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Abstract

Purpose: Extracorporeal shock wave lithotripsy (ESWL) is well documented to exert destructive
effect to renal cells and its mechanism is not clear. Autophagy is one of cell basic response for
stressful conditions and it is important to determine cell’s fate. The aim of this study is to elucidate
the role of autophagy in the process of shock wave-induced renal cells injury.

Methods: NRK-52E cell, a rat renal tubular epithelial cell, was exposed to shock wave at the
voltage of 14KV. GFP-LC3 puncta was used to monitor Autophagy flux in the process of shock
wave injury. Autophagic relative proteins, such as light chain 3 (LC3), beclin-1 and p62, were also
examined. Cell variability and apoptosis were detected when inhibition autophagy with
3-methyladenine (3MA) or stimulating its activity with rapamycin during the process of shock wave
injury. The role of Akt/ GSK-3B and its connection with autophagy in the process of shock wave
injury were also investigated.

Results: Shock wave was confirmed to activate autophagy in renal cells, which was manifested in
LC3-II turnover, beclin-1 induction and degradation of p62. Inhibition autophagy enhanced cell
damage or apoptosis, whereas its stimulating was able to exert protection from shock wave injury.
Akt/ GSK-3B, a cell-survival signaling pathway, can also be activated during the process. And its
activation could be suppressed by blockade autophagy.

Conclusion: Autophagy is a self-protective response for renal cells from shock wave injury. The
cyto-protection of autophagy may be connected with modulation Akt/ GSK-3p pathway.
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Introduction

Extracorporeal shock wave lithotripsy (ESWL)
has been extensively used in clinical treatment of
upper urinary tract stones. It is well documented that
shock wave elicits renal damage and causes several
short-term or long-term complications [1-3]. Many
clinical trials and animal models have been used to
investigate the potential mechanism of shock wave
injury to renal cells [4, 5]. Currently the molecular
mechanism of shock wave injury remains not clear.

Autophagy is a cellular process that is mainly
responsible to digest and recycle long lived proteins

or cellular organelles to maintain cell homeostasis. It
can be activated under variety of conditions such as
hypoxia, oxidative stress, starvation, and toxic
reactions. Furthermore, autophagy is proved to play
important role in many pathological processes such as
tumor [6], neurodegeneration [7], inflammation [8]
and ischemia-reperfusion injury [9]. It is controversial
whether autophagy exerts survival or destructive
effect to cells. Some studies indicated cytoprotective
role of autophagy [10, 11] and others drew the
opposite conclusion [12]. Thus, the common view is
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that the role of autophagy to cells fate is diverse and
depends on different cell types and conditions.
Previous studies indicated that shock
wave-inflicted renal damage is not only the simple
mechanical trauma. Many other biological factors
such as oxygen free radicals, inflammation and
calcium overload are also involved in this process
[13-15]. And those factors theoretically can stimulate
autophagy process. However, so far there is no report
to study the role of autophagy in the process of shock
wave injury. We addressed this issue by examining
what’s the role of autophagy in shock wave-induced
renal cell apoptosis, and investigating the possible
mechanism that how autophagy determines cell’s fate
in the process of shock wave induced cell apoptosis.

Materials and methods

1. Cell culture and reagents

NRK52e cell (ATCC, USA), rat renal tubular
epithelial cell, was cultured in DMEM with 5% FBS at
37°C in 5% CO2. The chemicals required in this
experiment include 3-methyladenine (3MA) and
Rapamycin those were purchased from Sigma Aldrich
Co (Germany). All of the primary antibodies were
purchased from Cell signaling technology (CST,
USA). Those antibodies include rabbit anti LC3-I/1I,

rabbit anti-p62, rabbit anti beclin-1, rabbit
anti-cleaved Caspase-3, rabbit anti-Akt, rabbit
anti-P-Ser-473-Akt, rabbit anti-GSK-3p, rabbit

anti-P-Ser-9-GSK-3f3 and rabbit anti Atg 5.

2. Experimental model

This study employed the model of renal tubular
epithelial cell exposure to shock wave as previously
reported [13]. Cultured NRK-52E cells were collected
following trypsinization by Trypsin/EDTA digestion
and centrifugation for 5 minutes. Cells were
suspended in culture medium and prepared for shock
wave exposure according to the methods as we have
described previously [13]. The shock waves were
generated by the HK-MZ-V Lithotripter (Huikang,
China), with impulse rates of 50, 100, 150,200,250 and
300 shock waves per minute at a voltage of 14 kV.

3. Cell variability and apoptosis assays

Cell viability was determined by the 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay (sigma, Germany). Terminal
deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) method (Invitrogen, USA) was used for
detection of apoptosis at single cell level, based on
labeling of free 3’-OH terminal in DNA strand breaks.
The cells were washed with PBS and then fixed with
4% paraformaldehyde and stained with Hoechst
33258 (5pg/ml). The stained cells on slides were

examined with a fluorescent microscope and
photographed with a CCD camera (Olympus, Japan).
Cells are determined as apoptotic based on their
nuclei  present chromatin condensation or
marginalization and nuclear beading.

4. Plasmid and small interference RNA
transfection

NRK-52E cells were transfected with adenovirus
harboring tandem fluorescent GFP-LC3 plasmid
(Addgene, USA) with Lipofectamine 3000 according
to the manufacturer’s (Invitrogen, USA) instructions.
After transfection for 24 hours, cells were treated with
shock wave 200 impulses at voltage of 14kV. After
incubation for another 24 hours in chambers, the
sample was fixed and photographed with a
fluorescent microscope. Number of autophagosomes
(green dots) in the sample was calculated with the
Image J software (1.50b NIH).

Small interfering RNA (siRNA) for beclin-1 and
Atg 5(CST, USA) was transfected to cells with the
lipoinfectamine RNAIMAX (Invitrogen, USA)
according to the manufacturer’s instruction. After
transfection for 24 hours, cells were exposured to
shock wave 200 impulses at voltage of 14kV for
western blot and apoptosis analysis.

5. Western blot analysis

The protocol of Western blotting used in this
study has been previously reported. Briefly, proteins
of whole cell lysates (30 ng) were separated by
SDS-PAGE and transferred to PVDF membrane. After
an overnight blocking with 5% milk in TBST at 4°C,
the membrane was incubated with primary antibodies
overnight 4°C and then incubated with appropriate
horseradish peroxidase-conjugated secondary
antibody for 1 hour. Bound antibodies were
visualized by chemiluminescence detection.

6. Statistical analysis

Data were expressed as mean * standard error
of the mean and were subjected to ONE WAY
ANOVA. Western blotting results were scanned and
analyzed for signal intensity with the Image ] 1.50b
software. Statistical analysis of data was performed
using the SPSS 20.0 software. P value was considered
as statistically significant if it is less than 0.05.

Results

1. Shock wave decreased viability and caused
apoptosis in NRK-52E cells

We used MTT assay to estimate cell viability
under the condition of shock wave treatment. After
exposure to shock wave, cell viability was declined
significantly and more serious cell damage was

http://www.ijbs.com



Int. J. Biol. Sci. 2016, Vol. 12

1463

followed with the increase of shock wave impulses
(Fig 1C). We then employed western blot to determine
the level of cleaved caspas-3, a sensitive apoptosis
marker [16]. Cleaved form of caspase-3 was increased
significantly due to shock wave treatment (Fig 1A).
Furthermore, densitometry quantification of the
western blots revealed a significant elevation of
cleaved caspas-3 followed with the increase of shock
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Figure 1. shock wave caused NRK52e cell damage and apoptosis. (A): Western blot image of cleaved caspase-3 for NRK52e cell after exposure to shock wave from 50 impulses
to 300 impulses. (B): Densitometry was performed for quantification and the ratio of cleaved caspase-3 to actin was expressed as fold of control. Western blots were performed
for at least 3 times independently. The relative abundance of cleavage Caspase-3 was elevated significantly followed with increase of shock wave impulses. (C): MTT assay
indicated significant decrease of cell variability followed with increase of shock wave impulses. (D): representative images of cell death by using nuclear staining with Hochest
33258. Ten random fields of each picture at 100 X magnifications were analysized (E): Nuclear staining quantitative analysis showed that the ratio of death cell was increased
followed with increase of shock wave impulses. (F): representative images of apoptosis positive signals by TUNEL assay which indicated significant increase of apoptotic cell death
followed with increase of shock wave impulses. Ten random fields of each picture at 100 X magnifications were analysized. Scale bar is 50um. * p<0.05, ** p<0.01.
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2. Shock wave elicited autophagy response in
NRK-52E cells

After exposure to shock wave 50 to 300 impulses
at the voltage of 14 kV, cells were harvested to
examine the autophagic proteins expression by
western blots. Our data indicated that the ratio of
LC3-1I/I and expression of beclin-1 were elevated
significantly, and appeared correlating to the increase
of shock wave impulses, except that when shock wave
treatment was beyond 200 impulses, the ratio of
LC-3II/I and beclin-1 expression plateaued. We also
found significant degradation of p62 when shock
wave treatment beyond 200 impulses. LC3-1I turnover
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was considered to be a principle method to monitor
autophagy flux. We thus examined the elevation of
LC3-II induced by shockwave can be enhanced by
chloroquine (CQ), one of lysosomes inhibitor (Fig 2).

GFP-LC3 puncta analysis was also used to
monitor autophagy flux in the process of shock wave
injury. In the current study shock wave triggered a
significant increase of green GFP-LC3 dots, which
represent increase of autophagosomes formation.
Those green dots were further elevated by using
lysosomes inhibitor CQ, which represents increase of
autophagy flux during this process (Fig 3).
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Figure 2. Shock wave triggered autophagy response by examine autophagic proteins expression. The cells were undergoing 200 shock wave impulses with the voltage of 14kv.
After treated with shock wave 24 hours’ cells were harvested for western blot analysis. A: Representative western blot images of LC3-I/1l, p62 and beclin-1. (B-D): Densitometry
indicated that there was significant increase of the conversion of LC3-I to LC3-Il and beclin-1 and marked decline of P62 expression followed with shock wave impulses increase.
E: LC3-Il turnover was examined by adding lysosomes inhibitor CQ. F: Densitometry indicated that the increase of LC3-Il induced by shockwave was further enhanced by adding
CQ. All the experiments were performed for at least 3 times independently. * p<0.05, ** p<0.01.
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Figure 3. Shock wave increased autophagy flux in renal cells. Before exposure to shock wave treatment 24 hours, GFP-LC3 construct was transfused to NRK52e cells by using
Lipo3000 system according to the manufactures instruction. The cells were undergoing 200 shock wave impulses with the voltage of 14kv. After treated with shock wave 24
hours’ cells were harvested for puncta analysis. LC3-Il turnover was examined by using lysosomes inhibitor chloroquine (CQ). A: Representative images of NRK52e cells were
transfused GFP-LC3 and exposured to shock wave (200 impulses at the voltage of 14 Kv). Hochest 33258 was used to stain nuclear. Green dots indicate autophagosomes.
Random twenty cells of each group at 400xmagnification were analysized to examine autophagy flux. B: Quantitative analysis showed that green dots were increased significantly
after exposure to shock wave and this increase was enhanced markedly by using lysosomes inhibitor CQ. * p<0.05, ** p<0.01, Scale bar is 20um.

3. Autophagy activation protected shock wave
caused renal cell apoptosis

We used autophagy inhibitor, 3-methyladenine
(3-MA) [17], to observe the effect of autophagy on cell
variability and apoptosis. Cells were pre-treated with
3-MA (5 mg/ml) for 4 hours before shock wave
treatment. After 24 hours’ incubation, cells were
subjected to MTT, TUNEL and nucli staining assay.
And cell lysates were detected for the expression of
LC3-I/1I, beclin-1 and p62 by western blots. The
conversion of LC3-II to LC3-1 and beclin-1 expression
were found to be declined by 3-MA which also
inhibited the degradation of p62, a substrate of
autophagy (Fig 4). We next examined that inhibition

autophagy with 3-MA caused obvious elevation of
caspas-3 cleavage and serious cell damage or
apoptosis in the process of shock wave injury (Fig 5).

In a complementary experiment, rapamycin, an
mTOR inhibitor with the potential of activating
autophagy activity [18], was used to confirm the
protective effect of autophagy with a similar
experimental strategy. Cells were pre-treated with
rapamycin (200 uM) for 4 hours before shock wave
treatment. The results indicated that
rapamycin-induced autophagy activation (Fig 4)
significantly decreased the level of cleaved Caspase-3
and numbers of apoptotic cells (Fig 5).
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4. The effect of rapamycin to protect shock
wave induced cell apoptosis is due to induct
autophagy activation

LC3-II western blot (Fig 6 A-B) and GFP-LC3
puncta analysis (Fig 6 C-D) indicated that activation
of autophagy with rapamycin can be suppressed by
knockdown Atg 5, which is a key gene to induct and
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treating cells. Nucli staining (Fig 6 E-F) and TUENL
assay (Fig G-H) confirmed that inhibition autophagy
by knockdown Atg 5 could block the protection of
rapamycin in the process of shock wave induced cell
apoptosis.
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Figure 4. The effect of rapamycin and 3-MA on shock wave triggered autophagy activation in renal cells. Before exposure to shock wave, NRK52e cells were added with 3-MA
(5mg/ml) or rapamycin (200umom/L) for 4 hours. Those chemicals were dissolved with DMSO at the final concentration of 5mg/ml for 3-MA or 200umol/L for rapamycin and
control group was only added DMSO. After shock wave 24 hours, cells were harvested to detect autophagy activation. (A) Representative images of western blot for
LC3-I/LC3-Il, beclin-1 and p62. (B-D) Densitometry was performed for quantification and the ratio of LC3-Il, beclin-1 and P62 to actin was expressed as fold of control. All the
experiments were performed for at least 3 times independently. * p<0.05, ** p<0.01. The western blots analysis indicated that rapamycin can significantly enhance autophagy
activation during the process of shock wave treating cells. On the other hand, 3-MA was able to inhibit LC3-Il conversion and suppress beclin-1 expression. The degradation of
p62 was also inhibited by using 3-MA during this process. (E): LC-3 GFP puncta analysis indicated that rapamycin could enhance shock wave increased LC-3 puncta, while 3-MA

had opposite effect for puncta formation.
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Figure 5. Autophagy activation protects renal cell apoptosis induced by shock wave. Before exposure to shock wave, NRK52e cells were added with 3-MA (5mg/ml) or
rapamycin (200umom/L) for 4 hours. Those chemicals were dissolved with DMSO at the final concentration of 5mg/ml for 3-MA or 200umol/L for rapamycin and control group
was only added DMSO. After shock wave 24 hours’ cells were harvested to examine variability and apoptosis. A: Representative western blot images of cleaved Caspase-3. B:
Densitometry was performed to indicate that the increase of cleaved caspase-3 was enhanced significantly by using 3-MA. And its elevation could be blocked by using rapamycin.
C: Representative images of TUNEL and nucli staining during the process of shock wave treating cells. Red arrow indicates apoptotic cell death. (D and E): TUNEL assay combined
with nucli staining by Hochest 33258 indicated that 3-MA enhanced apoptotic cell death while rapamycin was able to protect cell apoptosis. Ten random fields of each group were
quantified and analysized at 100xmagnification. F: Rapamycin was able to improve cell variability which damaged by shock wave and 3-MA had opposite effect during this process.
*P < 0.05, ¥ P < 0.01.
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Figure 6. The protective effect of autophagy was confirmed by knockdown Atg5 in the process of shockwave injury renal cells. (A-B): Western blot indicated that knockdown
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NRK52e cells when knockdown Atg5. (G-H): More apoptosis was found in Atg5 knockdown cells by TUNEL assay. Ten random fields of each picture at 100 x magnifications

were analysized.

5. Autophagy is able to modulate Akt/GSK-3p,
which is cell survival signaling pathway, in the
process of shock wave induced cell apoptosis

We examined Akt/GSK pathway, one of
important cell-survival signaling pathway, to
investigate how autophagy protect shock wave
induced renal cell apoptosis. A significant increase of
phosphorylated Ser473 Akt was detected when shock
wave treating beyond 100 impulses. And if it keeps
elevating to 200 impulses, we can observe marked
increase of phosphorylated GSK-3p, a downstream
gene of Akt (Fig 7A-C). We further investigated the
possible connection between autophagy and
Akt/GSK-38  pathway  through  knockdown

autophagic gene beclin-1 and Atg5. The Akt and
GSK-3B phosphorylation can be suppressed by
inhibition autophagy with knockdown beclin-1 (Fig 7
D-E) or Atgb (Fig 7 F-G). We thus concluded that Akt/
GSK-3p, the cell survival signaling pathway, can be
activated during the process of shock wave injury.
And in this process, autophagy is necessary to
maintain and regulate the phosphorylation of Akt/
GSK-3.

Discussion

ESWL is widely used to treat urinary tract
stones. This physical treatment has side effect to
injury renal tissue. And its mechanism is not clear.
Major optioning so far considered that shock wave
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can exert shear stress, oxygen free radicals,
inflammations and other signals to damage renal cells
[13-15]. Theatrically those factors are able to activate

A

R s
o i e G, 513

B e p-Serd73Akt

Con 50 100 150 200 250 300

shock wave

*k

*k

B
o
T

-
L]
1

i
2

=
o
1

Relative ratio of pGSK-3f /actin
(=]
=)

Con 50 100 150 200 250 300
shock wave
E
2.0 W =
2 @ pr-Akt/actin |
[ O p-GSK-3Biactin
3 1.5
c
- o
S 10{
.c_E
< 0.5
& o0l Al 1l
Scramble Beclin-1  Scramble Beclin-1
SiRNA  SiRNA  SiRNA  SiRNA
-+ - 4 -+ - o+
Shock wave
G @l p-Akt/actin
O p-GSK3p/actin
> 4 .
‘@
c
L 3
k=
ks
2 2 PR S—
E Tk
[}
2
=
Q
13

Scramble Atg5 Scramble Atg5

SIRNA  SiRNA SiRNA SiRNA
— + —, + - + —_ +
Shock wave

autophagy activation. The purpose of this study is to
examine the role of autophagy in shock wave injury
renal cells and its mechanism.

B ) ** .
3 i = : |
B e —0% 4
2
<<
6_ 1.5+
ks
2 1.0
©
£ o5
8
% 0.0
Con 50 100 150 200 250 300
shock wave
D Shock wave
— + — +
- W oosk-3p
LC3-1I

Scramble Beclin-1
SiRNA SIiRNA

Shock wave
- + — +

-F S e p-GSK-3p
p-Ser473Akt

LC3-I
LC3-lI

——

Scramble Atg5
SiRNA SiRNA
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http://www.ijbs.com



Int. J. Biol. Sci. 2016, Vol. 12

1470

Our experiment detected significant increase of
the conversion of LC-3I to LC3-II and beclin-1
expression in renal cells followed with increase of
shock wave impulses. The cytosolic LC3-I converts to
phospholipid conjugate LC3-1I is considered to
represent activation of autophagy [19]. Becinl-1 is an
import gene to regulate and activate autophagy
process. It's up regulation is a sign of autophagy
induction in the upstream of autophagic pathway
[20]. The degradation of autophagic substrate can also
be detectable when autophagy is activated. Our
experiment examined obvious degradation of p62, a
substrate of autophagy [21], during the process of
shock wave treating cells (Fig 2).

We also used GFP-LC3 puncta to monitor
autophagy flux in the process. As shown in figure 2,
only a few green dots appeared in control cells.
However, great deal of green dots was detectable in
shock wave treated cells, which indicated significant
increase of autophagosomes in those cells [22]. LC3-II
turnover is believed to estimate activation of
autophagy flux by using lysosomes inhibitors [23].
We next examined that the increase of LC3-II
expression (Fig 3 E-F) and puncta (Fig 2), which
induced by shock wave, can be further enhanced by
chloroquine, a lysosomes inhibitor. These data
indicated that more amounts of autophagosomes
were produced and delivered to lysosome for
degradation during the process of shock wave injury
cells. The result of LC3-II turnover, together with
autophagic proteins expression and puncta data
provide stronger evidence that shock wave is able to
activate autophagy flux in renal cells.

It is highly controversial of the role of autophagy
in kidney diseases. It may exert cytoprotective or
destructive effect depending on cells and stressful
conditions. Some study indicated that autophagy
exerts cell survival from kidney injury [24]. However,
others come out the opposite conclusion that
autophagy may trigger more serious cell damage or
death [25]. Our experiment was firstly addressed to
investigate the role of autophagy in shock wave injury
renal cell by suppression or induction autophagy
activation. We observed more serious cell damage
and apoptosis due to shock wave when autophagy
was suppressed by 3-MA, a specific autophagy
inhibitor (Fig 5). On the other hand, rapamycin was
proved to improve cell variability and alleviate
apoptosis during the process of shock wave injury
(Fig 5). It is not clear whether rapamycin exerts cell
survival is due to induction autophagy because of its
multiple function. Thus, we addressed next
experiment to focus on this issue by knockdown Atg
5, which is an E3 ubiquitin ligase and necessary for
autophagy. Atg 5 is considered to form a complex

with Atg 12 and that complex is necessary for LC3-1
conjugation to PE to form LC3-II [26]. Our result
indicated that the protection of rapamycin to alleviate
shock wave induced renal cell apoptosis can be
blocked when autophagy was inactivated by
knockdown Atg5 [Fig 6]. This data confirmed the
positive effect of autophagy to prevent shock wave
induced renal cell apoptosis.

How autophagy works to play cytoprotective
effect in the process of shock wave injury? It is well
known that several signal transduction pathways can
determine cell's fate under variety of stressful
conditions [27]. Among those signaling pathways,
phosphoinositide 3-kinase (PI3K)/Akt is mainly
involved in oxidative stress triggered cell death and is
considered to deliver survival signals to protect cells
from apoptosis [28]. In the current study, we
examined the marked increase of Akt
phosphorylation when shock wave treatment beyond
100 impulses and if this treatment beyond 200
impulses the significant increase of phosphorylation
of glycogen synthase kinase-3 (GSK-3) can also be
observed (Fig A-C). GSK-3p is one of the apoptosis
regulatory molecular and can be phosphorylated by
Akt at serine 9. The phosphorylation of GSK-3 is able
to reduce its kinase activity and offers cell survival
[29]. Thus, activation of Akt/ GSK-3p pathway may
be a self-protective response for cells to against shock
wave injury.

Is there connection between autophagy and
Akt/ GSK-3p pathway during the process of shock
wave injury renal cells? We addressed further
experiment to examine whether autophagy is able to
regulate Akt/ GSK-33 pathway by knockdown
autophagy regulatory gene becin-1 and Atg5. Our
data confirmed that autophagy is necessary to keep
activation of Akt/ GSK-3p in the process of shock
wave injury. We observed marked decline of
phosphorylation of Akt and GSK-3p when inhibition
autophagy by knockdown beclin-1 (Fig 7 D-E) or Atgb
(Fig 7 F-H). Based on this very intriguing result we
may conclude that the protection of autophagy for
renal cells from shock wave injury is due to regulate
Akt/ GSK-3f3 pathway.

Conclusion

Autophagy is a self-protective cellular response
for renal tubular epithelial cells from shock wave
injury. The cyto-protection of autophagy may
attribute to its ability to regulate Akt/ GSK-3p
pathway, which is an important signaling pathway to
exert cell survival under oxidative stressful condition.
Our experiment is very new and provides a novel
research direction to study the molecular mechanism
of shock wave lithotripsy caused renal damage.

http://www.ijbs.com



Int. J. Biol. Sci. 2016, Vol. 12

1471

Further study is required to investigate the molecular
event of how autophagy regulates Akt/ GSK-3f3 and
other signaling pathways, which can determine cells
fate in shock wave injury renal cells.

Abbreviation

Atgb: Autophagy protein 5

Atg 12: Autophagy protein 12

ESWL: Extracorporeal shock wave lithotripsy

LC3: Light chain 3

RTPC: Renal tubular epithelial cells

3MA: 3-methyladenine

MTT assay:  3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide assay

TUNEL: Terminal deoxynucleotidyl transferase
dUTP nick-end labeling

siRNA: Small interfering RNA

ANOVA: Analysis of Variance
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