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Abstract

In the present study, we tested the hypothesis that there are significant sex differences in
angiotensin 1l (Ang I1)-induced hypertension and kidney injury using male and female wildtype
(WT) and proximal tubule-specific AT, receptor knockout mice (PT-Agtria™~). Twelve groups
(r7=8-12 per group) of adult male and female WT and PT-AgtrZa’~ mice were infused with a
pressor dose of Ang Il via osmotic minipump for 2 weeks (1.5 mg/kg/day, 7p.) and simultaneously
treated with or without losartan (20 mg/kg/day, p.0.) to determine the respective roles of AT,
receptors in the proximal tubules versus systemic tissues. Basal systolic, diastolic, and mean
arterial pressure were approximately 13 + 3 mmHg lower (£<0.01), while basal 24-h urinary Na™,
K*, and CI~ excretion were significantly higher in both male and female PT-AgtrZa™'~ mice than
WT controls (P<0.01) without significant sex differences between different strains. Both male and
female WT and PT-Agtrla™'~ mice developed hypertension (£<0.01), and the magnitudes of the
pressor responses to Ang Il were similar between male and female WT and PT-AgtrZa’~ mice
(n.s.). Likewise, Ang ll-induced hypertension was significantly attenuated in both male and female
PT-Agirla’~ mice (P<0.01). Furthermore, losartan attenuated the hypertensive responses to Ang
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II to similar extents in both male and female WT and PT-AgtrZa'~ mice. Finally, Ang Il-induced
kidney injury was attenuated in PT-AgtrZa”~ mice (£<0.01). In conclusion, the present study
demonstrates that deletion of AT, receptors in the proximal tubules of the kidney attenuates Ang
I1-induced hypertension and kidney injury without revealing significant sex differences.

Introduction

Hypertension is one of the most prevalent disorders in the world, affecting billions of people,
and is widely recognized to be the major risk factor for stroke, cardiovascular disease
(CVD), and chronic kidney diseases [1,2]. Recent American Heart Association/American
College of Cardiology Guidelines have shown that 46% of adults in the United States

are hypertensive, and currently modify their dietary habits and lifestyles, or take at least
one of the antihypertensive drugs [1,2]. However, the specific etiology and mechanisms
underlying the development of hypertension remain incompletely understood. Although
hypertension is a multifactorial cardiovascular disorder involving genetic, neural, hormonal,
dietary, and lifestyle factors; the renin—-angiotensin system (RAS) still plays one of most
important roles in the pathogenesis of hypertension and target organ injury [3-9]. In the
kidney, all major components of the RAS are expressed in the renal vasculature, glomeruli,
and renal tubules [3,6,7,10,11]. One of the most important sources and targets of the

RAS in the kidney is the proximal tubules [3,6,7,10,11]. Indeed, the proximal tubules
express abundant precursor angiotensinogen, the key enzymes, the rate-limiting renin

and angiotensin-converting enzyme (ACE), and two major classes of G protein-coupled
receptors, AT, (AT1, and ATyp) and AT, [3,6,7,10,11]. Renin cleaves angiotensinogen to
generate angiotensin | (Ang 1), whereas ACE converts inactive Ang | into angiotensin 11
(Ang I1), the most potent peptide of the system, which binds and activates AT (AT1, and
ATqp) and AT, receptors in the proximal tubules. Physiologically, Ang Il acts to stimulate
proximal tubule Na* reabsorption and helps maintain body salt and fluid balance and basal
blood pressure homeostasis [3,6,7,10,11]. However, overactivation of the circulating and
intratubular Ang Il system not only directly induces glomerular and tubulointerstitial injury,
but also promotes proximal tubule Na* reabsorption and elevates blood pressure [3-6,10,12].
The importance of the RAS in hypertension and target organ injury is further emphasized
by the widespread use of ACE inhibitors and Ang |1 receptor blockers to treat hypertension
and reduce stroke, cardiovascular and renal disease risks, and prevent target organ damage
[1,2]. Nevertheless, the roles or the contributions of intratubular RAS via activation of AT,
(AT14) receptors in the proximal tubules of the kidney to Ang Il-induced hypertension and
glomerular and tubulointerstitial injury remain incompletely understood.

Recently, there has been an explosion of interest on the studies on the important roles of
gender and/or sex differences in the physiological regulation of cardiovascular and kidney
function, blood pressure, and the development of Ang Il-induced hypertension [13-18]. The
gender- and/or sex-related factors being considered as biological variables have even been
mandated in the NIH Policies for Biomedical Research [19-22]. For instance, sex differences
have been reported in the blood pressure or tubuloglomerular feedback responses to Ang Il
[13,16], the renal thiazide-sensitive NaCl cotransporter (NCC) or epithelial sodium channel
(ENaC) response to Ang 11 [23,24], the development of Ang Il-induced hypertension [18],
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Ang Il-mediated diabetic nephropathy [25], or Ang Il-induced abdominal aortic aneurysms
[26]. However, whether the sex differences contribute to the roles of intratubular Ang Il
and its AT, receptors in the proximal tubules in the development of hypertension and
glomerular and tubulointerstital injury has not been studied previously.

In the present study, we tested the hypothesis that there are significant sex differences in the
contribution of AT, receptors in the proximal tubules to the development of Ang Il-induced
hypertension and kidney injury. Specifically, AT, receptors in the proximal tubules of
female mice contribute less to Ang Il-induced hypertension and kidney injury. Using adult
male and female wildtype (WT) and mutant mice with proximal tubule-specific knockout of
Ang |l ATy, receptors (PT-Agtrla”™), we systematically compared the pressor, glomerular,
and tubulointerstitial responses to Ang Il-induced hypertension to determine whether there
are any significant sex differences in these phenotypic responses to Ang Il in mice.

Methods and materials

Animals

Mutant mice with proximal tubule-specific deletion of ATy, receptors, PT-Agtria -, were
generated and bred in this laboratory using the iL1-Sg/t2-Cre/Agtria-floxed approach
[27,28]. The iL1-Sg/t2-Cre mice were originally provided by Rubera et al. [29], whereas
Agtrlafloxed mice, C57BL/6N-Agtria™IUky]) (Stock No: 016211), were purchased from
Jackson Laboratories [30]. To obtain PT-Agtria’~ mice, C57BL/6N-Agtr1a™UkVj mice
were crossed with iL1-Sg/t2-Cre mice for the present study. As both iL1-Sg/t2-Cre and
C57BL/6N-Agtr1a™Uky]) mice were generated on a C57BL/6J genetic background, WT
mice are referred to either littermates from of iL1-Sg/t2-Cre/Agtria-floxed breeding colony,
which were C57BL/6N-Agtr1a™IUky] or iL- Sglt2-Cre mice [27,28]. Both male and female
(>12-16-week-old) WT and PT-Agtrla”~ mice, derived from three generations were used
in the current study except the kidney pathology studies. The Institutional Animal Care

and Use Committees at the University of Mississippi Medical Center and Tulane University
School of Medicine approved all experiments reported in the present study.

Anesthesia and euthanasia

Unless specified elsewhere, animals were anesthetized with pentobarbital sodium injection,
USP (Nembutal, 50 mg/kg, i.p.) for implantation of osmatic minipump infusion of Ang Il
to induce hypertension and kidney injury or for measuring glomerular filtration rate (GFR)
responses (see below), as we described recently [8,9,27,28]. At the end of the experiments,
all animals were euthanized by decapitation, blood samples and kidneys collected for
biochemical and molecular assays and processed for light and electron microscopic (EM)
analyses [8,9,27,28]. Animal anesthesia by pentobarbital and euthanization by decapitation
procedures were approved by the Institutional Animal Care and Use Committees at the
University of Mississippi Medical Center and Tulane University School of Medicine,
respectively.
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Comparisons of basal blood pressure in adult male and female WT and PT-Agtrla™~ mice

To determine whether proximal tubule-specific deletion of AT, receptors alters basal blood
pressure or reveals any sex differences in basal blood pressure phenotypes, groups (/7=12
each group) of adult male and female WT and PT-AgtrZa~ mice were fed a normal rodent
chow and had free access to tap water. Their basal systolic, diastolic and mean arterial blood
pressure phenotypes were first confirmed by the telemetry technique (/7=6 each group),

and then measured and compared using the non-invasive tail-cuff approach (Visitech, NC)
[27,28,31]. We have carefully compared basal blood pressure and its responses with Ang
I1-induced hypertension using these two different techniques, and found no significant
differences in basal blood pressure and its responses to either a slow pressor (0.5 mg/kg/day,
i.p.) or a high pressor dose (1.5 mg/kg/day, i.p.) of Ang Il infusion. Regardless of which
technique was used, all mice were first trained daily for blood pressure measurements
between 9 and 11 a.m. for a week, and those data were not used. Then basal blood

pressure was measured at least twice during the following week to obtain basal blood
pressure data. This was followed by implantation of an osmotic minipump to infuse Ang

Il intraperitoneally (1.5 mg/kg/day, i.e., ~1000 ng/kg/min, or ~26 ng/mouse/min, £.p.) or

2 weeks). The blood pressure responses to Ang Il were again measured at days 3, 7, and

14, respectively. However, only a peak and plateau blood pressure response at day 14 was
presented in the present study.

Comparisons of basal GFR in adult male and female WT and PT-Agtrla™~ mice

To determine whether proximal tubule-specific deletion of ATy, receptors alters their whole-
kidney GFRs and reveals any sex differences in basal GFR responses, groups (/7=8-10 for
each group) of adult male and female WT and PT-AgtrZa™'~ mice were used to measure
GFR using the transdermal GFR monitoring approach with FITC-sinistrin (MediBeacon,
Germany), as described [27,28]. Briefly, mice were anesthetized with sodium pentobarbital
(50 mg/kg, i.p.) and the left jugular vein was canulated for a bolus injection of FITC-
sinistrin, dissolved in sterilized saline, at a dose of 10 mg/kg. A transdermal monitor

(~1 x 1.5 cm) powered by an internal battery was attached to a cleanly shaped, left

flank of abdominal area (1.5 x 1.5 cm). The fluorescence emission signals from the skin
microcirculation were continuously monitored and recorded for 2-3 h. The data were

then transferred to the computer and analyzed based on the half-time of the decreasing
concentration of FITC-sinistrin in the blood [31-33].

Comparisons of basal urinary sodium, potassium, chloride, and water excretion in adult
male and female WT and PT-Agtrla™~ mice

To determine whether proximal tubule-specific deletion of AT, receptors alters and reveals
any sex differences in basal urinary water and electrolyte excretion, groups (8-12 for each
group) of adult male and female WT and PT-AgtrZa™~ mice were used to measure 24-h
urinary sodium (Na‘), potassium (K™), chloride (CI7) and urine output using metabolic cage,
as we described previously [19-22]. Specifically, all mice were placed in a clean metabolic
cage individually and had free access to a standard rodent chow and water. Animals were
first trained in a metabolic cage for 24 h urine sample collection before formal urine
samples were collected for measurements of 24-h urinary sodium, potassium, and chloride
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excretion under basal conditions [19-22]. The urinary concentrations of Na*, K*, and CI~
were measured using an Electrolyte Analyzer (Nova Biomedical, MA).

Comparisons of the development of Ang ll-induced hypertension in adult male and female
WT and PT-Agtrla™~ mice

To determine whether there are sex differences in the blood pressure responses to Ang
I1-induced hypertension, three groups (7=8-12 per group) of adult male and female WT and
PT-Agirla’~ mice were infused with or without a pressor dose of Ang I (1.5 mg/kg/day
via an osmotic minipump, Model 2002, 0.5 ul per hour for 14 days, Alzet) for 2 weeks, or
treated concurrently with losartan to block AT receptors at all tissues (20 mg/kg/day, p.o.),
as we described previously [27,28,32,34].

Comparisons of the natriuretic responses to Ang ll-induced hypertension in adult male
and female WT and PT-Agtrla™~ mice

To determine whether there are sex differences in the natriuretic responses to Ang I1-
induced hypertension, groups (/7=8-15 for each group) of adult male and female WT

and PT-Agtrla”’~ mice were infused with or without Ang |1, as described above, and
placed in a metabolic cage for urine sample collection to determine 24-h urinary sodium,
potassium, chloride, and water excretion, as we described recently [10,27,28,31,32,34].
However, sodium balance responses under basal conditions and in response to Ang Il
infusion or losartan treatment were not performed in the present study due to the difficulty
and uncertainty of accurately and reliably measuring the sodium balance status in a mouse.

Comparisons of basal glomerular and proximal tubule structures in male and female WT
and PT-Agtrla™™ mice
To determine whether proximal tubule-specific deletion of AT, receptors alters glomerular
and proximal tubular structures, one group each (/=8) of adult male WT and PT-Agtria’~
mice were studied. Specifically, the kidneys were collected and bisected, with half of one
kidney being fixed in 4% buffered formaldehyde, embedded in paraffin, and sectioned
for light microscopic imaging. A small piece of the renal cortex (2 x 2 mm thick) was
further processed for high-resolution electron microscopic (EM) imaging of the glomerular
and proximal tubular histology [28,31]. For light microscopic examination, sections of
the kidney were cut 5-um-thick, placed on glass slides, and stained with Hematoxylin
(HE) and Eosin, or Masson’s trichrome to examine glomerular and proximal tubule
structures, as well as glomerular and tubulointerstitial collagen deposition. Glomerular or
tubulointerstitial injury was stained and analyzed on the intensity and extent of collagen
staining independently by Tulane University School of Medicine Pathology Core Laboratory
investigators not involved in performing the experiments. Collagen staining in at least 10-20
glomeruli or cortical tubulointerstitial areas from each mouse, 5-8 mice per group, were
scored and grouped to obtain averaged injury scores. For EM imaging, the superficial
cortex of the kidney was processed and examined independently by the Department of
Pathology Electron Microscope Laboratory at the University of Mississippi Medical Center,
as we described recently [28,31]. Glomerular mesangial, endothelial, and epithelial cells
and podocytes, as well as brush border membranes, microvillar, and mitochondria of
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proximal tubules were imaged at 6430x for glomeruli and 31900x for the proximal tubules,
respectively.

Comparisons of glomerular and tubulointerstitial fibrotic responses to Ang ll-induced
hypertension in male WT and PT-Agtrla™~ mice

To determine whether there are differences in glomerular and tubulointerstitial fibrotic
responses to Ang Il-induced hypertension, two groups of male WT and PT-Agtrla”~ mice
(m=8) were infused with or without Ang 11 for 2 weeks, as described above. Female WT and
PT-Agtrla’~ mice were not studied in this experimental protocol. Animals were euthanized
and the kidneys were collected and processed for light and EM imaging, as described
recently [27,28,32,34].

Measurement of blood volume and hematocrit in WT and PT-Agtrla~~ mice

Whole blood samples were collected via decapitation at the end of the studies for
measurements of whole blood volume and hematocrit in control and Ang ll-infused male
and female WT and PT-Agtrla'~ mice. This information serves as indirect indices for basal
body volumes and their responses to Ang ll-induced hypertension.

Measurement of ATq,, ATy, and AT, receptor expression in the superficial renal cortex of
WT and PT-Agtria™~ mice

To determine whether AT, deletion selectively in the proximal tubules up-regulates or
increases AT, or ATy, receptor expression, we used Droplet Digital PCR (ddPCR) to
quantify the mRNA copy numbers for AT, and AT, receptor expression in the proximal
tubules between male and female WT littermates and PT-AgirZa’~ mice [35,36]. Unlike

a semi-quantitative RT-PCR, ddPCR is a novel technique that is widely used to perform
absolute quantification of mMRNA copy numbers of a particular target gene [35,36]. The
hypothesis to be tested was that deletion of AT, receptors selectively in the proximal
tubules will lead to the up-regulation of AT, or ATy, receptor expression in the proximal
tubules of the kidney. Briefly, total RNA samples were isolated from the superficial renal
cortex (~90% are the proximal tubules) of male and female WT littermates and PT-Agtria’~
mice (/=10 each strain, 5 males and 5 females) using a commercially available RNA
isolation kit (Qiagen). RNA concentrations were quantitated using Nanodrop 2000 (Thermo
Scientific). For mouse AT, receptor expression, we purchased a pre-designed mouse AT,
receptor primer/probe set from Bio-Rad (mAgtr2: dMmuCPE5122376), whereas for ATy
receptor expression, we bought a pre-designed mouse ATy, receptor primer/probe set from
Thermo Fisher (mAgtrlb: Mm01701115) [35,36], respectively. All reagents for the One-step
RT-ddPCR system were purchased from Bio-Rad to generate cDNA and quantify gene
expression. After droplet generation and PCR amplification, droplets were analyzed on the
QX200 droplet reader and target cDNA concentration was determined using the QuantaSoft
analysis software (Bio-Rad). For each target gene, the amount of total RNA in a PCR was
optimized by a pilot ddPCR, using serially diluted total RNA, in which the determined
amount is in a linear range [35,36]. Data are expressed as copy numbers of per target gene in
1 ng total RNA.
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Statistical analysis

Results

Unless specified elsewhere, all experimental results are presented as mean £ SEM.
Specifically, the basal renal functional data and their responses to Ang Il or losartan
treatment were normalized by the kidney weight for gender comparisons. The differences

in all responses between different groups of male and female WT and PT-AgtrZa™'~ mice,
including basal systolic, diastolic and mean arterial pressure, 24-h urinary Na* excretion,
the hypertensive and natriuretic responses to Ang Il or concurrent treatment with losartan
were first analyzed using one-way ANOVA. This was followed by Student’s unpaired ¢test
if a significant response between different groups of WT and PT-AgtrZa”~ mice, or between
male and female animals in the same strains was detected. The significance of statistical
differences between responses were set £<0.05.

AT1a, AT1p, and AT, receptor mRNA expression in the superficial renal cortex of WT and
PT-Agtria~~ mice

Table 1 summarizes the expression levels of AT1,, ATqp, and AT, receptors in the superficial
cortex of the kidney in adult male and female WT littermates and PT-AgirIa”~ mice (7=10
each strain, 5 males and 5 females). In WT littermates, AT, receptors were expressed at a
very high level in the superficial cortex, as expected, and ~90% of AT, receptor expression
was markedly decreased in isolated proximal tubules of male and female PT-Agtria’~
mice. By contrast, AT and AT, receptors in the superficial cortex of the kidney were

very low in adult male and female WT littermates, and there were no significances in the
expression levels of ATy, or AT, receptors in the superficial cortex of the kidney between
WT littermates and PT-AgtrZa”~ mice.

Comparisons of general phenotypic responses to basal conditions, during Ang II-
hypertension, and treatment with losartan between male and female WT and PT-Agtrla™~

mice

Under basal conditions, body wt., heart wt., or kidney wt. were smaller proportionally in
age-matched WT female than male mice (A<0.01), but the heart or the kidney to body wt.
ratios were similar between male and female WT mice (Table 2). The whole blood volume
and hematocrit were not different between male and female WT mice. Basal 24 h urine
output and urinary Na*, K*, or CI~ concentrations were significantly lower in female WT
mice (P<0.01). In PT-Agtrla '~ mice, there were also no significant differences in the body
wt., heart wt., or the heart to body wt. ratios between male and female mice (7.5.), but the
kidney wt. and kidney wt. to body wt. ratio were significantly decreased in female mice
(P<0.01). Likewise, basal 24 h urine output and urinary Na*, K*, or CI~ concentrations were
significantly lower in female PT-Agtrla”~ mice (P<0.01). There were no significances in
most of these basal phenotypes between male WT and PT-Agtrla”~ mice, except that the
heart wt. and heart wt. to body wt. ratio were lower in male PT-Agtria™'~ mice (£<0.01).
There were also no significances in most of these basal phenotypes between female WT and
PT-Agirla’~ mice, except that the heart wt. or the kidney wt. to body wt. ratios were lower
in female PT-Agtria™'~ mice (£<0.01) (Table 2).
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In response to Ang ll-induced hypertension, the kidney wt. to body wt. was higher, while
hematocrit was lower in female than male WT mice (£<0.01) (Table 3). However, other
phenotypic responses to Ang ll-induced hypertension were similar between male and female
WT mice including 24 h urine excretion (Table 2). In PT-Agtrla”’~ mice, the heart wt.

to body wt. ratio was significantly lower in female mice in response to Ang Il-induced
hypertension, without altering the kidney to body wt. ratio (7.s.). Female PT-Agtria™'~ mice
drank significantly less (P<0.01) and excreted more K* from the kidney (/£<0.05) (Table

3). There was no difference in 24 h urine excretion in response to Ang Il between male

and female PT-Agtrla”~ mice (Table 2). Comparisons between Ang ll-infused male WT
and PT-Agtria”~ mice showed significantly lower hematocrit (£<0.05), and higher urinary
Na* concentration in male PT-AgtrZa’~ than WT mice (/<0.01). In Ang ll-infused female
PT-Agirla’~ mice, the heart wt. or kidney wt. to body wt. ratios were significantly lower
(P<0.01), blood volume and urinary Na*, K*, and CI~ concentrations were higher than Ang
I1-infused female WT mice (/<0.01) (Table 3).

Table 4 summarizes the sex differences in the general phenotypic responses to the AT
receptor blockade with losartan in Ang Il-infused male and female WT and PT-Agtria™’~
mice. In age-matched WT mice, body wt., heart wt., and kidney wt. were all significantly
lower in female than male mice (P<0.01), but the heart wt. or kidney wt. to body wt. ratios
were not significantly different between male and female WT mice (n.8.). Furthermore, 24
urine output and urinary Na* and K* concentrations were significantly lower in female than
male WT mice (P<0.01). Like losartan-treated female WT mice, body wt., heart wt., kidney
wt., and the heart wt. to body wt. ratio were significantly lower in female than male PT-
Agtria’~ mice (£<0.01). Unlike losartan-treated female WT mice, however, urinary Na*,
K*, and CI~ concentrations were not different between male and female PT-AgtrZa”~ mice
in response to losartan treatment (n.s.) (Table 4). Further comparisons show that the heart
wt. and kidney wit. ratios and blood volume were significantly lower in losartan-treated, Ang
lI-infused male PT-Agtrla™'~ mice (£<0.01), while urinary Na* and K* concentrations were
higher in losartan-treated, Ang Il-infused female PT-Agirla~ mice (P<0.01) (Table 4).

Comparisons of glomerular and proximal tubule ultrastructure in male and female WT and
PT-Agtrla™~ mice

Glomerular mesangial cell (MC), capillary (Ca), and glomerular basement membranes
(GBMs) and podocytes (POs), as well as brush border membranes, microvillar (MV),
and mitochondria (Mito) of proximal tubules were carefully examined and compared in
male and female WT and PT-AgtrZa’~ mice by high-resolution EM imaging in Figures
1 and 2, respectively. In the glomerulus (Figure 1), MC, Ca, GBM, PO looked similar in
their size, orientations, or thickness between WT male (A) and female mice (C), between
male (B) and female PT-Agtrla '~ mice (D). There were also no clear differences in the
overall glomerular ultrastructure between male and female WT and PT-AgtrZa™~ mice.
In the proximal tubules of the kidney (Figure 2), the brush border membranes, especially
MYV, and Mito were similar in male (A) and female WT mice (C). More peroxisomes,
i.e., membrane-bound organelles, are clearly visible in the cytoplasm in both male (B)
and female PT-Agtr1a™'~ mice (D). The microvillar appeared to be more disorganized and
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shorter in length in male PT-Agtra~ mice (B). Whether it was due to the orientation of
tissue section cutting during the preparations is not known.

Comparisons of basal blood pressure phenotypes and their responses to Ang Il and AT,
receptor blockade in adult male and female WT and PT-Agtrla™~ mice

Under basal conditions, systolic, diastolic and mean arterial blood pressure in male and
female WT and PT-AgtrIa’~ mice are shown in Figure 3. In WT mice, there were no
significant differences in basal systolic (male: 114 + 2 mmHg vs. female: 115 + 2 mmHg,
n.s.), diastolic and mean arterial blood pressure between male (A) and female mice (D).

In response to Ang Il infusion, systolic blood pressure increased to 165 + 3 mmHg

inmale (£<0.01) and to 163 £ 4 mmHg in female WT mice (P<0.01), respectively. No
difference in the pressor response to Ang Il infusion was found between male and female
WT mice. Concurrent treatment with losartan attenuated Ang Il-induced hypertension to
132 £ 5 mmHg in male (/A<0.01), and to 129 + 3 mmHg in female WT mice (/<0.01),
respectively. Both diastolic (B,E) and mean arterial blood pressure responses (C,F) to Ang
I with or without concurrent losartan treatment were similar to systolic blood pressure
responses, and no significant differences were detected between male and female WT mice.
In PT-Agtria '~ mice, there were also no significant differences in basal systolic (male:

101 £ 3 mmHg vs. female: 96 = 2 mmHg, 7.s.), diastolic and mean arterial blood pressure
between male (A) and female mice (D). In response to Ang Il infusion, systolic blood
pressure increased to 140 + 3 mmHg in male (P<0.01) and to 136 + 4 mmHg in female
PT-Agirla’~ mice (P<0.01), respectively. Concurrent treatment with losartan attenuated
Ang ll-induced hypertension to 114 + 5 mmHg in male (/<0.01), and to 122 + 3 mmHg

in female PT-Agtria’~ mice (P<0.01), respectively. Both diastolic (B,E) and mean arterial
blood pressure responses (C,F) to Ang Il with or without concurrent losartan treatment were
similar to systolic blood pressure responses, and no significant differences were detected
between male and female PT-AgtrZa '~ mice. However, basal systolic, diastolic and mean
arterial blood pressure were all >13 + 2 mmHg lower in male and female PT-AgtrZa”~ than
WT male and female mice (/£<0.01), and their responses to Ang Il-induced hypertension
were significantly attenuated in both male and female PT-AgtrZa”~ than WT mice (£<0.01).
Concurrent treatment of Ang ll-induced hypertension with losartan significantly, but not
completely attenuated the pressor responses to their basal levels in both male and female
Ang ll-infused PT-Agtria’~ mice (P<0.01).

Comparisons of basal GFR and its response to Ang Il in adult male and female WT and

PT-Agtrla™~ mice
Basal whole-kidney GFRs were slightly, but not significantly, higher in female WT or
PT-Agirla’~ mice than male counterparts (n.s.). However, basal GFR was significantly
higher in male and female PT-AgtrZa™'~ mice than WT counterparts (£<0.01) (Figure 4).
Interestingly, Ang Il infusion significantly decreased GFR in both male and female WT and
PT-Agtria”’~ mice (£<0.01), but no significant differences in the magnitude of the responses
were ohserved between two strains of mice (7.5.).
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Comparisons of basal urinary sodium, potassium, chloride, and water excretion and their
responses to Ang Il or losartan in adult male and female WT and PT-Agtrla™~ mice

In WT mice, basal 24-h urinary Na* and K* excretion was significantly lower in female than
male mice (~<0.05), without significantly altering urinary CI~ excretion (Figure 5). Ang 1l
infusion induced significant pressure-related natriuretic, kaliuretic, and chloride excretory
responses in both male and female WT mice (/<0.05), whereas losartan had no further or
attenuated significant effects (1.5). In PT-Agtrla”’~ mice, basal 24-h urinary Na*, K* and
CI™ excretion were higher in male than WT male mice (/<0.05), but not between female WT
and PT-Agtrla”~ mice (n.s.). Similarly, losartan treatment did not attenuate the urinary Na*,
K* and CI~ excretory responses to Ang Il infusion in male and female PT-AgtrZa”~ mice
(n.s).

Comparisons of glomerular and tubulointerstitial fibrotic responses to Ang llI-induced
hypertension in male WT and PT-Agtrla™~ mice

Figures 6 and 7 show the glomerular histology stained with Hematoxylin (HE) and

fibrotic responses to Ang ll-induced hypertension with or without concurrent losartan
treatment in male WT and PT-AgtrZa”~ mice. Light microscopic HE staining revealed no
significant differences in the glomerular histology between male WT and PT-Agtra~ mice
under basal conditions, during Ang Il infusion or losartan treatment (Figure 6). However,
although Masson’s trichrome staining showed no significant differences between male

WT (Figure 7A) and PT-Agtrla’~ mice (Figure 7D) under basal conditions, it revealed
marked glomerular injury or fibrotic responses during Ang Il-induced hypertension in

male WT mice (Figures 7B and 10A). The Ang Il-induced glomerular fibrotic responses
were blocked by concurrent losartan treatment (Figures 7C and 10A). Interestingly Ang
l1-induced glomerular fibrotic responses were significantly attenuated in male PT-Agtria~
mice (Figures 7E and 10A). Concurrent losartan treatment had no further significant effect
in male PT-Agtria™’~ mice (Figures 7F and 10A).

Figures 8 and 9 show the tubulointerstitial histology stained with HE and fibrotic responses
stained with Masson’s trichrome to Ang Il-induced hypertension with or without concurrent
losartan treatment in male WT and PT-AgtrZa”~ mice. Although there were not significant
differences in the tubule-interstitial histology between WT and PT-AgtrZa'~ mice under
control, during Ang Il infusion, or concurrent with losartan treatment (Figure 8), significant
tubulointerstitial fibrotic responses were observed in Ang Il-infused WT mice (Figures

9B and 10A). Concurrent treatment with losartan completely attenuated Ang ll-induced
tubulointerstitial fibrotic response in WT mouse kidney (Figure 9C). However, Ang 1I-
induced tubulointerstitial fibrotic response occurred in WT mouse kidney was completely
blocked in the kidneys of PT-Agtria’~ mice, whereas concurrent losartan treatment was
without further effects (Figures 9E and 10B).

Discussion

Gender or sex differences have been recognized in most, if not all, cardiovascular, blood
pressure, and renal responses or homeostasis in animal as well as clinical research.
Indeed, this recognition has led to the National Institute of Health (NIH) to mandate the
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Consideration of Sex as a Biological Variable in all NIH-funded Research in 2014, and an
explosion of gender- or sex-related studies recently [19-22]. As expected, sex or gender
differences have been reported differently in blood pressure, proinflammatory, and renal
excretory or transport responses to Ang Il or blockers of the RAS [13-15,17,18,37]. One

of major objectives of the present study was to determine whether there are sex differences
in the blood pressure, renal excretory, and fibrotic responses to Ang Il between male and
female WT mice, and between male and female PT-AgtrZa™'~ mice. We demonstrated that
proximal tubule-specific deletion of AT, receptors consistently lowered systolic, diastolic,
and mean arterial blood pressure by 13-15 mmHg in male and female PT-AgirZa’~ mice
in the absence of AT, receptors in the proximal tubules. Although the present study found
sex differences in some minor phenotypic responses, there were no sex differences in

basal blood pressures between male and female wildtype, and between male and female
PT-Agtrla’™ mice. In response to 2-week-infusion of a pressor dose of Ang 11, both male
and female WT and PT-Agtria”~ mice developed severe hypertension, and the magnitudes
of the pressor response were similar between WT male and female, and between male

and female PT-Agtrla”~ mice, respectively. The magnitudes of diastolic and mean arterial
pressure responses to Ang Il were similar to the systolic blood pressure response in both WT
and PT-Agtrla”~ mice. Still, the maximal blood pressure levels remained to be ~20 mmHg
lower in male and female PT-Agtria”~ than male and female WT mice. Furthermore,

we found that concurrent blockade of AT receptors with losartan significantly decreased
the pressor response to similar extents in male and female WT and PT-AgtrZa'~ mice,
respectively. Ang Il and losartan induced similarly decreased heart rate response in both
male and female WT and PT-AgtrZa”~ mice (not shown). Taken together, the present study
does not reveal significant sexual dimorphism or sex differences in the blood pressure
response to Ang |1 or losartan treatment in WT and PT-AgtrZa™'~ mice.

So how the findings of the present study on Ang Il-induced hypertension in male and
female WT and PT-AgtrIa’~ mice compare with previous studies? Veiras et al. recently
demonstrated that Ang Il provokes similar increases in blood pressure, natriuretic, or
diuretic responses in male and female Sprague—Dawley and C57BL/6J mice [15]. In an
early study, Xue et al. found no sex differences in basal blood pressure levels in male and
female mice [18]. Likewise, Brown et al. also carefully compared basal blood pressure and
their responses to Ang Il in male and female WT and AT, receptor knockout mice, and
reported no significant sex differences in basal blood pressure between male and female WT
or AT, receptor knockout mice [13]. Our results are consistent with these previous studies
and suggest that sex differences may not play a key role in maintaining basal blood pressure
homeostasis in mice.

However, some inconsistencies have been reported in the roles of sex differences in

Ang ll-induced hypertension in both WT and some mutant mouse models [13-18,35].

A number of previous studies have shown that there were sex differences in Ang I1-
induced hypertension, in which Ang ll-induced hypertension was completely attenuated

in female mice [13,16-18]. The pressor doses of Ang Il to induced Ang Il-dependent
hypertension ranged from 0.71 mg/kg/day [27], 1.15 mg/kg/day [16,18], to 1.44mg/kg/day
[17], respectively. All these doses of Ang Il are considered to be pressor doses. Conversely,
the routes of Ang Il infusion ranged from subcutaneously to osmotic minipump infusion
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intraperitoneally [13,15-18]. Furthermore, animal models used to study the sex differences

in Ang ll-induced hypertension included Sprague—-Dawley rats [15], C57BL/6J [13,16,18],
global AT, receptor-knockout [13], vascular ATy, receptor-knockout [17], or Rag™'~ mice
[37], respectively. Thus, it is very difficult to directly compare the present study with
above-referenced studies and draw a clear conclusion. Given the same animal model, the
same basal blood pressure level, and similar pressor doses of Ang Il, it is unlikely that nearly
50 to ~80% of the pressor responses to Ang Il would be attenuated in female animals as
reported previously [13,18,37].

Sex differences in basal diuretic and natriuretic responses to Ang Il in Ang l1-dependent
hypertension have also recently attracted attention. In the present study, we reasoned

that female WT and PT-AgtrZa’~ mice may behave differently in their diuretic and
natriuretic responses to Ang Il-induced hypertension. However, the results do not support
our hypothesis. Although basal 24-h urine output and urinary excretion of Na*, K*, and
CI~ were lower in female wildtype and PT-AgtrZa '~ mice than their male counterparts,
itis likely due to their lower body wt. and kidney wt. However, both male and female
PT-Agirla’~ mice excreted more urine, Na*, K*, and CI than their WT controls. These
differences may be interpreted to be primarily due to the deletion of AT, (AT1,) receptors
selectively in the proximal tubules of the kidney. Indeed, Ang Il exerts a stimulatory

effect on proximal tubule Na* reabsorption via activation of AT (AT1,) receptors and the
Na*/H* exchanger 3 (NHES3) in the proximal tubules [4,6,11,27,28,38-40]. Our results are
consistent with the study of Veiras et al. [15], which showed no significant differences in
the hypertensive response, proximal tubular and distal transporter, diuretic or natriuretic
responses to Ang ll-induced hypertension in male and female Sprague—Dawley rats and
C57BL/6J mice. Likewise, Li et al. showed that there were no gender differences in the
expression of NHE3 in male and female WT and global AT, receptor-knockout mice [23].
However, our results on female wildtype and PT-Agtrla'~ mice are different from those of
Tiwari et al. who reported that young female C57BL/6J mice had 0% change in the activity
of renal NCC or »-ENaC activity in response to Ang Il infusion [24]. More studies may be
necessary to further uncover whether sex differences play significant roles in basal and Ang
I1-induced pressure—natriuresis responses and the expression of major sodium transporters in
male and female animals.

Finally, Ang Il is well recognized to induce glomerular and tubulointerstitial injury
responses in animals and humans [5,12,34,41-43]. The present study determined whether
the deletion of ATq (ATq,) receptors selectively in the proximal tubules of the kidney may
attenuate Ang Il-induced glomerular and tubulointerstitial injury in part by attenuating

the hypertensive response and improving glomerular filtration during Ang Il-induced
hypertension. Previous studies have shown that the expression of angiotensinogen and ATq
(AT4,) receptors in the proximal tubules is augmented rather than downregulated in Ang
I1-induced hypertension [6,8,9,34,39,44]. We reasoned that circulating and intratubular Ang
Il in the proximal tubules via activation of AT, (AT1,) receptors may play an important role
in the glomerular and tubulointerstitial injury during Ang Il-induced hypertension. Thus,
deletion of AT (AT1y) receptors selectively in the proximal tubules is expected to attenuate
Ang Il-induced glomerular and tubulointerstitial injury in PT-AgtrZa”'~ mice. In the present
study, Ang Il induced significant glomerular and tubulointerstital injury responses in adult
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male WT mice, as expected, but Ang ll-induced glomerular and tubulointerstitial fibrotic
responses were almost completely blocked in PT-AgtrZa~ mice. These results suggest that
AT1 (ATqg) receptors in the proximal tubule play a key role in mediating circulating and
intratubular Ang ll-induced glomerular and tubulointerstitial injury responses. How Ang
l1-induced glomerular and tubulointerstitial injury responses are attenuated in PT-Agtria™~
mice remained unknown. One potential mechanism may be due to the deletion of AT,
(AT4,) receptors in the proximal tubules that block AT (AT1,) receptor-mediated proximal
tubule sodium reabsorption[8,10,34,38,40,45]. This response is expected to significantly
increase the salt and fluid delivery from the end of the proximal tubules. The significant
increases in GFR in male and female PT-AgtrZa'~ mice may be due to the impairment

of the tubuloglomerular feedback response, compared with WT mice. Another potential
mechanism may include the possibility that deletion of AT (AT1,) receptors selectively

in the proximal tubules would block AT (AT1,) receptor-mediated proinflammatory and
fibrotic responses in the renal cortical tubulointerstitium. This interpretation is consistent
with previous studies showing that Ang Il induced glomerular and tubulointerstitial injury

in rats or mice [5,12,41-43]. However, the present study has not studied whether Ang Il-
induced glomerular and tubulointerstitial injury in female PT-AgtrZa~~ mice. Further studies
may be necessary to further determine precise molecular, cellular, and signaling mechanisms
underlying renal protective effects of proximal tubule-specific deletion or targeting of ATy
(AT4,) receptors in hypertension.

In summary, we have demonstrated that deletion of AT (AT1,) receptor selectively in the
proximal tubules of the kidney significantly attenuated Ang ll-induced hypertension in both
male and female PT-Agtria™'~ mice, and Ang ll-induced glomerular and tubulointerstitial
injury. Our results suggest that these protective effects of proximal tubule-specific deletion
of ATq (AT1y) receptors are likely due to the inhibition of proximal tubule sodium
reabsorption leading to a greater pressure-natriuresis response and the inhibition of AT
(AT4,) receptor-mediated glomerular and tubulointerstitial fibrotic responses in the kidney.
Since AT, or ATy, receptor expression in the proximal tubules was very low in WT
littermate and not different in PT-AgtrZa”~ mice, the results of the present study were
unlikely due to the up-regulation of either AT, or ATy, receptor expression in the proximal
tubules in male and female WT and PT-AgtrZa~ mice. Thus, the present study does

not support the notion that significant sex differences play a key role in Ang Il-induced
hypertension and kidney injury. However, further studies are necessary to comprehensively
determine the molecular, cellular, and signaling mechanisms underlying the protective
effects of proximal tubule-specific deletion of AT (AT1g) receptors in the kidney from
Ang ll-induced hypertension and kidney injury.

Data Availability

The authors will make all methods and materials including the protocols for genotyping
mutant mice with proximal tubule-specific deletion of AT, receptors, surviving and non-
surviving surgical protocols, experimental protocols, and all supporting raw data available to
other researchers.
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Clinical perspectives

. In 2014, National Institute of Health (NIH) mandated the Consideration of
Sex as a Biological Variable in most, if not all, NIH-funded research.

. The present study demonstrated that Ang Il induces hypertension similarly in
male and female WT mice, and that genetic deletion of AT, (ATy,) receptor
selectively in the proximal tubules attenuated Ang Il-induced hypertension
similarly in male and female PT-Agtria”~ mice.

. The results of the present study suggest that sex differences unlikely play a
key role in Ang Il-induced hypertension.
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=2 PT-Agtria-F

Figure 1. High resolution EM micrographs comparing the glomerular ultrastructures between
male and female WT and proximal tubule-specific AT (AT13) receptor-knockout mice, PT-
Agtrla_/ ~ mice

(A,C) High-resolution EM micrographs showing the ultrastructures of representative
glomerulus (9720x) in adult male and female WT mice. (B,D) EM micrographs showing the
ultrastructures of representative glomerulus (6430 or 9720x) in adult male and female PT-
Agtria’™ mice, respectively. Glomerular ultrastructures including capillaries (Ca), epithelial
(PE), mesangial cells (MCs), and POs were largely similar between male and female WT
mice, or between male and female PT-AgtrZa™'~ mice. Urinary space (US) of Bowman’s
capsule, and foot processes (FP) looks similar between male WT (A) and PT-Agtrla”~ mice
(B), or between female WT (C) and PT-Agtria’~ mice (D). Likewise, GBMs were not
different between male and female WT and PT-Agtrla”’~ mice. =8 per group.
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PT-Agtria*-F

Figure 2. High-resolution EM images comparing the proximal tubule ultrastructures between
male and female WT and proximal tubule-specific AT (AT15) receptor-knockout mice, PT-
Agtrla'/ ~ mice

(A,C) High-resolution EM micrographs showing the ultrastructures of representative
proximal tubules in adult male and female WT mice (31900 or 32000x). (B,D) EM
micrographs showing the ultrastructures of representative proximal tubules in adult male
and female Agtria'~ mice (31900 or 32000x), respectively. No significant differences were
found in the proximal tubule ultrastructures between male (A) and female WT mice (C),
or between male (B) and female PT-Agtria '~ mice (D). Not sure whether it is due to

the orientation of section cutting, the microvillars looks shorter and disorganized in male
PT-Agtria™™ mice (D). 7/=8 per group.
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Figure 3. Basal systolic, diastolic, and mean arterial pressure and their responses to Ang |1
infusion with or without concurrent treatment with losartan in adult male and female wildtype
and proximal tubule-specific PT-Agtrla‘/‘ mice

Comaprisons of basal systolic (A,D), diastolic (B,E) and mean arterial blood pressure (C,F)
and their responses to Ang Il infusion with or without AT (AT1,) receptor blocker losartan
between male and female WT and PT-AgtrZa~~ mice. Proximal tubule-specific deletion of
AT, receptors significantly decreased basal blood pressure by ~13-15 + 3 mmHg similarly
in male and female PT-AgtrZa/"mice under basal conditions, and significantly atteuated
the hypertensive responses to Ang Il in both male and female PT-AgtrZa"mice. No sex
differences were found in basal blood pressure and its responses to Ang 11 with or without
losartan treatment between male and female WT or between male and female PT-Agtria -
mice. *£<0.05 or **/<0.01 vs. control WT or PT-Agtrla™~ mice; *£<0.05 or **/<0.01 vs.
Ang ll-infused male or female WT or PT-Agtrla”’~ mice.
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Figure 4. Basal glomerular filtration rate (GFR) and its response to Ang I1-induced hypertension
in adult male and efamle wildtype and proximal tubule-specific PT-Agtrla_/_ mice

Comaprisons of basal GFR and its responses to Ang Il1-induced hypertension between

male (A) and female (B) WT and PT-Agtrla™/~ mice. The data were normalized by the
kidney weight for comparisons of gender differences. Under basal conditions, there were
no significant sex differences in basal GFR levels between male and female WT mice, or
between male and female PT-AgtrZa~ mice. In response to Ang Il-induced hypertension,
GFR largely decreased proportionally in male and female WT and PT-AgtrZa~ mice.
**P<0.01 vs. control or untreated WT or PT-AgtrZa™’~ mice; *£<0.05 or **/<0.01 vs. male
or female WT controls.
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Figure 5. Comaprisons of basal 24-h urinary Na*, K*, CI™ excretion and their responses to Ang
11-induced hypertension treated with or without the AT, receptor blocker losartan between male

and female WT and PT—Agtrla"‘ mice

The data were normalized by the kidney weight for comparisons of gender differences.
Note that basal 24-h urinary Na* and K* excretion were significantly higher in male and
female PT-Agtria '~ mice than their male and female WT mice. However, basal 24 h
urinary Na* and K* excretion were lower in female than male WT and PT-AgtrZa”~ mice.
These natriuretic and kaliuric responses to Ang ll-induced hypertension were moderately
augmented in male but blunted in female PT-AgtrZa'~ mice. *<0.05 vs. basal WT or

PT-Agtria”~ controls. &P<0.05 vs. wildtype basal.
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Figure 6. Comparisons of general glomerular histology as stained by HE and Eosin in male WT
and PT—Agtrla_/_ mice under control conditions and during Ang I1-induced hypertension treated
with or without AT receptor blocker losartan

(A) WT control mice. (B) WT mice with Ang Il infusion. (C) WT mice with concurrent Ang
I infusion and losartan treatment. (D) PT-AgtrZa '~ control mice. (E) PT-Agtria”~ mice
with Ang Il infusion. (F) PT-Agtrla’~ mice with concurrent Ang I1 infusion and losartan
treatment. There were no differences found in the glomerular histology between male WT
and PT-Agtrla”~ mice. G, glomerulus; PT, proximal tubule. Magnification: x40.
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Figure 7. Comparisons of glomerular fibrotic responses, as determined by Masson’s trichrome
staining, to Ang ll-induced hypertension treated with or without losartan between male WT and
PT-Agtrla™'~ mice

(A) WT control mice. (B) WT mice with Ang Il infusion. (C) WT mice with concurrent
Ang Il infusion and losartan treatment. (D) PT-Agiria '~ control mice. (E) PT-Agitria '~
mice with Ang Il infusion. (F) PT-Agtr1a™'~ mice with concurrent Ang Il infusion and
losartan treatment. Note that Ang Il induced marked fibrotic response in the glomerulus
(B), compared with control WT mice (A). The glomerular fibrotic response was almost
completely prevented by concurrent treatment with losartan (C). In PT-Agtrla”~ mice,
however, Ang ll-induced glomerular injury was markedly attenuated (E vs. B), compared
with control PT-Agtrla’~ mice (D). Further treatment with losartan revealed no significant
further effect in PT-Agtria”’~ mice (F). G, glomerulus; PT, proximal tubule. Magnification:
x40.
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Figure 8. Comparisons of general proximal tubule and interstitial histology as stained by HE and
Eosin in male WT and PT—Agtrla"‘ mice under control conditions and during Ang I1-induced
hypertension treated with or without losartan

(A) WT control mice. (B) WT mice with Ang Il infusion. (C) WT mice with concurrent Ang
I1 infusion and losartan treatment. (D) PT-Agtria™'~ control mice. (E) PT-Agtria~ mice
with Ang Il infusion. (F) PT-Agtria’~ mice with concurrent Ang 11 infusion and losartan
treatment. There were no differences found in the proximal tubule and interstitial histology
between male WT and PT-AgtrZa™'~ mice. Magnification: x40.
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Figure 9. Comparisons of the proximal tubular and interstitial fibrotic responses, as determined
by Masson’s trichrome staining, to Ang Il-induced hypertension treated with or without losartan
between male WT and PT—Agtrla‘/ ~ mice

(A) WT control mice. (B) WT mice with Ang Il infusion. (C) WT mice with concurrent
Ang Il infusion and losartan treatment. (D) PT-Agtria™'~ control mice. (E) PT-Agtria~
mice with Ang Il infusion. (F) PT-Agtr1a™'~ mice with concurrent Ang Il infusion and
losartan treatment. Note that Ang Il induced marked tubulointerstitial fibrotic response in
WT mice (B), compared with control WT mice (A), and Ang ll-induced tubulointerstitail
injury response was completely blocked by concurrent losartan treatment (C). By contrast,
Ang 1l did not significantly induce significant tubulointerstitial injury or fibrotic response
in PT-Agtria”’~ mice (E vs. D) with or without losartan treatment (F). PT, proximal tubule.
Magnification: x40.
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Figure 10. Proximal tubule-specific deletion of AT1,4 receptors attenuates glomerular and
tubulointerstitial injury in Ang I1-induced hypertension in adult male PT—Agtrla_/_ mice

Semi-quantitative data showing that genetic deletion of AT, (ATq,) receptors selectively

in the proximal tubules of the kidney prevents Ang ll-induced glomerular (A) and
tubulointerstitail injury (B) in male PT-Agtria™'~ mice. *£<0.05 vs. WT control. */<0.05 vs.
Ang ll-infused WT mice. =8 for each group.
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Table 1
The expression levels of ATq,, ATy, and AT, receptors in the superficial cortex of the kidney in male and

female WT littermates and PT-Agtrla’'~ mice (7=10 each strain, 5 males and 5 females)

Parameter WT littermate  PT-Agtrla™~
ATy, mRNA, copy/ng RNA  652.9+33.8 546+ 4_52
AT1, mMRNA, copy/ng RNA 13+ 0.091 094+ 0'051
AT, mRNA, copy/ng RNA 1 1

0.17£0.01 0.15+0.01

1P<0.01 vs. AT13.

2P<O.01 vs. WT littermate.

Note that AT15 mMRNA expression in PT—AgtrJa_/ ~ mice was assayed from freshly isolated proximal tubules, and that AT1p or AT2 expression

was not significantly up-regulated or increased in the superficial cortex of the kidney in PT—AgtrJa‘/ ~ mice.
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Basal general physiological phenotypes of control adult male and female WT and proximal tubule-specific

PT-Agtria’™ mice

WT male PT-Agrla’ male  WT female  PT-Agtrla” female

Parameter (n=8) (n=10) (n=16) (n=10)
Body wt., g 26+05 26+05 140634 214097
Heart wt., g 0.18 +0.01 013 + 0012 014 + 0013,4 0.12 +0.01
Heart wt./body wt. ratio 0.62+0.2 052 + 0.012 0.66 +0.03 053+ 0.022
Left kidney wt., g 0.18 +0.01 0.18 +0.01 014 + 0.0134 014 + 0.011,3’,4
Left kidney wt./body wt. ratio  0.68 + 0.05 0.68 +£0.03 0.67 +0.02 061+ 0.12’3'4
Blood volume, mL. 0.64 £0.03 0.66 +0.04 0.61 +0.06 0.58 + 01033,4
Hematocrit, % 48.0+£0.9 470+05 50.0+0.5 26.0 + 0.52
Fluid intake, mi/24 h 3.0+0.16 28+04 34+0.2 204 0.32
Urine volume, ml/24 h 1.2+0.15 1.1+£0.05 074 + 0.133‘4 077 + 01143,4
Urine Na* conc., mmol/Il 196 + 30 199 +12 102 + 123,4 107 + 1534
Urine K* conc., mmol/l 278+ 26 285+25 174 + 2054 151 + 2354
Urine CI- conc., mmol/| 23537 25719 151+ 2294 163+ 2277

1P<0.05 or

ZRO.Ol vs. male or female WT mice.

3Fk0.05 or

4 = . .
£<0.01 vs. male WT or PT-Agtria 4 mice, respectively.
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General phenotypic responses to Ang Il-induced hypertension (1.5 mg/kg/day, i.p.) for 2 weeks in adult male
and female WT and proximal-tubule specific PT-Agtria’~ mice

WT male PT-Agtrla’ male WT female  PT-Agtrla’ female
+Ang Il +Ang Il +Ang Il +Ang Il
Parameter (n=9) (n=9) (n=8) (n=10)

Body wt., g 23.0+05 26.0+0.6 200 + 0.83 220+ 0.43
Heartwt., g 0.17 +0.03 0.18+0.01 014 + 0,015 014 + 0,015
Heart wt./body wt. ratio 0.76 + 0.04 0.74 £ 0.04 0.79+£0.03 070 + 0.023
Left kidney wt., g 0.15 +0.02 0.17 +0.01 0.13+0.01 0.14 4 0.06%
Left kidney wt./body wt. ratio  0.68 + 0.03 0.70+£0.01 077+ 0.044 0.72 £ 0.04
Blood volume, mi 0.54 +0.04 0.56 + 0.05 0.53+0.03 059 + 0.041,3
Hematocrit, % 54+0.7 50+ 131 50+ 1.43 49+1
Fluid intake, ml/24 h 46+0.3 574+ 0.62 4905 46+ 0.24
Urine volume, ml/24 h 23+0.2 19+0.2 2.0+0.2 15+ 0_23
Urine Na* conc., mmol/l 194 £15 244 + 247 1321 236 + 45°
Urine K* conc., mmol/l 262 +28 285+ 25 273+ 25 385 + 7524
Urine CI- conc., mmol/l 298418 294+ 44 237426 319+ 872

JRO.OS or

2 .
P<0.01 vs. male or female WT mice.

3P<O.05 or

4P<0.01 vs. male WT or PT—Agz‘rJa_/ ~ mice, respectively.
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Table 4

General phenotypic responses to Ang Il-induced hypertension (1.5 mg/kg/day, 7.p.) treated with the AT,
receptor blocker losartan (20 mg/kg/day, p.o.) for 2 weeks in adult male and female WT and proximal-tubule
specific PT-Agiria’™ mice

WT male PT-Agtrla’ male  WT female PT-Agtrla™~ female
+ Ang Il + Los +Ang Il + Los +Ang Il + Los + Ang Il + Los

Parameter (n=9) (n=9) (n=9) (n=10)
Body wt., g 27405 28+0.7 2240524 234044
Heart wt., g 0.20 £ 0.01 0.19+0.01 015 + 0.0124 013 + 0.014
Heartwt./body wt. ratio 0.79 £ 0.01 071+ 0_042 075 + 0_013 062 + 0_032,4
Left kidney wt., g 0.20 £ 0.03 0.18 +0.01 014 + 0.021,4 0.15 + 0014
Left kidney wt./body wt. ratio 0.76 £0.03 070 + 0_032 0.72 £ 0.02 0.70£0.01
Blood volume, mi 0.77:£005 068+002°  056:0037  061+00277
Hematocrit, % 48.0+0.7 48.0+1.1 50.0+1.1 470+0.8
Fluid intake, ml/24 h 30+x04 32+04 33+0.3 34+04
Urine volume, ml/24 h 15+0.1 1.3+0.1 068 + 0_12,4 080 + 0_12,4
Urine Na* conc., mmol/l 248+ 24 223+23 150 + 1424 203 + 262
Urine K* conc., mmol/l 299 +23 296 + 32 208 + 324 277 + 362
Urine CI~ conc., mmol/Il 303 £ 27 290 £33 270 £ 44 261 +59

'ZF'<0.05; or

2P<0.01 vs. male or female WT mice.
3Fko.05 or

4 - . .
FP<0.01 vs. male WT or PT-Agtria / mice, respectively.
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