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Piwil 2 gene transfection changes the autophagy status
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Abstract: This study aims to investigate effects of Piwil2 on autohpagy in a DN rat model. Sixty health SD rats were
selected and divided into four group, including normal group, control, DN and Piwil2 therapy group. DN model (DN
group) was established by injecting the streptozotocin (50 mg/kg) into rats. Piwil2 therapy group was injected with
viral plasmid carrying Piwil2 mRNA to DN rats. The urinary protein concentrations were determined by placing the
animals in individual metabolic cages for a timed urine collection every 8 weeks. Blood and soleus muscle samples
were collected after animals were sacrificed. Blood glucose was examined by using commercial detection kits.
Western blot assay was employed to examine expression of Beclin 1 and LC3 (LC3 | and LC3 Il) protein. Results
indicated that urinary protein levels were remarkably higher in DN group compared to Normal and Control group
(P<0.05). Blood glucose values were also increased in DN group compared to Normal and Control group (P<0.05).
Body weights decreased significantly in DN rats compared to Normal group and Control group (P<0.05). Expression
of Beclin 1 protein and LC3 proteins was significantly decreased in DN group compared to Normal and Control group
(P<0.05). However, Piwil2 transfection could enhance level of Beclin 1 and LC3 protein significantly compared to
DN group. In conclusion, the Tiwil 2 mRNA transfection could obviously enhance the autophagy biomarker, includ-
ing Beclin 1 and LC3 protein, which indicates that the Tiwil 2 treatment has improved the autophagy in diabetic
nephropathy rats.
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Introduction many biological functions [7]. The autophagy
plays important roles in normal and abnormal
states of human, including immunity, inflamma-
tion, adaptation to stress, metabolic and neuro-
degenerative diseases, development and aging,

and tumor or cancers [8].

During the recent years, the diabetes mellitus
prevalence has been increasing worldwide ye-
ar by year [1-3]. Diabetic nephropathy [DN] is a
serious complication of diabetes mellitus, wh-
ich is also the most prevalent reason for the

end stage renal disease (ESRD) [4]. Nowadays,
the DN has also become the major health prob-
lem all over the world. Therefore, it is an urgent
requirement to explore new therapeutic meth-
ods or molecules that treat the DN.

The previous studies have reported that the
programmed cell death (PCD) plays an impor-
tant role in the pathogenesis of the DN [5]. The
PCD mainly composed of apoptosis and au-
tophagy [6]. The autophagy dysfunction of au-
tophagy in DN patients may lead to the degra-
dation obstacle for abnormal proteins. Auto-
phagy is an evolutionarily conserved homeo-
static cellular process that has garnered wide-
spread interest as an important pathway in

Recently, Piwi family proteins have come to light
as a new set of players in transcription-
al and post-transcriptional regulation of gene
expression [9]. Especially, Piwil2 has been re-
peatedly proposed as a potential marker for
cancers [10], by regulating the neoplasia thr-
ough different signaling pathways [11]. Recent
reported indicates that the Piwil2 could com-
bine with signal transducer and activator of
transcription 3 (STAT3), and inhibits the apopto-
sis by regulating the p53 signaling pathway
[12]. Though there is no direct evidence proving
the Piwil2 participates in the autophagy, the
STAT3 and its down-stream factors are closely
related to the regulation of autophagy. There-
fore, this study aims to investigate the effects
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Figure 1. Urinary protein and blood glucose in the experimental groups. Uri-
nary protein (A), blood glucose (B) in normal SD rats and the DN model rats.
Data are expressed as the mean + SD, "P<0.05, “*P<0.01 represent the Uri-
nary protein and blood glucose levels in DN group compared to the Normal
group. *P<0.05, #P<0.01 represent the Urinary protein and blood glucose
levels in DN group compared to the Control group. DN, diabetic nephropathy.
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Figure 2. Body weight loss in the experimental groups. Data are expressed
as the mean + SD, "P<0.05, ""P<0.01 represent the body weight in DN group
compared to the Normal group. #P<0.05, #P<0.01 represent the body weight
in DN group compared to the Control group. DN, diabetic nephropathy.

of the Piwil2 on the autohpagy in the DN rat
model.

with a standard diet before the
model establishment. The ani-
mals were maintained in cages
at 22°C under a 12-hours
light/12-hours dark cycle and
were allowed free access to
water.

Establishment of DN model
and trial grouping

This study selected 60 heal-
th SD rats and divided into fo-
ur groups, including normal gr-
oup, control group, DN group
and Piwil2 therapy group. The
Normal group treated without
any other materials except for
the normal diet. The control
group was injected with the
PBS solution. The DN group
was injected with the strepto-
zotocin (50 mg/kg). The Piwil2
therapy group was injected the
viral plasmid carrying the Pi-
wil2 mRNA to DN rats.

Establishment of the DN mo-
del was identified by detecting
the blood glucose level at least
3 times, 72 hours after strepo-
zotocin injection. The criteria
was as the following: blood
glucose level >16.7 mmol/L
continuously for 3 times exam-
ination, urinary production hig-
her than 1.5 times of original
urinary, excretion of urine pro-
tein >30 mg/24 h.

Blood glucose, urinary protein
level and body weight change
measurement

The urinary protein concentra-
tions were determined by plac-
ing the animals in individual

metabolic cages for a timed urine collection
every 8 weeks. Blood and soleus muscle sam-

ples were collected after the animals were sac-

Materials and methods
Animals

Male SD rats, aged 20 weeks and weighing
350+10 g, were purchased from the Chinese
Academy of Sciences, Shanghai, China. The
rats were individually housed for four weeks
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rificed. The blood glucose was detected by
using the methods in the previous study [13].

Western blot assay

Tissue lysates were prepared from samples fro-
zen in liquid nitrogen. The samples were pulver-

Int J Clin Exp Pathol 2015;8(9):10734-10742
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Figure 3. Observation of the autophagy markers expression in the experimental groups. Representative Western
blot assay and group data of Beclin-1 (A) and LC3 (B) in the soleus muscle of the experimental groups. Data are
expressed as the mean + SD, “P<0.05, ""P<0.01 represent the relative expression of Beclin 1 or LC3 (LC3 | or LC3
1) in DN group compared to the Normal group. #P<0.05, #P<0.01 represent the relative expression of Beclin 1 or
LC3 (LC3 I or LC3 Il) in DN group compared to the Control group. DN, diabetic nephropathy.

ized and lysed in RIPA buffer for 2 hours at 4°C.
The lysates were centrifuged at 10,000 g for 10
min at 4°C, and the obtained supernatants
were transferred into separate tubes. The pro-
teins were separated using the SDS-PAGE and
transferred onto the nitrocellulose membranes.
The membranes were incubated with primary
antibodies (including mouse anti-rat Beclin 1
monoclonal antibody and mouse anti-rat LC3 |
and LC3 Il monoclonal antibodies) at 4°C in 5%
skim milk overnight. Following, the membranes
were incubated with the secondary antibody
(goat anti-mouse 1gG) conjugated with horse-
radish peroxisase. Band visualization was per-
formed using an ECL Western bolt substrate kit
(Millipore, USA).

Statistical analysis

Statistical analysis was performed using SPSS
19.0 software. The data were analyzed by
Students t test. A P value of less than 0.05 was
considered statistically significant.

Results
Urinary protein and blood glucose
The urinary protein levels were remarkably

higher in the DN group compared to the normal
and control groups (Figure 1A, P<0.05) from 2
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weeks to 12 weeks after the DN establishment.
Blood glucose values were also increased in
the DN group compared to the normal and con-
trol groups (Figure 1B, P<0.05) from 4 weeks to
12 weeks after the DN model establishment.
The above results indicated that the DN model
has been successfully established.

Body weight

In normal SD rats, body weight was progres-
sively increased from 4 weeks to 12 weeks
after DN model establishment (Figure 2).
Contrary, the body weights decreased signifi-
cantly in DN rats compared to the normal group
and control group from 4 weeks to 12 weeks
after DN model establishment (Figure 2,
P<0.05). Through the body weight was lower in
the DN group compared to the normal and con-
trol groups at 2 weeks, no significant difference
was observed.

Autophagy biomarkers were decreased in PD
model rats

In order to investigate the relationship between
the autophagy and PD, the autophagy biomark-
ers, Beclin 1 and LC3 protein (LC3 1 and LC3 II),
were detected by using the Western blot assay.
The results indicated that the levels of Beclin 1
protein was significantly decreased form the 4

Int J Clin Exp Pathol 2015;8(9):10734-10742
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Figure 4. Piwil2 mRNA transfection enhances the expression of Beclin 1 and LC3 proteins examined by western
blot assay. A. Expression and statistical analysis of the Beclin 1 protein. B. Expression and statistical analysis of the
LC3 proteins. "P<0.05, *P<0.01 represent the relative expression of Beclin 1 or LC3 (LC3 | or LC3 II) in DN group
compared to the Normal group. #P<0.05, #P<0.01 represent the relative expression of Beclin 1 or LC3 (LC3 | or LC3
II) in DN + Piwil2 group compared to the DN group. DN, diabetic nephropathy.

weeks to 8 weeks in DN group compared to the of Tiwil 2 mRNA to PD rats increased the
normal and control groups (Figure 3A, P<0.05). autophagy compared to Normal rats.
Meanwhile, the LC3 | and LC3 Il protein were
also decreased significantly in DN group com- Recent years, protein restriction has been uti-
pared to normal and control groups from 1 lized to alleviate or inhibit the uremic symp-
week to 8 weeks (Figure 3B, P<0.05). toms, in order to protect the function of kid-
neys, as well as to prevent the complications,
Piwi2 treatment changes the autophagy in PD such as abnormal glucose metabolism and
rats weight changes in chronic kidney disease [14,
15]. The previous studies confirmed that the
To identify the effects of Piwi2 on the autopha- autophagy could degrade the abnormal pro-
gy, we treated the DN rats by injecting the Piwi2 teins in the kidney tissues or the abundant pro-
MRNA into the rat tails. The results showed that teins in the urine [16, 17], which process could
the Beclin 1 level was significantly enhanced in protect the kidney from the chronic kidney dis-
Piwi2 treatment group compared to the DN ease in some extents. Therefore, we observed
group (Figure 4A, P<0.01), but also lower com- the changes of autophagy in the PD rats by
pared to the normal and control groups examining the autophagy associated protein
(P<0.05). Furthermore, the LC3 1 and LC3 Il pro- Beclin 1 and LC3 proteins.
tein levels were also increased in Piwi2 treat-
ment group compared to the normal and con- Autophagy begins with the production of dou-
trol groups (Figure 4B, P<0.01). ble-membrane vacuoles (named autophago-
somes) that entrap the materials to be degrad-
Discussion ed and eventually fuse with lysosomes [18].
The autophagosomes are characteristically
The chronic kidney diseases, such as ESRD, marked by the presence of protein LC3 protein
DN, are associated with a loss in body protein on their membranes [19]. Among the many pro-
mass and fuel reserves. In this study, we firstly teins that directly or indirectly regulate the
established the DN rat model, and sought to autophagy process, Beclin 1 seems to be of
determine the effect of the Tiwil 2 treatment on particular relevance in ovarian carcinogenesis.
autophagy in rats with diabetic nephropathy. In Beclin 1 was initially isolated as an interactor of
the present research, we provide two novel the oncogenic antiapoptotic protein Bcl-2, and
findings. Firstly, our results indicated that it was reported to be deleted in up to 75% of
autophagy was down-regulated in the rats with human ovarian cancers [20, 21]. Qu et al. [22]
diabetic nephropathy. Secondary, the injection also reported that the Beclin 1 was associated
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with the autophagy. Therefore, we examined
the Beclin 1 and LC3 protein in kidney tissues.
The results indicated that the Bclin 1 and LC3
(LC3 I and LC3 Il) were significantly decreased
in the PD rats, which suggest that the autopha-
gy was inhibited in the PD rats. Therefore, we
speculated that the decreased autophagy
might cause the accumulation of the abundant
proteins in the kidney tubules or urine in DN
rats.

The previous studies have demonstrated some
therapeutic method for the diabetic nephropa-
thy. Gembardt et al. [23] found that the SGLT2
inhibitor, empagliflozin, can ameliorate the
early symptoms of diabetic nephropathy in type
2 diabetic mice. Chen et al. [24] also proved
that the astragaloside V could ameliorate the
diabetic nephropathy. However, most of the
anti-diabetic nephropathy drugs were synthe-
sized, which always triggers some side effects
[25, 26]. In the present study, we established
the no-toxicity and safe plasmid (Tiwil 2 mRNA)
to the PD rats, and observed the effects of the
Tiwil 2 on the autopahgy. The results indicated
that the treatment of Tiwil 2 mRNA could signifi-
cantly enhance the Beclin 1 protein and LC3
proteins.

Totally, the autophagy status was significantly
changed in the diabetic nephropathy rats. The
Tiwil 2 mRNA transfection could obviously
enhance the autophagy biomarker, including
Beclin 1 and LC3 protein, which indicates the
changes of autophagy in diabetic nephropathy
rats.

Acknowledgements

This work was supported by National Natural
Science Foundation of China (81200533) and
Sichuan Provincial Health Department.

Disclosure of conflict of interest
None.

Address correspondence to: Santao Ou, Department
of Nephrology, The 1st Affiliated Hospital of Sichuan
Medical University, Sichuan, China. E-mail: 1239-
0369@Q0Q.com

References

[1] Al-Jameil N, Khan FA, Arjumand S, Khan MF,
Tabassum H. Associated liver enzymes with hy-

10738

perlipidemic profile in type 2 diabetes patients.
Int J Clin Exp Pathol 2014; 7: 4345-9.

[21 Amos AF, McCarty DJ, Zimmet P. The rising
global burden of diabetes and its complica-
tions: estimates and projections to the year
2010. Diabet Med 1997; 14 Suppl 5: S1-85.

[3] Mokdad AH, Ford ES, Bowman BA, Dietz WH,
Vinicor F, Bales VS, Marks JS. Prevalence of
obesity, diabetes, and obesity-related health
risk factors, 2001. JAMA 2003; 289: 76-9.

[4] Lasaridis AN, Sarafidis PA. Diabetic nephropa-
thy and antihypertensive treatment: what are
the lessons from clinical trials? Am J Hyperten-
sion 2003; 16: 689-97.

[5]  Wu WH, Zhang MP, Zhang F, Liu F, Hu ZX, Hu
QD, Yan XY, Huang SM. The role of programmed
cell death in streptozotocin-induced early dia-
betic nephropathy. J Endocrinol Invest 2011;
34: e296-301.

[6] Nam BY, Paeng J, Kim SH, Lee SH, Kim do H,
Kang HY, Li JJ, Kwak SJ, Park JT, Yoo TH, Han
SH, Kim DK, Kang SW. The MCP-1/CCR2 axis
in podocytes is involved in apoptosis induced
by diabetic conditions. Apoptosis 2012; 17:
1-13.

[71 Ding Y, Choi ME. Autophagy in diabetic ne-
phropathy. J Endocrinol 2015; 224: R15-30.

[8] Chio AM, Ryter SW, Levine B. Autophagy in hu-
man health and disease. N Eng J Med 2013;
368: 651-62.

[9] Cox DN, Chao A, Baker J, Chang L, Qiao D, Lin
H. A novel class of evolutionarily conserved
genes defined by piwi are essential for stem
cell self renewal. Genes Dev 1998; 12: 3715-
27.

[10] Chen L, Shen R, Ye Y, Pu XA, Liu X, Duan W,
Wen J, Zimmerer J, Wang Y, Liu Y, Lasky LC,
Heerema NA, Perrotti D, Ozato K, Kuramochi-
Miyagawa S, Nakano T, Yates AJ, Carson WE
3rd, Lin H, Barsky SH, Gao JX. Precancerous
stem cells have the potential for both benign
and malignant differentiation. PLoS One 2007;
2:e293.

[11] Zbhang K, LuY, Yang P, Li C, Sun H, Tao D, Liu Y,
Zhang S, Ma Y. HILI inhibits TGF-beta signaling
by interacting with Hsp90 and promoting T
beta R degradation. PLoS One 2012; 7:
e41973.

[12] Yoon S, Woo SU, Kang JH, Kim K, Kwon MH,
Park S, Shin HJ, Gwak HS, Chwae YJ. STAT3
transcriptional factor activated by reactive oxy-
gen species induces IL6 in starvation-induced
autophagy of cancer cells. Autophagy 2010; 6:
1125-38.

[13] Huang J, Wang J, Gu L, Bao J, Yin J, Tang Z,
Wang L, Yuan W. Effect of a low-protein diet
supplemented with keto acids in skeletal mus-
cle atrophy and autophagy in rats with type 2
diabetic nephropathy. PLoS One 2013; 8:
e81464.

Int J Clin Exp Pathol 2015;8(9):10734-10742


mailto:12390369@QQ.com
mailto:12390369@QQ.com

(14]

[15]

(16]

(17]

(18]

[19]

Piwil2 gene changes autophagy status in DN rats

Aparicio M, Bellizzi V, Chauveau P, Cupisti A,
Ecder T, Fouque D, Garneata L, Lin S, Mitch
WE, Teplan V, Zakar G, Yu X. Protein-restricted
diets plus keto/amino acids-a valid therapeu-
tic approach for chronic kidney disease pa-
tients. J Ren Nutr 2012; 22: S1-21.
Kalantar-Zadeh K, Cano NJ, Budde K, Chazot
C, Kovesdy CP, Mak RH, Mehrotra R, Raj DS,
Sehgal AR, Stenvinkel P, Ikizler TA. Diets and
enteral supplements for improving outcomes
in chronic kidney disease. Nat Rev Nephrol
2011; 7: 369-84.

Cybulsky AV. The intersecting roles of endo-
plasmic reticulum reticulum stress, ubiquitin-
proteasome system, and autophagy in the
pathogenesis of proteinuric kidney disease.
Kidney Int 2013; 84: 25-33.

Ding Y, Kim SL, Lee SY, Koo JK, Wang Z, Choi
ME. Autophagy regulates TGF-beta expression
and suppresses kidney fibrosis induced by uni-
lateral ureteral obstruction. J Am Soc Nephrol
2014; 25: 2835-46.

Peracchio C, Alabiso O, Valente G, Isidoro C.
Involvement of autophagy in ovarian cancer: a
working hypothesis. J Ovarian Res 2012; 5: 22.
Klionsky DJ, Abdalla FC, Abeliovich H, Abraham
RT, Acevedo-Arozena A, Adeli K, Agholme L,
Agnello M, Agostinis P, Aguirre-Ghiso JA, Ahn
HJ, Ait-Mohamed O, Ait-Si-Ali S, Akematsu T,
Akira S, Al-Younes HM, Al-Zeer MA, Albert ML,
Albin RL, Alegre-Abarrategui J, Aleo MF, Alireza-
ei M, Almasan A, Alimonte-Becerril M, Amano A,
Amaravadi R, Amarnath S, Amer AO, Andrieu-
Abadie N, Anantharam V, Ann DK, Anoopku-
mar-Dukie S, Aoki H, Apostolova N, Arancia G,
Aris JP, Asanuma K, Asare NY, Ashida H,
Askanas V, Askew DS, Auberger P, Baba M,
Backues SK, Baehrecke EH, Bahr BA, Bai XY,
Bailly Y, Baiocchi R, Baldini G, Balduini W, Bal-
labio A, Bamber BA, Bampton ET, Banhegyi G,
Bartholomew CR, Bassham DC, Bast RC Jr, Ba-
toko H, Bay BH, Beau |, Béchet DM, Begley TJ,
Behl C, Behrends C, Bekri S, Bellaire B, Ben-
dall LJ, Benetti L, Berliocchi L, Bernardi H, Ber-
nassola F, Besteiro S, Bhatia-Kissova |, Bi X,
Biard-Piechaczyk M, Blum JS, Boise LH, Bon-
aldo P, Boone DL, Bornhauser BC, Bortoluci
KR, Bossis |, Bost F, Bourquin JP, Boya P, Boyer-
Guittaut M, Bozhkov PV, Brady NR, Brancolini
C, Brech A, Brenman JE, Brennand A, Bresnick
EH, Brest P, Bridges D, Bristol ML, Brookes PS,
Brown EJ, Brumell JH, Brunetti-Pierri N, Brunk
UT, Bulman DE, Bultman SJ, Bultynck G, Bur-
bulla LF, Bursch W, Butchar JP, Buzgariu W,
Bydlowski SP, Cadwell K, Cahova M, Cai D, Cai
J, Cai Q, Calabretta B, Calvo-Garrido J, Camou-
grand N, Campanella M, Campos-Salinas J,
Candi E, Cao L, Caplan AB, Carding SR, Cardo-
so SM, Carew JS, Carlin CR, Carmignac V, Car-

10739

neiro LA, Carra S, Caruso RA, Casari G, Casas
C, Castino R, Cebollero E, Cecconi F, Celli J,
Chaachouay H, Chae HJ, Chai CY, Chan DC,
Chan EY, Chang RC, Che CM, Chen CC, Chen
GC, Chen GQ, Chen M, Chen Q, Chen SS, Chen
W, Chen X, Chen X, Chen X, Chen YG, ChenY,
Chen Y, Chen YJ, Chen Z, Cheng A, Cheng CH,
Cheng Y, Cheong H, Cheong JH, Cherry S,
Chess-Williams R, Cheung ZH, Chevet E, Chi-
ang HL, Chiarelli R, Chiba T, Chin LS, Chiou SH,
Chisari FV, Cho CH, Cho DH, Choi AM, Choi D,
Choi KS, Choi ME, Chouaib S, Choubey D,
Choubey V, Chu CT, Chuang TH, Chueh SH,
Chun T, Chwae YJ, Chye ML, Ciarcia R, Ciriolo
MR, Clague MJ, Clark RS, Clarke PG, Clarke R,
Codogno P, Coller HA, Colombo MI, Comincini
S, Condello M, Condorelli F, Cookson MR,
Coombs GH, Coppens |, Corbalan R, Cossart P,
Costelli P, Costes S, Coto-Montes A, Couve E,
Coxon FP, Cregg JM, Crespo JL, Cronjé MJ, Cu-
ervo AM, Cullen JJ, Czaja MJ, D’Amelio M, Dar-
feuille-Michaud A, Davids LM, Davies FE, De
Felici M, de Groot JF, de Haan CA, De Martino
L, De Milito A, De Tata V, Debnath J, Degterev
A, Dehay B, Delbridge LM, Demarchi F, Deng
YZ, Dengjel J, Dent P, Denton D, Deretic V, De-
sai SD, Devenish RJ, Di Gioacchino M, Di Paolo
G, Di Pietro C, Diaz-Araya G, Diaz-Laviada |, Di-
az-Meco MT, Diaz-Nido J, Dikic I, Dinesh-Kumar
SP, Ding WX, Distelhorst CW, Diwan A, Djava-
heri-Mergny M, Dokudovskaya S, Dong Z, Dors-
ey FC, Dosenko V, Dowling JJ, Doxsey S, Dreux
M, Drew ME, Duan Q, Duchosal MA, Duff K,
Dugail |, Durbeej M, Duszenko M, Edelstein CL,
Edinger AL, Egea G, Eichinger L, Eissa NT, Ek-
mekcioglu S, El-Deiry WS, Elazar Z, Elgendy M,
Ellerby LM, Eng KE, Engelbrecht AM, Enge-
lender S, Erenpreisa J, Escalante R, Esclatine
A, Eskelinen EL, Espert L, Espina V, Fan H, Fan
J, Fan QW, Fan Z, Fang S, Fang Y, Fanto M, Fan-
zani A, Farkas T, Farré JC, Faure M, Fechheimer
M, Feng CG, Feng J, Feng Q, Feng Y, Fésus L,
Feuer R, Figueiredo-Pereira ME, Fimia GM, Fin-
gar DC, Finkbeiner S, Finkel T, Finley KD, Fiori-
to F, Fisher EA, Fisher PB, Flajolet M, Florez-
McClure ML, Florio S, Fon EA, Fornai F,
Fortunato F, Fotedar R, Fowler DH, Fox HS,
Franco R, Frankel LB, Fransen M, Fuentes JM,
Fueyo J, Fujii J, Fujisaki K, Fujita E, Fukuda M,
Furukawa RH, Gaestel M, Gailly P, Gajewska M,
Galliot B, Galy V, Ganesh S, Ganetzky B, Ganley
IG, Gao FB, Gao GF, Gao J, Garcia L, Garcia-
Manero G, Garcia-Marcos M, Garmyn M, Gartel
AL, Gatti E, Gautel M, Gawriluk TR, Gegg ME,
Geng J, Germain M, Gestwicki JE, Gewirtz DA,
Ghavami S, Ghosh P, Giammarioli AM, Giatro-
manolaki AN, Gibson SB, Gilkerson RW, Ginger
ML, Ginsberg HN, Golab J, Goligorsky MS, Gol-
stein P, Gomez-Manzano C, Goncu E, Gongora

Int J Clin Exp Pathol 2015;8(9):10734-10742



Piwil2 gene changes autophagy status in DN rats

C, Gonzalez CD, Gonzalez R, Gonzalez-Estévez
C, Gonzélez-Polo RA, Gonzalez-Rey E, Gorbu-
nov NV, Gorski S, Goruppi S, Gottlieb RA, Go-
zuacik D, Granato GE, Grant GD, Green KN,
Gregorc A, Gros F, Grose C, Grunt TW, Gual P,
Guan JL, Guan KL, Guichard SM, Gukovskaya
AS, Gukovsky I, Gunst J, Gustafsson AB, Ha-
layko AJ, Hale AN, Halonen SK, Hamasaki M,
Han F, Han T, Hancock MK, Hansen M, Harada
H, Harada M, Hardt SE, Harper JW, Harris AL,
Harris J, Harris SD, Hashimoto M, Haspel JA,
Hayashi S, Hazelhurst LA, He C, He YW, Hébert
MJ, Heidenreich KA, Helfrich MH, Helgason GV,
Henske EP, Herman B, Herman PK, Hetz C, Hil-
fiker S, Hill JA, Hocking LJ, Hofman P, Hofmann
TG, Hohfeld J, Holyoake TL, Hong MH, Hood
DA, Hotamisligil GS, Houwerzijl EJ, Hgyer-Han-
sen M, Hu B, Hu CA, Hu HM, Hua Y, Huang C,
Huang J, Huang S, Huang WP, Huber TB, Huh
WK, Hung TH, Hupp TR, Hur GM, Hurley JB,
Hussain SN, Hussey PJ, Hwang JJ, Hwang S,
Ichihara A, llkhanizadeh S, Inoki K, Into T,
lovane V, lovanna JL, Ip NY, Isaka Y, Ishida H,
Isidoro C, Isobe K, lwasaki A, Izquierdo M, lzu-
mi Y, Jaakkola PM, Jaatteld M, Jackson GR,
Jackson WT, Janji B, Jendrach M, Jeon JH,
Jeung EB, Jiang H, Jiang H, Jiang JX, Jiang M,
Jiang Q, Jiang X, Jiang X, Jiménez A, Jin M, Jin
S, Joe CO, Johansen T, Johnson DE, Johnson
GV, Jones NL, Joseph B, Joseph SK, Joubert
AM, Juhasz G, Juillerat-Jeanneret L, Jung CH,
Jung YK, Kaarniranta K, Kaasik A, Kabuta T,
Kadowaki M, Kagedal K, Kamada Y, Kamin-
skyy VO, Kampinga HH, Kanamori H, Kang C,
Kang KB, Kang KI, Kang R, Kang YA, Kanki T,
Kanneganti TD, Kanno H, Kanthasamy AG,
Kanthasamy A, Karantza V, Kaushal GP,
Kaushik S, Kawazoe Y, Ke PY, Kehrl JH, Kelekar
A, Kerkhoff C, Kessel DH, Khalil H, Kiel JA,
Kiger AA, Kihara A, Kim DR, Kim DH, Kim DH,
Kim EK, Kim HR, Kim JS, Kim JH, Kim JC, Kim
JK, Kim PK, Kim SW, Kim YS, Kim Y, Kimchi A,
Kimmelman AC, King JS, Kinsella TJ, Kirkin V,
Kirshenbaum LA, Kitamoto K, Kitazato K, Klein
L, Klimecki WT, Klucken J, Knecht E, Ko BC,
Koch JC, Koga H, Koh JY, Koh YH, Koike M,
Komatsu M, Kominami E, Kong HJ, Kong WJ,
Korolchuk VI, Kotake Y, Koukourakis MlI, Kouri
Flores JB, Kovacs AL, Kraft C, Krainc D, Kramer
H, Kretz-Remy C, Krichevsky AM, Kroemer G,
Kruger R, Krut O, Ktistakis NT, Kuan CY, Kucha-
rczyk R, Kumar A, Kumar R, Kumar S, Kundu
M, Kung HJ, Kurz T, Kwon HJ, La Spada AR, La-
font F, Lamark T, Landry J, Lane JD, Lapaquette
P, Laporte JF, Laszl6 L, Lavandero S, Lavoie JN,
Layfield R, Lazo PA, Le W, Le Cam L, Ledbetter
DJ, Lee AJ, Lee BW, Lee GM, Lee J, Lee JH, Lee
M, Lee MS, Lee SH, Leeuwenburgh C, Legem-
bre P, Legouis R, Lehmann M, Lei HY, Lei QY,

10740

Leib DA, Leiro J, Lemasters JJ, Lemoine A, Le-
sniak MS, Lev D, Levenson VV, Levine B, Levy
E,LiF LiJL LLLS,LW,LXJ,LiYB, Li YP,
Liang C, Liang Q, Liao YF, Liberski PP, Lieber-
man A, Lim HJ, Lim KL, Lim K, Lin CF, Lin FC,
Lin J, Lin JD, Lin K, Lin WW, Lin WC, Lin YL,
Linden R, Lingor P, Lippincott-Schwartz J,
Lisanti MP, Liton PB, Liu B, Liu CF, Liu K, Liu L,
Liu QA, Liu W, Liu YC, Liu Y, Lockshin RA, Lok
CN, Lonial S, Loos B, Lopez-Berestein G, Lopez-
Otin C, Lossi L, Lotze MT, Léw P, Lu B, Lu B, Lu
B, Lu Z, Luciano F, Lukacs NW, Lund AH, Lynch-
Day MA, Ma Y, Macian F, MacKeigan JP, Ma-
cleod KF, Madeo F, Maiuri L, Maiuri MC,
Malagoli D, Malicdan MC, Malorni W, Man N,
Mandelkow EM, Manon S, Manov |, Mao K,
Mao X, Mao Z, Marambaud P, Marazziti D, Mar-
cel YL, Marchbank K, Marchetti P, Marciniak
SJ, Marcondes M, Mardi M, Marfe G, Marino G,
Markaki M, Marten MR, Martin SJ, Martinand-
Mari C, Martinet W, Martinez-Vicente M, Masi-
ni M, Matarrese P, Matsuo S, Matteoni R, May-
er A, Mazure NM, McConkey DJ, McConnell MJ,
McDermott C, McDonald C, Mclnerney GM,
McKenna SL, MclLaughlin B, McLean PJ, Mc-
Master CR, McQuibban GA, Meijer AJ, Meisler
MH, Meléndez A, Melia TJ, Melino G, Mena MA,
Menendez JA, Menna-Barreto RF, Menon MB,
Menzies FM, Mercer CA, Merighi A, Merry DE,
Meschini S, Meyer CG, Meyer TF, Miao CY, Miao
JY, Michels PA, Michiels C, Mijaljica D, Milojkov-
ic A, Minucci S, Miracco C, Miranti CK, Mitrou-
lis I, Miyazawa K, Mizushima N, Mograbi B,
Mohseni S, Molero X, Mollereau B, Mollinedo F,
Momoi T, Monastyrska I, Monick MM, Monteiro
MJ, Moore MN, Mora R, Moreau K, Moreira PI,
Moriyasu Y, Moscat J, Mostowy S, Mottram JC,
Motyl T, Moussa CE, Muller S, Muller S, Miinger
K, Miinz C, Murphy LO, Murphy ME, Musaro A,
Mysorekar |, Nagata E, Nagata K, Nahimana A,
Nair U, Nakagawa T, Nakahira K, Nakano H,
Nakatogawa H, Nanjundan M, Naqvi NI, Naren-
dra DP, Narita M, Navarro M, Nawrocki ST, Naz-
arko TY, Nemchenko A, Netea MG, Neufeld TP,
Ney PA, Nezis IP, Nguyen HP, Nie D, Nishino I,
Nislow C, Nixon RA, Noda T, Noegel AA, Nogal-
ska A, Noguchi S, Notterpek L, Novak |, Nozaki
T, Nukina N, Nurnberger T, Nyfeler B, Obara K,
Oberley TD, Oddo S, Ogawa M, Ohashi T, Oka-
moto K, Oleinick NL, Oliver FJ, Olsen LJ, Olsson
S, Opota O, Osborne TF, Ostrander GK, Otsu K,
Ou JH, Ouimet M, Overholtzer M, Ozpolat B, Pa-
ganetti P, Pagnini U, Pallet N, Palmer GE, Pa-
lumbo C, Pan T, Panaretakis T, Pandey UB, Pa-
packova Z, Papassideri |, Paris |, Park J, Park
OK, Parys JB, Parzych KR, Patschan S, Patter-
son C, Pattingre S, Pawelek JM, Peng J, Perl-
mutter DH, Perrotta |, Perry G, Pervaiz S, Peter
M, Peters GJ, Petersen M, Petrovski G, Phang

Int J Clin Exp Pathol 2015;8(9):10734-10742



Piwil2 gene changes autophagy status in DN rats

JM, Piacentini M, Pierre P, Pierrefite-Carle V,
Pierron G, Pinkas-Kramarski R, Piras A, Piri N,
Platanias LC, Poggeler S, Poirot M, Poletti A,
Pols C, Pozuelo-Rubio M, Praetorius-lbba M,
Prasad A, Prescott M, Priault M, Produit-Zen-
gaffinen N, Progulske-Fox A, Proikas-Cezanne
T, Przedborski S, Przyklenk K, Puertollano R,
Puyal J, Qian SB, Qin L, Qin ZH, Quaggin SE,
Raben N, Rabinowich H, Rabkin SW, Rahman |,
Rami A, Ramm G, Randall G, Randow F, Rao
VA, Rathmell JC, Ravikumar B, Ray SK, Reed
BH, Reed JC, Reggiori F, Régnier-Vigouroux A,
Reichert AS, Reiners JJ Jr, Reiter RJ, Ren J, Re-
vuelta JL, Rhodes CJ, Ritis K, Rizzo E, Robbins
J, Roberge M, Roca H, Roccheri MC, Rocchi S,
Rodemann HP, Rodriguez de Coérdoba S,
Rohrer B, Roninson IB, Rosen K, Rost-Rosz-
kowska MM, Rouis M, Rouschop KM, Rovetta
F, Rubin BP, Rubinsztein DC, Ruckdeschel K,
Rucker EB 3rd, Rudich A, Rudolf E, Ruiz-Opazo
N, Russo R, Rusten TE, Ryan KM, Ryter SW, Sa-
batini DM, Sadoshima J, Saha T, Saitoh T, Sak-
agami H, Sakai Y, Salekdeh GH, Salomoni P,
Salvaterra PM, Salvesen G, Salvioli R, Sanchez
AM, Sanchez-Alcazar JA, Sanchez-Prieto R,
Sandri M, Sankar U, Sansanwal P, Santambro-
gio L, Saran S, Sarkar S, Sarwal M, Sasakawa
C, Sasnauskiene A, Sass M, Sato K, Sato M,
Schapira AH, Scharl M, Schatzl HM, Scheper
W, Schiaffino S, Schneider C, Schneider ME,
Schneider-Stock R, Schoenlein PV, Schorderet
DF, Schiuller C, Schwartz GK, Scorrano L, Sealy
L, Seglen PO, Segura-Aguilar J, Seiliez |, Sele-
verstov O, Sell C, Seo JB, Separovic D, Setaluri
V, Setoguchi T, Settembre C, Shacka JJ, Shan-
mugam M, Shapiro IM, Shaulian E, Shaw RJ,
Shelhamer JH, Shen HM, Shen WC, Sheng ZH,
Shi Y, Shibuya K, Shidoji Y, Shieh JJ, Shih CM,
Shimada Y, Shimizu S, Shintani T, Shirihai OS,
Shore GC, Sibirny AA, Sidhu SB, Sikorska B,
Silva-Zacarin EC, Simmons A, Simon AK, Si-
mon HU, Simone C, Simonsen A, Sinclair DA,
Singh R, Sinha D, Sinicrope FA, Sirko A, Siu PM,
Sivridis E, Skop V, Skulachev VP, Slack RS,
Smaili SS, Smith DR, Soengas MS, Soldati T,
Song X, Sood AK, Soong TW, Sotgia F, Spector
SA, Spies CD, Springer W, Srinivasula SM, Ste-
fanis L, Steffan JS, Stendel R, Stenmark H,
Stephanou A, Stern ST, Sternberg C, Stork B,
Stralfors P, Subauste CS, Sui X, Sulzer D, Sun J,
Sun SY, Sun ZJ, Sung JJ, Suzuki K, Suzuki T,
Swanson MS, Swanton C, Sweeney ST, Sy LK,
Szabadkai G, Tabas |, Taegtmeyer H, Tafani M,
Takacs-Vellai K, Takano Y, Takegawa K, Take-
mura G, Takeshita F, Talbot NJ, Tan KS, Tanaka
K, Tanaka K, Tang D, Tang D, Tanida |, Tannous
BA, Tavernarakis N, Taylor GS, Taylor GA, Taylor
JP, Terada LS, Terman A, Tettamanti G, Thevis-
sen K, Thompson CB, Thorburn A, Thumm M,

10741

[20]

(21]

[22]

Tian F, Tian Y, Tocchini-Valentini G, Tolkovsky
AM, Tomino Y, Tonges L, Tooze SA, Tournier C,
Tower J, Towns R, Trajkovic V, Travassos LH,
Tsai TF, Tschan MP, Tsubata T, Tsung A, Turk B,
Turner LS, Tyagi SC, Uchiyama Y, Ueno T, Ume-
kawa M, Umemiya-Shirafuji R, Unni VK, Vacca-
ro Ml, Valente EM, Van den Berghe G, van der
Klei 1J, van Doorn W, van Dyk LF, van Egmond
M, van Grunsven LA, Vandenabeele P, Vanden-
berghe WP, Vanhorebeek |, Vaquero EC, Velas-
co G, Vellai T, Vicencio JM, Vierstra RD, Vila M,
Vindis C, Viola G, Viscomi MT, Voitsekhovskaja
QV, von Haefen C, Votruba M, Wada K, Wade-
Martins R, Walker CL, Walsh CM, Walter J, Wan
XB, Wang A, Wang C, Wang D, Wang F, Wang F,
Wang G, Wang H, Wang HG, Wang HD, Wang J,
Wang K, Wang M, Wang RC, Wang X, Wang X,
Wang YJ, Wang Y, Wang Z, Wang ZC, Wang Z,
Wansink DG, Ward DM, Watada H, Waters SL,
Webster P, Wei L, Weihl CC, Weiss WA, Welford
SM, Wen LP, Whitehouse CA, Whitton JL, Whit-
worth AJ, Wileman T, Wiley JW, Wilkinson S,
Willbold D, Williams RL, Williamson PR, Wout-
ers BG, Wu C, Wu DC, Wu WK, Wyttenbach A,
Xavier RJ, Xi Z, Xia P, Xiao G, Xie Z, Xie Z, Xu DZ,
Xu J, Xu L, Xu X, Yamamoto A, Yamamoto A, Ya-
mashina S, Yamashita M, Yan X, Yanagida M,
Yang DS, Yang E, Yang JM, Yang SY, Yang W,
Yang WY, Yang Z, Yao MC, Yao TP, Yeganeh B,
Yen WL, Yin JJ, Yin XM, Yoo OJ, Yoon G, Yoon SY,
Yorimitsu T, Yoshikawa Y, Yoshimori T, Yoshi-
moto K, You HJ, Youle RJ, Younes A, Yu L, Yu L,
Yu SW, Yu WH, Yuan ZM, Yue Z, Yun CH, Yuzaki
M, Zabirnyk O, Silva-Zacarin E, Zacks D, Zack-
senhaus E, Zaffaroni N, Zakeri Z, Zeh HJ 3rd,
Zeitlin SO, Zhang H, Zhang HL, Zhang J, Zhang
JP, Zhang L, Zhang L, Zhang MY, Zhang XD,
Zhao M, Zhao YF, Zhao Y, Zhao ZJ, Zheng X,
Zhivotovsky B, Zhong Q, Zhou CZ, Zhu C, Zhu
WG, Zhu XF, Zhu X, Zhu Y, Zoladek T, Zong WX,
Zorzano A, Zschocke J, Zuckerbraun B. Guide-
lines for the use and interpretation of assays
for monitoring autophagy. Autophagy 2012; 8:
445-544,

Russell SE, Hickey GI, Lowry WS, White P, Atkin-
son RJ. Allele loss from chromosome 17 in
ovarian cancer. Oncogene 1990; 5: 1581-3.
Eccles DM, Russell SE, Haites NE, Atkinson R,
Bell DW, Gruber L, Hickey I, Kelly K, Kitchener
H, Leonard R, et al. Early loss of heterozygosity
on 17q in ovarian cancer. The Abe Ovarian
Cancer Genetics Group. Oncogne 1992; T:
2069-72.

Qu X, Yu J, Bhagat G, Furuya N, Hibshoosh H,
Troxel A, Rosen J, Eskelinen EL, Mizushima N,
Ohsumi Y, Cattoretti G, Levine B. Promotion of
tumorigenesis by heterozygous disruption of
the beclin 1 autophagy gene. J Clin Invest
2003; 112: 1809-20.

Int J Clin Exp Pathol 2015;8(9):10734-10742



Piwil2 gene changes autophagy status in DN rats

[23] Gembardt F, Bartaun C, Jarzebska N, Mayoux

[24]

E, Todorov VT, Hohenstein B, Hugo C. The
SGLT2 inhibitor empagliflozin ameliorates ear-
ly features of diabetic nephropathy in BTBT ob/
ob type 2 diabetic mice with and without hy-
pertension. Am J Physiol Renal Physiol 2014;
307: F317-25.

Chen J, Chen Y, Luo Y, Gui D, Huang J, He D.
Astraaloside IV ameliorates diabetic nephropa-
thy involving protection of podocytes in strepto-
zotocin induced diabetic rats. Eur J Pharmacol
2014; 736: 86-94.

10742

[25]

[26]

Van Buren PN, Adams-Huet B, Nguyen M, Mo-
lina C, Toto RD. Potassium handling with dual
rennin-angiotensin system inhibition in diabet-
ic nephropathy. Clin J Am Soc Nephrol 2014; 9:
295-301.

Askari B, Wietecha T, Hudkins KL, Fox EJ,
O’Brien KD, Kim J, Nguyen T, Alpers CE. Effects
of CP-900691, a novel peroxisome prolifera-
tion activated receptor alpha, agonist on dia-
betic nephropathy in the BTBR ob/ob mouse.
Lab Invest 2014; 94: 851-62.

Int J Clin Exp Pathol 2015;8(9):10734-10742



