pericytes synthesize renin
during development and the number of renin-express-
ing pericytes increases in response to a homeostatic
threat imposed early in life such as lack of angioten-
sinogen.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Renin-expressing cells in the kidney are crucial for the
regulation of blood pressure and fluid-electrolyte ho-
meostasis' . Interestingly, during embryonic and early
postnatal life, renin-expressing cells are broadly distrib-
uted along large intrarenal arteries, afferent arterioles,
and glomeruli"". With maturation, renin cells along the
arterioles and glomeruli differentiate into smooth muscle
(SM) and mesangial cells respectively®. Thus, renin cells
in adults are confined to the juxtaglomerular (JG) pot-
tion of the afferent arterioles. However, SM cells and
mesangial cells retain the memory to re-express renin in
response to a homeostatic threat™,

Recently, a lineage relationship between renin-express-
ing cells and pericytes has been suggested”. Pericytes are
SM like cells, which surround capillaties and contribute
to blood vessel development and function”?. In the kid-
ney, at least three cell types can be regarded as pericytes:
mesangial cells, interstitial pericytes, and arteriolar SM
cells. As mentioned above, although rennin expression
has been described in mesangial and arteriolar SM cells,
the presence of renin in interstitial pericytes during de-
velopment or in response to physiological challenges has
not been explored. The present study was undertaken to
determine whether interstitial pericytes express renin dur-
ing normal kidney development and whether renin ex-
pression in pericytes is influenced by the genetic ablation
of the precursor for all angiotensins. For this purpose,
we studied angiotensinogen deficient mice because they
are well known for their increased renin synthesis and
are characterized by the increase of renin producing cells
along the afferent arterioles' ",

MATERIALS AND METHODS

Kidneys from wild type (WT) and angiotensinogen
deficient (AGT -/-) mice were processed for renin im-
munocytochemistry as previously described®”™. The
polyclonal rabbit anti-mouse renin antibody (1:250) de-
veloped in our laboratory was previously characterized
and found to be highly specific!™'®. Negative controls
included omission of the primary antibody and staining
of kidneys from Ren 1c -/- mice, which displayed no im-
munostaining.

We stained kidneys from mice at 18 d of gestation
(E18: WT, n = 4; AGT -/-, n = 5) and at days 1 (P1: WT,
n="5 AGT -/-,n=15),5P5:WT, n="T7,AGT -/-, n =
8), 10 (P10: WT, #» = 3; AGT -/-, n = 5), 21 (P21: WT, »
=7, AGT -/-, n=5), 45 (P45: WT, n = 3; AGT -/-, n =
3), and 70 (P70: WT, n = 2; AGT -/-, n = 2) of postnatal
life.

Kidney sections were viewed using a DM 5500 B mi-
croscope (Leica Camera, Solms, Germany) and pictures
were taken using a DFC310 FX camera (Leica Camera,
Solms, Germany) attached to the microscope.

Pericytes positive for renin were counted in images
taken at the same magnification from 0.32 mm” areas
with the highest density of peticytes positive for renin (2-3
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images per animal, 2 animals per age group and 2 animals
per genotype).

All animals were studied in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and
approved by the University of Virginia Animal Care
Committee.

Statistical analysis

All data are presented as mean * SE. To assess whether
the overall density of pericytes expressing renin in AGT
-/- mouse kidneys differs from WT kidneys throughout
development the Mann-Whitney U test was performed.
To compare the presence of pericytes expressing renin in
AGT -/- mouse kidneys from their WT' counterparts at
each individual age studied the statistical significance was
calculated using two tailed unpaired Student’s 7 test. P <
0.05 was considered significant.

RESULTS
The distribution of renin in the kidneys of AGT -/- mice

was compared to that found in WT mice in Figures 1
and 2. In E18 WT mice, renin expression was not lim-
ited to arterioles and JG areas, but was also detected in
some pericytes, which were located in the interstitium in
between tubules, arterioles, and glomeruli (Figure 1A, ar-
rowheads). Almost all of the pericytes expressing renin
were found in the cortical interstitium. Staining in tubules
was also observed, although it was faint at this age. At P1
and P5 renin was found in pericytes and faint in tubules
(Figures 1B, C and 2A, B, arrowheads). By P10, renin im-
munostaining diminished in the vasculature but was still
present in pericytes (Figures 1D and 2C, arrowheads) and
by P21 it was found in pericytes in less than half of the
animals studied (Figure 1E, arrowheads). By P45 renin
was evident only in arterioles mainly in a JG position
(Figures 1F and 2D). At 70 d of postnatal life renin stain-
ing was frankly diminished and encountered solely in a
JG distribution (Figure 1G).

The distribution of renin in the kidneys of AGT -/-
mice was significantly different from the one found in
WT mice. At E18 renin was expressed in the |G area, ar-
terioles, glomeruli, tubules, and pericytes (Figure 1H) not
different from WT mice at the same age. At P1 expres-
sion of tubular and pericyte renin was also similar to the
P1 WT (Figures 11 and 2E). At P5 renin was found in JG
cells, arterioles, pericytes, and tubules (Figures 1] and 2F).
At this stage, renin-expressing pericytes were arranged
in two configurations: encircling tubules, and scattered
throughout the interstitium alongside capillaries. At P10,
renin continued to be located in tubules, arterioles, and
JG cells (Figures 1K and 2G). Renin was also found in
vessels and within some glomeruli (mesangium). Pericyte
renin was more pronounced in the medullary interstitium.
The renin-expressing pericytes had a spider-like shape
and were located between tubules and around endothe-
lial cells (Figure 2G). At P21 renin expression in AGT

-/- kidneys was increased overall compared to previous
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Figure 1 Immunostaining for renin (brown) showing the overall distribution
at low magpnification in wild type and angiotensinogen deficient mice during
embryonic (E18, A and H) and postnatal life (P1, P5, P10, P21, P45 and P70,
B-G and I-N). A: Renin expression in large arteries and arterioles and in pericytes
(arrowheads); B: Renin expression in large arteries, arterioles and in the glomeru-
lar mesangium; C: Renin expression is still extended in arterioles beyond the jux-
taglomerular areas (JGAs); D: Renin expression is mostly restricted to the JGAs; E:
Renin expression in JGAs and occasionally in few pericytes (arrowheads); F and
G: Renin expression in JGAs; H: Renin expression in large arteries and arterioles
and in pericytes (arrowheads) similar to A; I: Renin expression in large arteries
and arterioles similar to B; J, L: Renin expression in thickened arteries, arterioles,
pericytes (arrowheads) and tubules (arrows); M, N: Renin expression in thickened
arteries and arterioles and in fewer pericytes (arrowheads). WT: Wild type; AGT:
Angiotensinogen deficient. Bars: 100 um.

K

TR
Jaishideng®

WIN | www.wjgnet.com

13

Berg AC et a/. Renin in pericytes

P1

P5

P10

P45

Figure 2 Immunostaining for renin (brown) in wild type (A-D) and angio-
tensinogen deficient mice (E-H) during postnatal life (P1, P5, P10 and
P45) Higher magpnification. A: Renin expression in a transversal section of an
arteriole and in isolated pericytes (arrowheads); B: Renin expression in a trans-
versal section of a branching arteriole and in isolated pericytes (arrowheads);
C: Renin expression is still present in arterioles beyond the juxtaglomerular
areas (JGAs) and in isolated pericytes (arrowheads); D: Renin expression is
restricted to the JGAs; E: Renin expression in arterioles and isolated pericytes
(arrowheads) similar to A; F: Renin expression in an arteriole beyond the JGA
similar to B but with a clear increase in the density of pericytes expressing renin
(some marked with arrowheads); G: Peritubular pericytes (some marked with
arrowheads) show a marked increase in renin expression; H: Renin expression
in enlarged arterioles and in peritubular pericytes (arrowheads). WT: Wild type;
AGT: Angiotensinogen deficient. Bars: 50 pm.

ages. Renin was evident in the tubules, arterioles, vessels,
JG area, and in fewer pericytes (Figure 1L). At P45 the
extension of renin immunostaining in AGT -/- kidneys
was markedly increased and renin was found in the JG
areas, thick arteries, arterioles, and in pericytes surround-
ing them (Figures 1M and 2H). Whereas vascular and
peticyte renin was very prominent in P45 AGT -/- ani-
mals, little tubular renin was present at this age. At 70 d
of postnatal life renin staining in AGT -/- mice was still
present throughout the very abnormal thick arteries and
arterioles and in some interstitial pericytes (Figure 1N).

Next, we quantified the number of pericytes positive
for renin and normalized them per surface area (0.32 mm®)
at every developmental stage described above (E18-P70).
Whereas the median density of pericytes expressing renin
in the WT group was 3 per area (range 0-0) in the AGT
-/- group it was significantly increased to 37.5 (range
4-185) (P < 0.0005, two tailed test).
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Figure 3 Quantification and comparison of pericytes positive for renin
in wild type and angiotensinogen deficient mice. A: In wild type (WT) mice
the density of renin positive pericytes was not significantly different from E18 to
P21, but significantly decreased at P45 (P = 0.0052 vs E18) and P70 (P = 0.0007
vs E18); B: Angiotensinogen deficient (AGT) -/- mice showed a significant in-
crease at P5 with a maximum at P10 and a progressive decrease towards P70
("P < 0.01 vs E18); C: Comparison at each individual age showing a significant
increase in the number of renin-positive pericytes in AGT -/- from P5 till P70 (°P
< 0.001 vs WT).

Figure 3 shows the quantification and distribution
of the density of peticytes positive for renin at different
stages during development in kidneys of WT and ATG
-/- mice. Whereas the density of pericytes per area in
WT mice was maintained from fetal life until weaning age
(E18 = 4.25 £ 0.63, P1 = 3.75 £ 0.48, P5 = 3.75 + 0.48,
P10 =4 £ 0.71, P21 = 3.8 + 0.58, P1 »s E18, P = 0.55;
P5 »s E18, P = 0.55; P10 »s E18, P = 0.80; P21 »s E18, P
= 0.618) it markedly decreased in adult life (P45 = 1.2 £
0.37, P70 = 0.8 £ 0.20, P45 »s E18, P = 0.0032; P70 s
E18, P =0.0007).

On the other hand, the AGT -/- mice showed a
marked increase starting from P5, reaching its peak at
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P10, and then gradually decreasing until P70. When each
age group was compared to their WT counterpart we
found that in AGT -/- mice the density of pericytes ex-
pressing renin was not significantly different from WT
mice at E18 and P1 (E18 = 5.75 £ 0.50 »s 4.25 + 0.63, P
= 0.106; P1 = 9.25 £ 3.50 »s 3.75 + 0.48, P = 0.175) but
significantly increased from P5 till P70 (P5 = 38.25 + 5
vs 3.75 £ 0.48, P = 0.0004; P10 = 173 £ 7.50 »s 4 + 0.70,
P =524567 x 107; P21 = 83 *+ 6.70 25 3.8 + 0.58, P =
2.97358 X 10 P45 = 49 + 3.50 »s 1.2 + 0.37, P = 8.18274
X 107; and P70 = 17.8 + 2.30 25 0.8 + 0.20, P = 3.51151
X 107).

DISCUSSION

The synthesis of renin by pericytes has not been docu-
mented. The present studies show that in the kidney,
interstitial pericytes synthesize renin during development.

The number of pericytes expressing renin markedly in-
creases in response to lack of angiotensins, a homeostatic
threat imposed early in life.

During embryonic and fetal kidney development, re-
nin is broadly distributed along the pre-glomerular arter-
ies and inside glorneruli[ﬁt’ﬂ. With maturation, renin is re-
stricted to a JG position as seen in the adult animal®™. We
show here that renin is also expressed in pericytes during
normal fetal and early postnatal life. In correspondence
with the restriction of vascular renin with increased age,
the expression of renin in pericytes markedly decreases
after 21 d of postnatal life, suggesting that common
factors regulate renin in arterioles and pericytes[sl. The
nature of those factors remains to be identified, but it
1s tempting to speculate that an increase in the ability to
conserve sodium with age may play a significant role™.

The results also show that in mice genetically inca-
pable of making angiotensin peptides, the extent of renin
expression in pericytes is significantly enhanced. AGT-/-
mice are hypotensive and devoid of the negative feedback
loop that suppresses renin'™"". Thus, two potent regula-
tory mechanisms combine to augment renin production
in a failed attempt to maintain homeostasis”". As a result,
renin expression increases not only in the vasculature
but also in interstitial pericytes, indicating that these cells
are subjected to angiotensin-dependent renin inhibition.
AGT -/- mice continued to produce renin suggesting
initially a persistence of the fetal pattern of renin expres-
sion.

Equally interesting is that at 10 d of postnatal life,
renin expression in pericytes increases dramatically: new
or preexisting pericytes adopted the renin phenotype
in an attempt to reestablish homeostasis. The reason(s)
for this recruitment is unknown, but it should be noted
that pericytes are in close proximity to numerous other
cells including tubular, interstitial and vascular cells and
are likely to receive and respond to the same signals that
convey the physiological imbalance caused by the lack of
angiotensin [l o, Regional tissue ischemia caused by the
combination of hypotension and the well-known vascular
abnormalities described in AGT -/- animals may be a po-
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tent factor inducing the recruitment of additional renin-
synthesizing cells™,

The question is why pericytes, and not other cells, in
the interstitial compartment are capable of making renin.
Lineage tracing studies from our laboratory demon-
strated that renin cells are precursors for other cell types
in the kidney, including SM cells of the renal arterioles'”.
We further showed that the descendants from those pre-
cursors are capable of re-expressing renin under homeo-
static threat. More recently, we found that renin cells are
related to pericytes and both, in turn, descend from the
same precursor[s’zﬂ. Thus, pericytes possess all the ma-
chinery and the epigenetic memory for renin synthesis if
required to maintain homeostasis.

We also noted the presence of renin in distal tubules,
mostly in the renal medulla of embryonic and young
postnatal WT mice. These results are in agreement with
previous studies that demonstrated the presence of renin
in connecting tubules of adult animals subjected to acute
sodium depletion, a situation resembling that of the
growing animal®***,

Similar to the situation in pericytes and arterioles of
AGT -/- mice, tubular renin persisted throughout life
suggesting that in response to this homeostatic threat, a
common signal regulates renin expression in these com-
partments. The nature of this signal remains to be identi-
fied.

COMMENTS

Background

Renin is the key regulated enzyme of the renin angiotensin system, and plays
a crucial role in the maintenance of blood pressure and fluid electrolyte homeo-
stasis. Whereas in the normal adult kidney renin expression is restricted to a
juxtaglomerular localization, in response to a threat to homeostasis or to the
pharmacological inhibition of the renin angiotensin system there is an increase
in the number of renin expressing cells that resembles a fetal pattern. Renin
cells have been associated to the development and branching of the renal arte-
rial tree but its relationship with the microcirculation has not been explored.

Research frontiers

Pericytes are smooth muscle-like interstitial cells in close contact with capillar-
ies crucial for the maintenance of a normal capillary network crucial for organ
function. Recent studies have shown that in response to injury this population
of cells within the kidney expand and differentiate to myofibroblasts, leading to
the development of renal interstitial fibrosis. Understanding the origin and char-
acteristics of this cell population has been recently identified as an important
area of research.

Innovations and breakthroughs

Recent studies have identified the renal pericytes as the source of cells that
contribute to the fibrotic tissue in response to injury. Expression of renin protein
in pericytes during normal development and in response to a genetic manipula-
tion that results in a lack of inhibition of the renin angiotensin system has not
been previously reported.

Applications

In this study authors show that in mice genetically incapable of making an-
giotensin peptides, the extent of renin expression in pericytes is significantly
enhanced indicating that these cells are subjected to angiotensin-dependent
renin inhibition. Pharmacological inhibition of the renin angiotensin system may
result in increase in the expression of renin in pericytes. Functional studies will
be necessary to determine whether pericytes expressing renin lose their normal
contractility and contribute to ischemia affect renal blood flow and contribute
to the development of renal microvascular disease and progression of chronic
kidney disease.
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Peer review

This interesting study demonstrates that the number of renin-expressing peri-
cytes diminishes with age. Renal pericytes are involved in the pathogenesis of
kidney disease and its association with the renin angiotensin system may result
in a potential therapeutic target.
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