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ABSTRACT
Inappropriate activation of the renin-angiotensin system (RAS) contributes to many
CKDs. However, the role of the RAS in modulating AKI requires elucidation, particularly because stimulating type 1 angiotensin II (AT1) receptors in the kidney or
circulating inﬂammatory cells can have opposing effects on the generation of inﬂammatory mediators that underpin the pathogenesis of AKI. For example, TNF-a
is a fundamental driver of cisplatin nephrotoxicity, and generation of TNF-a is suppressed or enhanced by AT1 receptor signaling in T lymphocytes or the distal nephron, respectively. In this study, cell tracking experiments with CD4-Cre mT/mG
reporter mice revealed robust inﬁltration of T lymphocytes into the kidney
after cisplatin injection. Notably, knockout of AT1 receptors on T lymphocytes exacerbated the severity of cisplatin-induced AKI and enhanced the cisplatin-induced
increase in TNF-a levels locally within the kidney and in the systemic circulation. In
contrast, knockout of AT1 receptors on kidney epithelial cells ameliorated the severity of AKI and suppressed local and systemic TNF-a production induced by cisplatin. Finally, disrupting TNF-a production speciﬁcally within the renal tubular
epithelium attenuated the AKI and the increase in circulating TNF-a levels induced
by cisplatin. These results illustrate discrepant tissue–speciﬁc effects of RAS stimulation on cisplatin nephrotoxicity and raise the concern that inﬂammatory mediators
produced by renal parenchymal cells may inﬂuence the function of remote organs by
altering systemic cytokine levels. Our ﬁndings suggest selective inhibition of AT1
receptors within the nephron as a promising intervention for protecting patients
from cisplatin-induced nephrotoxicity.
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Cisplatin is a chemotherapy agent widely
used in the treatment of solid tumors.
Although the range of therapeutic options for patients with these malignancies has expanded considerably in recent
years, cisplatin remains one of the most
frequently prescribed anticancer drugs
and shows sufﬁcient efﬁcacy to warrant
J Am Soc Nephrol 27: ccc–ccc, 2016

exploration for new indications in ongoing clinical trials.1 However, cisplatin has
several side effects, including renal toxicity, which affects over one quarter of
treated patients. 2 Understanding the
mechanisms of cisplatin nephrotoxicity
should guide strategies to preserve the
chemotherapeutic beneﬁts of cisplatin

while minimizing the risks of associated
AKI.3,4 In this regard, TNF-a plays a
central role in mediating cisplatin–
induced renal damage.5,6
Our recent experiments have suggested
that actions of the renin-angiotensin system (RAS) are tissue dependent in the
setting of various CKDs.7–9 Despite the
wide use of RAS inhibitors, including
type 1 angiotensin receptor blockers
(ARBs), little evidence is available to direct the use of these medicines when a
patient is at risk of developing AKI. During persistent hypertension, we found
that inactivation of type 1 angiotensin
II (AT1 ) receptors on T lymphocytes
led to exaggerated generation of TNF
through the induction of the Th1 transcription factor T-bet.8 Given the importance of TNF in instigating cisplatin
nephrotoxicity, we posited that activation of AT1 receptor on T cells may limit
cisplatin-induced AKI by constraining
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T cell elaboration of TNF. By contrast, in
epithelial cells of the distal nephron that
do not express high levels of T-bet, angiotensin II stimulates de novo TNF expression,10 prompting us to test whether
activation of AT1 receptors in the distal
nephron contributes to cisplatin nephrotoxicity. To our knowledge, these studies are the ﬁrst to document opposing
actions of AT1 receptors in hematopoietic and renal parenchymal cells in the
pathogenesis of AKI. These data should
guide the development of tissue–selective
RAS blockade strategies for the prevention or treatment of AKI induced by
cisplatin.
To examine whether T cells accumulate in the kidneys after administration of
cisplatin, we used a CD4-Cre mT/mG reporter mouse line in which CD4+ and
CD8 + T cells ﬂuoresce green, but all
other cell lineages ﬂuoresce red. After intraperitoneal (ip) cisplatin injection, we
noted inﬁltrating eGFP+ T cells scattered
throughout the renal parenchyma (Figure 1B) peaking at 12 hours, consistent
with previous ﬁndings by Liu et al.11
We then tested whether abrogating
AT1 receptor signals selectively within T
lymphocytes inﬂuences the development of cisplatin-induced AKI. Wildtype (WT) mice and mice genetically
deﬁcient of the dominant murine AT1
receptor isoform (AT1A) solely within T
cells (TKO; Supplemental Figure 1) had
similar levels of BUN and serum creatinine (sCr) after saline treatment, indicating that the T cell AT1 receptor does
not affect baseline renal function (Figure
1, C and D). At 72 hours after cisplatin
administration, BUN levels in WT mice
increased markedly from 3060 to 1856
20 mg/dl, whereas sCr increased from
0.560 to 1.260.2 mg/dl. This degree of
renal function decline is consistent with
prior studies using the cisplatin model of
AKI.5 However, cisplatin–treated TKO
mice had even higher levels of BUN
(2446 20 mg/dl; P=0.05) and sCr
(1.960.2 mg/dl; P=0.02), suggesting
that AT1 receptor stimulation on T cells
attenuates the severity of cisplatin–
induced renal dysfunction.
To evaluate if the T cell AT1 receptor
has similar effects on renal pathology, we
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used our previously reported histologic
scoring system12 to analyze hematoxylin
and eosin (H&E)–stained kidney sections. No kidney injury was detected in
saline–treated WT and TKO mice (Figure 1, E, F, and I). Both TKO and WT
mice had evidence of kidney injury at
72 hours after cisplatin treatment. However, TKO mice had more severe kidney
pathology than WT controls (2.466
0.18 versus 1.7360.30 arbitrary units;
P=0.04), conﬁrming that the AT1 receptor
on T cells acts to constrain renal damage
in cisplatin nephrotoxicity (Figure 1, G–I).
Neutrophil gelatinase–associated
lipocalin (NGAL) is a widely used marker
for AKI. Compared with saline, cisplatin
treatment resulted in massive upregulation in NGAL mRNA expression as measured by real-time PCR in kidney tissues
from WT mice (P=0.04). Kidney tissues
from cisplatin–treated TKO mice had
approximately threefold higher levels of
NGAL mRNA expression compared
with cisplatin-treated WTs (P=0.04)
(Figure 1J). Because TNF is a fundamental driver of cisplatin-induced AKI, we
proﬁled the expression of TNF in the
kidney and systemic circulation. Compared with WTs, cisplatin–treated TKO
mice had higher levels of TNF mRNA
(P=0.02) (Figure 1K) and protein
(343636 versus 233620 pg/mg tissue
protein; P=0.02) (Figure 1M) in the kidney and higher circulating TNF levels
(169652 versus 59620 pg/ml; P=0.05)
(Figure 1L). Thus, activation of the T cell
AT1 receptor suppresses generation of
TNF within the kidney and reduces the
degree of kidney injury during cisplatin
nephrotoxicity.
Although our ﬁndings conﬁrm the
importance of CD4+ T lymphocytes in
mediating cisplatin-induced AKI, 11
these experiments are the ﬁrst, to our
knowledge, to document a protective effect of the T cell AT1 receptor in the setting of AKI and highlight a potential
danger of treating patients who require
cisplatin chemotherapy with an ARB.
Although we cannot exclude a TNFindependent contribution to the exaggerated renal injury in the TKOs, the
actions of AT 1 receptors on T cells to
limit TNF production are consistent
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with our previous ﬁndings in the setting
of hypertensive kidney damage and can
accrue from both an effect on T-bet–
mediated T cell differentiation and a
reduction in T cell-renal tubular cell interactions caused by effects of the T cell
AT1 receptor on chemokine generation.8
Angiotensin II upregulates TNF production in the distal nephron.10 Therefore, to evaluate the contribution of AT1
receptor activation in the distal nephron
to TNF generation and AKI after cisplatin treatment, we generated Ksp-Cre
Agtr1aﬂox/ﬂox mice (KKO) lacking AT1A
receptors solely in the distal nephron.
We observed the distribution pattern of
our gene targeting strategy in the cisplatin model by subjecting Ksp-Cre
mT/mG reporter mice to our cisplatin
model. After saline or cisplatin injection,
green ﬂuorescent protein emanated
from the distal nephron, including the
loop of Henle (Figure 2, A and B), a major source of kidney-derived TNF.10
Because WTand KKO mice had similar
levels of BUN or sCr after saline injection,
AT1 receptors on epithelial cells of the distal nephron do not seem to affect renal
function at baseline. Seventy-two hours
after cisplatin treatment, BUN levels in
WT mice increased dramatically from
2461 to 192617 mg/dl, whereas sCr increased from 0.160 to 1.160.1 mg/dl
(Figure 2, C and D). In contrast to the
TKO cohort above, cisplatin–treated
KKO mice had approximately 30%
lower BUN levels than WTs (120.26
11.33 mg/dl; P,0.001) and a 50% decrement in sCr (0.56 0.1 mg/dl;
P,0.001). Thus, AT1 receptor stimulation on kidney epithelial cells makes a
striking contribution to renal dysfunction during cisplatin nephropathy.
To determine if the AT1 receptor on
kidney epithelial cells inﬂuences disruptions in renal architecture after cisplatin,
we again analyzed HE–stained kidney
sections from the experimental groups
(Figure 2, E–G). KKO mice had about
50% less kidney injury than WT controls
at 72 hours after cisplatin treatment
(1.660.2 versus 3.060.2; P=0.003),
conﬁrming that AT1 receptors on kidney
epithelial cells accentuate kidney damage
in cisplatin-induced AKI.
J Am Soc Nephrol 27: ccc–ccc, 2016
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Figure 1. Stimulation of AT1A receptors on T lymphocytes attenuates cisplatin-induced AKI. (A and B) Representative images of kidney
sections from CD4-Cre+ mT/mG mice at 12, 24, or 72 hours after (A) saline or (B) cisplatin injection. (C–M) Renal function and injury
parameters in WT (TWT) mice and CD4-Cre+ Agtr1afl/fl (TKO) mice at 72 hours after saline or cisplatin treatment. (C) BUN and (D) sCr (n=6
for saline and n$10 for cisplatin). (E–H) Representative images of kidney sections from saline– and cisplatin–treated (E and G) TWT and
(F and H) TKO mice, respectively. *Tubular dilation (mild injury); #lysed tubules (severe injury with cell death); →, loss of brush border (mild
injury). (I) Semiquantitative scoring of renal pathology. (J and K) Renal mRNA expression of (J) NGAL and (K) TNF-a. (L) Serum and (M)
whole–kidney TNF-a protein content. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

As in the earlier experiment, cisplatin
treatment induced robust NGAL mRNA
expression in the kidneys of WT mice
compared with saline-treated controls
(P,0.03) (Figure 2H). Compared with
cisplatin-treated WTs, kidney tissues
from KKO mice had an approximately
70% reduction in mRNA expression of
NGAL (P=0.03) (Figure 2H). Because
angiotensin II has the capacity to induce
renal production of TNF, we again measured expression of TNF in the kidney
and systemic circulation in our experimental groups. Compared with WTs,
cisplatin–treated KKO mice had lower
levels of renal TNF mRNA (P=0.05)
(Figure 2I) and protein (5865 versus
J Am Soc Nephrol 27: ccc–ccc, 2016

11564 pg/mg tissue protein; P,0.001)
(Figure 2K) and reduced serum TNF levels (226 4 versus 756 12 pg/ml;
P,0.001) (Figure 2J). These data indicate that AT1 receptor stimulation on
kidney epithelial cells provokes generation of TNF during cisplatin nephropathy sufﬁciently to alter TNF levels in the
systemic circulation.
Cisplatin damages the kidney by activating apoptosis and necroptosis signaling cascades13 but also, by activating
the innate and adaptive immune systems. Although RAS activation has
been implicated in both regulating cell
death and provoking inﬂammatory responses, we and others have struggled

to reconcile the proinﬂammatory effects
of global RAS activation with our more
recent ﬁndings that AT1 receptor activation directly on immune cells limits their
production of inﬂammatory cytokines.9,14–16 These experiments directly
confront this paradox in the context of
AKI by revealing that AT1 receptors on
renal tubular cells rather than on immune cells upregulate TNF, even at the
systemic level, and thereby, incite an inﬂammatory response that is, in turn,
tempered by activation of AT1 receptors
on T lymphocytes. The cell-speciﬁc
responses of inﬂammatory signaling cascades to angiotensin receptor stimulation can be explained by the expression
AT1 Receptors in Cisplatin-Induced AKI
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Figure 2. AT1A receptor activation on kidney epithelial cells exaggerates cisplatin nephrotoxicity. (A and B) Representative images of
kidney sections from KSP-Cre+ mT/mG mice 72 hours after (A) saline or (B) cisplatin injection. (C) BUN and (D) sCr in saline– or cisplatin–
treated WT and KKO mice (n=3 for saline and n$33 for cisplatin). (E–G) Kidney pathology in cisplatin-treated mice. Representative images
of kidney sections from cisplatin-treated (E) WT and (F) KKO mice. *Tubular dilation (mild injury); #lysed tubules (severe injury with cell
death); →loss of brush border (mild injury). (G) WT and KKO kidney pathology scores (n=3 for saline and n$12 for cisplatin). (H and I) Renal
mRNA expression of (H) NGAL and (I) TNF-a. (J) Serum and (K) kidney TNF-a protein content (n=3 for saline and n$7 for cisplatin). GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

of transcription factors, such as T-bet,
which is prominent within T cells but
not within renal tubular cells.17
To determine the net effect of global
AT1 receptor blockade on the severity of
cisplatin nephrotoxicity, we treated WT
mice with losartan or vehicle during cisplatin AKI. BUN levels were nonsigniﬁcantly higher in losartan-treated animals
compared with vehicle-treated controls,
whereas losartan therapy had no measurable effect on sCr levels (Figure 3, A
and B) or renal mRNA expression of
TNF after cisplatin (1.0060.23 versus
0.9660.28 arbitrary units). By contrast,
losartan had a nonsigniﬁcant protective
effect on renal pathology at 72 hours
4

after cisplatin injection (Figure 3C).
This failure of the ARB to signiﬁcantly
alter the course of cisplatin nephrotoxicity is consistent with prior reports18
and further illustrates the competing actions of AT1 receptors on T cells versus
those in the kidney to inﬂuence AKI
pathogenesis, leading to a net neutral
effect of global ARB therapy.
To directly test whether kidney epithelial cell–derived TNF contributed to
the differences in AKI severity noted
between the WT and KKO mice, we
intercrossed Ksp-Cre mice with mice
harboring a ﬂoxed TNF gene locus,
yielding mice with deﬁciency of TNF
solely in the renal epithelium (TNF
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KKO) and their WT littermates. WT
mice and TNF KKO mice had similar
BUN and sCr levels after saline treatment, suggesting that TNF generated
by kidney epithelial cells does not affect
renal function at baseline. As in earlier
experiments, by 72 hours after cisplatin
administration, the BUN in the WT
mice increased markedly from 2161
to 1946 14 mg/dl, whereas sCr increased from 0.136 0.06 to 1.206
0.15 mg/dl (Figure 4, A and B). However, cisplatin–treated TNF KKO mice
had signiﬁcantly lower levels of BUN
(1436 14 mg/dl; P=0.02) and sCr
(0.7860.13 mg/dl; P=0.04). We then
examined whether TNF from kidney
J Am Soc Nephrol 27: ccc–ccc, 2016
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Figure 3. The effects of AT1 receptor blockade on cisplatin nephrotoxicity. (A) BUN, (B)
sCr, and (C) kidney pathology scores in vehicle– or losartan–treated WT mice at 72 hours
after cisplatin injection (n$15).

epithelial cells inﬂuences the severity of
renal pathology in our model. TNF
KKO mice had approximately 50% less
kidney damage than WT controls at
72 hours after cisplatin treatment (Figure
4, C–E) (P=0.02). Moreover, by real-time
PCR, kidney tissues from TNF KKO mice
had approximately 70% less mRNA expression of the kidney injury marker
NGAL compared with WTs (P=0.002).
Thus, TNF generated by kidney epithelial
cells accounts for a substantial component
of cisplatin-induced AKI.
We then proﬁled renal and systemic
TNF levels in the TNF KKO and WT
cohorts (Figure 4, G–I). Cisplatin–treated
TNF KKO mice had signiﬁcantly less
TNF expression than the WTs in the kidney at both the mRNA (P=0.05) and
protein levels (62.465.9 versus 79.36
3.4 pg TNF/mg tissue protein; P=0.03).
These data show that the distal nephron
is an important source of TNF in the injured kidney but that other cell lineages
also contribute nontrivial amounts of
TNF in this setting. Abrogating TNF
production in the distal nephron also
had a profound effect on serum TNF levels (22.065.1 versus 68.7611.4 pg/ml;
P=0.002). These data conﬁrm the importance of TNF produced in the distal
J Am Soc Nephrol 27: ccc–ccc, 2016

nephron to determining local TNF levels
within the kidney and within the circulation during cisplatin nephrotoxicity.
Finally, to assess the extent to which AT1
receptor activation in the kidney potentiates cisplatin-induced AKI by stimulating
TNF generation, we administered losartan
to cisplatin–treated WT and TNF KKO
animals. In the presence of an ARB, WT
and TNF KKO animals had similar BUN
and sCr levels at 72 hours after cisplatin
(Supplemental Figure 2). These data
suggest that AT1 receptor stimulation
in the renal epithelium drives cisplatin
nephrotoxicity largely through the induction of TNF in the kidney.
Thus, RAS activation within kidney
epithelial cells mediates cisplatin-induced
AKI by triggering local TNF production
to such a degree that systemic TNF levels
escalate. Although the alterations in
systemic TNF levels could accrue directly
from enhanced generation in the distal
nephron, the dramatic effects of TNF
deletion in the nephron on systemic TNF
levels would suggest additional secondary effects related to either downstream
immune activation or reduced TNF
clearance with worsening renal parenchymal injury. Our ﬁndings corroborate
the elegant murine chimera study from
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Zhang et al.6 showing that TNF produced by nonhematopoietic cells is responsible for cisplatin nephrotoxicity.
To our knowledge, however, these experiments provide the ﬁrst direct evidence that the renal tubular epithelium
triggers its own demise during cisplatin
therapy via the local generation of TNF.
Because our strategy has targeted the
distal nephron, future experiments will
need to identify the roles of TNF generated in other nephron segments to
modulate AKI and CKD progression,
particularly because the proximal tubule
is a major target of cisplatin toxicity.
Although several experimental strategies have been proposed to ameliorate
cisplatin nephrotoxicity, clinical practice
only includes supportive measures. 19
Previous interventions failed, because
the renoprotective strategy either interfered with the chemotherapeutic efﬁcacy
of cisplatin or invoked a separate set of
prohibitive side effects, such as immunosuppression in the case of global
TNF blockade. Immunosuppression is
particularly problematic given the immunocompromised state of many
patients with malignancy receiving chemotherapy. Intervening with angiotensin receptor blockade is attractive in
this population because of ARB’s track
record of safety in broad patient populations and some emerging data suggesting
that ARBs may retard the progression of
some tumors by regulating immune cellepithelial cell interactions.20
The use of RAS inhibition in the
prevention or treatment of AKI is controversial.21,22 Although some experiments have suggested a protective effect
of angiotensin-converting enzyme inhibition or ARB therapy early during
ischemic-reperfusion kidney injury,
outcomes with these agents have not
been uniformly favorable.23–26 One concern with these treatments is the risk of
hemodynamic insult related to an acute
lowering of glomerular ﬁltration pressure. These studies, therefore, parse the
mechanisms underpinning the mixed
effects of global RAS inhibition during
cisplatin-induced AKI by deﬁning the
distinct roles of AT1 receptors on T cells
and kidney epithelial cells in this setting
AT1 Receptors in Cisplatin-Induced AKI
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Figure 4. Role of TNF-a generated by the renal epithelium in the development of cisplatin–induced renal damage. (A and B) Kidney
function in cisplatin–treated WT and TNF KKO (Ksp TNF KO) mice as measured by (A) BUN and (B) sCr. (C–E) Renal pathology in cisplatintreated animals. Representative images of kidney sections from cisplatin–treated (C) WT and (D) TNF KKO mice with (E) a summary of renal
injury scores (n=3 for saline and n$17 for cisplatin). (F and G) Renal mRNA expression of (F) NGAL and (G) TNF-a (n=3 for saline and n$9 for
cisplatin). (H) Serum and (I) kidney TNF-a protein content (n=3 for saline and n=8 for cisplatin). GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.

and documenting the critical contribution of TNF in the distal nephron to cisplatin nephrotoxicity. We submit that
tissue-speciﬁc actions of AT1 receptors
in other forms of AKI warrant investigation to aid in the development of adjuvant therapies that avoid off–target
proinﬂammatory actions of global angiotensin receptor blockade and allow
cell-speciﬁc targeting of the RAS as pertinent technologies emerge. Our results
suggest that such an optimized ARB
strategy may hold promise as a novel intervention for cisplatin-induced AKI.

CONCISE METHODS
Animals

In this study, 129/SvEv ﬂoxed Agtr1a mice27
were crossed with 129/SvEv CD4-Cre mice28 to
generate TKO mice and WT Cre2 Agtr1aﬂ/ﬂ
littermates (further detail in Supplemental
6

Material); 129/SvEv ﬂoxed Agtr1a mice were
similarly crossed with 129/SvEv Ksp-Cre
mice29 to generate KKO mice and WT littermates (Ksp-Cre2 Agtr1aﬂ/ﬂ). Finally, ﬂoxed
TNFa mice 30 backcrossed six generations
onto the 129/SvEv strain were bred with
129/SvEv Ksp-Cre mice to generate TNF KKO
mice and WT littermates (Ksp-Cre2 TNFaﬂ/ﬂ).
Genotyping was performed to detect the
presence of both ﬂox and Cre as previously
described.8 Additional veriﬁcation was performed on puriﬁed immune cell populations
and other solid organs as shown in Supplemental Figure 1. To map the distributional
pattern of Cre recombinase expression in disease, mT/mG mice from The Jackson Laboratory (Bar Harbor, ME) were crossed with
the CD4-Cre or Ksp-Cre recombinase transgenic lines; mT/mG mice normally express
red ﬂuorescent protein in all tissues. When
Cre is present, the mT cassette is deleted, triggering expression of the membrane-targeted
eGFP. Mice were bred and maintained in the
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Association for Assessment and Accreditation of Laboratory Animal Care–accredited
animal facilities at the Durham Veterans Affairs Medical Center according to National
Institutes of Health guidelines. All of the animal studies were approved by the Durham
Veterans Affairs Medical Center Institutional
Animal Care and Use Committee and conducted in accordance with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals. Animals had free access
to standard rodent chow and water. Female
12-week-old mice and littermate controls
were used for experiments.

Cisplatin–Induced Kidney Injury
Model
Experimental mice were injected ip with a
single dose of 30 mg/kg cisplatin or equal
volume of saline to induce kidney injury or
serve as control animals as described previously. 1 2 Mice were euthanized after
72 hours if not otherwise speciﬁed. Blood
J Am Soc Nephrol 27: ccc–ccc, 2016
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samples and kidney tissues were obtained
for additional analysis. In some experiments, losartan at 20 mg/kg (gift from
Merck GmbH, Darmstadt, Germany) or saline vehicle was injected ip at 20 mg/kg daily
as described.31

Assessment of Renal Function
sCr and BUN levels were determined by
using Automated Blood Chemical Analyzer
Vitro 350 (Orthoclinical Diagnostic Inc.,
Rochester, NY).

Histologic Analyses

Kidney tissues were ﬁrst ﬁxed with 10%
formalin solution and embedded with parafﬁn. HE staining was performed on 5-mm sections. All of the tissues were examined by
experienced pathologists masked to the experimental groups. The kidney sections
were graded on the basis of a previously established scoring system.12 Brieﬂy, the percentages of tubules with cell lysis, loss
of brush border, and cast formation were
recorded on the basis of a scale from zero to
four (0, no damage; 1, ,25%; 2, 25%–50%;
3, 50%–75%; and 4, .75%). An overall histologic score for each kidney was obtained by
adding the individual injury component
scores.

Renal mRNA Expression
Total RNA was isolated by using an RNeasy
Mini Kit per the manufacturer’s instructions
(Qiagen, Germantown, MD). Gene expression levels of TNF-a and NGAL were determined by real–time RT-PCR as previously
described.9

Cytokine ELISA
Serum or kidney samples were obtained
during euthanasia. Kidney samples were homogenized in a cell lysis buffer with protease
inhibitor (Roche, Basel, Switzerland). Total
protein concentration was ﬁrst determined
using a bicinchoninic acid Kit. Cytokines
were then quantiﬁed in the supernatants
by using an ELISA Kit from Invitrogen
(Carlsbad, CA) according to the manufacturer’s instructions.

Statistical Analyses
The values within a group are expressed as
means6SEMs. For comparisons between
groups, statistical signiﬁcance was assessed
J Am Soc Nephrol 27: ccc–ccc, 2016

using ANOVA followed by an unpaired t test
for normally distributed data and a Mann–
Whitney test for non–normally distributed
data. For comparisons within groups, variables were analyzed by a paired t test.
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