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Figure 5. Ang ll-mediated increases in ROS in AT1R/Cl4 cells activate Src kinase, which
mediate EGFR/ERK activation and increase TGFB expression. (A) Ang Il increased ROS
production, measured by fluorescence intensity of 2’,7’-dichlorodihydrofluorescin, which
was inhibited by the NADPH oxidase inhibitor, apocynin. *P<0.05, **P<0.001. (B) Ang Il
increased Y416 phosphorylation of Src, a marker of kinase activation, which was inhibited
by the SOD mimetic, Tempol. Tempol also inhibited the sustained Ang ll-mediated ex-
pression of "®*EGFR and ERKj,, phosphorylation. (C) Knocking down Src expression with
siRNA inhibited Ang ll-mediated Y8*°EGFR expression and late (3 hours) ERK;,, phos-
phorylation, TGFB expression, and phospho-Smad2/3 expression. (D) Knocking down
EGFR with siRNA inhibited Ang l-mediated TGFB and phospho-Smad2/3 expression. (E)
The MEK inhibitor, PD98059, inhibited Ang l-mediated TGFf and phospho-Smad2/3
expression.
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through production of ROS and subse-
quent Src kinase activation but also dem-
onstrates that activation of this EGFR
pathway is crucial for increased TGFf activ-
ity and for the resultant tubular transition
and interstitial fibrosis (Figure 7). Previous
studies suggested that Src kinase may directly
activate TGFB and that TGFB-mediated
ROS production can also induce EGFR-
dependent Src kinase activation.?’-2° We
propose that such a vicious cycle may exist:
Ang II-ROS-Src-EGEFR signaling induces
TGEFB activation, which may in turn, further
increase ROS production and Src kinase
activity, thereby further enhancing TGFS-
dependent fibrogenesis. This study also
suggests a potential therapeutic intervention
to target progressive renal injury. Although
clinical trials with inhibitors of TGFS signal-
ing are currently underway in patients with
diabetic nephropathy, it remains uncertain
whether global inhibition of TGES activity
will prove to be safe and effective in this
patient population. Thus, the current studies
raise the possibility that targeting EGFR
activity may provide a viable alternative
therapeutic intervention to inhibit TGFS in
progressive kidney diseases.

CONCISE METHODS

Reagents and Antibodies
Erlotinib was purchased from LC laboratories

(Woburn, MA). Osmotic mini-pumps were from
Durect Corporation (Cupertino, CA). Antibodies
against EGFR, ERK, Shc, GRB2, N-cadherin,
PEGFR (Y1173, Y845), PSRC (Y416), PSmad2/3,
and PERK were from Cell Signaling Technology
(Beverly, MA). B-actin, Snail 1, E-cadherin,
vimentin, and TGFf antibodies and all secondary
antibodies were from Santa Cruz Biotechnology
(Santa Cruz, CA). Antibodies against collagen I
were from MD Biosciences Inc (St. Paul, MN).
Cy3-conjugated goat anti-rabbit antibody was
from Jackson ImmunoResearch Laboratories
Inc (West Grove, PA). Topro iodide (642/661)
was from Invitrogen Corporation (Carlsbad,
CA). Fluorescein labeled LTA was from Vector
Laboratories (Burlingame, CA). TGEB receptor
I kinase inhibitor [3-(pyridin-2-yl)-4-(4-
quinonyl)]-'H-pyrazole was from EMD Biosciences
(San Diego, CA). Ang II, 4-hydroxy-2,2,6,6-
tetramethylpiperidine 1-oxyl (Tempol), 4'-
hydroxy-3'-methoxyacetophenone (apocynin),
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Figure 6. Inhibition of EGFR attenuates Ang ll-mediated TGFB expression in renal
cortex. (A) Chronic administration of Ang Il selectively increased expression of Y845EGFR
and phospho-ERKj/2, which were markedly attenuated in EGFRP*® mice. Ang -
mediated increases in TGFB and PSmad2/3 expression were also inhibited in EGFRP™®
mice. (Shown is a representative set of blots from three separate experiments with
similar results; each lane represents one sample from an individual mouse out of six mice
per group.) (B) Erlotinib treatmentinhibited expression of "84SEGFR, PERK,,, TGFB, and
PSmad2/3. (C) Tempol or apocynin inhibited expression of Y4'¢Src, Y®4*EGFR, and
PERKj,2. (D) Induction of streptozotocin-induced diabetes for 3 weeks increased ex-
pression of Y4'¢Src, Y84SEGFR, PERK}», TGFB, and PSmad2/3, which were attenuated in

EGFRP™® mice.

phalloidin-FITC, 2%7’-dichlorodihydrofluorescin diacetate, and other
reagents were purchased from Sigma-Aldrich (St. Louis, MO)

Generation of EGFRP*°-Null Mice
The Vanderbilt University Institutional Animal Use and Care Com-

mittee approved all experiments and all experiments were conducted
according to National Institutes of Health guidelines. EGFR//fox
mice were generated as previously described!? and were back-crossed
onto a BALB/c background for 10 generations. These EGFR”/ mice
were crossed with transgenic mice carrying Cre recombinase under
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erlotinib or vehicle alone for 6 weeks, or admin-
istrations of Tempol (2 mM, in drinking water),
apocynin (5 mg/kg per day intraperitoneally),
or vehicle alone for 2 weeks. Both EGFRP™X©
and wild-type mice, divided into saline or Ang
IT subgroups, respectively, were subjected to
unilateral nephrectomy followed by osmotic
minipump-mediated infusion with saline or
Ang IT (n=5-7) for 3 months. Before sacrifice, sys-
tolic BPs were measured by tail cuff microphony
and urine samples were collected for creatinine
and albumin analysis.

Induction of Diabetes in EGFRP*“© and Wild-Type Mice
Ten-week-old, male EGFRP™® and wild-type mice were injected daily

with streptozotocin (prepared freshly in 0.1 mol/L citrate buffer,
pH 4.5 and given at a dose of 50 mg/kg body wt intraperitoneally)
or vehicle alone for 5 consecutive days to induce diabetes. Blood
glucose was measured using the OneTouch Basic Blood Glucose
Monitoring System (LifeScan, Milpitas, CA) on blood samples
obtained via the saphenous vein after a 6-hour fast. Mice were killed
10 days after hyperglycemia and renal cortex tissue were harvested
and analyzed.
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Figure 7. Proposed mechanism forthe role of sustained ROS-mediated EGFR activation

in mediation of progressive tubulointerstitial injury.

Measurement of Urine Creatinine and Albumin
Urine samples from EGFR’™© and wild-type mice or FEVB/NJ mice

were collected and urinary albumin levels were detected by a murine
microalbuminuria AlbuwellM ELISA kit, and the urinary creatinine
was measured by using the Creatinine Companion microplate assay
kit (Exocell, Philadelphia, PA). All measurements were performed
in triplicate, and the ratio of urinary albumin to creatinine was cal-
culated. Results are expressed as the means = SEM.

Analysis of Renal Cortical Tubular Lesions
Kidneys were fixed in 4% paraformaldehyde followed by dehydra-

tion through a graded series of ethanol, and were then embedded in
paraffin, sectioned (5 um), and mounted on glass slides. Deparaffi-
nized sections underwent Masson trichrome staining. The images
were captured using an Axiocam MRc camera (Carl Zeiss Inc.) and
the blue-stained cortical tubular areas were measured by using
Bioquant Software in 25 random nonadjacent cortical regions per
section at X100 magnification microscopic fields. The percentiles of
blue-staining area versus the cortical areas were calculated to indicate
the degree of fibrosis. Results are expressed as the mean = SEM.

Isolation of Proximal Tubules
Mouse renal proximal tubules were isolated as we previously de-

scribed.3? Briefly, saline- or Ang II-infused FVB/NJ mice were sacri-
ficed, and mouse cortexes were minced and digested for 45 minutes
with 0.03% collagenase in the presence of 0.01% soybean trypsin
inhibitor prepared in an isotonic buffer containing (in mM) 105
NaCl, 24 NaHCO;, 5 KCl, 1.5 CaCl,, 1 MgSO,, 2.0 NaH,PO,, 10
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HEPES, 8.3 glucose, and 1 alanine as well as

0.2% BSA, while being gassed with 95% O,—

5% CO, at 37°C. The cortical suspension was

strained through a 250-um pore sieve, washed

Lipid rafts three times with the isotonic buffer, resuspended
o

. genated isotonic buffer described above, and

> centrifuged at 12,200 X g for 30 minutes at 4°C.

After centrifugation, the tissue was separated

"ff%%  in 50 ml of a 40% Percoll solution in the OXy-

Eebedy,

into four distinct bands. Proximal tubules en-

! Prolonged riched in the bottom-most band were collected,

1 signaling

\{

Membrane protein concentration was measured
with a Bio-Rad protein assay kit (Bio-Rad, Her-
cules, CA) according to the manufacturer’s in-

washed three times with ice-cold Dulbecco’s
PBS, and homogenized to isolate membranes.

structions.

Cell Culture
Empty vector or AT, receptor stably transfected-

LLCPKcl4 cells (AT1R/Cl4), which were sub-
cloned from the parental porcine renal proximal
tubule cell line LLC-PK1 cells, were maintained
as previously described.!” Cells were made qui-
escent in serum free culture medium for
24 hours followed by treatment with different
reagents for indicated times. For induction of
dedifferentiation in culture, cells were cultured
in DMEM-F-12 containing 0.5% serum and 100 nM Ang IT and fresh
medium was changed daily for up to 7 days.

Transfection of EGFR and Src siRNA
Twenty-one base pair duplexes of either EGFR siRNA, Src siRNA,

or the Silencer Negative Control #1 (Catalogue # AM4611) siRNA
(Applied Biosystems/Ambion, Austin, TX) were transfected into sub-
confluent ATI1R/Cl4 cells by the Lipofectamine method (Invitrogen
Corporation, Carlsbad, CA), as we previously described.3! For
EGFR, a pool of the following two duplex sequences were used: sense
1, 5'-CGCUGGAGGAGAAGAAAGUtt-3', antisense 1, 5'-ACUUU-
CUUCUCCUCCAGCGtt-3'; and sense 2, 5'-CACCGUGGAGAA-
GAUCCCULtt-3', antisense 2, 5'-AGGGAUCUUCUCCACGGUGtt-3'.
For Src, either Thermo Scientific Dharmacon ON-TARGETplus
SMARTpool L-003175-00-0005 or siGenome smartPool M-003175-
03-0005 siRNAs (Thermo Fisher Scientific, Lafayette, CO) were used.
For signaling studies, 48 hours after transfection, cells were made qui-
escent in serum free medium for another 24 hours followed by the
indicated treatments. For monitoring the progress of dedifferentiation,
after 48 hours transfection, medium were changed with 0.5% serum
and 100 nM of Ang II daily for another 3 days.

Immunoprecipitation and Immunoblotting
These procedures were performed as we previously described.!”-32

Briefly, for in vitro experiments, cells were made quiescent in serum
free medium for 24 hours before treatment of the cells with the in-
dicated reagents, followed by harvesting in RIPA buffer. For in vivo
experiments, FVB/NJ or EGFRP® and wild-type kidney cortices
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were dissected and homogenized in RIPA buffer after saline or AngII
infusion. After centrifugation at 10,000 X g for 15 minutes at 4°C,
equal amounts of protein lysate were loaded directly after immunopre-
cipitation onto 7%-15% SDS-PAGE, transferred onto Immobilon-P
transfer membranes (Millipore, Bedford, MA), and probed with the
indicated primary antibody. The primary antibodies were detected
with peroxidase-labeled goat anti-rabbit IgG or goat anti-mouse
IgG and exposed on film by using enhanced chemiluminescence
(Amersham Biosciences, Little Chalfont, Buckinghamshire, UK).

Immunofluorescence Analysis
Immunofluorescence was performed on paraffin-embedded tissues

fixed by 4% paraformaldehyde using standard techniques.!*33 Five-
micrometer kidney sections were deparaffinized, rehydrated, sub-
jected to antigen retrieval, and then incubated with rabbit primary
antibodies (EGFR, N-cadherin, Snail, E-cadherin, vimentin, or
TGFp) in 5% goat serum in PBS for 1 hour and Cy3-labeled goat
anti-rabbit secondary antibodies for 30 minutes, followed by incubation
with FITC-conjugated LTA plus Topro for 1 hour. Confocal microscopy
was performed using a Zeiss LSM 510 Laser-Scanning (Vanderbilt Cell
Imaging Core). All images were processed using Zeiss LSM Image
Browser and Photoshop (Adobe Systems Inc, San Jose, CA).

Measurement of Intracellular ROS Generation
ATI1R/Cl4 cells were cultured in 24-well plates and made quiescent in

serum free culture medium for 24 hours, followed by washing once
with 0.5 ml/well of Hepes buffered salt solution (pH 7.4) containing
25 mM Hepes, 120 mM NaCl, 5.4 mM KCl, 1.8 mM CaCl,, 25 mM
NaHCOs3, and 5.5 mM glucose. The cells were then treated with or
without apocynin for 30 minutes before adding 10~7 M Ang II and
100 uM of 2,7’-dichlorodihydrofluorescin diacetate for different
times as indicated. The fluorescence intensity was measured by
using a fluorescence multi-well plate reader with excitation and emis-
sion wavelengths of 485 nm and 530 nm, respectively.

Statistical Analyses
Data are presented as mean = SEM for at least three separate experi-

ments (each in triplicate). An unpaired ¢ test was used for statistical
analysis, and ANOVA and Bonferroni t tests were used for multiple
group comparisons. P<<0.05 compared with controls was considered
statistically significant.
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