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ABSTRACT
Intrarenal crystals trigger inﬂammation and renal cell necroptosis, processes that
involve TNF receptor (TNFR) signaling. Here, we tested the hypothesis that TNFRs
also have a direct role in tubular crystal deposition and progression of hyperoxaluriarelated CKD. Immunohistochemical analysis revealed upregulated tubular expression of TNFR1 and TNFR2 in human and murine kidneys with calcium oxalate (CaOx)
nephrocalcinosis-related CKD compared with controls. Western blot and mRNA
expression analyses in mice yielded consistent data. When fed an oxalate-rich diet,
wild-type mice developed progressive CKD, whereas Tnfr1-, Tnfr2-, and Tnfr1/2deﬁcient mice did not. Despite identical levels of hyperoxaluria, Tnfr1-, Tnfr2-, and
Tnfr1/2-deﬁcient mice also lacked the intrarenal CaOx deposition and tubular damage observed in wild-type mice. Inhibition of TNFR signaling prevented the induced
expression of the crystal adhesion molecules, CD44 and annexin II, in tubular epithelial cells in vitro and in vivo, and treatment with the small molecule TNFR inhibitor
R-7050 partially protected hyperoxaluric mice from nephrocalcinosis and CKD. We
conclude that TNFR signaling is essential for CaOx crystal adhesion to the luminal
membrane of renal tubules as a fundamental initiating mechanism of oxalate nephropathy. Furthermore, therapeutic blockade of TNFR might delay progressive
forms of nephrocalcinosis in oxalate nephropathy, such as primary hyperoxaluria.
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stones.3 The traditional pathogenic concepts of nephrolithiasis are based on
urine supersaturation of minerals or
the lack of sufﬁcient crystallization inhibitors.4–6 Intratubular crystals adhere
to the luminal membrane of tubular epithelial cells via a group of adhesion molecules. 7–14 Adherent crystals form a
nidus for intratubular crystal plug formation, leading to tubule obstruction
and nephron atrophy.2,15,16 In primary
hyperoxaluria, nephrocalcinosis-related
progressive nephron loss can progress
to ESRD.2,15,17 NLRP3 inﬂammasomemediated intrarenal inﬂammation contributes to acute and chronic oxalosis in
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Kidney stone disease, i.e., nephro-/urolithiasis, affects around 12% of men and
5% of women during their lifetime.1 In
contrast, nephrocalcinosis is usually
asymptomatic but can lead to progressive nephron loss and CKD.1,2 Calcium
oxalate (CaOx) stones account for the
J Am Soc Nephrol 28: 761–768, 2017

vast majority of calculi in stone formers,
and complicate primary and secondary
forms of hyperoxaluria. 1 Idiopathic
CaOx stone formers are characterized
by hypercalciuria, interstitial calcium
phosphate deposits (Randall plaque) at
the papillary tip, and attached CaOx
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Figure 1. Humans and mice with hyperoxaluria express TNFR1 and TNFR2 in tubular epithelial cells. (A) Immunostaining for TNFR1 and
TNFR2 in kidney tissue obtained from healthy donors, as well as from patients with hyperoxaluria-related CKD. Arrows indicate positivity for
TNFR1 and TNFR2, respectively. (B–F) C57BL/6 male mice were fed either high control or high oxalate diet for 14 days. (B) Diagnostic
imaging was conducted using computed tomography. Arrows indicate nephrocalcinosis. (C) The analysis of the mouse kidneys was
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mice,18,19 and proinﬂammatory cytokines,
like TNFa, activate TNF receptor-1
(TNFR1) to trigger tubular epithelial
necroptosis in nephrocalcinosis based
on CaOx deposition.20 Here, we investigated the potential contribution of TNFRs
to hyperoxaluria-induced nephrocalcinosis
and CKD.
To address a potential contribution of
TNFRs to CaOx-related CKD, we ﬁrst
studied the expression of TNFR1 and
TNFR2 in kidney tissue obtained from
healthy donors as well as from patients
with hyperoxaluria-related CKD. Immunostaining for TNFR1 and TNFR2
showed strong positivity in renal tubules
of diseased kidneys but only weak signals
in controls (Figure 1A). Further, immunostaining of kidney sections from
mice with CaOx monohydrate-related
nephrocalcinosis gave identical results,
and was consistent with induction of intrarenal TNFR1 and TNFR2 mRNA and
protein expression (Figure 1, B–E, Supplemental Figure 1).
To address a potential functional contribution of TNFR1 and TNFR2 during
nephrocalcinosis, we fed mice deﬁcient
in Tnfr1, Tnfr2, and Tnfr1/2 the same
oxalate-rich diet. While wild-type mice
developed increased serum markers of
impaired excretory renal function, such
as elevated BUN and creatinine, this was
abrogated in Tnfr1-, Tnfr2-, and Tnfr1/
2-deﬁcient mice (Figure 2, A and B).
Hyperoxaluria-related CKD in wildtype mice was associated with diffuse
tubular atrophy and interstitial ﬁbrosis,
together with robust interstitial inﬁltrates
of F4/80+ mononuclear phagocytes and
CD3+ T cells (Figure 2, C–E, Supplemental Figure 2A). In contrast, Tnfr1-,
Tnfr2-, and Tnfr1/2-deﬁcient mice completely lacked these abnormalities (Figure
2, C–E, Supplemental Figure 2A). These
ﬁndings are consistent with an entirely
normal mRNA expression proﬁle of injury markers and proinﬂammatory
cytokines or histopathologic markers of

renal ﬁbrosis in Tnfr1-, Tnfr2-, and
Tnfr1/2-deﬁcient mice. All of these factors showed an increased expression in
hyperoxaluric wild-type mice (Supplemental Figure 2, B–D). Computed tomography of oxalate-fed wild-type mice
revealed diffuse bilateral nephrocalcinosis,
which was absent in all three Tnfr-deﬁcient
mouse strains (Figure 2G). The more
sensitive Pizzolato staining of renal
sections conﬁrmed that all three Tnfrdeﬁcient mouse strains lacked intrarenal CaOx crystal deposits (Figure 2H).
We assessed urinary mineral concentrations to rule out the difference in renal
oxalate excretion as a cause of the difference in tubule crystal deposition in
Tnfr1-, Tnfr2-, and Tnfr1/2-deﬁcient
mice. Mice of all strains developed
significant hyperoxaluria upon initiating the oxalate-rich diet. Thus, in
the absence of TNFRs, hyperoxaluria
no longer causes nephrocalcinosis
or CKD.
Hyperoxaluria requires CaOx crystal
adhesion to tubular epithelial cells to
induce nephrocalcinosis. 9,10,12–14,21
First, we tested for a direct interaction
of receptors with crystals by using a soluble fusion protein of either TNFR1 or
TNFR2 and human IgG1, which allows
quantiﬁcation of fusion protein binding
to crystals with ﬂuorescent anti-human
IgG1 secondary reagent. However, no
such signal was observed (not shown).
To study the possibility of TNFR-mediated
induction of the crystal-binding proteins, we isolated tubular epithelial cells
of mice of all genotypes, exposed them to
CaOx crystals in vitro, and quantiﬁed
CD44 and annexin II mRNA levels 6
hours later. In wild-type cells, CaOx crystals induced the expression of these
crystal-binding proteins compared with
baseline, a response missing in Tnfr1/2deﬁcient tubular epithelial cells (Figure
3A). To validate this ﬁnding in vivo, we
quantiﬁed the expression of CD44 and
annexin II in kidneys of hyperoxaluric
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mice by RT-PCR and immunostaining.
In contrast to wild-type mice, none of
the mutant mouse strains showed increased mRNA or protein expression of
CD44 and annexin by RT-PCR and immunohistochemistry, respectively (Figure 3, B–D).
If the development of nephrocalcinosis or CKD in conditions of hyperoxaluria requires TNFR-mediated induction
of tubular adhesion molecules, then
TNFR blockade should be protective.
Indeed, TNFR blockade with R-7050
reduced intrarenal mRNA and protein
expression of CD44 and annexin II in
hyperoxaluric mice (Figure 4, A–C). The
TNFR blockade was associated with a
protective effect on intrarenal CaOx
crystal deposition and reduced levels of
BUN, plasma creatinine, and tubular injury (Figure 4, D–F, Supplemental Figure
3A). The mRNA expression levels of
markers for tubular injury, intrarenal inﬂammation, and renal ﬁbrosis (KIM-1,
IL-6/CCL5, and collagen-1a1/ﬁbronectin, signiﬁcantly reduced by treatment
with R-7050, respectively) were treated
with R-7050 (Supplemental Figure 3,
B–D). These results were consistent
with a reduced staining in renal sections
for F4/80+ macrophages, CD3+ T cells,
smooth muscle actin, and Masson Trichrome (Supplemental Figure 3, E–G).
We conclude that pharmacologic
TNFR inhibition blocks a central pathomechanism of hyperoxaluria-related
nephrocalcinosis, and therefore, protects hyperoxaluric mice from CKD
progression.
We had speculated on a functional
contribution of TNFRs to hyperoxaluriainduced nephrocalcinosis and CKD,
since inﬂammatory pathways and
TNFa-mediated renal cell necroptosis
were shown to contribute to CaOx crystalinduced kidney pathology.18–20,22,23 Our
data reveal that, during hyperoxaluria,
TNFR signaling is required for the
development of nephrocalcinosis, and

performed by x-ray diffraction. Control (CON): CaOx nephropathy. (D) Immunostaining. Arrows indicate positivity for TNFR1 and TNFR2,
respectively. Original magniﬁcation 3200. (E) Gene expression for TNFR1 and TNFR2 in kidney tissue obtained from these mice. (F) Protein
expression of TNFR1 and TNFR2 was detected using Western blot. b-actin was employed as loading control. Data are means6SEM from six to
seven mice in each group. *P,0.05 versus the control group.
J Am Soc Nephrol 28: 761–768, 2017
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Figure 2. Tnfr1-, Tnfr2-, and Tnfr1/2-deﬁcient mice are protected from hyperoxaluriarelated CKD and nephrocalcinosis. C57BL/6 wild type and Tnfr1-, Tnfr2-, and Tnfr1/2deﬁcient mice were fed either high oxalate or control diet for 14 days. (A) Plasma BUN and
(B) plasma creatinine were measured. (C–F) Quantiﬁcation of (C) tubular injury, (D) SMA+
area, (E) F4/80+ staining for macrophages, and (F) CD3+ cells per high power ﬁeld. (G)
Diagnostic imaging was performed using computed tomography. Arrows indicate the
kidneys ﬁlled with CaOx crystals. (H) Pizzolato staining of kidney sections. Note that kidneys
of wild-type mice, but not Tnfr1-, Tnfr2-, and Tnfr1/2-deﬁcient mice fed with a high oxalate
diet show CaOx monohydrate crystal deposition. Original magniﬁcation 325. Data are
means6SEM from six to seven mice in each group. ***P,0.001.

inhibition of TNFR signaling has protective effects on nephrocalcinosis
and CKD in hyperoxaluria. With an
oxalate-rich diet, Tnfr1-, Tnfr2-, and
Tnfr1/2-deﬁcient mice displayed a
complete absence of intrarenal CaOx
764

deposits; although they developed the
same degree of hyperoxaluria and had
same levels of calcium in urine as their
wild-type counterparts of the same genetic background that developed progressive nephrocalcinosis and CKD.
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Computed tomography, Pizzolato staining, and urinary mineral analysis consistently documented these ﬁndings in each
genotype. This ﬁnding ﬁrst came as a surprise and prompted us to consider direct
crystal receptor interactions, as has been
reported for uric acid crystals and C-type
lectin family 12, member A,24 or cholesterol crystals and human macrophageinducible C-type lectin. 25 However,
TNFR1-IgG and TNFR2-IgG fusion proteins did not bind to CaOx crystals.
Having excluded this option, we considered intrinsic TNFR ligands to induce
TNFR signaling-related crystal adhesion.
Several groups have presented convincing experimental data that hyperoxaluriarelated nephrocalcinosis depends on
the expression of several molecules on
the luminal surface of tubular epithelial
cells that promote crystal adhesion and
intrarenal crystal plug formation.7–14
We focused on CD44 and annexin II,
for which consistent data have been
published.26 Several lines of evidence
support a role of TNFRs in inducing
surface expression of these molecules
in tubular epithelial cells. We demonstrate that CaOx crystals induced their
mRNA expression in tubular cells isolated
from wild-type but not Tnfr-deﬁcient
mice. The same phenomenon was observed in hyperoxaluric mice at mRNA
and protein level in vivo. Although not
ultimately proven by reconstitution experiments, it seems likely that the prevention of intrarenal crystal adhesion
molecule expression explains the
lack of nephrocalcinosis in the TNFRmutant mouse strains. Given the lack
of nephrocalcinosis and kidney injury, a putative role for the TNFRs in
nephrocalcinosis-related intrarenal
inﬂammation and CKD progression
remains speculative and could not be
studied. Also, the possibility of differential renal oxalate handling in the
TNFR-mutant mouse strains cannot
be completely ignored. However, the
nonredundant role of TNFR1 and
TNFR2 for hyperoxaluria-induced
nephrocalcinosis created the rationale
for considering TNFR signaling as a
therapeutic target in chronic oxalate
nephropathy.
J Am Soc Nephrol 28: 761–768, 2017
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Figure 3. TNFRs are requiredto mediate CaOx crystal adhesion to tubular cells. (A) Primary isolated tubular epithelial cells from C57BL/6 andTnfr1/
2-deﬁcient mice were stimulated with 300 mg/ml of CaOx monohydrate (CaOx) crystals for 6 hours and the gene expression for CD44 and annexin
II were analyzed. Data are mean6SEM from three independent experiments. (B–D) C57BL/6 wild type and Tnfr1-, Tnfr2-, and Tnfr1/2-deﬁcient
mice were fed either high oxalate or control diet for 14 days. (B) Gene expression, (C) quantiﬁcation, and (D) immunostaining for CD44 and annexin
II in kidney tissue. Original magniﬁcation 325. Data are mean6SEM from six to seven mice in each group. **P,0.01; ***P,0.001.

R-7050 is a small molecule that inhibits the internalization-dependent signaling of TNFR1 and TNFR2. 2 7– 2 9
J Am Soc Nephrol 28: 761–768, 2017

Preemptive R-7050 therapy partially protected wild-type mice from
hyperoxaluria-induced nephrocalcinosis

and CKD. The incomplete protection
may be related either to other crystal adhesion molecules that are not under the
TNF Receptors in Crystal Nephropathy
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(Bar Harbor, ME) and bred under speciﬁc
pathogen-free conditions. Tnfr1/2 doubledeﬁcient mice were generated by crossbreeding Tnfr1- and Tnfr2-deﬁcient mice. Mice
were housed in groups of ﬁve in ﬁlter top
cages, with unlimited access to food and water. Cages, nest lets, food, and water were
sterilized by autoclaving before use. Male
mice aged 6–8 weeks old were used for experiments. Oxalate diet was prepared by adding
50 mmol/g sodium oxalate to a calciumfree standard diet (Ssniff, Soest, Germany) as
previously described.19,22 For intervention
studies, C57BL/6 male mice were divided
into two groups (n=9–10). Each group received either intraperitoneal vehicle (50% dimethyl sulfoxide) or R-7050 (12 mg/kg) every
alternate day. Mice were euthanized at day 14
after starting the oxalate diet. Plasma and
urine samples were collected at different time
points before death by cervical dislocation
and were acidiﬁed immediately for oxalate
estimations. Kidneys were kept at 280°C
for protein isolation and in RNA later solution at 220°C for RNA isolation. One part of
the kidney was also kept in formalin to be
embedded in parafﬁn for histologic analysis.
All experimental procedures were approved
by the local government authorities.

Assessment of Renal Injury

Figure 4. The TNFR antagonist R-7050 protects hyperoxaluric mice from nephrocalcinosis
and subsequent CKD. C57BL/6 male mice were fed high oxalate diet for 14 days with or without
R-7050 (12 mg/kg intraperitoneally, every alternate day) treatment. (A) Gene expression was
analyzed for CD44 and annexin II. (B) Quantiﬁcation and (C) immunostaining for CD44, annexin
II, and Pizzolato staining for CaOx. Original magniﬁcation 325. (D) Plasma BUN and (E) plasma
creatinine were measured. (F) Quantiﬁcation of tubular injury. Data are means6SEM from six
to eight mice in each group. *P,0.05; **P,0.01 versus vehicle group.

control of TNFRs or to dosing and pharmacodynamics of R-7050, but the effects
noted were consistent across all end points
studied. Initiating treatment after nephrocalcinosis has developed is less likely to be
effective, so we would consider initiating
TNFR blockade as early as possible in patients with severe hyperoxaluria, to block
crystal adhesion from early on.
In summary, TNFR signaling is essential
for CaOx crystal adhesion to the luminal
membrane of renal tubules, which is a
fundamental mechanism for the initiation
766

of nephrocalcinosis. TNFR blockade might
be an innovative therapeutic option to delay
progressive forms of nephrocalcinosis, e.g.,
in primary hyperoxaluria.

CONCISE METHODS
Animal Studies
C57BL/6J mice were purchased from Charles
River Laboratories (Sulzfeld, Germany).
Tnfr1- and Tnfr2-deﬁcient mice were originally obtained from the Jackson Laboratories
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Kidney sections of 2 mm were stained with
periodic acid–Schiff reagent, and the tubular
injury was scored by assessing the percentage
of necrotic tubules and presence of tubular
casts. Pizzolato staining was used to visualize
CaOx crystals and crystal deposit formation
in the kidney was evaluated as described.22
F4/80+ macrophages and CD3+ T cells
(both from Serotec, Oxford, UK) were
identiﬁed by immunostaining. F4/80+
macrophages were analyzed by assessing the
positively stained area in 15 high power ﬁelds
per section using ImageJ software, whereas
CD3+ T cells were counted in 15 high power
ﬁelds per section. Fibrotic areas were identiﬁed by immunostaining for smooth muscle
actin (Dako GmbH, Hamburg, Germany)
and Masson Trichrome. The expression of
crystal adhesion molecules e.g., CD44 and
Annexin II was identiﬁed by immunostaining
for CD44 and Annexin II (both from Abcam,
Inc., Cambridge, MA). Quantiﬁcation of
the immunostaining was done using ImageJ
software. All assessments were performed by
J Am Soc Nephrol 28: 761–768, 2017
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an observer blinded to the experimental condition. Plasma BUN and creatinine levels
were measured using Cobas Integra 800 autoanalyzer (Roche, Basel, Switzerland).

Ultrasound and Microcomputed
Tomography
For ultrasound, mice were anesthetized and
then images of kidneys were taken using the
LOG1QS8 machine, probe L818i (GE healthcare, Waukesha, WI). For the skeletal and renal
analysis, datasets were acquired at 9 mm voxel
resolution using a SkyScan 1176 in-vivo microCT (Bruker SkyScan, Kontich, Belgium). Image reconstruction was performed using
InstaRecon (InstaRecon, Inc., Urbana, IL)
and visualization was done with CTVox
(Bruker SkyScan).

x-Ray Diffraction
The analysis of the mouse kidneys by x-ray
powder diffraction was performed with the
Agilent Super-Nova A S2 (Dual) diffractometer with Atlas S2 detector using the Mova
(Mo) x-ray source (l = 0.71073 Å). A part of
the pulverized kidneys was applied on a CryoLoop with perﬂuorinated oil and x-rayed at a
temperature of T = 100 K. Further analysis
was done with the Nova (Cu) x-ray source
(l = 1.54184 Å), where a higher intensity
but also a lower signal resolution was noticed.
In principle, the results with copper are very
similar to those with molybdenum.

Cell Culture Studies
Primary tubular epithelial cells were isolated
from kidneys and were maintained in DMEM/
F12 containing 10% FCS, 1% penicillin–
streptomycin, 125 ng/ml prostaglandin E1
(Calbiochem, San Diego, CA), 25 ng/ml EGF,
1.8 mg/ml l-thyroxine, 3.38 ng/ml hydrocortisone,
and 2.5 mg/ml of insulin-transferrin-sodium
selenite supplement (all from Sigma-Aldrich,
St. Louis, MO). All cells were cultured in an
incubator at 37°C, with 5% CO2, and stimulated with crystals of CaOx (1–2 mm size)
(Alfa Aesar, Karlsruhe, Germany).

gels. From isolated RNA, cDNA was prepared
using reverse transcription (Superscript II)
(Invitrogen, Carlsbad, CA). Real-time RTPCR was performed using SYBRGreen PCR
master mix and was analyzed with a Light
Cycler 480 (Roche). All gene expression values were normalized using 18S RNA as a
housekeeping gene. All primers used for ampliﬁcation were from Metabion (Martinsried,
Germany), and are listed in Table 1.

Protein Isolations and Immunoblots
Proteins from kidney tissues were extracted
using lysis buffer. After determination of
protein concentrations, 50 mg of the kidney
protein was mixed with 43 SDS loading
buffer and was denatured at 95°C for 5 minutes, for Western blot analysis. Proteins were
then separated by SDS-PAGE and transferred
to a polyvinylidene diﬂuoride membrane.
Nonspeciﬁc binding to the membrane was
blocked for 1 hour at room temperature with
5% nonfat milk in the tris-buffered saline buffer.
The membranes were then incubated overnight
at 4°C with primary antibodies for TNFR1,
TNFR2 (both from Abcam), and b-actin (Cell
Signaling Technology, Danvers, MA), followed
by incubation with secondary anti-rabbit IgG
labeled with HRP. Immunostained bands were

Total RNA was isolated from kidneys and in
vitro cells using a Qiagen RNA extraction kit
(Germantown, MD) following the manufacturer’s instructions. After quantiﬁcation,
RNA quality was assessed using agarose
J Am Soc Nephrol 28: 761–768, 2017

detected using a chemiluminescence kit (ECL
kit, GE Healthcare), and were further analyzed
by densitometry.

Human Samples
Cortical and papillary renal tissue sections were
studied from four patients with genetically
proven primary hyperoxaluria type 1, as well as
one control individual. Kidneys from the four
primary hyperoxaluria type 1 patients with
ESRD were obtained by native nephrectomy
at the time of renal transplant and the clinical
characteristics of each of these patients are described in our previous paper (patients 1, 2, 4,
and 5, respectively).30 Cortical and papillary
renal tissue was obtained from the kidney
of a nonstone former (71 years of age) who
underwent a nephrectomy for renal cancer.
The work was approved by the Institutional
Review Board at both the Mayo Clinic (nos.
11–001702, 11–005413, and 07–008751) and
Indiana University (no. 98–073). All papillary
and cortical specimens were ﬁxed by immersion in 5% paraformaldehyde in 0.1 mol/L
phosphate buffer at pH 7.4, and routinely processed before embedment in a 50:50 mixture of
Paraplast Xtra and Pell-away Micro-Cut. Fourmicron sections were cut and mounted on
glass slides for immunostaining.

Table 1. Primer sequences for RT-PCR
Target
KIM-1
TIMP-2
CCL-5
IL-6
Fibronectin
Collagen1a1
FSP-1
CD44
Annexin II

RNA Preparation and Real-Time
Quantitative RT-PCR

BRIEF COMMUNICATION

TNFR1
TNFR2
18S RNA

Primer Sequence
Forward 59-TCAGCTCGGGAATGCACAA -39
Reverse 59-TGGTTGCCTTCCGTGTCTCT -39
Forward 5‵-CAGACGTAGTGATCAGAGCCAAA -3‵
Reverse 5‵-ACTCGATGTCTTTGTCAGGTCC -3‵
Forward 59- GTGCCCACGTCAAGGAGTAT-39
Reverse 59- CCACTTCTTCTCTGGGTTGG-39
Forward 59- TGATGCACTTGCAGAAAACA -39
Reverse 59- ACCAGAGGAAATTTTCAATAGGC - 39
Forward 59-GGAGTGGCACTGTCAACCTC - 39
Reverse 59-ACTGGATGGGGTGGGAAT - 39
Forward 59-ACATGTTCAGCTTTGTGGACC -39
Reverse 59-TAGGCCATTGTGTATGCAGC- 39
Forward 59- CAGCACTTCCTCTCTCTTGG -39
Reverse 59-TTTGTGGAAGGTGGACACAA - 39
Forward 59-AGCGGCAGGTTACATTCAAA-39
Reverse 59-CAAGTTTTGGTGGCACACAG-39
Forward 59-GCACATTGCTGCGGTTTGTCAG-39
Reverse 59-CACCAACTTCGATGCTGAGAGG-39
Forward 59-GCAACAGCACCGCAGTAGCTGA-39
Reverse 59- GTGCGTCCCTTGCAGCCACT-39
Forward 59-CTGGGTCGCGCTGGTCTTGC-39
Reverse 59-CAAGACAACCTGGGCGGGCA-39
Forward 59- GCAATTATTCCCCATGAACG-39
Reverse 59- AGGGCCTCACTAAACCATCC- 39

TNF Receptors in Crystal Nephropathy
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Statistical Analyses
Data are presented as mean6SEM. Acomparison
of groups was performed using ANOVA, and
post hoc Bonferroni correction was used for
multiple comparisons. A value of P,0.05 was
considered to indicate statistical signiﬁcance.
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