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Ontogeny of angiotensin-converting enzyme 2

Renfang Song', Graeme Preston' and Ihor V. Yosypiv'

INTRODUCTION: This study examined the temporal expres-
sion of angiotensin (Ang)-converting enzyme 2 (ACE2) during
renal, heart, lung, and brain organogenesis in the mouse.
RESULTS: We demonstrate that kidney ACE2 mRNA levels are
low on embryonic day (E) 12.5, increase fourfold during devel-
opment, and decline in adulthood. In extrarenal tissues, ACE2
mMRNA levels are also low during early gestation, increase in peri-
natal period, and peak in adulthood. The lung shows the highest
age-related increase in ACE2 mRNA levels followed by the brain,
kidney, and heart. ACE2 protein levels and enzymatic activity are
high in all organs studied during gestation and decline postna-
tally. Ang Il decreases ACE2 mRNA levels and enzymatic activity
in kidneys grown ex vivo. These effects of Ang Il are blocked by
the specific Ang Il AT, receptor (AT R) antagonist candesartan,
but not by the AT, receptor (AT R) antagonist PD123319.
DISCUSSION: We conclude that ACE2 gene and protein expres-
sion and enzymatic activity are developmentally regulated in
a tissue-specific manner. Ang Il, acting through AT R, exerts a
negative feedback on ACE2 during kidney development. We
postulate that relatively high ACE2 protein levels and enzymatic
activity observed during gestation may play a role in kidney,
lung, brain, and heart organogenesis.

he renin-angiotensin system (RAS) plays a fundamental role

in the regulation of arterial blood pressure, fluid, and electro-
lyte homeostasis (1). In the RAS, renin cleaves angiotensinogen
to generate angiotensin (Ang) I, Ang-(1-10). Ang I is converted
by angiotensin-converting enzyme (ACE) to Ang II, Ang-(1-8),
the most powerful effector peptide hormone of the RAS (1).
Ang II acts through two major G protein—coupled receptors:
AT, receptor (AT R) and AT, receptor (AT,R) (1). Most of the
hypertensinogenic and sodium-retaining actions of Ang II are
attributed to AT R (1,2). In contrast to AT R, AT R elicits vaso-
dilation, promotes renal sodium excretion, and inhibits prolif-
eration in mesangial cells (3,4).

The ACE2 gene has been mapped to the X chromosome
(Xp22). The human ACE2 (EC 3.4.15.1) is a zinc metallopepti-
dase containing 805 amino acids and is 42% homologous with
ACE (5). During adult life, ACE2 is expressed in the kidney,
heart, vasculature, brain, and other organs (5-7). ACE2 is a car-
boxypeptidase that hydrolyzes a single amino acid from Ang
I to generate Ang-(1-7), which acts through the G protein-
coupled receptor Mas, encoded by the Mas protooncogene, to

oppose hypertensinogenic effects of the ACE-Ang II-AT R
axis (8).

Convincing evidence indicates that the RAS is critical for
proper kidney development. Use of ACE inhibitors or AT R
antagonists during fetal life, as well as mutations in the genes
encoding angiotensinogen, renin, ACE, and AT R in humans,
are associated with renal tubular dysgenesis (9). Genetic inac-
tivation of angiotensinogen, renin, ACE, or AT1R in mice
causes abnormal glomerular and renal vascular development,
pelvic dilation (hydronephrosis), and hypoplastic papilla (10).
Accumulating evidence indicates that ACE2 plays an important
role in the regulation of cardiac structure and function (11),
age-related glomerulosclerosis (12), central regulation of blood
pressure (13), and acute lung injury (14). To our knowledge, the
expression and the role of ACE2 during kidney, lung, heart, and
brain development is largely unknown. Given the recognized
relationship between disturbed intrauterine organogenesis and
health outcome during postnatal life, we examined the spa-
tiotemporal ontogeny of ACE2 in the kidney, lung, heart, and
brain of mice and determined whether Ang II regulates ACE2 in
the developing kidney.

RESULTS
Developmental Changes in ACE2 Gene Expression
We chose a mouse model to test the hypothesis that ACE2 gene
expression is developmentally regulated in a tissue-specific
manner because ACE2-mutant mice have been generated and
represent a valuable tool to study further the role of ACE2 dur-
ing development. Although all ACE2-mutant lines were gener-
ated with randomly mixed genetic backgrounds derived from
C57BL/6 and 129 mice (11,15,16), the differences in cardiac
structure and function, the dominant phenotype reported in
ACE2-null adult mice (11), do not appear to be due to variability
in genetic background (17). Because we have previously reported
an important role for Ang IT and its AT R in ureteric bud (UB)
morphogenesis during embryonic kidney development in CD1
mice (18), we chose to examine ACE2 ontogeny in CD1 mice.
The quantitative levels of ACE2 mRNA, as determined by
real-time reverse transcriptase PCR (RT-PCR), are shown in
Figure 1. In each tissue, the relative levels of ACE2 mRNA on
embryonic day 12.5 (E12.5) were assigned a value of 1. During
early embryonic development (E12.5-E14.5), ACE2 mRNA
expression was low in all the tissues studied and increased
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significantly thereafter. However, the temporal changes in ACE2
mRNA abundance differed with each organ. In the lung and
brain, ACE2 mRNA levels increased progressively with matu-
ration and peaked in adulthood. In contrast, renal and cardiac
ACE2 gene expression peaked during the perinatal period and
declined in adult life. At all stages of development except adult-
hood, ACE2 mRNA is expressed in the following order of abun-
dance: kidney > lung > brain > heart (Figure le).

Developmental Changes in ACE2 Protein Levels

Western blot analysis revealed the presence of a single ACE2
band with the molecular weight of 110kDa (Figure 2a). ACE2
protein is present in developing organs studied as early as on
E12.5.1In contrast to the temporal profile of ACE2 mRNA expres-
sion, ACE2 protein contents are high throughout gestation in all
organs studied, decline gradually during postnatal development,
and reach lowest levels in adulthood (Figure 2b-e).

Developmental Changes in ACE2 Enzymatic Activity

We previously reported that ACE enzymatic activity is devel-
opmentally regulated in the rat kidney, heart, and lung (19).
Given that ACE/Ang II and ACE2/Ang-(1-7) have opposing
effects on blood pressure (7), we tested whether developmen-
tal changes in ACE2 activity are temporally linked with ACE
activity during ontogeny. The specific ACE2 inhibitor DX600
inhibited ACE2 activity (percent inhibition) in the kidney:

postnatal day 10 (P10)—99%, adult—88%; in the brain: P10—
99.5%, adult—87%; and in plasma: P10—96%, adult—90%,
demonstrating that the observed increase in fluorescence was
attributable specifically to ACE2 activity. In the embryonic kid-
ney, ACE2 activity is highest on E12.5, declines significantly on
E14.5 (16 + 2.2 vs. 170 + 44 units, P < 0.05), and increases dur-
ing later gestation to decline on P1 (Figure 3a). ACE2 activ-
ity increases on P10 and declines in the adult kidney. In the
lung, ACE2 activity is low on E12.5, increases on E14.5-E16.5,
declines perinatally, and peaks on P10 to decline again in the
adult (Figure 3b). Cardiac ACE2 activity increases progres-
sively with gestation, declines after birth, and remains relatively
low. Similar to the kidney, brain ACE2 activity is highest on
E12.5, declines on E14.5 (5.9 + 0.6 vs. 40 + 10 units, P < 0.05),
and increases during later gestation to decrease and remain low
after birth. In the adult male (P60), ACE2 activity is highest
in the kidney (22 + 2.6 units), followed by the lung (13 + 1.2
units), heart (7.5 + 1.6 units), and brain (4.4 + 0.9 units). These
data are consistent with previous reports in adult C57Bl/6 mice,
which manifest highest ACE2 activity in the kidney, followed
by the lung and heart (6). Circulating ACE2 activity remains
unchanged during early postnatal development (4.1 + 1.3 units
on P1, 5.2 + 0.7 units on P10) and declines in adulthood (2.7 +
0.7 vs. 5.2 £ 0.7 units on P10, P < 0.05; Figure 3e). Thus, tissue
and circulating ACE2 activities are coordinately regulated dur-
ing postnatal maturation.
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Figure 1. Bar graphs showing developmental expression of angiotensin-converting enzyme 2 (ACE2) mRNA factored per expression of glyceraldehyde
3-phosphate dehydrogenase mRNA in the mouse (a) kidney, (b) lung, (c) heart, and (d) brain by quantitative reverse-transcription polymerase chain reac-
tion (RT-PCR). (e) Relative tissue-specific developmental expression of ACE2 mRNA (white columns: kidney, black: lung, gray: heart, hatched: brain).

(@) *P < 0.05 vs. E14.5, 5P < 0.05 vs. E16.5, **P < 0.05 vs. P10. (b) *P < 0.05 vs. E16.5, P < 0.05 vs. P10. (c) *P < 0.05 vs. other groups, °P < 0.05 vs. E12.5-E18.5.
(d) *P < 0.05 vs. E12.5-E16.5, °P < 0.05 vs. other groups, **P < 0.05 vs. other groups. E, day of embryonic life; P, day of postnatal life.
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Figure 2. Developmental expression of angiotensin-converting enzyme 2 (ACE2) protein in the kidney, lung, brain, and heart. (a) Western blots (30 pg
total protein per lane) showing ACE2 and B3-actin protein expression. (b—e) Bar graphs show the ontogeny of tissue-specific ACE2 protein expression
factored per B-actin protein expression. (b) Kidney: *P < 0.05 vs. other groups. (c) Lung: *P < 0.05 vs. other groups; 5P < 0.05 vs. E18.5, P1, P10, adult; P <
0.05 vs. P1, P10, adult; *P < 0.05 vs. other groups. (d) Heart: *P < 0.05 vs. P1, P10, and adult; 5P < 0.05 vs. E12.5-E18.5, P10, adult; **P < 0.05 vs. other groups.
(e) Brain: *P < 0.05 vs. P1, P10, adult; **P < 0.05 vs. E12.5-E18.5, adult; P < 0.05 vs. other groups. E, day of embryonic life; P, day of postnatal life.

Immunohistochemistry for ACE2

To determine the identity of ACE2-expressing cells in the
developing kidney, lung, heart, and brain, we mapped the cel-
lular expression of ACE2 protein during mouse organogenesis
by immunohistochemistry. On E12.5, ACE2 immunoreactivity
is widespread throughout the brain (Figure 4). On E16.5 and
E18.5, ACE2 is most prominent in the ependymal lining of the
ventricle and cerebellum. In the E12.5 fetal kidney, ACE2 is
expressed in a diffuse stippled fashion on the apical aspects of
UBs, in maturing glomeruli, and in the mesenchyme (Figure 5).
On E14.5, ACE2 is most prominent in the inner tubules, which
resemble morphologically proximal tubules, with weaker expres-
sion in the UBs. On E16.5, ACE2 is expressed predominantly in
the tubules, which resemble morphologically proximal tubules.
A similar staining pattern is observed on E18.5 (not shown). In
the fetal heart, ACE2 is expressed diffusely in the myocardium
(Figure 6). In the E16.5 and E18.5 lung, ACE2 is expressed at
highest levels in the epithelium of the bronchial tree.

Regulation of ACE2 by Ang Il in the Newborn Kidney

To determine whether Ang II regulates ACE2 in the develop-
ing kidney, we examined the effect of Ang II on ACE2 mRNA
expression and enzymatic activity in the fetal, newborn, and

Copyright © 2012 International Pediatric Research Foundation, Inc.

adult metanephroi. Ang II (10° M) decreased ACE2 mRNA
levels and activity in the E18.5, P1, and P10, but not in the E12.5
or E14.5, kidney compared to control (media; Figure 7a,b).
These effects of Ang II were abrogated by pretreatment with
the specific Ang IT AT R antagonist candesartan, but not by the
AT R antagonist PD123319. In the adult kidney, ACE2 expres-
sion was increased by candesartan (mRNA: 1.5 + 0.14 vs. 1.0
+ 0.1, P < 0.05; activity: 42.3 + 4.5 vs. 30.6 £ 4.0, P < 0.05) but
not by PD123319 (mRNA: 0.87 + 0.03 vs. 1.0 £ 0.0, P = NS;
activity: 29.3 + 3.1 vs. 30.6 £ 4.0, P = NS). Thus, Ang II, acting
through AT R, exerts a negative feedback on kidney ACE2 dur-
ing later gestation and postnatal life. It is conceivable that the
lack of effect of Ang II on renal ACE2 on E12.5 and E14.5 is
due to low expression levels of AT R during early metanephric
development (20).

DISCUSSION

The present study demonstrates that ACE2 is expressed in the
developing kidney, lung, heart, and brain during embryonic
development in the mouse. Moreover, ACE2 mRNA, protein,
and enzymatic activity are developmentally regulated in a
tissue-specific manner. In addition, AngII, acting through AT R,
exerts a negative feedback on ACE2 in the developing kidney.

Volume 71 | Number 1 | January 2012 Pediatric RESEARCH 15
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Figure 3. Bar graphs showing developmental expression of angiotensin-converting enzyme 2ACE2 enzymatic activity (pmol Mca/pg protein/min) in

the mouse (a) kidney, (b) lung, (c) heart, (d) brain, and (e) plasma. (a) *P < 0.05 vs. other groups; **P < 0.05 vs. E14.5, P1, adult; °P < 0.05 vs. E14.5, P1, adult.
(b) *P < 0.05 vs. other groups; **P < 0.05 vs. E18.5, P1, adult; 5P < 0.05 vs. adult. (c) *P < 0.05 vs. other groups; **P < 0.05 vs. E12.5, E14.5, P1, P10, adult.

(d) *P < 0.05 vs. other groups; **P < 0.05 vs. E14.5, P1, P10, adult. (e) *P < 0.05 vs. other groups. E, day of embryonic life; P, day of postnatal life.

Figure 4. Immunolocalization of angiotensin-converting enzyme 2
(ACE2) protein in the fetal mouse brain on embryonic days (E) 12.4, 16.5,
and 18.5. (@) On E12.5, ACE2 immunoreactivity (brown staining) is present
in a diffuse stippled fashion throughout the brain (x4). (b) Control section,
where the addition of the primary antibody was omitted, demonstrates
no staining (x40). (c) On E16.5, ACE2 is expressed most prominently in

the ependymal lining of the ventricle (V) (x20). (d) On E18.5, ACE2 is most
prominent in the cerebellum (C) (x10).

16  Pediatric RESEARCH Volume 71 | Number 1 | January 2012

Figure 5. Immunolocalization of angiotensin-converting enzyme 2
(ACE2) protein in the fetal mouse kidney on embryonic days (E) 12.4, 14.5,
and 16.5. (@) On E12.5, ACE2 is expressed in a diffuse stippled fashion

on the apical aspects of ureteric buds (UBs), in maturing glomeruli (G),

and in the mesenchyme (x40). (b) On E14.5, ACE2 is most prominent in
the tubules (T), followed by UBs and nascent glomeruli (G) (x10). (c) On
E16.5, ACE2 is most prominent in the tubules (x20). (d) Control section,
where the addition of the primary antibody was omitted, demonstrates no
staining (x20).

Copyright © 2012 International Pediatric Research Foundation, Inc.



Figure 6. Immunolocalization of angiotensin-converting enzyme 2
(ACE2) protein in the fetal mouse heart and lung on embryonic days

(E) 16.5 and 18.5. (a,b) In the heart, ACE2 immunoreactivity is present
diffusely in the myocardium (M) (a x40, b x20). (c,d) In the lung, ACE2 is
expressed at highest levels in the epithelium of the bronchial tree (arrows)
(c %20, d x40).

The developing metanephric kidney expresses all the com-
ponents of the RAS (11,21-23). The activity of the renal RAS
is high during fetal and neonatal life and declines during post-
natal maturation (22). In the rat kidney, ACE mRNA levels and
enzymatic activity are low in the newborn, peak on P15, and
decline in adulthood (19). The temporal profile of renal ACE2
expression during postnatal period seen in this study recapitu-
lates changes observed in the rat. These findings imply that Ang
IT generation and degradation are coordinately regulated dur-
ing postnatal kidney development. In the fetal kidney, ACE2
activity is highest on E12.5 and declines later in gestation.
Spatial distribution of ACE2 immunoreactivity during gesta-
tion shifts from diffuse staining in the UBs, nascent glomeruli,
and the mesenchyme on E12.5 to a more localized expression
in the tubular epithelia that resemble morphologically proxi-
mal tubules during E14.5-E18.5. We have recently reported
that Ang II, when applied directly to whole intact E11.5 mouse
metanephroi cultured in vitro, stimulates UB branching (18).
The presence of ACE2 in the UB branches suggests a novel role
for ACE2 in the regulation of UB morphogenesis. The enrich-
ment of ACE2 expression in the tubules during E14.5-E18.5
suggests that ACE2 may play a role in tubulogenesis. Since
Ang-(1-7) inhibits growth and proliferation of vascular smooth
muscle cells (24), ACE2 may also be important for renal vascu-
lar development.

We have previously shown that endogenous Ang II, acting
through AT R, exerts a negative feedback on renal ACE dur-
ing postnatal development in the rat (25). Our present findings
demonstrate that Ang I, acting through AT R, downregulates
ACE2 mRNA expression and activity in the developing kid-
ney. These results are consistent with the findings that Ang
IT decreases ACE2 gene expression and activity in neonatal
cardiomyocytes and in human tubular epithelial (HK-2) cells

Copyright © 2012 International Pediatric Research Foundation, Inc.
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in vitro through AT R (26,27). Coordinate regulation of ACE
and ACE2 by Ang II during postnatal life may represent a dual
mechanism by which Ang II prevents its ACE-dependent gen-
eration from Ang I as well as inhibits its ACE2-mediated deg-
radation to Ang-(1-7).

Genetic studies in mice demonstrated that ACE2 plays an
important role in the pathogenesis of cardiac hypertrophy
due to aortic constriction or chronic Ang II infusion (19,21).
Given that ACE2 mediates antihypertrophic effects in cardio-
myocytes (15), it is conceivable that progressively increasing
cardiac ACE2 activity during gestation may regulate growth
of the myocardium. Central overexpression of ACE2 down-
regulates AT R expression in the brain, attenuates hyperten-
sion, and improves arterial baroreflex induced by Ang II infu-
sion or in spontaneously hypertensive rats (13). Collectively,
these findings indicate a critical role for ACE2 in the central
regulation of blood pressure and the development of hyperten-
sion. High ACE2 protein levels and activity observed in the
fetal brain suggest a role for ACE2 in brain development and
regulation of local RAS activity. This possibility is supported by
the finding that the fetal brain expresses all the components of
the classic RAS that are subject to epigenetic programming by
maternal protein restriction during gestation (28). The enrich-
ment of ACE2 in pulmonary bronchioles supports a novel
function for ACE2 in the regulation of epithelial branching
morphogenesis.

An interesting finding of this study is that the temporal pro-
file of ACE2 mRNA expression differs among the various tis-
sues. Whereas pulmonary and brain ACE2 mRNA levels peak
in adulthood, renal and cardiac ACE2 levels are lower in the
adult compared with developing animal. The factors regulating
tissue-specific developmental expression of ACE2 remain to be
determined. One potential mechanism may involve transcrip-
tional repression of ACE2 by hypoxia-inducible factor la or
activation by hepatocyte nuclear factor 1B (29,30). In addition,
ACE2 expression can be induced by retinoic acid (vitamin A).
Functionally, induction of ACE2 expression by retinoic acid is
associated with reduction in blood pressure in spontaneously
hypertensive rats (31).

We observed an apparent divergence between ACE2 mRNA
and protein levels in several organs. Whereas ACE2 mRNA
levels are relatively low during E12.5-E16.5 in all organs
studied, ACE2 proteins are easily detected. In contrast, ACE2
mRNA/protein ratios increase in all organs after E18.5. The
relatively low ACE2 mRNA/protein ratios observed during
early gestation may be due to increased stability of nonabun-
dant ACE2 mRNA or due to resistance of ACE2 protein to
degradation. One specific mechanism may involve microRNAs
(miRNAs), which function to downregulate protein expres-
sion without degrading the mRNA. In this regard, reduced
expression of the miRNAs that putatively increase translation
of ACE2 is observed in fetal lung (32). Thus, posttranscrip-
tional epigenetic programming to increase protein translation
may account for discrepancies in the pulmonary mRNA and
protein levels observed in the present study. Another mecha-
nism may involve inhibition of ACE2 gene transcription by

Volume 71 | Number 1 | January 2012 Pediatric RESEARCH 17
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hypoxia-inducible factor 1a (30). Relatively lower ACE2 pro-
tein contents during postnatal life may also be due to shed-
ding, as demonstrated for ACE (33). Enhanced shedding
may lead to increased secretion of ACE2 and lowering of its
protein content. In addition, ACE2 protein abundance may
be differentially regulated during ontogeny by the variation
in the activity of peptidases, as shown for neutral peptidase
activity in the rat kidney (35).

In summary, the present study demonstrates that ACE2 is
expressed in the developing kidney, heart, lung, and brain as
early as on E12.5 in the mouse. Moreover, ACE2 gene and pro-
tein expression and enzymatic activity are developmentally
regulated in a tissue-specific manner. Ang II, acting though
AT R, exerts a negative feedback on ACE2 during kidney
development. We postulate that relatively high ACE2 protein
levels and enzymatic activity observed during gestation may
play a role in kidney, lung, brain, and heart organogenesis.

METHODS

Animals

Tissues were dissected from CD1 mice (Charles River Laboratories,
Wilmington, MA) on embryonic days E12.5-E18.5 and postnatal days
P1, P10, and P60 (adult male). All experiments involving mice were
approved by Tulane Institutional Animal Care and Use Committee.

Quantitative Real-Time RT-PCR

Quantitative real-time RT-PCR was utilized to determine the expres-
sion of ACE2 mRNA in the whole metanephroi, heart, lung, and brain.
SYBR Green quantitative real-time RT-PCR with ACE2 primers (SA
Biosciences, Frederick, MD) was conducted as described previously
(18). The quantity of ACE2 mRNA expression was normalized by that
of glyceraldehyde 3-phosphate dehydrogenase mRNA expression. For
E12.5-E18.5, organs were pooled from one litter. For P1-P60, n = 4
animals per age group. RNA samples per age group were analyzed in
triplicates in each run. PCR was performed three times.

Western Blot Analysis

Organs were homogenized in cold lysis buffer containing a cocktail of
enzyme inhibitors (35). The samples were centrifuged and the super-
natants containing proteins (40 ug/lane) were resolved on 10% sodium
dodecyl sulfate-polyacrylamide gels and transferred to nitrocellulose
membranes. The membranes were incubated with the ACE2 antibody
(1:200, Open Biosystems, Huntsville, AL) and P-actin monoclonal
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antibody (1:5,000; Sigma, St Louis, MO). Immunoreactive bands were
visualized using the enhanced chemiluminescence detection system
(Amersham, Piscataway, NJ) as previously described (35).

ACE2 Enzymatic Activity

Organs were dissected free of connective tissue, blotted dry, and
immediately homogenized in ice-cold Tris-HCI buffer (50mM, pH
7.4) containing 2 uM phenylmethanesulfonyl fluoride. ACE2 activ-
ity was measured by fluorometric assay of the enzymatic cleavage of
7-methoxycoumarin-acetyl (Mca) from the fluorogenic substrate Mca-
APK-dinitrophenyl (Dnp) Mca-Ala-Pro-Lys(Dnp) (Enzo Life Sciences,
Plymouth Meeting, PA). All reactions were carried out in duplicates in
96-well, clear, flat-bottom polystyrene microplates (Corning, Lowell,
MA) at a final volume of 100 pl. Reactions were initiated by the addition
of 10l protein extract to MES buffer (50 mM final concentration, pH
6.5, Sigma) containing NaCl (300 mM, Sigma), ZnCl, (10 pM, Sigma),
and Mca-APK(Dnp) (40 uM). Fluorescence of the reaction product was
measured following 1h incubation at 37°C using a Spectramax M5E
microplate reader (Molecular Devices, Sunnyvale, CA) (excitation =
328 pum, emission = 393 um). Specificity was determined by preincubat-
ing plasma or tissue extracts with the specific ACE2 inhibitor DX600
(10* M, AnaSpec, Fremont, CA). ACE2 activity was expressed as pico-
moles Mca formation per microgram protein per minute.

Immunohistochemistry for ACE2

Immunolocalization of ACE2 protein was performed in CD1 mouse
embryos from E12.5 to E18.5 (n = 3 per age group). Immunostaining
was performed by the immunoperoxidase technique using the
Vectastain Elite kit (Vector Laboratories, Burlingame, CA). A poly-
clonal goat ACE2 antibody (R&D Systems, Minneapolis, MN) was uti-
lized at concentrations of 1/50 to 1/100. Specificity of immunostaining
was documented by the elimination of immunoreactivity after omis-
sion of the primary antibody.

Regulation of ACE2 by Ang Il in the Developing Kidney

E12.5, E14.5, E18.5, P1, and P10 CD1 mouse kidneys were grown on
air-fluid interface on polycarbonate Transwell filters (Corning Costar,
Lowell, MA; 0.5 um) inserted into six-well plates containing Dulbecco’s
modified Eagle’s medium/F12 medium (Gibco, Carlsbad, CA) alone
(n=3) or in the presence of Ang II (10-° M) alone (1 = 3) or combined
with the AT R antagonist candesartan (10 M, Sigma) (n = 3) or AT ,R
antagonist PD123319 (10°° M, Sigma) for 16h at 37°C and 5% CO,, and
then processed for RNA or protein extraction. Adult males (P60) were
injected intraperitoneally with normal saline (control), candesartan
(2mg/kg/day), or PD123319 (20 mg/kg/day) twice daily for 3d (n =3
per group). Kidney ACE2 mRNA levels were examined by quantitative
RT-PCR, and ACE2 activity was measured as described above.

Copyright © 2012 International Pediatric Research Foundation, Inc.



Statistical Analysis

Data are presented as mean + SD. Differences among the age groups
in mRNA, protein levels, and enzymatic activity were analyzed by one-
way ANOVA followed by Student-Newman-Keuls test. A P value of
<0.05 was considered statistically significant.
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