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Abstract

Ample genetic and physiological evidence establishes that renal salt handling is a critical regulator
of blood pressure. Studies also establish a role for the immune system, T-cell infiltration and
immune cytokines in hypertension. This study aimed to connect immune cytokines, specifically
IFN-y and IL-17A, to sodium transporter regulation in the kidney during angiotensin Il (Angll)
hypertension. C57BL/6J (wild type, WT) mice, responded to Angll infusion (490 ng/kg/min, 2
weeks) with a rise in blood pressure (to 170 mmHg) and a significant decrease in the rate of
excretion of a saline challenge. In comparison, mice that lacked the ability to produce either IFN-y
(IFN-y™) or IL-17A (IL-17A~"") exhibited a blunted rise in blood pressure (to <150 mmHg), and
both genotypes maintained baseline diuretic and natriuretic responses to a saline challenge. Along
the distal nephron, Angll infusion increased abundance of the phosphorylated forms of the Na-
K-2Cl cotransporter, Na-Cl cotransporter and Ste20/SPS-1 related proline-alanine rich kinase, in
both the WT and IL-17A™~ but not in IFN-y~/~ mice; epithelial Na channel abundance increased
similarly in all three genotypes. In the proximal nephron, Angll infusion significantly decreased
abundance of Na/H-exchanger isoform 3 and the motor myosin VI in IL-17A~/~ and IFN-y~~, but
not WT; the Na-phosphate cotransporter decreased in all three genotypes. Our results suggest that
during Angll hypertension both IFN-y and IL-17A production interfere with the pressure
natriuretic decrease in proximal tubule sodium transport and that IFN-y production is necessary to
activate distal sodium reabsorption.
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Introduction

Blood vessels, kidney, and central nervous system are all implicated in the genesis of
experimental hypertension, and T-cells may provide a key link. Animal models of chronic
hypertension exhibit increased immune infiltration into the vascular adventitia and
kidney.1-3 Mice and rats lacking T-lymphocytes exhibit blunted hypertensive responses to
experimental hypertension, restored by adoptive transfer of T-cells.#6 Trott et al recently
provided evidence that a population of CD8* T-cells, not CD4* T-cells, play a critical role
in the development Ang 11 infusion hypertension.6 Recent evidence also indicates that
isoketal-modified proteins are formed in dendritic cells, and that these are recognized as
non-self and promote T cell activation.” In the kidney, cytokines released from these cells
activate local production of angiotensin 1l (Angll), even when systemic levels of Angll are
low.8 9 Local Angll is antinatriuretic, produces ROS locally, and activates Na* transporters
along the nephron.19 These responses can attract more immune cells, creating a positive
feedback loop manifest as chronic inflammation and hypertension. 3 11

There is evidence for involvement of cytokines produced by T-cells in the genesis and
maintenance of hypertension. TNF-a and IFN-y are produced by CD4* Th1 cells, IL-17
produced by CD4* Th17 cells, and IFN-y and TNF-a are produced by CD8+ cells.12 TNF-a
KO mice do not exhibit hypertension in response to Angll infusion.13 Madhur et al 14
reported that the rise in systolic pressure was blunted in IL-17A ~~ versus wild type (WT)
mice after 4 wk Angll infusion, and Nguyen et al 15 demonstrated that 1 wk infusion of
IL-17 raised systolic blood pressure indicating direct actions of this cytokine. IFN-y is
elevated in kidneys during experimental Angll hypertensionl® and while Marko et al found
Angll infusion elevated blood pressure similarly in IFN-y receptor knockout and wild type
mice, there was less renal tubulointerstitial injury and T- cell infiltration.1”

Physically, blood pressure (BP) can be elevated by vasoconstriction or by increasing the
circulating volume. Evidence from renal transplantation, diuretic action and renal Na*
transporter mutations support Guyton's hypothesis that long term regulation of blood
pressure depends on fractional renal sodium reabsorption.18-20 Ultimately, excess Na*
reabsorption drives counteracting natriuretic responses to restore Na* output to match Na*
intake at the expense of elevated BP.18 “Pressure-natriuresis” responses suggest Na*
transporter inhibition, e.g. mediated by transporter trafficking out of active domains, and/or
decreases in abundance or activity/transporter. 21-24 For example, two week Angll infusion
activates distal Na* transporters (cortical NKCC, NCC and ENaC), and depresses proximal
transporters (NHE3, NaPi2, and medullary NKCC) in Sprague Dawley rats.?> Our current
study aimed to investigate the role of cytokine production during Angll infusion
hypertension by testing the hypothesis that IFN-y and IL-17A either facilitate Angll
stimulation of distal transporters or blunt the pressure-natriuretic depression of proximal
transporters. Our results demonstrate that: Angll mediated hypertension and anti-natriuresis
are blunted similarly in both IFN- v~ and IL-17A™~ mice, that IFN-y, but not IL-17A is
required for Angll stimulation of distal transporters, and that both IFN- y and IL-17A blunt
the pressure-natriuretic depression of proximal transporters.
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Animals and blood pressure measurement

The institutional animal care and use committees at Vanderbilt University and Keck School
of Medicine approved the animal protocols. C57BL/6J and IFN- vy '~ mice were obtained
from Jackson Laboratories. IL-17A ~/~ mice were generated as described. 26 Osmotic
minipumps (Alzet, 2004) were implanted into 10-12 wks old mice for subcutaneous infusion
of Angll (490 ng/kg/min) or saline for 14 days. Blood pressure was recorded by telemetry,
as described previously.?’

Saline challenge test

As previously described,® mice were injected i.p. with a volume of warmed isotonic saline
equivalent to 10% of their body weight and placed immediately in metabolic cages for urine
collection. Results are expressed as the percentage of the injected sodium and volume
excreted over 4 hr.

Transporter profiling

After euthanasia, immunoblotting was carried out as described. 10: 25 Kidneys were
homogenized in a buffer containing protease and phosphatase inhibitors, and a 2,000 x g
supernatant, i.e., “homogenate,” was isolated and flash frozen in single use aliquots. Each
sample was analyzed at 1 and %2 amounts to verify linearity of the detection system (one
amount shown in Figures), as detailed in Table S1. Signals were analyzed with Odyssey
Infrared Imaging System (Li-COR) and software. Arbitrary density units were normalized to
mean intensity of control group, defined as 1.0.

Statistical Analyses

Results

WT versus IFN-y™'~ and WT versus IL-17A~/~ were compared, IFN-y™~ was not compared
to IL-17A~/~. Data are expressed as mean = standard error of the mean. For blood pressure
and saline challenge results over time, one way ANOVA followed by Neuman-Keuls post-
hoc test was used. For immunoblot abundance, Student's t-test was implemented. A p value
of <0.05 was considered significant.

See the online Data Supplement for an expanded more detailed Material and Methods
section.

Blood pressure and anti-natriuretic responses to Angll infusion are blunted in both IFN-
v~ and IL-17A ~~mice

Infusing Angll into C57BL/6J (wild type, WT) mice for 14 days raised mean systolic blood
pressure about 40 mmHg: from 126 £ 1 mmHg at baseline to 170 = 4 mmHg during the last
two days of Ang Il infusion, (means £ SEM, n=5, p<0.001, Table S2). Angll infusion also
significantly depressed the diuretic and natriuretic responses to a normal saline challenge
(10% of body weight injected i.p.): untreated WT mice excreted 70% of the injected sodium
(Figure 1) and 85% of the injected volume (diuretic responses to saline challenge in Figure
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S1) over the 4 hr collection period; after 2, 5, and 10 days of Angll infusion the percentage
of sodium and volume excreted over 4 hr decreased to 40% and 56% of the injected
amounts, respectively. While all animals will eventually excrete the Na* and volume infused
in the saline challenge, the rate at which the saline is excreted is a function of renal Na*
transporter activity. These results indicate that chronic Angll infusion activates Na*
transporters which depresses the fraction of the saline excreted during the initial 4 hrs.

In mice lacking the ability to produce IFN-y, the responses to 14 day Angll infusion were
blunted: mean systolic blood pressure rose from 136 + 4 to 150 + 3 mmHg (n=5, p< 0.05
versus baseline, p=0.001 versus Angll infused WT, Table S2). In response to a saline
challenge at baseline, IFN-y™~ mice excreted 89% of the injected sodium (Figure 1), which
is significantly more than excreted in the wild type mice at baseline (p=0.004), and 91% of
the injected volume (Figure S1); in response to 2-10 days Angll infusion there was no
change in the rate of excreting the saline challenge (Figure 1, S1). In mice lacking the ability
to produce IL-17A, the responses to 14 day Angll infusion was, similarly, blunted: mean
systolic blood pressure rose from 127 + 3 to 143 + 4 mmHg (n=8, p = 0.01 versus baseline,
p<0.001 versus Angll infused WT, Table S2). In response to a saline challenge, IL-17A~/~
mice excreted 83% of the injected sodium, significantly more sodium excreted than
measured in the wild type mice (p=0.02) (Figure 2) and 95% of the injected volume (Figure
S1); in response to 2-10 days Angll infusion there was no change in the rate of excreting the
saline challenge (Figure 1, S1). The results indicate an improved propensity to excrete salt in
both IL17A~"~ and IFN-g~/~ at baseline as well as during Angll infusion along with a
blunted hypertensive response to Angll. The results also provide evidence that these
cytokines independently promote the anti-natriuretic and diuretic efficacy of Angll in WT
mice.

Distal nephron transporter responses to Angll are blunted in IFN-y‘/‘, but not in IL-17A 7/~

mice

Since both the IFN-y /= and IL-17A ~~ mice excreted a saline load more rapidly than the
WT during Angll infusion, we tested the hypothesis that Angll driven Na* transporter
activation was blunted in these genotypes. Baseline patterns of sodium transporter
abundance, phosphorylation and cleavage, measured before treatment, were not significantly
different (Figure S3). We have previously reported that Angll infusion into rats and mice
activates distal nephron sodium transporters. % 10:25. 28 The findings in the Angll infused
WT group closely correspond with our previous reports: abundance of phosphorylated
NKCC (NKCC-P) and NCC doubled and NCC-P increased 5.5 fold (Figure 2). The 15%
decrease in total NKCC (p=0.004) is not unexpected as we have previously reported
decrease in medullary NKCC and in this sample set we did not separate cortex from
medulla. The kinase SPAK is expressed along the TALH and DCT where it can
phosphorylate and activate NKCC and NCC. In Angll treated WT, full length SPAK kinase
total abundance was not significantly altered (nor were the SPAK 2 kidney or kidney
specific SPAK isoforms), yet the activated form, SPAK-P, was increased 40% (Figure 3),
paralleling the increases in the SPAK substrates NKCC-P and NCC-P. Angll infusion
increased the relative abundance of aENaC by 30% and doubled the abundance of the
cleaved (proteolytically activated) o subunit.2® Taken together, these findings provide
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confirmatory evidence for sodium transporter activation in the TALH and distal nephron of
WT mice during Angll infusion as previously reported (Figure 2,3).10: 25 |n interferon y
deficient mice, Angll infusion did not significantly increase the abundance of NKCC-P,
NCC, NCC-P, or SPAK-P (Figures 2, 3). Angll did increase collecting duct ENaC a subunit
abundance and proteolytic cleavage, as in WT (Figure 2). Thus, IFN-y production is
important for TALH and DCT transporter activation during Angll infusion, but not for
activation of epithelial Na* channel. In contrast, in Angll infused IL-17A deficient mice the
activation of distal nephron NKCC, NCC, SPAK and ENaC (abundance, phosphorylation
and cleavage was essentially the same as in the WT mice suggesting that 1L-17A does not
play a role in activating distal transporters during Angll infusion under these conditions.

Proximal nephron transporters are significantly decreased during Angll infusion in both
IFN-y~~ and IL-17A = mice

The proximal tubule normally reabsorbs 2/3 of the filtered load, largely through the apical
brush border sodium hydrogen exchanger isoform 3 (NHE3). The sodium phosphate
transporter isoform 2 (NaPi2) is another apical brush border transporter and both are
activated by Angll and suppressed by hypertension.22 2530 The atypical molecular motor
myosin VI appears necessary to drive NHE3 and NaPi2 to the base of the microvilli.30-32
The hypertensive and anti-natriuretic responses to Angll can, theoretically, be blunted by
either reducing distal transporter activationl® or augmenting proximal tubule and TALH
mediated pressure natriuresis.?8 We compared the regulation of PT NHE3, NaPi2 and
myosin VI abundance in the three genotypes during Angll infusion (Figure 4). In the WT
mice, Angll infusion hypertension did not change NHE3 or myosin VI abundance, but
decreased NaPi2 abundance by 35%, consistent with a response to elevated blood pressure.
In IFN-y~~ mice, Angll infusion decreased NHE3, NaPi2 and myosin VI abundance by
25%, 50%, and 25%, respectively. In IL17A ~~ mice,Angll infusion decreased NHE3,
NaPi2 and myosin VI abundance by 40%, 50%, and 25%, respectively. These results
indicate that removing IFN-y or IL-17A production during Angll hypertension promotes a
significant homeostatic reduction in proximal tubule NHE3 and NaPi2 abundance, (likely
secondary to the hypertension caused by elevated distal sodium reabsorption), which
contributes to the consistent natriuretic response to a saline challenge and lower blood
pressure. That is, the production of IFN-y and I1L-17A during Angll infusion in WT mice
counteracts the homeostatic suppression of proximal transporters NHE3 and NaPi2 and their
associated regulator myosin VI.

Discussion

Two weeks of Angll infusion provoked hypertension in WT C57BL/6J mice, as well as in
mice lacking production of the specific cytokines IFN-y or IL-17A. However, the final blood
pressures were lower, by 20-25 mmHg, in IFN-y 7~ and IL-17A ~/~ mice. Additionally,
while the natriuretic response to a saline challenge was reduced 30% in WT mice infused
with Angll, the natriuresis was not significantly reduced by Angll in either IFN-y™~ or
IL-17A~/~. Interestingly, both the IFN-y~/~ and the IL-17A™/~ excreted a larger percentage
of the sodium injected over 4 hours at baseline (Figure 1). This capacity was not reflected in
significant differences in sodium transporter abundance at baseline (Figure S3), but may
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reflect less inflammation potential throughout the animal. Taken together, these results
suggest that the higher compensatory natriuresis and diuresis responses during Angll
infusion in IFN-y™~ and IL-17A~/~ mice contribute to their lower blood pressure.

The effects of 2 week Angll infusion on the transporter profiles of all three genotypes is
summarized and compared in Figure 5 (from data in Figures 2 - 4). From these distinct
profiles it is evident that: 1) in mice lacking either IFN-y or IL-17A cytokine production,
proximal transporters, that reabsorb the majority of the filtered sodium, are depressed during
Angll infusion more than in WT mice, 2) In mice lacking IFN-y, Angll does not activate
sodium transporters or SPAK in the TALH or DCT, 3) ENaC « is activated during AnglI
infusion independent of IFN-y or IL-17A production. What is the evidence that the
differences in the responses to a saline load are mediated at the level of tubular
reabsorption? The saline volume expansion has been reported to raise GFR (limited by
tubuloglomerular feedback), and to decrease PT fractional Na* reabsorption, which leads to
a partial compensatory increase in distal Na* reabsorption, culminating in a significant
decrease in fractional Na* reabsorption.33: 34 Our previous study in mice with no proximal
tubule AT1 receptors also reported decreased abundance of PT NHE3 and NaPi2 during
Angll treatment (similar to decreases in IL-17A ~~ and IFN /") associated with significantly
lower PT fractional Na* reabsorption rates measured by free flow micropuncture (corrected
for single nephron GFR).28 The excretion of a saline load would be expected to be hampered
by the anti-natriuretic influence of Angll in the PT as well as elevated transporters in the
distal nephron; in contrast, the lower abundance of PT transporters in the IFN-y~~ and
IL-17A~"~ would facilitate the excretion of the saline challenge, as observed. Overall,
compared to Angll infused WT mice, the IFN-y ~/~ genotype exhibits suppressed proximal,
TALH and DCT transporters and SPAK-P, while IL-17A ~/~ genotype exhibits only PT
transporter suppression, yet, blood pressure during Angll infusion is suppressed to the same
extent in both IFN-y™~ and IL-17A~~ mice supporting the importance and compensatory
potential of the proximal tubule pressure natriuresis response.

Angiotensin Il hypertension has proven to be a useful model to assess the relationship
between blood pressure regulation, renal sodium transport, and renal pathology. The studies
of Crowley and Coffman2? provide very strong evidence that impaired renal sodium
excretion is central to the development of hypertension, whether the initiating cause involves
vascular, neural or inflammatory responses. These findings are also in keeping with recent
observations of Trott et al, demonstrating an oligoclonal expansion of CD8* T cells in
kidney ( not spleen or vasculature) during Ang Il infusion.® Acutely, Angll stimulates
sodium transporters along the nephron by increasing their abundance in plasma membranes
via trafficking. 30 35 After three days infusion of a non-pressor dose of Angll, total
abundance of NHE3, NKCC, NCC and SPAK increase;38 and after two weeks of the pressor
dose used in this study, the distal transporters are further activated, while proximal tubule
and medullary TALH transporters decrease to baseline or below, presumably driven by the
hypertension, which effects compensatory natriuresis that balances Na* output to Na*
intake. In our previous reports in wild type rodents treated with Angll we have observed
both a return to baseline NHE310 as well as a suppression below NHE3 baseline.25: 28 We
attribute the difference in responses to the dose and time of Angll treatment, as well as to
whether the cortical NHE3 was dissected from the medullary NHE3. In any case, long term
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Angll hypertension fails to stimulate proximal transporters as it does over the short term.
The hypertensive phase is accompanied by inflammation, immune cell infiltration,
accumulation of intrarenal Angll and increased abundance of markers of renal injury. In
contrast, if high plasma Angll is physiologically provoked for the same period by a low salt
diet, Na* transporter abundance and activation are increased without the accompanying
negative sequelae listed above.3’ For this reason, it has been suggested that release of
proinflammatory signals (cytokines) during experimental hypertension compromises the
kidneys’ ability to turn down Na* reabsorption to accomplish sufficient pressure natriuresis.
Thus, the blood pressure has to rise further to generate a sufficient natriuretic response to
balance Na* output to intake.38 Studies have detailed the effects of IL-17A15 and the lack of
IL-17A24 on the vasculature, and the accumulation of IFN-y in untreated hypertensives as
well as a role in hypertensive cardiac and renal injury. 16:17:39 Our results suggest that,
ultimately, the proinflammatory cytokines released contribute to elevated blood pressure by
activating sodium transporters and/or blunting pressure natriuresis responses of proximal
sodium transporters. Are cytokines brought into the kidney via immune cell infiltration or
produced in the kidney during Angll treatment? Recent studies provide evidence for both
possibilities. The Harrison group reported that re-introducing CD8+ T cells restores Angl|
hypertension to Rag-1~/~ mice, and that CD8+ cells secrete IFN-y, suggesting that immune
cell production of cytokines is sufficient. & 12 In contrast, the Crowley group reported that
the blunting of hypertension observed in TNF-a knockout mice, during an Angll plus
uninephrectomy protocol, was due to TNF-a specifically produced in the kidney.*°
Additionally, whether the cytokines work directly on cytokine receptors in renal epithelial
cells, or indirectly by stimulating hormonal and/or neural activation, to inappropriately raise
sodium transport has not been addressed in this study and both possibilities warrant serious
consideration. These issues include consideration of multiple cell types in the kidney, raising
the potential for paracrine cytokine regulation as well as for intrarenal synthesis of Angll,
associated with inflammation, known to raise sodium transporter activity.% 10

The transporter profile of the Angll infused IFN-y =/~ mice is indistinguishable from the
pattern we reported in Angll infused mice with no kidney angiotensin converting enzyme
(ACE 10/10).10 The ACE 10/10 mice have blunted intrarenal Angll production, blunted
hypertensive response to Angll infusion, and no Angll-stimulated increases in NKCC-P,
NCC-P or SPAK-P. The similarity suggests that intrarenal Angll accumulation may be
blunted or lacking in the IFN-y~/~ mouse. These findings are in line with studies showing
diminished intrarenal angiotensin Il accumulation in immunodeficient mice in response to
hypertensive stimuli.8: 41, 42

The transporter profile of the IL-17A =~ mouse is similar to the profile reported in mice
with a proximal tubule specific deletion of the AT1 receptor,28 notably, 50-60% decrease in
abundance of proximal tubule NHE3 and NaPi2 as well as reduced fluid reabsorption in
response to Angll infusion. Thus, IL-17A production may contribute to Angll hypertension
by specifically stimulating NHE3 and NaPi2 which counteracts pressure natriuresis. This
suggestion is in line with the recent studies associating impaired pressure natriuresis with
tubulointerstitial immune cell infiltration in the kidney.*?
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Similarities between the transporter profiles of the IFN-y and IL-17A knockout mice are also
informative. ENaC stimulation by Angll infusion, evident in the WT genotype, is not
reduced in the Angll infused knockout mice , nor in the ACE 10/10 mice, suggesting that
plasma Angll or aldosterone, rather than these cytokines, produced during local
inflammation, are responsible for ENaC stimulation.#3: 44 In addition, this persistent ENaC
stimulation may, at least in part, be responsible for the residual elevation in blood pressure
in the two knockout genotypes during Angll infusion. In addition, NHE3, NaPi2 and myosin
VI are reduced similarly in both the IFN-y and IL-17A knockout genotypes compared to WT
during Angll hypertension, albeit to a lesser extent in the IFN-y =~ mice (Figure 4). It is
surprising that blood pressure is reduced similarly in the two knockout genotypes since
distal transporter activation by Angll is not reduced in the IL-17A knockout mice. This
pattern suggests that the reductions in proximal NHE3, NaPi2 and myosin V1 are key to
improving pressure natriuresis and diuresis and strong enough to both counteract the distal
NKCC and NCC transport stimulation during Angll hypertension and to reduce the rise in
blood pressure necessary to maintain effective circulating volume.

Perspectives

Previous animal studies focusing on the role of immune cytokines in Angll hypertension
have examined the role of IFN-y and other immune cytokines in vascular dysfunction.
Others have shown a clear link between a hypertensive response and T cell infiltration into
the kidney. This study connects the immune cytokines IFN-y and IL-17A to sodium
transporter regulation in the kidney, a key determinant of blood pressure and hypertension.
Our results suggest the hypotheses, for further study, that 1) interferon gamma may
indirectly stimulate transporters via activation of intrarenal Angll production, and that 2)
both IFN-y and IL-17A directly interfere with pressure natriuretic driven decreases in
proximal tubule transporters during hypertension. Thus, this study makes a direct link
between the immune system and the Guytonian model of the regulation of effective
circulating volume and blood pressure. The results suggest new therapeutic targets for
treating this widespread and chronic disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

Angll angiotensin 11
C57BL/6J wild type mice (WT)
CD collecting duct

DCT distal convoluted tubule
ENaC epithelial Na*
IL-17A cytokine interleukin 17A
IFN-y cytokine interferon gamma
NaPi2 Na*-phosphate transporter isoform 2
NCC Na*-CI~ cotransporter
NCC-P NCC phosphorylated at Ser 71
NHE3 Na*/H* exchanger isoform 3
NKCC apical Na*-K*-2CI~ cotransporter
NKCC-P NKCC phosphorylated at Thr 96, Thr 101
PT proximal tubule
RAS renin-angiotensin system
SPAK Ste20/SPS-1 related proline-alanine rich kinase
SPAK-P SPAK phosphorylated at Ser 373
TALH thick ascending limb of Henle's loop
WT wild type C57BL/6J mice
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Novelty and Significance Box

What is new:

Lack of IFN-y blunts Ang Il hypertension as well as anti-natriuretic responses to
Angll, prevents significant activation of NKCC, NCC and SPAK, and amplifies
the decrease in PT NHE3, NaPi2 and myosin V1. We conclude that production
of IFN-y during Angll hypertension blunts the pressure-natriuresis decrease in
PT transporters NHE3 and NaPi2 and is required for stimulation of NKCC,
NCC and SPAK.

Lack of IL-17A blunts Angll hypertension as well as the anti-natriuretic
responses to Angll and amplifies the decrease in PT transporters. We conclude
that production of IL-17A during Angll hypertension blunts the decrease in PT
transporters NHE3 and NaPi2, but does not affect distal transporter activation.

ENaC stimulation during Angll is independent of cytokine production, thus,
appears to be a direct effect of Angll or aldosterone.

What is relevant:

Novel connections are established between immune cell cytokines and renal Na*
transport activation. Interfering with these connections blunts experimental
hypertension, suggesting therapeutic targets to improve pressure natriuresis
response of proximal tubule transporters to lower blood pressure.

Locations (direct or indirect) regulated by cytokines are pinpointed to: both
IL-17A and IFN-y blunting proximal tubule natriuretic responses, and IFN-y
activation in the distal nephron.

Summary: Our results suggest that during Angll hypertension both IFN-y and IL-17A
production interfere with the pressure natriuretic decrease in proximal tubule sodium
transport which leads to further hypertension. IFN-y production is also necessary for
activation of distal sodium transporters, perhaps via stimulation of intrarenal RAS. Both
findings warrant future investigation for therapeutic potential.
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Figure 1. Physiologic responses to Angll infusion (490 ng/kg/min x 14 d) are blunted in IFN-y_/_
and IL-17A ™~ mice
At baseline (B), 2, 5, and 10 days of Angll infusion, WT, IFN-y~~ and I1L-17A ~/~ mice
were challenged with an i.p. bolus of warmed saline equivalent of 10% of their body weight
and placed in metabolic cages for urine collection. Results are expressed as the fraction of
the amount injected (the challenge) excreted over the 4 hr collection period. Angll infusion
significantly reduced the natriuretic responses in WT, but not in the IFN-y /= or IL-17A =/~

mice. Data are expressed as mean + SEM, n= 4-7 per group. *P < 0.05
Diuretic responses are displayed in Figure S1.
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Figure 2. Effects of IFN-y and IL-17A on NKCC, NCC and ENaC abundance regulation during
Angll infusion

Transporter abundance was analyzed in whole renal tissue homogenates from: A. wild-type

(WT), B. IFN-y 7=, and C. IL-17A ~/~ mice 2 weeks after sham or Ang Il infusion.
Immunoblots were performed with a constant amount of protein per lane and ¥ amounts
(not shown) to verify linearity of detection (details provided in Table S1). Relative
abundance indicated as mean + SEM. n = 5-6/group. *P < 0.05.
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Figure 3. Effects of IFNy and IL-17A on Ste20/SPS1-related Proline/Alanine-rich Kinase (SPAK)
abundance and regulation during Angll infusion (490 ng/kg/min x 14 d)

SPAK and SPAK-P abundance (analyzed as described in Figure 2 and Table S1) from: A.
wild-type (WT) , B. IFN-y~/~ ;and C. IL-17A ~~ mice 2 weeks after sham or Ang I
infusion. SPAK 2 and kidney specific SPAK (SPAK KS) indicated but not quantified.
Relative abundance indicated as mean + SEM, n = 5-6/group. *P < 0.05.
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Figure 4. Effects of IFNy and IL-17A on NHE3, NaPi-2 and myosin VI abundance regulation

during Angll i

nfusion

Abundance (analyzed as described in Figure 2 and Table S1) from: A. wild-type (WT) , B.
IFN-vy =/~ and C. IL-17A ~/~ mice 2 weeks after sham or Ang Il infusion. Relative
abundance values indicated as mean = SEM. n = 5-6/group. *P < 0.05.
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Figure 5. Renal transporter profiles of WT C57BL/6J, IFN-y'/' and IL-17A™"" mice during
Angll infusion
Data summarized from Figures 2-4 is displayed as relative abundance of Angll infused mice

(490 ng/kg/min x 14 d) relative to abundance in control mice of the same genotype infused
with saline, defined as abundance =1. *P<0.05 versus saline infused mice of the same
genotype.
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