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RETRACTION

Retraction: Arg tyrosine kinase modulates TGF-B1 production
in human renal tubular cells under high-glucose conditions

Barbara Torsello, Cristina Bianchi, Chiara Meregalli, Vitalba Di Stefano, Lara Invernizzi, Sofia De Marco,
Giorgio Bovo, Rinaldo Brivio, Guido Strada, Silvia Bombelli and Roberto A. Perego

Journal of Cell Science is retracting J. Cell Sci. (2016) 129, 2925-2936 (doi:10.1242/jcs.183640). This notice updates the Correction
(doi:10.1242/jcs.238832) relating to the above-referenced article.

Following the publication of a correction concerning Figs SE, 6A and 7A, members of the community highlighted that Professor Fulvio
Magni, who had been assigned by the Dean of the School Medicine and Surgery to oversee problems related to research in the absence of a
research integrity office, and who investigated this case on behalf of the University Milano-Bicocca, had co-authored articles with the
corresponding author.

New concerns were also raised regarding a possible splice in Fig. 4B and band duplication in Fig. 4F. Original data provided by the
corresponding author, Professor Roberto Perego, before acceptance in 2016 when the paper was first investigated, were at low resolution;
higher resolution images of replicate experiments were also provided. Re-inspection of the data for Fig. 4F led to the conclusion that the
image was of too poor quality to conclusively match it to the published figure, or to confirm or exclude band duplication. For Fig. 4B, the
original data could not rule out any inappropriate manipulation, and the relative alignment of the rows of bands in the original full blot was
inconsistent, raising further concerns.

Journal of Cell Science contacted the institute to request another independent investigation of the case, including these two new concerns.
Professor Guido Cavaletti the Vice-Rector (Research) at the University of Milano-Bicocca, nominated a committee of three independent
experts working at external institutions to investigate this case. Once the committee completed its investigation, Journal of Cell Science was

sent the report, which stated:

‘We have carefully checked the details of the experiments reported in the [paper]. We could not individuate a possible explanation and
ensure that the data reported are derived from the same gel used. However, it seems to us that there is no intentional alteration of the results.’

They further stated that as the corresponding author has replicates for the experiments in question, he should supply replacement figures.
They also confirmed that the conclusions of the paper were confirmed by the original data.

Unfortunately, the journal found that neither this report, nor the original data or explanation supplied by the corresponding author,
adequately addressed our concerns about suspected inappropriate image manipulation. We are therefore retracting this paper.
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Arg tyrosine kinase modulates TGF-31 production in human renal
tubular cells under high-glucose conditions

Barbara Torsello-*, Cristina Bianchi'*, Chiara Meregalli', Vitalba Di Stefano’, Lara
Giorgio Bovo?, Rinaldo Brivio3®, Guido Strada®, Silvia Bombelli' and Roberto A. P

De Marco?,

ABSTRACT

Renal tubular cells are involved in the tubular interstitial fibrosis
observed in diabetic nephropathy. It is debated whether epithelial—
mesenchymal transition (EMT) affects tubular cells, which under high-
glucose conditions overproduce transforming growth factor-p (TGF-B),
a fibrogenic cytokine involved in interstitial fibrosis development.
Our study investigated the involvement of non-receptor tyrosine kinase
Arg (also called Abl2) in TGF-B production. Human primary tubular
cell cultures exposed to high-glucose conditions were used. These
cells showed an elongated morphology, stress fibers and vimentin
increment but maintained most of the epithelial marker expression
and distribution. In these cells exposed to high glucose, which
overexpressed and secreted active TGF-p1, Arg protein and activity
was downregulated. A further TGF-B1 increase was induced by Arg
silencing with siRNA, as with the Arg tyrosine kinase inhibitor Imatinib.
In the cells exposed to high glucose, reactive oxygen species (ROS)-
dependent Arg kinase downregulation induced both RhoA ag >
through p190RhoGAPA (also known as ARHGAP35) modulat
proteasome activity inhibition. These data evidence a new sp
involvement of Arg kinase into the regulation of TGF-B1 expressio
tubular cells under high-glucose conditions and provida
translational approaches in diabetic nephropathy.

KEY WORDS: Arg, Abl2, TGF-8, Renal tubular,
ROS, p190RhoGAP
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sive evidence of a full
. In fact, some papers

s also suggested by the finding that under high-
ereafter high-glucose-treated) human HK-2 and
al tubular cell lines increase their in vitro
(Rocco et al., 1992; Fraser et al., 2003), one of
fibrogenic cytokines involved in development of
al fibrosis (Shen et al., 2013).

ote, a role in downregulation of TGF-B signaling, through
St c-Abl (also known as Abll) and PDGFR activity in
broblasts of animal models of renal and lung fibrosis (Daniels
et al., 2004; Wang et al., 2005, 2010), has been described for
matinib, an inhibitor of c-Abl, Arg (also known as Abl2), c-Kit and
PDGFRP tyrosine kinase activity (Buchdunger et al., 1996; Druker
and Lydon, 2000; Okuda et al., 2001). Interestingly, there is also
evidence that treatment with proteasome inhibitors prevents lung,
skin and kidney fibrosis in different animal models (Tashiro et al.,
2003; Luo et al., 2011; Mutlu et al., 2012). In fact, the ubiquitin—
proteasome system, in addition to its role in protein turnover, plays a
modulation role in many cellular signaling pathways, including
those involving TGF-B1 (Elliott et al., 2003; Mutlu et al., 2012).
Remarkably, it has been described that c-Abl and Arg tyrosine
kinases associate with and phosphorylate the proteasome PSMA7
subunit with consequent inhibition of proteasome activity (Liu
et al., 2006). Arg is also involved in some aspects of the EMT
process, like cell migration and cytoskeleton modulation through
the RhoA—ROCK pathway (Hernandez et al., 2004; Peacock et al.,
2007; Bianchi et al., 2013), which is also involved in TGF-B
secretion in a high-glucose-treated HK-2 cell line (Gu et al., 2013).
Based on these data, in the current study we analyzed the
involvement of Arg tyrosine kinase in the production of TGF-B1
induced in well-characterized human primary tubular cell cultures
(Perego et al., 2005; Bianchi et al., 2010; Cifola et al., 2011) by
treatment with high glucose, which also induced some phenotypical
and molecular changes in these tubular cells.

RESULTS

Phenotypical characterization of high-glucose-treated
primary tubular cell cultures

We assessed whether high-glucose treatment could induce
phenotypical changes in renal tubular primary cells cultured for
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7 days with high-glucose medium. In phase-contrast microscopy
images, we observed that high-glucose-treated cells appeared
more elongated with respect to the cobblestone morphology
of control cells (Fig. 1A), as confirmed by the distribution of
immunofluorescence signal for the epithelial markers cytokeratin and
Epcam, which were maintained in treated cells (Fig. 1B; Fig. S1A).
The epithelial proximal tubular marker N-cadherin and distal tubular
marker E-cadherin maintained a membrane distribution and did not
colocalize, even in high-glucose-treated cells (Fig. 1C). Proximal
tubular markers CD13 (also known as ANPEP) and AQP1 were
detected only in N-cadherin- and not in E-cadherin-positive cells, and
distal tubular marker calbindin was detected only in E-cadherin- but
not in N-cadherin-positive cells, in both treated and control cells
(Fig. 1D,E; Fig. S1B). These data confirmed the mutually exclusive
expression of N- and E-cadherin in proximal and distal tubular cells,
respectively, as described previously (Bombelli et al., 2013), and
here also shown under high-glucose conditions. Thus, tubular
primary cells cultured in high-glucose medium changed the
morphology but maintained the cellular distribution of epithelial
markers as in control cells. No differences in cell viability between
control and high-glucose-treated cells were observed (Fig. S2A).

Analysis of markers related to EMT after high-glucose
treatment

We evaluated in our tubular cell cultures the effect of high-glucose
treatment on the expression of markers involved in the EMT process,
as characterized by downregulation of epithelial markers and
upregulation of mesenchymal markers (Carew et al., 2012). As
shown by real-time quantitative PCR (Fig. 2A), the transcript

Colla2 and S100A4, and miR-200c, an indirect inducer of E-ca8
expression, did not significantly change during high-glucose trea
At the protein level (Fig. 2B), the epithelial marker ZO-

downregulated after 7 days and 96 h of high
respectively. Instead, E-cadherin maintained a s
both in control and treated cells. The meseng
was upregulated after 7 days of high-glucoge
muscle actin (o-sma) expression was
Moreover, the treatment with high glu
the percentage of proximal (CD13 p
cell cultures (Fig. S1C) and the pro

it o-smooth
lc treatment.

Stress fiber density an
glucose treatmg

Given that the ytoplasmic stress fibers is
an EMT fe motility (Liu, 2004), we
analyzed tubular cells cultured in high-
glucose Oserved that these cells had F-actin organized

across the cytoplasm, whereas control tubular
cells had a cortic8 lization of F-actin with rarer and thinner
cytoplasmic stress fib® he increase of cytoplasmic stress fiber
density was significant "after 96 h of high-glucose treatment
(Fig. 3A). Moreover, as assessed by a wound healing assay, cells
treated with high-glucose for 96h had a wound recovery
significantly lower than control ones after 8 h from the ‘scratch’
(Fig. 3B). Treated cells also evidenced a cell motility reduction as

in dense stres
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Fig. 1. Morphological evaluation and cellular distribution of renal
proximal and distal epithelial tubular markers. Representative images of
primary cell cultures treated for 7 days with control (ctrl) or high glucose (HG)
medium. (A) Phase-contrast images showing morphological differences
(200x). (B—E) Confocal microscopy images of (B) the epithelial markers
pancytokeratin and Epcam (green), (C) the epithelial proximal tubular marker
N-cadherin (red) and distal tubular marker E-cadherin (green), which did not
colocalize (merge); (D) proximal tubular markers CD13 (green) and
N-cadherin (red), which colocalize in control and high-glucose-treated cells
(merge); and (E) CD13 (green) and E-cadherin (red), which did not colocalize
(merge). DAPI was used to counterstain the nuclei in blue. Scale bars: 10 pm.

Q
Y
C
el
()
w
ko]
O
Y=
(©)
©
c
—
>
(®)
-


http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1

RESEARCH ARTICLE

Journal of Cell Science (2016) 129, 2925-2936 doi:10.1242/jcs.183640

Fig. 2. Expression of EMT markers in control

A and high-glucose-treated primary tubular cell
045 N-cadherin 245 E-cadherin cultures. (A) N-cadherin, E-cadherin, Col1a2,
E’ ’ 8’ ) S100A4 transcript and miRNA 200c levels were
&1.0 510 B Control ¢ya1yated by real-time PCR at different time
[ 05 O 0.5 HG points in control (ctrl) and high-glucose (HG)
% ! % : conditions. T gounts of the different
w O w 0 ! are represented
6h 24h 96h 6h 24h 96h e corresponding
4, meants.d.)
. n lysates of
215 Col1a2 215 S100A4 215 miR-200c ng :Ihe bands of
51.0 5 1.0 % 1.0 diqg B-actin level
K= c = ormalized band
.g 0.5 g 0.5 g 0.5 s are expressed as a
° 0 ° 0 ° 0 with respgct to corresponding control
- 7d “ 7 24n 96h 7d - 4, *P<0.05, n=7,
24h 96h ays 4h ays -2 human fibroblast cell line
a positive control.
B
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o
=0 0
B8 I BT % %
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SXII88E~K
200 wergyerew = 70-1
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Vimentin
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assessed 8 chamber assay (Fig. S2B). Thus, the 96 h of high-glucose treatment, respectively (Fig. 4A,B). An
cytoskeletal g of high-glucose-treated tubular cells were increased secretion of TGF-B1 was also evident in the medium of

consistent with EM atures but their functional behavior was not.
In primary tubular cell cultures high-glucose treatment
induced an increase of TGF-1 expression and secretion that
activated fibroblasts

In our tubular primary cultures, we observed a significant
upregulation of TGF-B1 transcript and precursor protein at 72 and

tubular cells treated with high glucose for 96 h (Fig. 4C). NIH3T3
fibroblasts grew significantly faster when cultured in conditioned
medium of high-glucose-treated tubular cells (high-glucose
conditioned medium) compared to those grown in non-
conditioned fibroblast medium, in control cell conditioned
medium and in high-glucose conditioned medium plus TGF-B
receptor inhibitor SB431542 (Fig. 4D). In addition, the expression
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Fig. 3. High-glucose treatment increases stress fiber density but
decreases cell migration of primary tubular cell cultures.

(A) Representative images of 96 h control (ctrl) and high-glucose (HG)-treated
primary cultures stained with Alexa-Fluor-594—phalloidin (red) and
counterstained with DAPI (blue), and analyzed by confocal microscopy; stress
fiber density quantification is expressed in the graph as arbitrary unj
(unpaired t-test, *P<0.05, n=3, a minimum of 50 cells was analyzed §
sample, meanzs.d.). (B) Representative images of the wound healing %
after the scratch (0 h) and after 8 h (8 h) of wound recovering performed o
control (ctrl) and high-glucose (HG)-treated primary cultures; the graph
indicates the wound recovery calculated in pm as differencg initi
final wound width (unpaired t-test, *P<0.05, n=4, mean

of a-sma protein, a cytoskeletal marker in a
the level of phosphorylated Smad2 protej
activated TGF-B pathway (Hills and
increased only in NIH3T3 cell
conditioned medium. However, o

conditions overexpressed
fibroblast activation.

ells to Imatinib treatment.
Imatinib prevents TGF-f-
vitro (Wang et al., 2005), but
q in vivo to proximal tubular cells, Imatinib
1-fibrotic efficacy (Dolman et al., 2012).
Surprisingly, the ent of our tubular cells with 10 uM
Imatinib induced, on der high-glucose conditions, a further
significant increment of TGF-B1 transcript, protein precursor and
secretion (Fig. 5A—C) without changes in cell viability (Fig. S2A).
Moreover, the expression of o-sma protein and the level of
phosphorylated Smad2 protein significantly increased in NIH3T3
cells grown in the presence of high-glucose plus Imatinib

does not shd®
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conditioned medium with respect to high-glucose conditioned
medium (Fig. 5D,E). Even in this case, a-sma and phosphorylated
Smad2 protein expression was strongly downregulated in high-
glucose plus Imatinib conditioned medium in the presence of
SB431542 (Fig. 5D,E). Thus, in tubular cells under high-glucose
conditions Imatinib induced a furtk
production that further activated fj

High-glucose treatment do nin
tubular cells

To gain further insight in
TGF-B1 production, w
inhibitory activity (B pruker and Lydon,
it were not expressed in
protein level did not
. S2C,D). Instead, Arg
d at 96 h of high-glucose

ccrease in control and high-

ary tubular cell cultures, high-glucose
ulation of Arg protein that correlated

d an increase in ubiquitin-dependent Arg
lar cells through a ROS level increment

d that the MCF-7 and 293 cell line exposure to
species (ROS) induced an increase of Arg
and degradation (Cao et al., 2005), and that high-
ase conditions induced ROS overload in tubular cells (Lee
LS. To evaluate whether these molecular mechanisms were
en active in our in vitro model, we assayed ROS production in
tubular cells and found that high-glucose treatment for 96 h
induced a significant increment of ROS level that further
reased at 7 days (Fig. 6C). Under high-glucose conditions the
Xrg transcript level did not change (data not shown), but Arg protein
ubiquitylation increased (Fig. 6D), with consequent degradation by
the proteasome that could be counteracted by the proteasome
inhibitor MG132 (Fig. S3A,B). Moreover, the addition of the
antioxidant NAC in high-glucose medium, which significantly
decreased ROS production (Fig. 6C), reversed high-glucose-
induced downregulation of Arg protein (Fig. 6E), confirming that,
in our model, high-glucose-induced ROS were responsible for the
decrease in Arg protein. Notably, high levels of endogenous ROS
persisted even when Imatinib was present in high-glucose medium
(Fig. 6C), but in this case Arg protein ubiquitylation did not increase
with respect to control (Fig. 6D). In addition, we excluded that the
observed downregulation of Arg was related to a decrease in
N-cadherin. In fact, the knockdown of N-cadherin by siRNA
in tubular cells grown in control medium did not affect Arg
expression (Fig. S3C). Thus, oxidative stress induced by high-
glucose treatment was responsible for the Arg ubiquitylation and
degradation.

High-glucose induced TGF-$1 upregulation, proteasome
inhibition and RhoA activation through Arg activity
downregulation in tubular cells

To prove the specific involvement of Arg in the TGF-B1
upregulation, we evaluated TGF-B1 expression and secretion after
Arg silencing by small interfering RNA (siRNA). Arg knockdown
(Fig. S3D) further improved TGF-B1 expression and secretion in
high-glucose-treated cells at 96 h (Fig. 7A,B), mimicking the
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Fig. 4. High glucose induces an increase in TGF-B
expression and secretion in tubular cells that activates
NIH3T3 fibroblasts. (A) Real-time PCR of TGF-B1 transcriptin
tubular cell cultures after 6 and 72 h of high-glucose (HG)
treatment. The relative amounts are represented as fold
change with respect to corresponding control (unpaired t-test,
antative western blot of

bands for the TGF-, e shown. In the
graph, the normalize
as fold change wi
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oblast medium (white
medium (white triangles,
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and corresponding quantification graph of normalized bands

nding total Smad 2/3 (one-way ANOVA with
ni’s test, *P<0.05, n=3, meants.d.).
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A B Fig. 5. Imatinib induces a further
96h increase of TGF-B1 expression and
3 secretion in high-glucose-treated
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0 n=5). (C) ELISA for secreted TGF-B1 in
conditioned medium of tubular cells
cultured for 96 h in the indicated medium
(one-way ANOVA with Bonferroni’s
D NIH3T3 test, *P<0.05, n=4, meants.d.).
(D,E) Representative western blots of
48h protein lysates of NIH3T3 fibroblasts,
1,5 cultured for 3 or 48 h in high-glucose
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Imatinib & showing that Arg is specifically increased (Fig. SA—C) even though the proteasome activity was
involved in F-B1 upregulation in high-glucose-treated downregulated (Fig. S3F). Moreover, in these cells Arg activity also
tubular cells. decreased as proved by the decrease of tyrosine-phosphorylated Arg

To study in depth Sg@mArg-dependent modulation of TGF-B1
production, we investigatéd both the proteasome activity and Rho-
ROCK signaling. As expected (Tashiro et al., 2003; Mutlu et al.,
2012), specific proteasome inhibition by MG132 induced a
significant downregulation of TGF-f in high-glucose-treated cells
(Fig. S3A,E). However, in our high-glucose-treated cells, TGF-f1
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and site-specific (Y1105) phosphorylated pl90RhoGAPA protein
(also known as ARHGAP35), a well-known Arg kinase specific
target and RhoA inhibitor (Hernandez et al., 2004) (Fig. S3G,H). In
high-glucose-treated cells Arg knockdown with siRNA induced a
further proteasome inhibition, in spite of a further TGF-f1 increase
(Fig. 7A—C). The treatment of tubular cells with high glucose plus
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Fig. 6. High glucose induces downregulation of Arg
protein through ROS level increase.

(A,B) Representative western blot of protein lysates
obtained from tubular cells cultured for indicated time
points in control (ctrl) medium, in high-glucose medium
(HG), control medium plus Imatinib (ctrl+Imatinib) or high-
glucose medium plus, Imatinib). Arg and

ctrl
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. sities normalized to the corresponding B-actin band
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oited Arg kinase activity (Fig. S3G.,H),
but did not affect the proteasome (Fig. SA-C;
Fig. S3F). Thus, B1 overproduction induced in our cellular
model by Arg tyrosin®§@mase downregulation did not seem to be
mediated by an Arg-depetident inhibition of proteasome activity.
Next, we evaluated whether Arg downregulation could induce
TGF-B1 overproduction through the activation of RhoA-ROCK
signaling. The amount of phospho-Y 1105-p190RhoGAPA protein
decreased after 96 h of high-glucose treatment (Fig. 7D), as did the

Imatinib,
upregulated

amount of Arg protein and its phosphorylated form (Fig. 6A,;
Fig. S3G), and the amount of RhoA-GTP (the activated state of
RhoA) increased (Fig. 7E,F). Arg knockdown by siRNA, which
further increased TGF-B1 production in high-glucose-treated cells,
noticeably decreased the level of phospho-Y1105-p190RhoGAPA
protein (Fig. 7A,G). Thus, in our tubular cells treated with high-
glucose, Arg kinase downregulation caused a decrease in
p190RhoGAPA phosphorylation, the activation of RhoA and
induced TGF-B1 upregulation.
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Fig. 7. Arg silencing induces a further increase of TGF-$1 expression and
secretion, proteasome inhibition and phospho-Y1105-p190RhoGAPA
downregulation in high-glucose-treated tubular cells. (A,C,G) Protein
lysates obtained from primary cultures grown for 96 h in control medium plus
control siRNA (ctrl siRNA ctrl), high-glucose medium plus control siRNA (HG),
or high-glucose medium plus Arg-specific SiRNA (HG siRNA Arg), were
assayed for (A) TGF-B precursor protein and (G) site-specific (Y1105)
phosphorylated p190RhoGAPA (PY1105-p190) by western blotting, and (C)
for proteasome activity by addition of Suc-LLVT-AMC substrate and
quantification of the released fluorescent signal. Normalized TGF-B band
intensities (A), mean relative fluorescent units (RFU) (C), and PY1105-p190
band intensities normalized to the corresponding total p190RhoGAPA (total
p190) band (G) are reported in the graphs as meants.d. (one-way ANOVA with
Bonferroni’s test, *P<0.05, n=4). (B) ELISA for secreted TGF-B1 in conditioned
medium of tubular cells cultured for 96 h in indicated medium (one-way ANOVA
with Bonferroni’s test, *P<0.05, n=3, meants.d.). (D) Representative western
blot of protein lysates from primary cultures grown for different time points in
control (ctrl) or high-glucose (HG) media, showing the bands of PY1105-p190
and total p190RhoGAPA proteins. The PY1105-p190 band intensities were
normalized to the corresponding total p190RhoGAPA band and expressed as
fold change with respect to corresponding control samples (unpaired t-test,
*P<0.05, n=3, meanzs.d.). (E,F) Protein lysates obtained from tubular cells
grown for 96 h in control or high-glucose medium were assayed for (E) RhoA
GTP level by G-LISA and (F) total RhoA protein by western blotting. RhoA-GTP
(E) and normalized total RhoA (F) values are expressed as the fold change with
respect to the control sample (unpaired t-test, *P<0.05, n=4, meants.d.). No
difference in total RhoA level was seen after high-glucose treatment.

DISCUSSION
In order to undertake studies directed to understand the molecular
and functional response of tubular cells to high-glucose conditions,
we used human primary tubular cell cultures. These g
represent a reproducible and well-characterized cellular mJgl
maintains, in the first passages, the phenotypic and mol¥
characteristics of the corresponding tissue (Perego et al.,
Bianchi et al., 2010; Cifola et al., 2011). Our data sho
primary cells grown in high-glucose medi
elongated morphology but only a few mole
and did not reach a full EMT phenotype. Thu
functional features of our high-glucose-ty
suggestive of an activated cellular st
described in other renal fibrosis models

human primary tubular cell cult

overexpression was
protein and activity.
and secretion after Arg
Therefore, Arg activity
e interpretation of TGF-f1

associated with a signific
The further incrg

that Arg-modulated TGF-B1
ediated by an Arg-dependent inhibition of
proteasome activ also confirmed by Arg silencing, which
resulted in further pro{S&@ac inhibition and an increase in TGF-B1.
Thus, in our experimental'model, the proteasome and Arg activity
decrease matched the increase in TGF-B1.

By contrast, in our cellular model Arg downregulation might
induce upregulation of TGF-B1 through the activation of RhoA-
ROCK signaling. In fact, in high-glucose-treated tubular cells, we

production

documented that Arg downregulation increased TGF-B1
production, decreased pl90RhoGAPA specific phosphorylation
and increased the RhoA-GTP level. Therefore, in our cellular model
under high-glucose conditions, Arg kinase downregulation could
activate the RhoA-ROCK signaling by reducing RhoA inhibition
induced by p190RhoGAPA. The actj his signaling would
explain the increase of stress fib
TGF-B1 production (Gu et al., 24
Of note, literature reports a@@l

MG132 (Tashiro et al., 2
confirmed this finding
effect induced on T
activity with MG13

on of proteasome
aoht be explained by the
r cells. In fact, in Arg-
ight inhibit proteasome
activity (Liu uent decrease in TGF-f .
However,

ore recent paper (Li etal., 2015) shows that Arg
the phosphorylation of proteasome subunit
e an inhibition of proteasome degradation.
literature data, Arg silencing might result in a
proteasome that is unbalanced by an increase of
its activity. This unbalance might explain the decrease of
aasome activity observed in Arg silenced cells.

S demonstrated that the Arg kinase downregulation is
termmed by an increase of ROS. A high-glucose-dependent
increase of ROS in tubular cells has been described as being caused
by the overexpression of Nox4, the isoform of NADPH oxidase
ponsible for ROS production in several kidney diseases (Lee and
Man, 2010; Lee et al., 2013). ROS promoted Arg degradation by
ubiquitylation, whereas c-Abl seems to be less sensitive to high-
glucose-induced ROS (Fig. S2D), as also described in other cellular
models (Cao et al., 2005). The increase in ROS in the presence of
high-glucose plus Imatinib did not induce an increase of Arg
ubiquitylation and thus a decrease of Arg protein level because ROS
induce Arg ubiquitylation when Arg is activated (Cao et al., 2005)
and our data clearly showed that Arg activity was inhibited by
Imatinib. High-glucose plus Imatinib did not affect proteasome
activity probably because of opposite action of ROS, induced by
high-glucose (Liu et al., 2006), and of c-Abl, a well-known
proteasome inhibitor (Liu et al., 2006) inactivated by Imatinib.

A further significant increase of TGF-f1 in tubular cells was
induced by high-glucose plus Imatinib treatment. Notably, in mouse
models of diabetic nephropathy (Lassila et al., 2005) and immune-
mediated kidney injury (Zoja et al., 2006), Imatinib has been
described to reduce TGF-B1 expression in renal tissue, but the renal
cell types and the molecular pathways targeted by Imatinib were not
defined. In other animal models of renal fibrosis (Wang et al., 2005,
2010; Wallace and Gewin, 2013), Imatinib has been described to
prevent TGF-B-dependent activation of fibroblasts. Interestingly,
when directly delivered in vivo to proximal tubular cells in a mouse
model of tubulointerstitial fibrosis, Imatinib did not show anti-
fibrotic efficacy (Dolman et al., 2012) and this in vivo finding
supports our in vitro data. Thus, the response to Imatinib seems to be
cell type specific and influenced by microenvironment conditions,
as suggested by our in vitro data that show that in Imatinib-treated
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tubular cells there is TGF-B1 overexpression only under high-
glucose conditions. Our in vitro cellular model highlights a specific
response of high-glucose-treated tubular cells to Imatinib that might
be hidden by the renal fibroblast response in in vivo models of
diabetic nephropathy (Lassila et al., 2005). It is important to be
aware of this specific response because, as proven in transgenic
mice, the tubular TGF-B1 overexpression might be the cause of
tubular autophagy and degeneration (Koesters et al., 2010).

In conclusion, the findings here describe evidence that Arg kinase
downregulation is specifically involved in TGF-f1 upregulation and
cytoskeleton alterations induced by high glucose in tubular cells.
Our data could be useful in the development of new approaches to
control TGF-f expression in tubular cells under diabetic conditions,
and suggest that the response to Imatinib treatment is cell type
specific, at least in kidneys of diabetic patients.

MATERIALS AND METHODS
Human primary tubular cell cultures and treatments

Normal renal cortex specimens were obtained from adult human kidneys
surgically removed because of renal carcinoma, after written patients’
informed consent and in accordance with recommendations of the Local
Ethical Committee of Provincia Monza Brianza and the Declaration of
Helsinki. Primary tubular cell cultures were obtained and characterized as
previously described (Bianchi et al., 2010) from 30 different renal cortex tissue
specimens. The cells, trypsinized at the first confluence, were diluted and re-
plated to reach the second confluence at the end of each treatment point. In
particular, after 24 h of serum starvation, the cells were cultured for up to
7 days in low-glucose Dulbecco’s modified Eagle’s medium (DMEM)
(100 mg/dl glucose; control medium), or in high-glucose DMEM (450 mg/dl
glucose; high-glucose medium), both supplemented with 10% fetg
serum (FBS), 1% glutamine, 1% penicillin-streptomycin §
amphotericin (Euroclone, Milan, Italy). The glucose concentratid
regularly checked and restored to the appropriate level, when necessa
addition of D-glucose (Sigma-Aldrich, St Louis, MO). Osmolanty bala
was obtained by addition of D-mannitol (350 mg/dl; {
control medium. Specific tyrosine kinase activities ang
were, respectively, inhibited by addition of Imatj
Cayman Chemicals, Ann Arbor, MI) and MG132
control and high-glucose media. Antioxidative t
addition of N-acetyl-L-cysteine (NAC) (10
glucose medium.

Immunofluorescence and stress fi

primary antibodies and, when
(Table S1), as previously descrj . Stress fibers
were labeled by Alexa-Fluor- 48 —phalloidin (dllutlon 0; Molecular
Probes, Carlsberg, CA). Nu terstained with Mounting DAPI
(Molecular Probes). [ i
confocal microscope Zej

jective, equipped with
. Stress fiber density
software (http:/www.

Bnscription were carried out as
., 2008). Real-time quantitative PCR
a TaqMan Gene Expression Assay (Applied
CA) according to manufacturer’s instructions,
using commercial kit e S2). The amplifications were carried out in
20 pl reactions containing g of cDNA, 1% Universal PCR Master Mix,
and corresponding primers and probes, in an ABI PRISM® 7900HT Fast
Real-Time PCR System (Applied Biosystems) in duplicate for each sample.

For microRNA quantification, a TagMan microRNA assay was used.
10 ng of total RNA were retro-transcribed in 20 ul total volume reaction
containing 3 pl of 5% miRNA specific primers (RT 2300 hsa-miR-200c or

was carried 8
Biosystems, Fost¢
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RNU48 endogenous control; Applied Biosystems), 19 pl of 20 U/ul RNase
inhibitor, 0.15ul of 100 mM dNTPs and 1 ul of 50 U/ul Multiscribe
Reverse Retrotranscriptase (Applied Biosystems). The reverse transcription
conditions were 16°C for 30 min, 42°C for 30 min and 85°C for 5 min.
0.5 ng of the specific cDNA obtained was amplified in 15 pl total volume
reaction containing 10 pl of TagMan Uniyessal Master Mix II no UNG
(Applied Biosystems), 1 ul of specific obes (TM230 miR-

At the indicated time
described previously
of protein lysates
separated on Nu

say (Sigma-Aldrich) were
and submitted to western
ed antibodies (Table S1). For
ared with RIPA buffer (50 mM

g of soluble proteins were subjected to
rg antibody and an Immunoprecipitation
io-Science AB, Upsala), following the

ipitation using
(GE Healthcare

gels, were blotted and hybridized with anti-
Arg and anti-ubiquitin antibodies (Table S1).
of specific bands was performed by Image Scan
software, and, for quantification, the specific band
alized to the corresponding B-actin, Smad2/3, Arg or
and intensities when specified.

ng assay

onolayers of tubular cells, cultured in control and high-glucose medium
on 6-well plates, were scratched with a pipette tip and photographed with a
digital camera mounted on an inverted microscope Olympus (100%
pagnification). Matched pair-marked wound regions were photographed
win after 8 h. Initial and final wound width was measured with ImageJ
oﬁware Three different measures in two different wells per sample were
taken and expressed as mean+s.d. Wound recovery, calculated as difference
between mean initial and final wound width, was used as a migration index.

Secreted TGF-$1 quantification by ELISA

Quantification of secreted TGF-B1 in tubular cell culture medium was
performed with a Human TGF-B1 Platinum ELISA kit (BMS249/4,
Bioscience) according to the manufacturer’s instructions. Absorbance at
450 nm was measured using an automated microplate reader (Victor Wolla
C1420, Perkin Elmer, Woltham, MA). Concentration values (pg/ml) were
normalized to the cell protein concentration.

NIH3T3 growth curve

The NIH3T3 fibroblast cell line, cultured in high-glucose DMEM
supplemented with 5% FBS (fibroblast medium), was serum-starved in
DMEM for 24 h and then cultured in conditioned medium obtained from
primary tubular cultures grown for 96 h in control medium, in high-glucose
medium or in high-glucose medium plus Imatinib. NIH3T3 fibroblasts were
also cultured in high-glucose conditioned medium or high-glucose
conditioned medium plus Imatinib with the addition of 0.3 uM of the
TGF-B receptor inhibitor SB431542 (Selleckchem, Houston, TX). The cell
count, after 3, 24 and 48 h of treatment, was performed using Trypan Blue
solution 0.4% (Sigma-Aldrich) with Thoma chamber. After 3 or 48 h of
treatment with the different media, NIH3T3 cells were lysed as described
above.

Intracellular ROS quantification
Cells were incubated with 10 pM DCF-DA (Sigma) for 40 min at 37°C in
the dark. Fluorescent oxidized DCF in cell homogenate obtained by brief
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sonication was measured at an excitation wavelength of 480 nm and an
emission wavelength of 525 nm in dark 96-well plates using an automated
microplate reader (Victor Wolla C1420). Mean relative fluorescence (RFU)
was normalized to the cell protein concentration.

Arg and N-cadherin siRNA transfection

Subconfluent primary tubular cell cultures were transfected with
ON-TARGETplus SMART pool Human ABL2 siRNA L-003101, ON-
TARGETplus Control Pool siRNA D-001810-10-05 (Thermo Scientific
Dharmacon, Lafayette, CO), or with human N-cadherin siRNA D-00101-0005
(Riboxx Life Sciences, Germany) using Interferin siRNA transfection reagent
(Polyplus transfection; Thermo Scientific) according to the manufacturer’s
instructions, and then cultured for 96 h in high-glucose or control medium.

Proteasome activity assay

Proteasome peptidase activity was assayed on 30 pg of protein lysate using a
20S Proteasome Activity Assay kit (Chemicon APT280; Millipore, Watford,
UK) and following the manufacturer’s instructions. The fluorescent signal of
AMC released from Suc-LLVT-AMC substrate after digestion was measured
with a fluorescence spectrometer (Victor Wolla C1420), at an excitation
wavelength of 380 nm and an emission wavelength of 460 nm, and expressed
as the mean+s.d. relative fluorescence units (RFU).

Detection of GTP-bound RhoA
Active GTP-bound RhoA was measured in cell lysates using a RhoA
activation G-LISA kit (BK124; Cytoskeleton Inc., Denver, CO) following
the manufacturer’s instruction. Briefly, cell lysates of control and high-
glucose-treated samples were quantified for protein content, diluted to
0.5 mg/ml with lysis buffer and loaded in equal amounts onto a G-LISA
plate for analysis. Absorbance values at 490 nm, measured usmg an
automated microplate reader (Victor Wolla C1420) and correspongd
GTP-bound RhoA amount, were expressed as fold change with
control samples.

Statistical analysis
All molecular and functional effects of different cellulgg

. statlstlcally
expressed as

Acknowledgements
We would like to thank Sara Redaelli a

Competing interests
The authors declare no com

Author contributions

B. performed the e
analyzed renal tisg
responsible for j

Funding
This research'
Ricerca-Progetti di
20060669373_004 to R
Ricerca [grant numbers 764 toR.A.P.; 7569, 6616 to C.B.]; and in part by the
Associazione Gianluca Strada Ohlus [grant number 792010100-21 to R.A.P.]. C.M.
was a recipient of a PhD fellowship from Ministero dell’Istruzione, dell'Universita e
della Ricerca (number DM18062008); S.B. was a recipient of a Postdoctoral
Fellowship from Ministero dell'lstruzione, dell’Universita e della Ricerca (number
2-18-5999000-5); V.D.S. was a recipient of a Postdoctoral Fellowship from a
Regione Lombardia Fondazione Cariplo grant (number 12-4-51551566).

Supplementary information
Supplementary information available online at
http:/jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1

References
Bianchi, C., Torsello, B., Angeloni, V., Bombelli, S., Soldi, M., Invernizzi, L.,
Brambilla, P. and Perego, R. (2008). Eight fbelson related gene (Arg)
i i ell distribution of two
p. 105, 1219-1227.
i, V., Ferrero, S.,
10). Primary cell
ce a differential
/176, 1660-1670.
ti, R., Bombelli, S.
inase is nuclear and

Bianchi, C., Bombelli, S., Raimondo,
Di Stefano, V., Chinello, C., Cifolg

and Perego, R. A. (2013).
the other seven cytosoli
and the cytoskeleton.
Bombelli, S., Zipeto,
Zordan, P., Vigano,

eyer, T., Miiller, M., Druker, B. J.
protein-tyrosine kinase in vitro and in

e in advanced glycation end product-induced
| transition: implications for diabetic renal
. J. Am. Soc. Nephrol. 17, 2484-2494.

, C., Li, Y., LengdY., Li, P., Ma, Q. and Kufe, D. (2005). Ubiquitination and
yrosine kinase is regulated by oxidative stress. Oncogene

and Kantharidis, P. (2012). The role of EMT in renal
s. 347, 103-116.

angano, E., Bombelli, S., Frascati, F., Fasoli, E., Ferrero,
., Zipeto, M. A., Magni, F. et al. (2011). Renal cell carcinoma

., Wilkes, M. C Edens M., Kottom, T. J., Murphy, S. J., Limper,

A H and Leof, E. B. (2004). Imatinib mesylate inhibits the profibrogenic activity of

TGF-beta and prevents bleomycin-mediated lung fibrosis. J. Clin. Invest. 114,

1308-1316.

de Boer, I. H.,, Rue, T. C., Hall, Y. N., Heagerty, P. J., Weiss, N. S. and

immelfarb, J. (2011). Temporal trends in the prevalence of diabetic kidney

Uisease in the United States. JAMA 305, 2532-2539.

Dolman, M. E. M., van Dorenmalen, K. M., Pieters, E. H. E., Lacombe, M., Pato,
J., Storm, G., Hennink, W. E. and Kok, R. J. (2012). Imatinib-ULS-lysozyme: a
proximal tubular cell-targeted conjugate of imatinib for the treatment of renal
diseases. J. Control Release 157, 461-468.

Druker, B. J. and Lydon, N. B. (2000). Lessons learned from the development of an
Abl tyrosine kinase inhibitor for chronic myelogenous leukemia. J. Clin. Invest.
105, 3-7.

Elliott, P. J., Zollner, T. M. and Boehncke, W. H. (2003). Proteasome inhibition: a
new anti-inflammatory strategy. J. Mol. Med. 81, 235-245.

Fragiadaki, M., Witherden, A. S., Kaneko, T., Sonnylal, S., Pusey, C. D., Bou-
Gharios, G. and Mason, R. M. (2011). Interstitial fibrosis is associated with
increased COL1A2 transcription in AA-injured renal tubular epithelial cells in vivo.
Matrix Biol. 30, 396-403.

Fraser, D., Brunskill, N., Ito, T. and Phillips, A. (2003). Long-term exposure of
proximal tubular epithelial cells to glucose induces transforming growth factor-
beta 1 synthesis via an autocrine PDGF loop. Am. J. Pathol. 163, 2565-2574.

Gilbert, R. E. and Cooper, M. E. (1999). The tubulointerstitium in progressive
diabetic kidney disease: more than an aftermath of glomerular injury? Kidney Int.
56, 1627-1637.

Gu, L., Gao, Q., Ni, L., Wang, M. and Shen, F. (2013). Fasudil inhibits epithelial-
myofibroblast transdifferentiation of human renal tubular epithelial HK-2 cells
induced by high glucose. Chem. Pharm. Bull. 61, 688-694.

Hernandez, S. E., Settleman, J. and Koleske, A. J. (2004). Adhesion-dependent
regulation of p190RhoGAP in the developing brain by the Abl-related gene
tyrosine kinase. Curr. Biol. 14, 691-696.

Hertig, A., Aglicheau, D., Verine, J., Pallet, N., Touzot, M., Ancel, P.-Y., Mesnard,
L., Brousse, N., Baugey, E., Glotz, D. et al. (2008). Early epithelial phenotypic
changes predict graft fibrosis. J. Am. Soc. Nephrol. 19, 1584-1591.

Hills, C. E. and Squires, P. E. (2011). The role of TGF-B and epithelial-to
mesenchymal transition in diabetic nephropathy. Cytokine Growth Factor Rev. 22,
131-139.

Hills, C. E., Siamantouras, E., Smith, S. W., Cockwell, P., Liu, K.-K. and Squires,
P. E. (2012). TGFB modulates cell-to-cell communication in early epithelial-to-
mesenchymal transition. Diabetologia 55, 812-824.

2935

()
Y
C
el
()
w
ko]
O
Y=
(©)
‘©
c
—
>
(®)
-



http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://jcs.biologists.org/lookup/suppl/doi:10.1242/jcs.183640/-/DC1
http://dx.doi.org/10.1002/jcb.21922
http://dx.doi.org/10.1002/jcb.21922
http://dx.doi.org/10.1002/jcb.21922
http://dx.doi.org/10.1002/jcb.21922
http://dx.doi.org/10.2353/ajpath.2010.090402
http://dx.doi.org/10.2353/ajpath.2010.090402
http://dx.doi.org/10.2353/ajpath.2010.090402
http://dx.doi.org/10.2353/ajpath.2010.090402
http://dx.doi.org/10.1016/j.yexcr.2013.05.012
http://dx.doi.org/10.1016/j.yexcr.2013.05.012
http://dx.doi.org/10.1016/j.yexcr.2013.05.012
http://dx.doi.org/10.1016/j.yexcr.2013.05.012
http://dx.doi.org/10.1016/j.scr.2013.08.004
http://dx.doi.org/10.1016/j.scr.2013.08.004
http://dx.doi.org/10.1016/j.scr.2013.08.004
http://dx.doi.org/10.1016/j.scr.2013.08.004
http://dx.doi.org/10.1681/ASN.2006050525
http://dx.doi.org/10.1681/ASN.2006050525
http://dx.doi.org/10.1681/ASN.2006050525
http://dx.doi.org/10.1681/ASN.2006050525
http://dx.doi.org/10.1681/ASN.2006050525
http://dx.doi.org/10.1038/sj.onc.1208454
http://dx.doi.org/10.1038/sj.onc.1208454
http://dx.doi.org/10.1038/sj.onc.1208454
http://dx.doi.org/10.1007/s00441-011-1227-1
http://dx.doi.org/10.1007/s00441-011-1227-1
http://dx.doi.org/10.1186/1471-2407-11-244
http://dx.doi.org/10.1186/1471-2407-11-244
http://dx.doi.org/10.1186/1471-2407-11-244
http://dx.doi.org/10.1186/1471-2407-11-244
http://dx.doi.org/10.1172/JCI200419603
http://dx.doi.org/10.1172/JCI200419603
http://dx.doi.org/10.1172/JCI200419603
http://dx.doi.org/10.1172/JCI200419603
http://dx.doi.org/10.1001/jama.2011.861
http://dx.doi.org/10.1001/jama.2011.861
http://dx.doi.org/10.1001/jama.2011.861
http://dx.doi.org/10.1016/j.jconrel.2011.08.041
http://dx.doi.org/10.1016/j.jconrel.2011.08.041
http://dx.doi.org/10.1016/j.jconrel.2011.08.041
http://dx.doi.org/10.1016/j.jconrel.2011.08.041
http://dx.doi.org/10.1172/JCI9083
http://dx.doi.org/10.1172/JCI9083
http://dx.doi.org/10.1172/JCI9083
http://dx.doi.org/10.1016/j.matbio.2011.07.004
http://dx.doi.org/10.1016/j.matbio.2011.07.004
http://dx.doi.org/10.1016/j.matbio.2011.07.004
http://dx.doi.org/10.1016/j.matbio.2011.07.004
http://dx.doi.org/10.1016/S0002-9440(10)63611-5
http://dx.doi.org/10.1016/S0002-9440(10)63611-5
http://dx.doi.org/10.1016/S0002-9440(10)63611-5
http://dx.doi.org/10.1046/j.1523-1755.1999.00721.x
http://dx.doi.org/10.1046/j.1523-1755.1999.00721.x
http://dx.doi.org/10.1046/j.1523-1755.1999.00721.x
http://dx.doi.org/10.1248/cpb.c13-00066
http://dx.doi.org/10.1248/cpb.c13-00066
http://dx.doi.org/10.1248/cpb.c13-00066
http://dx.doi.org/10.1016/j.cub.2004.03.062
http://dx.doi.org/10.1016/j.cub.2004.03.062
http://dx.doi.org/10.1016/j.cub.2004.03.062
http://dx.doi.org/10.1681/ASN.2007101160
http://dx.doi.org/10.1681/ASN.2007101160
http://dx.doi.org/10.1681/ASN.2007101160
http://dx.doi.org/10.1016/j.cytogfr.2011.06.002
http://dx.doi.org/10.1016/j.cytogfr.2011.06.002
http://dx.doi.org/10.1016/j.cytogfr.2011.06.002
http://dx.doi.org/10.1007/s00125-011-2409-9
http://dx.doi.org/10.1007/s00125-011-2409-9
http://dx.doi.org/10.1007/s00125-011-2409-9

RESEARCH ARTICLE

Journal of Cell Science (2016) 129, 2925-2936 doi:10.1242/jcs.183640

Humphreys, B. D., Lin, S.-L., Kobayashi, A., Hudson, T. E., Nowlin, B. T.,
Bonventre, J. V., Valerius, M. T., McMahon, A. P. and Duffield, J. S. (2010).
Fate tracing reveals the pericyte and not epithelial origin of myofibroblasts in
kidney fibrosis. Am. J. Pathol. 176, 85-97.

lwano, M., Plieth, D., Danoff, T. M., Xue, C., Okada, H. and Neilson, E. G. (2002).
Evidence that fibroblasts derive from epithelium during tissue fibrosis. J. Clin.
Invest. 110, 341-350.

Keller, C., Kroening, S., Zuehlke, J., Kunath, F., Krueger, B. and Goppelt-
Struebe, M. (2012). Distinct mesenchymal alterations in N-cadherin and E-
cadherin positive primary renal epithelial cells. PLoS ONE 7, e43584.

Koesters, R., Kaissling, B., LeHir, M., Picard, N., Theilig, F., Gebhardt, R., Glick,
A. B., Hahnel, B., Hosser, H., Grone, H.-J. et al. (2010). Tubular overexpression
of transforming growth factor-B1 induces autophagy and fibrosis but not
mesenchymal transition of renal epithelial cells. Am. J. Pathol. 177, 632-643.

L ila, M., Jandeleit-Dahm, K., Seah, K. K., Smith, C. M., Calkin, A. C., Allen,
T. J. and Cooper, M. E. (2005). Imatinib attenuates diabetic nephropathy in
apolipoprotein E-knockout mice. J. Am. Soc. Nephrol. 16, 363-373.

Lee, Y. J. and Han, H. J. (2010). Troglitazone ameliorates high glucose-induced
EMT and dysfunction of SGLTs through PI3K/Akt, GSK-38, Snail1, and B-catenin
in renal proximal tubule cells. Am. J. Physiol. Renal Physiol. 298, F1263-F1275.

Lee, J. H.,, Kim, J. H., Kim, J. S., Chang, J. W., Kim, S. B., Park, J. S. and Lee,
S. K. (2013). AMP-activated protein kinase inhibits TGF-8-, angiotensin II-,
aldosterone-, high glucose-, and albumin-induced epithelial-mesenchymal
transition. Am. J. Physiol. Renal Physiol. 304, F686-F697.

Li, D., Dong, Q., Tao, Q., Gu, J., Cui, Y., Jiang, X., Yuan, J., Li, W., Xu, R., Jin, Y.
et al. (2015). c-Abl regulates proteasome abundance by controlling the ubiquitin-
proteasomal degradation of PSMA7 subunit. Cell Rep. 10, 484-496.

Lin, S.-L., Kisseleva, T., Brenner, D. A. and Duffield, J. S. (2008). Pericytes and
perivascular fibroblasts are the primary source of collagen-producing cells in
obstructive fibrosis of the kidney. Am. J. Pathol. 173, 1617-1627.

Liu, Y. (2004). Epithelial to mesenchymal transition in renal fibrogenesis: pathologic
significance, molecular mechanism, and therapeutic intervention. J. Am. Soc.
Nephrol. 15, 1-12.

Liu, X., Huang, W, Li, C., Li, P., Yuan, J., Li, X., Qiu, X.-B., Ma, Q. and Cao, C.
(2006). Interaction between c-Abl and Arg tyrosine kinases and proteasome
subunit PSMA7 regulates proteasome degradation. Mol. Cell 22, 317-327.

Luo, Z.-F., Qi, W., Feng, B., Mu, J., Zeng, W., Guo, Y.-H., Pang, Q., Ye,
L. and Yuan, F.-H. (2011). Prevention of diabetic nephropathy in ra
enhanced renal antioxidative capacity by inhibition of the proteasome. L1
512-520.

., Liu,

2936

Mutlu, G. M., Budinger, G.R. S., Wu, M., Lam, A. P., Zirk, A., Rivera, S., Urich, D.,
Chiarella, S. E., Go, L. H. T., Ghosh, A. K. et al. (2012). Proteasomal inhibition
after injury prevents fibrosis by modulating TGF-B1 signalling. Thorax 67, 139-146.

Okuda, K., Weisberg, E., Gilliland, D. G. and Griffin, J. D. (2001). ARG tyrosine
kinase activity is inhibited by STI571. Blood 97, 2440-2448.

Peacock, J. G., Miller, A. L., Bradley, W. D., Rodrlguez, 0. C., Webb, D. J. and
Koleske, A. J. (2007). The Abl-related gg e kinase acts through
p190RhoGAP to inhibit actomyosin cog

., Valsecchi, C.,
5). Primary cell
in the proteomic

srillo, C., Grillo, P.,
. (2002). Epithelial-
renal biopsies. Kidney

Rastaldi, M. P., Ferrario, F.,
Strutz, F., Miiller, G. A.,
mesenchymal transition
Int. 62, 137-146.

Rocco, M. V., Chen, Y.
stimulates TGF-b
Int. 41, 107-114,

Shen, N, Lin,
(2013).  Inhy
attenuate:

Tashiro,

. (1992). Elevated glucose
ity in proximal tubule. Kidney

Xie, H., Zhang, J. and Feng, Z
osttranslational core fucosylation
ey Int. 84, 64-77.

wabara, N., Komiya, T., Takekida, K., Asai, T., Iwao,
Y., Takaoka, M. et al. (2003). Attenuation of renal

oc. Nephrol. 24, 694-701.
Leof, E. B. and Hirschberg, R. (2005). Imatinib mesylate
F-beta pathway and reduces renal fibrogenesis in vivo.

ng, S., Wilkes,
locks a non-Sma
SEB J. 19, 1-11.
S., Wilkes, ., Leof, E. B. and Hirschberg, R. (2010). Noncanonical
, mTORC1 and Abl, in renal interstitial fibrogenesis.
. enal Physiol. 298, F142-F149.

Zoja, C Corna, D., Rottoli, D., Zanchi, C., Abbate, M. and Remuzzi, G. (2006).
ameliorates renal disease and survival in murine lupus autoimmune
Uney Int. 70, 97-103.

()
Y
C
el
()
w
ko]
O
Y=
(©)
‘©
c
—
>
(®)
-



http://dx.doi.org/10.2353/ajpath.2010.090517
http://dx.doi.org/10.2353/ajpath.2010.090517
http://dx.doi.org/10.2353/ajpath.2010.090517
http://dx.doi.org/10.2353/ajpath.2010.090517
http://dx.doi.org/10.1172/JCI0215518
http://dx.doi.org/10.1172/JCI0215518
http://dx.doi.org/10.1172/JCI0215518
http://dx.doi.org/10.1371/journal.pone.0043584
http://dx.doi.org/10.1371/journal.pone.0043584
http://dx.doi.org/10.1371/journal.pone.0043584
http://dx.doi.org/10.2353/ajpath.2010.091012
http://dx.doi.org/10.2353/ajpath.2010.091012
http://dx.doi.org/10.2353/ajpath.2010.091012
http://dx.doi.org/10.2353/ajpath.2010.091012
http://dx.doi.org/10.1681/ASN.2004050392
http://dx.doi.org/10.1681/ASN.2004050392
http://dx.doi.org/10.1681/ASN.2004050392
http://dx.doi.org/10.1152/ajprenal.00475.2009
http://dx.doi.org/10.1152/ajprenal.00475.2009
http://dx.doi.org/10.1152/ajprenal.00475.2009
http://dx.doi.org/10.1152/ajprenal.00148.2012
http://dx.doi.org/10.1152/ajprenal.00148.2012
http://dx.doi.org/10.1152/ajprenal.00148.2012
http://dx.doi.org/10.1152/ajprenal.00148.2012
http://dx.doi.org/10.1016/j.celrep.2014.12.044
http://dx.doi.org/10.1016/j.celrep.2014.12.044
http://dx.doi.org/10.1016/j.celrep.2014.12.044
http://dx.doi.org/10.2353/ajpath.2008.080433
http://dx.doi.org/10.2353/ajpath.2008.080433
http://dx.doi.org/10.2353/ajpath.2008.080433
http://dx.doi.org/10.1097/01.ASN.0000106015.29070.E7
http://dx.doi.org/10.1097/01.ASN.0000106015.29070.E7
http://dx.doi.org/10.1097/01.ASN.0000106015.29070.E7
http://dx.doi.org/10.1016/j.molcel.2006.04.007
http://dx.doi.org/10.1016/j.molcel.2006.04.007
http://dx.doi.org/10.1016/j.molcel.2006.04.007
http://dx.doi.org/10.1016/j.lfs.2010.12.023
http://dx.doi.org/10.1016/j.lfs.2010.12.023
http://dx.doi.org/10.1016/j.lfs.2010.12.023
http://dx.doi.org/10.1016/j.lfs.2010.12.023
http://dx.doi.org/10.1136/thoraxjnl-2011-200717
http://dx.doi.org/10.1136/thoraxjnl-2011-200717
http://dx.doi.org/10.1136/thoraxjnl-2011-200717
http://dx.doi.org/10.1182/blood.V97.8.2440
http://dx.doi.org/10.1182/blood.V97.8.2440
http://dx.doi.org/10.1091/mbc.E07-01-0075
http://dx.doi.org/10.1091/mbc.E07-01-0075
http://dx.doi.org/10.1091/mbc.E07-01-0075
http://dx.doi.org/10.1091/mbc.E07-01-0075
http://dx.doi.org/10.1021/pr050002o
http://dx.doi.org/10.1021/pr050002o
http://dx.doi.org/10.1021/pr050002o
http://dx.doi.org/10.1021/pr050002o
http://dx.doi.org/10.1046/j.1523-1755.2002.00430.x
http://dx.doi.org/10.1046/j.1523-1755.2002.00430.x
http://dx.doi.org/10.1046/j.1523-1755.2002.00430.x
http://dx.doi.org/10.1046/j.1523-1755.2002.00430.x
http://dx.doi.org/10.1038/ki.1992.14
http://dx.doi.org/10.1038/ki.1992.14
http://dx.doi.org/10.1038/ki.1992.14
http://dx.doi.org/10.1038/ki.2013.82
http://dx.doi.org/10.1038/ki.2013.82
http://dx.doi.org/10.1038/ki.2013.82
http://dx.doi.org/10.3892/ijmm.12.4.587
http://dx.doi.org/10.3892/ijmm.12.4.587
http://dx.doi.org/10.3892/ijmm.12.4.587
http://dx.doi.org/10.3892/ijmm.12.4.587
http://dx.doi.org/10.1681/ASN.2012080818
http://dx.doi.org/10.1681/ASN.2012080818
http://dx.doi.org/10.1096/fj.04-2370com
http://dx.doi.org/10.1096/fj.04-2370com
http://dx.doi.org/10.1096/fj.04-2370com
http://dx.doi.org/10.1152/ajprenal.00320.2009
http://dx.doi.org/10.1152/ajprenal.00320.2009
http://dx.doi.org/10.1152/ajprenal.00320.2009
http://dx.doi.org/10.1038/sj.ki.5001528
http://dx.doi.org/10.1038/sj.ki.5001528
http://dx.doi.org/10.1038/sj.ki.5001528


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    34.69606
    34.27087
    34.69606
    34.27087
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50394
    8.50394
    8.50394
    8.50394
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




