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Abstract: Diabetic nephropathy (DN) is a progressive kidney disease caused by the damage of capillaries in kidney’s
glomeruli. Mammalian Sterile 20-like kinase 1 (MST1) has been reported to play an important role in many disease,
such as diabetes, cardiac disease and ect. However, the potential role of MST1 pathway in DN has not been fully
evaluated. In this study, we hypothesized that MST1 could be involved in DN, and MST1 knockdown would attenu-
ate the DN injury in experimental diabetic nephropathy induced by streptozotocin (STZ). The sieving method was
used to generate primary cultures of rat podocytes, and cultured according to the previous reports. The clinical data
were analyzed for vein specimens from ESRD. Real-time quantitative PCR was used to examine the mRNA levels.
Immuno-fluorescence assay was used for primary podocyte in vitro. Lectrophoretic mobility shift assay was used for
DNA binding activity of NF-kB. HE staining for histological examination and western blot assay for protein expres-
sion were employed. The average GBM thickness (GBMT) was measured By using the electron microscopy. In vitro,
MST1 level increased significantly in primary rat podocyte cultured in hyperglycemia condition. In vivo experiment,
diabetes induced by a single STZ injection (50 mg/kg) in SD rats. Knockdown of MST1 expression by lentiviral medi-
ated gene transfer partly reduced the proteinuria and the level of FASL, and improved the pathological changes of
the diabetic kidney. In conclusion, the MST1 could be involved in DN pathogenesis and may serve as the target for
development of new therapies for DN.
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Introduction involve in the pathology of DN [2]. The inflam-

matory cells, such as nuclear factor-kB (NF-kB),

Diabetic nephropathy (DN) is the leading cause
of end-stage renal disease (ESRD) in the world.
DN always be characterized by extra-cellular
matrix (ECM) accumulation, glomerular base-
ment membrane (GBM) thickening and podo-
cyte apoptosis. Various abnormal signaling
pathways, such as FAS/FASL [1], involve in the
podocyte apoptosis. However, no universally
accepted up-stream regulation pathways over
such pathways has been found, and no univer-
sally accepted treatment strategy can prevent
cell apoptosis under diabetic condition.
Therefore, the study focused on mechanism of
apoptosis in DN has been urgently needed.

The previous studies reported that some of the
inflammatory cells, such as macrophages, den-
dritic cells, lymphocytes and non-immune cells,

tumor necrosis factor-a (TNF-a) and IL-6, have
been implicated in diverse pathogenic path-
ways related to DN [3, 4]. Among the inflamma-
tory cells, the macrophages are considered to
be the most important immune cells infiltrating
the diabetic kidney and cause the development
of the renal damage [5]. In the processes of dia-
betic kidney, macrophages activated by various
diabetic milieu elements, and release the proin-
flammatory cytokines, such as NF-kB, TNF-a
and IL-6. All of the above cytokines could cause
the injury to podocytes and tubular cells [6, 7].
Therefore, in this study, we preliminarily investi-
gated the role of inflammatory cytokine, NF-kB,
in the development of diabetic nephropathy.

Recently, mammalian sterile 20-like kinase
(MST1) has been discovered, and which is a
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487-amino-acid protein with a predicted molec-
ular mass of 55.7 kDa [8]. The MST1 has been
also involved in the apoptosis in many patho-
logical disorders. Under normal condition,
MST1 has been blocked as inactivated state in
cytoplasm. It is strongly suggested that MST1
can be activated by various pro-apoptosis stim-
uli via caspase-3 cleaving and resulting in
translocation into the nucleus, where it pro-
motes chromatin condensation and induced
apoptosis [9].

Interestingly, in addition to the important role in
tumorgenesis [10], MST1 also involves in mech-
anisms of metabolic diseases and cardiovascu-
lar diseases. Ardestani et al. [11] found that
MST1 could be a key mediator of apoptotic sig-
naling for beta cell dysfunction under hypergly-
cemia. Meanwhile, Odashima M et al. [12] also
found that endogenous MST1 plays an impor-
tant role in mediating cardiac dilation, apopto-
sis, fibrosis, and cardiac dysfunction after the
myocardial infarction (MI).

FAS/FASL pathway also called CD95/CD95L
pathway [13], which is a member of the TNF-
receptor super-family. This receptor contains a
death domain. It has been shown to play a cen-
tral role in the physiological regulation of apop-
tosis, such as DN [1]. Interestingly, some stud-
ies have shown that there could be a positive
feedback loop involving MSTZ1, and is possibly
the caspase-3 and FAS/FASL pathways, which
serves to amplify the apoptotic response [14].
We hypothesized that MST1 is an initiating trig-
ger of apoptosis pathway, such as FAS/FASL
pathway. The MST1 knockdown significantly
restored renal function and decreased protein-
uria level. Therefore, we will try to investigate
differential expression of MST1 and its down-
stream regulatory network under hyperglyce-
mia. The above descriptions provided the evi-
dencethat MST1 pathway could be fundamental
novel target for DN.

Materials and methods
Experimental animals

Male Sprague-Dawley rats (purchased from the
Experimental Animal Center of southwest medi-
cal university) weighing 200 to 250 g at the out-
set of the study were used. Animals were fed
standard rat chow at 22°C to 24°C. Randomly,
54 rats were divided to 3 groups, including
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group A (normal control; n=18), group B (diabe-
tes model + empty control lentiviral vector,
n=18) and group C (diabetes model + MST1
ShRNA lentiviral vector, n=18). In group B and
group C, diabetes was induced by Single IV
injection of streptozotocin (STZ; purchased
from Sigma, category reference: SO130) as we
described before [15]. In group A, rats were
received an equivalent volume of citrate buffer
injection alone. Diabetes was defined as glu-
cose levels 16.7 mmol/L at the end of 48" hour
[15] following the injection. At the end of the 4™,
8" and 12" week after modeling, 6 rats were
sacrificed randomly from each group. All rats
were fed the same diet and water. Insulin was
not given to any of the animals. Blood and urine
samples were collected and tested for glucose,
serum creatinine (Scr) and 24-hour urine pro-
tein. This study was performed according to the
Nation Institute of Health (NIH) Guide for the
Care and Use of Laboratory Animal and
approved by the institutional Animal Ethics
Committee of southwest medical university.

Primary podocyte culture

To generate primary cultures of rat podocytes,
sieving method was used in our study. The
approximate method was used in pervious
study in other group [16]. Glomeruli were iso-
lated form Male Sprague-Dawley rats (weighing
1001to 120 g, purchased from the Experimental
Animal Center of southwest medical university).
Renal cortical tissue homogenates were care-
fully passed though a 150-mesh sieve and then
a 200-mesh sieve. The isolated glomeruli were
collected from the 200-mesh sieve. Then the
isolated glomeruli were plated in 75 cm square
culture flask that contained DEME-F12 (pur-
chased from Gibco, USA; category reference:
12400-024) medium supplement with 10%
fetal bovine serum (FBS, purchased from Bibco,
USA; category reference: 16000-044) and 1%
ITS (purchased from Gibco, USA; category refer-
ence: 51300-044) for 5 days. The primary out-
growing epithelial cells were trypsinized and
passed through the 200-mesh sieve to remove
the remaining glomerular cores. Then, the cells
were cultured in DEME-F12 medium supple-
ment with 10% FBS. Proliferating cells in conflu-
ence were sub-cultured after detachment with
0.25% trypsin in PBS. Then the cells were sub-
cultured in two-chamber slides or six-well plas-
tic plates coated with type | collagen. Cells were
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Figure 1. MST1 immunohistochemical staining analysis for vein specimens from ESRD. All patients were divided
into 3 groups according to medical history: group A (normal control); group B (ESRD with diabetes) and group C
(ESRD induced by NDRD). A: Normal control; B: Vein specimens from ESRD with diabetes; C: Vein specimens from
ESRD induced by NDRD; D: Negative control, for negative control, the buffer replaced the primary antibody. E: Mean
ratio of integral optical density to area was used in our study. For this data, it was shown that the level of MST1 in
specimens from ESRD could be significantly higher than normal control and vein specimens from ESRD induced by
NDRD. "P<0.05 versus group A; 2P<0.05 versus group C.

confirmed by both rabbit polyclonal anti-WT-1
protein and anti-Nephrin protein (purchas-
ed from Abcam, USA; category reference:
ab58968) which are exclusively expressed by
podocytes in the adult kidney. The purity of pri-
mary cells was measured by flow cytometry
with rabbit Nephrin monoclonal antibody (pur-
chased from Abcam, USA; category reference:
ab72908).

After then, the cells were divided into 3 groups,
including normal control (the concentration of
glucose=5 mmol/L), Hyperglycemia group (cul-
tured with hyperglycemia, the concentration of
glucose=30 mmol/L) and Mannitol group. In
order to mimic the osmolality change of the
high glucose, we also designed a group which
supplements with mannitol (Mannitol control
group, concentration of mannitol=5 mmol/L).
The end of 24" hour, 48" hour and 72" hour
after cultured were considered as time points
in our study.

The clinical data analysis for vein specimens
from ESRD

Actually, the best clinical specimen for the
study is the kidney tissue form DN case though
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renal biopsy. But in our hospital, there were a
very small number of patients who received
renal biopsy. Therefore, we failed to find the dif-
ference of MST1 expression between DN and
normal control with kidney tissue from renal
biopsy. Therefore, vein specimen from ESRD
who received arteriovenous fistula operation
with end to side anastomosis method.

According to principle of informed and consent,
all patients whose vein specimen used in this
study signed informed consent. All specimens
were divided into 3 groups according to medi-
cal history, including group A (normal control),
group B (ESRD with diabetes) and group C
(ESRD induced by NDRD). Normal control got
from great saphenous vein from trauma or
bypass surgery. MST1 levels were examined by
immuno-histochemical method with rabbit
monoclonal antibody (purchased from Abcam,
USA; category reference: ab124787) for all
specimens.

Gene transfer

A lentiviral vector encoding rat MST1 shRNA
(shMST1) and a control lentiviral vector encod-
ing green fluorescent protein open reading

Am J Transl Res 2016;8(3):1397-1411
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Figure 2. The analysis for primary podocyte in vitro. A. Primary podocyte was obveresed in microscope (x100), “a”
represents the primary cell used for this study. B. The immunofluorescence stainings for Nephrin and WT-1 (with
FITC, Green fluorescence) were performed in our study, only cells with Nephrin (+) and WT-1 (+) were used in our
study. C. Flow cytometry for the cells with Nephrin (+). “a” represents cells with Nephrin (+) in P3 area. D. Western
blot for MST1 and caspase-3 in vitro, the cells were divided into 3 groups, including group A (normal control, the con-
centration of glucose=5 mmol/L), group B (cultured with hyperglycemia, the concentration of glucose=30 mmol/L)
and Mannitol control group (concentration of mannitol=5 mmol/L). "P<0.05 versus normal control; 2P<0.05 among

group B.

frame (shGFP) were constructed by Western
Biotechnology Ltd. Briefly, according the
sequence of MST1 gene to design the premier
and amplify the shRNA sequence. The vector
LV3 was enzyme digested and purified, and
linked to the shRNA sequence. Then, the linked
LV3 and shRNA were transfected to the compe-
tent cells to produce the clone. The clone was
identified by using the enzyme design method
and gene sequencing assay to confirm the LV3-
MST1-RNAi established successfully. The
Lentiviral particles were produced in HK293T
cells by co-transfecting system, including LV3-
PG-p1-VSVG, PG-P2-REV and PG-P3-RRE. Virus
titer was calculated by flow cytometry.

The rats were anesthetized with intramuscular
injection of ketamine (35 mg/kg) and xylazine
(5 mg/kg). As the report described previously
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(17), either shMST1 or shGFP solution at the
title of 3x108 TU/ml was slowly injected from
renal artery through acannula pre-implanted in
the distal abdominal aorta. At the end of 7*" day
after gene transfer, the expression of MST1
was examined. Then, the rats were injected
with either STZ (in group B and C) or citrate buf-
fer (in group A). At the end of 1%t week after
gene transfer, all rats for each group were given
vivo fluorescence imaging with Image Station
In-Vivo FX system. At the end of 4", 8" and 12"
week after modeling, MST1 expression was
evaluated in group A, B and C. MST1 shRNA
Information shown as follow (mainly for
the Figures 3-5): 5’-GATCC-(GN ,)-(TTCAAGAGA)-
(NC)-TTTTTTG-3;  3'-G(CN18)-(AAGTTCTCT)-
(N,;G)-AAAAAACTTAA-5'. The target sequence
for MST1 was GCCGAGCCTTCCACTACAATA.

Am J Transl Res 2016;8(3):1397-1411
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Figure 3. General finding for diabetic rats. All rats were divided to 3 groups, including group A (normal control), group
B (diabetes model + empty control lentiviral vector) and group C (diabetes model + MST1 ShRNA lentiviral vector).
A. The results of 24-hour urine protein. B. The results of glucose. C. The results of Scr. There was no significant dif-
ference among the 3 groups. D. RT-PCR results for MST1 mRNA. E. Vivo fluorescence imaging results: There were
high intensities of green fluorescence in the rats in group B and group C due to lentiviral vector injection. "P<0.05
versus group A; “P<0.05 versus group B at the same time point.

As described in the previous study [15], we
used the MST1 monoclonal antibody which was
diluted 1:100 at room temperature for the
MST1 protein through envision technique. With
pre-treating in citrate solution (pH 6.0) for 20
min and incubation with the primary antibody
for 30 min, after which they were washed and
incubated with Envision™ reagent (DAKO, UK;
category reference: K5007) for 40 min.
Envision™ reagent is a peroxidase-conjugated
polymer backbone. In addition, Envision™ also
carries secondary antibody molecules directed
against rabbit and mouse IgG visualization with
diaminobenzidine (DAB, Sigma, USA; category
reference: D7679-1SET) and counterstained
with Lillie’s modified hematoxylin. We investi-
gated the stained tissues using the same opti-
cal microscope setup (Olympus, CA, USA; cate-
gory reference: BX15) and measured the optical
density of stained MST1 using an image analy-
sis system (Image pro plus, USA).
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Real-time quantitative polymerase chain reac-
tion

As described in previous study (17), RNA was
extracted from the kidney tissues using TRIzol
reagent (Invitrogen, USA; category reference:
15596-026) following the manufacturer’s
instructions. After DNase treatment (Promega,
USA; category reference: M6101-1000), RNA
was reversely transcribed into first strand cDNA
using RevertAid™ First Strand cDNA Synthesis
Kit (MBI, Fermentas, USA; catogery reference:
K1611). Cycling and real-time PCR detection
were performed using an ABI PRISM_7900
Sequence Detection System. Cycling condi-
tions were listed as the followiings: 50°C for 2
min then 95°C for 10 min, followed by 35 cycles
of 95°C for 30 s, 50°C for 45 s, and 72°C for
30 s. Gene-specific primers were designed
using Vector NTI (Invitrogen, USA; category ref-
erence: 11.5.1), and the pB-actin was used

Am J Transl Res 2016;8(3):1397-1411
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Figure 4. Pathological analysis in kidney tissue. A. The results of renal pathological with HE stain. B. The results of renal pathological with PAS stain. C. The results
of renal pathological with Electron Microscopy. The GBM was thicker among the rats in groups B and C and was accompanied by fusion of podocytes. a: fusion of
podocytes in our data. D. The change of MEl in rat renal tissue in our study. (A: the 4" week in group A; B1: the 4" week in group B; B2: the 8" week in group B; B3:
the 12" week in group B; C1: the 4" week in group C; C2: the 8" week in group C; C3: the 12" week in group C). “P<0.05 versus group A; 2P<0.05 versus group B
at the same time point.
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Figure 5. Pathological scores for the HE and PAS
stain. A. Scores for the HE stain. B. Scores of the PAS
stain. "P<0.05 versus group A; 2P<0.05 versus group
B at the same time point.

as the internal control for normalization. The
primer pairs for MST1 amplification were
5-CACTCGCACCCTTTCCACC-3’ (F) and 5-CGA-
CT CCCTCTTTG TGA-3' (R). The primers were
5-CCCATCTATGAGGGTTACGC-3' (F)and 5’-TTTA-
ATGTCACGCACGATTTC-3’ (R) for B-actin. Trans-
cription abundance was expressed as fold
increase over the control gene calculated by
the 222¢t method.

Immunofluorescence examine for primary
podocyte in vitro

The primary cells were 4% formaldehyde fixed
for 10 min and then incubated in 1% BSA/10%
normal goat serum/0.3 M glycine in 0.1% PBS-
Tween for 1 h to permeabilize the cells and
block non-specific protein-protein interactions.
Then, the cells were incubated with primary
antibody (Rabbit polyclonal antibody to WT-1
purchased from Abcam, USA; Rabbit polyclonal
antibody to Nephrin purchased from Abcam,
USA; Rabbit monoclonal antibody to MST1 pur-
chased from Abcam, USA) at 5 pg/ml overnight
at 4°C. Goat Anti-Rabbit IgG H&L (Alexa Fluor®
647) or Goat Anti-Rabbit 1gG H&L (FITC) at
1/150 dilution was used as the secondary
antibody.

Electrophoretic mobility shift assay for DNA
binding activity of NF-kB

An electrophoretic mobility shift assay (EMSA)
for NF-kB binding to DNA was carried out with
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rats’ kidney tissue. A nuclear extraction kit (pur-
chased from Applygen, Beijing, China; category
reference: OP-0002-1) was used to prepare
nuclear extracts. Non-radioactive EMSA kit
(purchased from Viagene Biotech Inc., USA;
category reference: SIDETO01) was used in
shift assay. The binding reaction mixture con-
tained 2 uL of nuclear extract, 1 uL of poly (dI-
dC), biotin-labeled NF-kB probe in binding buf-
fer (75 mM NaCl, 1.5 mM EDTA, 1.5 mM DTT,
7.5% glycerol, 1.5% NP-40, 15 mM Tris-HCI; pH
7.0). Samples were incubated for 30 min at
15°C in this mixture. DNA/protein complexes
were separated from free DNA on a 6% non-
denaturing polyacrylamide gel in 0.25 mM TBE
buffer. The gel was transferred to a nylon mem-
brane and detected by using streptavidin-HRP
and chemiluminescent substrate. The following
sequence (purchased from Western Biotech-
nology Inc, China) was used as a NF-kB consen-
sus oligo: 5-AGT TGA GGG GAC T TT CCC AGG
C-3' and 3'-TCA ACT CCC CTG AAA GGG TCC
G-5'.

Protocol for the histological examination of
kidney tissue

Samples were isolated and embedded in paraf-
fin to prepare 4-uym tissue slices that were
investigated using hematoxylin and eosin (HE)
staining and Periodic Acid-Schiff (PAS) staining,
respectively. As described previously (18),
mesangial expansion index (MEI) was assigned
and scored in four levels from O to 3. With the
index scores defined as the followings: O, nor-
mal glomeruli; 1, matrix expansion occurred in
up to 50% of a glomerulus; 2, matrix expansion
occurred in 50 to 75% of a glomerulus; 3, matrix
expansion occurred in 75 to 100% of a glomer-
ulus. Scores were assigned for at least 30
glomeruli from kidney slices from each sample,
and the means were calculated. Each slide was
scored by a pathologist who was unaware of
the experimental details.

Protocol for western blot in vivo and vitro

Using the western blotting method as pre-
viously described [15, 19], MST1 (cleaved
MST1, cIMST1), phospho-MST1/MST2 (phos-
pho T183), FasL, Nephrin and Caspase-3 were
examined. We used the rabbit monoclonal anti-
body to MST1 (Abcam, 1:500, USA; category
reference: ab124787), rabbit polyclonal anti-
body to phospho-MST1/MST2 (Abcam, 1:500,
USA; category reference: ab79199), rabbit

Am J Transl Res 2016;8(3):1397-1411
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monoclonal antibody to caspase-3 (Abcam, UK,
1:500; category reference: ab32499), Rabbit
polyclonal antibody to Fas Ligand (Abcam,
1:500, UK; category reference: ab15285) and
rabbit monoclonal antibody to Nephrin (Abcam
1:500, UK; category reference: ab136894).
Samples were homogenized in a radio-immuno-
precipitation assay-lysis buffer containing 50
mM Tris-HCI, pH 7.4, 150 mM NaCl, 1% NP-40,
0.1% sodium dodecyl sulfate (SDS). Protein
concentration was determined using the
Bradford method and samples adjusted to
equal concentrations. Samples were diluted
with an equal volume of loading buffer and
heated at 90°C for 5 min before being run on
SDS-polyacrylamide gels. Electrophoresis was
carried out in a Tris/glycine/SDS running buffer
(25 mM Tris, 0.25 M glycin, 0.1% SDS). Following
separation by electrophoresis, the proteins
were transferred to polyvinylidene difluoride
membrane (Siagma-Aldrich, USA; category ref-
erence: P4188). After transfer, the membranes
were blocked in 5% non-fat milk in Tris-buffered
saline (pH 7.4) supplemented with Tween 20
(TBST; 0.05%, v/v) for 1 h, before being probed
with the following anti-rat antibodies in block-
ing solution overnight. Membranes were
washed 3 times in TBST and then probed with
peroxidase conjugated goat anti-rabbit 1gG
(1:5000; Nan Jing, Jin Site Biotechnology Co.,
China; category reference: 401315) for 1 h
at 37°C. After washing, the specific signals
were detected by enhanced chemilumines-
cence (Shinegene, Shanghai, Biotechnology
Co., China; category reference: sc-350).

Electron microscopy

The average GBM thickness (GBMT) was mea-
sured from electron micrographs. The fractions
of kidney tissue were fixed in 2% glutaralde-
hyde in 0.1 M sodium cacodylate, pH 7.4, 0.1 M
sucrose, and 3 mM CaCl,, at 4°C overnight, and
centrifuged to a pellet. The pellet was rised in
0.15 M sodium cacodylate buffer containing 3
mM CaCIQ, pH 7.4 followed by postfixation in 2%
osmium tetroxide, and 0.07 M sodium cacodyl-
ate buffer containing 1.5 mM CaCI2, pH 7.4 at
4°C for 2 h. Sections were contrasted with ura-
nyl acetate followed by lead citrate and exam-
ined in a Leo 906 transmission electron micro-
scope at 80 kV. Digital images were taken using
a Morada digital camera.

Statistical analyses

All values are expressed as means += SEM.
Multiple group means were compared by one-
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way ANOVA. The before and after within-group
means were statistically evaluated using q
tests. A value of P<0.05 was considered statis-
tically significant. The SPSS 19.0 statistical
software was used for analysis.

Results
The analysis for vein specimens from ESRD

To our knowledge, endothelial injury (20) and
endothelial dysfunction [21] have been involved
in pathogenesis of DN. On the other hand,
some other vein endothelial cell line, for exam-
ple, human umbilical vein endothelial cell line
[22] has been used as an important sample in
studies on DN. Furthermore, it has been shown
that there could be characteristic differences
and structural alterations in cephalic vein
between diabetic and non-diabetic ESRD
patients [23]. Therefore, we have tried to
observe whether there could be a significant
difference for MST1 expression in cephalic vein
between diabetic and non-diabetic ESRD
patients. Moreover, we also tried to find some
supplementary evidence for the role of MST1
pathway in pathogenesis of DN.

The other clinical data of all patients shown in
Table 1. In our data shown by immuno-histo-
chemistry method, the levels of MST1 in both
ESRD with diabetes and ESRD induced by
NDRD were significantly higher than normal
control (P<0.05). Compared with ESRD induced
by NDRD, the level of MST1 in patients suffer-
ing from ESRD with diabetes was significantly
higher (P<0.05). Meanwhile, the number of
positively stained cells in tissue of ESRD with
diabetes was significantly higher (P<0.05),
which indicated there could be MST1 pathway
activation in tissue (Figure 1).

The analysis for primary podocyte in vitro

WT-1 positive and Nephrin positive clones were
selected and used for this study. It was mea-
sured by flow cytometry with rabbit Nephrin
monoclonal antibody that the purity of primary
cells could achieve to 95.12+2.37%. After cul-
tured in hyperglycemia condition, compared
with group A in vitro, the levels of caspase-3
and MST1 in group B increased from the end of
24" hour after cultured in hyperglycemia condi-
tion. To our knowledge, this phenomenon has
been reported in other cell line in response to
pro-apoptotic factor [19], which indicated that
caspase-3/MST1 pathway could be essential
to trigger the apoptosis pathways (Figure 2).

Am J Transl Res 2016;8(3):1397-1411
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Table 1. The clinical data for patients whose vein specimens enrolled in this study

Group A (n=b)

Group B (n=12) Group C (n=7)

Fmale/male

Average age

Glomerular filtration rate (ml/(min-1.73m?))
Serum creatinine (umol/L)

Blood glucose (mmol/L)

4:1 5:7 34
45.624+28.19 49.75 £8.23 50.30+£7.59
98.24+6.15 4.43+3.02 5.02+2.44
65.15+21.33 913.25+67.15 976.67+82.70
4.65+0.76 11.27+£7.12 6.09+2.41

All patients were divided into 3 groups according to medical history, including group A (normal control), group B (ESRD

with diabetes) and group C (ESRD induced by NDRD). Glomerular filtration rate was calculated with MDRD formula
(eGFR=175x[creatinine (mg/dl)]-1.234x[age (years o0ld)]-0.179xsex (male=1, female=0.79)). All patients were given hemodi-
alysis. Serum creatinine and blood glucose level were detected at the morning before hemodialysis.

Furthermore, there were no significant differ-
ence of the MST1 and caspase-3 level between
the Group A and Mannitol control group (Figure
2). Therefore, we could confirm that the results
were not due to the osmolality changes, but
due to the high glucose treatment.

General finding for diabetic rats

At the end of 48" hour after modeling, blood
glucose reached the standard for diabetic
model in group B and group C in this study. And,
they were also maintained at this level form the
end of 4" week to the end of 12" week after
modeling. Compared with group B, there was
no significantly difference between group C and
group B for blood glucose for each time points
(P>0.05). The above results indicated that gene
transfer treatment could not affect the level of
blood glucose concentration.

The data of Scr was detected by automatic bio-
chemical analyzer. It was shown that there was
no significantly difference (P>0.05) for Scr
among 3 groups. From the end of 4™ week after
modeling, the levels of 24-hour urine protein in
group B and group C began to increase, where-
as 24-hour urine protein in group C was not sig-
nificantly different from group A (P>0.05) at the
end of 4" week after modeling. Compared with
group B, the levels of 24-hour urine protein in
group C were significantly lower for each time
points (Figure 3).

Detection of gene transfection

At the end of 1%t week after gene transfection,
the high levels of green fluorescent protein
were found in rats of group B and group C by
vivo fluorescence imaging, which was induced
by lentiviral vector encoding green fluorescent
protein open reading frame. Although increased
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gradually from the end of 4" week to 12" week
after modeling both in group B and C, the level
of MST1 in group C was significantly lower than
the one in group B (P<0.05), which could be
attributed to MST1 knockdown induced by gene
transfection with MST1 ShRNA (Figure 1).

Pathological analysis in kidney tissue

There was no obvious pathological change
observed in group A, The pathologic changes
were not obvious in group B and C at end of 4®
week after modeling. Since then, the pathologi-
cal changes, including mesangial expansion,
mesangial cell proliferation and glomerular
hypertrophy, were found in group B and group
C. The levels of MEI in group C were significantly
lower compared to the one in group B for each
time point (P<0.05). As revealed by PAS, glyco-
gen content was also significantly different
between group B and group C (Figure 4).
Meanwhile, the scores of the HE stain and the
PAS stain have also been calculated and listed
in the Figure 5. The GBM was thicker among
the rats in groups B and C and was accompa-
nied by fusion of podocytes. These changes
were significantly less common in the group C
rats (Figure 4). The GBMT increased with time
in group B and was markedly thicker than in the
group C rats (P<0.05).

MST1 expression over time

To test how MST1 expression changed with
time in our study, western blot analysis was
performed on the kidney tissue. Due to up-reg-
ulation of MST1 with autophosphorylation
(yielding MST1 phosphorylated on T183) [11],
both the MST1, cIMST1 and phosphorylation-
MST1 levels were detected in our study. From
the end of 4" week after modeling, both the
MST1 and phosphorylation-MST1 levels in
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Figure 6. Western blot analysis in kidney tissue. A. Western blot assay examination for the proteins expression. B.
Statistical analysis for the Nephrin expression. The “A” “B” “C” under the blot bands represent the Group A, B and
C, respectively. C. Statistical analysis for the MST1 expression. D. Statistical analysis for the p-MST1 expression.
E. Statistical analysis for the caspase-3 expression. F. Statistical analysis for the FasL expression. "P<0.05 versus

group A; 2P<0.05 versus group B at the same time point.

group B and C increased significantly depend
on time (P<0.05). Compared with group B, both
the MST1 and phosphorylation-MST1 levels in
group C were significantly lower for each time
point (P<0.05). However, the cIMST1 levels in
group B was lower significantly compared to the
group A and group C (P<0.05). It was shown by
immuno-histochemistry that a low MST1 (full-
length) expression could be observed in group
A, mainly located in tubular epithelial cells. The
MST1 (full-length) expressions in group Band C
increased gradually. In the immuno-histochem-
istry assay, we used the antibody anti-full
length MST1 (No appropriate anti-cleave MST1
was purchased), and the lower levels of full
length MST1 represents the higher levels of
cleaved MST1. Therefore, the cIMST1 levels in
group B was lower significantly compared to the
group A and group C (P<0.05). Furthermore, the
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number of positive nuclei in group B and C
increased significantly since the end of 4" week
after modeling (Figures 6 and 7).

DNA binding activity of NF-kB in kidney tissue

NF-kB activation has been considered to play
an important role in inflammation pathway [24],
which could be involved in DN pathogenesis
according to past study [25]. On the other hand,
there could be some cross talk among Fas/
FasL pathway and caspase-3 pathway [26].
Therefore, an electrophoretic mobility shift
assay for DNA binding activity of NF-kB was per-
formed. According to the data in this study, the
level of NF-kB activation in group B and C sig-
nificantly increased from the end of 4" week to
12 week after modeling (P<0.05). Compared
with group B, the level of NF-kB activation in
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B at the same time point.

group C was significantly lower for each time
point (P<0.05, Figure 7).

Nephrin and caspase-3 expression in rats’
kidney tissue

AS we mentioned above, caspase-3 is a very
important factor for MST1 pathway. On the
other hand, Nephrin is essential for the mainte-
nance of the function of podocyte [27].
Therefore, western blot analysis for Nephrin
and caspase-3 were performed. The levels of
Nephrin in group B and C gradually decreased
since the end of 4" week after modeling and
got drunk at the end of 12" week after model-
ing (P<0.05). The levels of caspase-3 in group
B and C gradually increased since the end of 4™
week after modeling and got peak value at the
end of 12" week in this study. Compared with
group B, the level of Nephrin in group C was sig-
nificantly higher in each time point since the

1407

end of 4" week after modeling (P<0.05). The
level of caspase-3 in group C was significantly
lower in each time point since the end of 4%
week after modeling (P<0.05) (Figure 6).

FasL expression in rats’ kidney tissue

To test how FasL expression changed with time
in our study, western blot analysis was per-
formed on the kidney tissue. The levels of FasL
in group B and C gradually increased since the
end of 4" week after modeling and got peak
value at the end of 12" week in this study
(P<0.05). Compared with group B, The level of
FasL in group C was significantly lower in each
time point since the end of 4" week after mod-
eling (P<0.05) (Figure 6).

Discussion

Our results showed the following mian points,
indlucing O there were significant increasing
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for MST1 expression in both primary podocyte
in vitro and cephalic vein specimens from
ESRD; 2 MST1 knockdown with lentiviral vec-
tor in diabetic rats could ameliorate clinical
parameters indicative of DN (such as GBMT,
MEI and 24-hour urine protein), and increase
Nephrin expression, decrease caspase-3,
Nf-kappa B and FasL level.

MST1 is core components in Hippo pathway
which could be involved in cell proliferation, cell
death and cell differentiation to regulate tissue
growth control in mammals [10, 28]. Beside
MST41, the core of the Hippo pathway consists
Mammalian Sterile 20-like kinase 2 (MST2)
which has been considered as homodimer of
MST1 [29], the large tumor suppressor 1/2 ser-
ine/threonine protein kinases (LATS1/2), mem-
bers of the AGC kinase family as well as their
adaptor proteins Salvador (SAV; also termed
WWA45) and Mps-one binder 1 (MOB1) [30, 31].
MST1 is a target and activator of caspases,
serving to amplify the apoptotic signaling path-
way [11]. Thr 183 which was considered into
our study for detection is an important phos-
phorylation sites for MST1 activation [11].
MST1 activation could trigger cell death though
multiple downstream signaling pathways such
as Sirtuin 1 [32], ¢c-Jun N-terminal kinase path-
way (JNK) [33], Caspase-3, phosphorylated his-
tone H2B [34] and Fas/FasL pathway [20],
whose consistent feature in all tested cell types
is its proteolytic cleavage by caspase-3, in
response to apoptotic stimuli, to a 34 to 36
kDa product [35].

As we mentioned above [11, 12], MST1 plays
an important role in metabolic diseases and
cardiovascular diseases. In our work, it was
reported that there could be a significant
increasing for MST1 expression in both primary
podocyte in vitro and cephalic vein specimens
from ESRD. These data indicated that MST1
pathway activation may exist in such condition.
With both vein specimens from ESRD and pri-
mary podocyte, we significant increasing for
MST1 expression under hyperglycemia condi-
tion. These results indicated that MST1 path-
way activation also exists in diabetes. However,
vein specimens form ESRD induced by NDRD
were found a significant higher than normal
control also that could be explained by uremic
toxins. Possibly, MST1 expression could be
affected by oxidative stress [36] induced by
uremic toxins, although the mechanism is still
unknown. By extension, there could be more
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opportunities for MST1 activation in hypergly-
cemia condition as well as endothelial dysfunc-
tion [21].

In this study, we also evaluated the renal func-
tion via staining the glomerulus by using the HE
staining and the PAS staining method. The PAS
staining results identified the dysfunction or
abnormal of the kidney may be caused by the
RAS activation. The RAS activation was mani-
fested as increased levels of Ang Il in the plas-
ma and kidney, and increased the levels of
renal renin, ATAR and AGT expression. Following,
the above increased protein may be damage
the renal function. In this study, the shRNA for
MST1 could knockdown the effects of the dia-
betic nephropathy, and plays the protective role
in the 4" week, continue to the 12" week with
small changes.

In line with our data, Mstl ablation in vivo
resulted in resistance to apoptosis induced by
tumor necrosis factor-a, Fas ligand or IFN-y
[14], which could support our data in our study.
As shown in some cell line cultured in H,0, [37],
oxidative stress could up-regulate MST1
expression. On the other hand, oxidative stress
has emerged as a critical pathogenic process
in the development of DN [17]. Based on these
data, MST1 could be triggered by oxidative
stress in DN, although the potential correlation
between oxidative stress and MST1 activation
in DN remains largely unexplored.

Our study confirmed that Neprin loss under
hyperglycemia could be ameliorated by MST1
knockdown, combined with the data in primary
podocyte in vitro, indicated that MST1 knock-
down could be a protective role in podocyte
under hyperglycemia. With a great possibility,
MST1 knockdown could protect podocyte from
apoptosis which is one of the typical character-
istics of DN.

Ardestani A et al. [11] found that MST1 defi-
ciency improves beta cell survival and function
in vitro. However, no significant differences in
serum glucose were observed between group B
and group C. This phenomenon can be
explained by the following points: @O the effi-
ciency of MST1 knockdown in our study is not
enough for beta cell, the knock not animal
model (such as the model used in Lu L et al.
[38] study) will be needed in further study; @ a
variety of pathway could be involved in beta cell
induced by STZ, thus, MST1 knockdown alone
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could not shown a significant effect on glucose
metabolism.

To our knowledge, the experimental results are
optimistic, but whether the protective effect of
MST1 on kidney is only through Fas/fasL under
hyperglycemia is still unknown. For example,
the interaction between MST1 and JNK path-
way [39, 40], or interaction between MST1 and
phosphorylated histone H2B [11, 33] under DN
condition remains largely unexplored.

Admittedly, the current study has also some
limitations as the following: (O the animal
model used in this study is similar to type 1 dia-
betes, which is still a certain distance from type
2 diabetes in human. Therefore, the evidence
to confirm the role of MST1 pathway in DN
induced by type 2 diabetes has been not found;
@ the efficiency of MST1 knockdown in our
study is not enough, and MST1 shRNA in vivo
gradually decayed over time, whereas DN
develops slowly. The development of MST1
knockout animals will allow further extension of
the present study; ® to our knowledge, there is
no standard antibody to detect phosphorylated
MST1 (T183) alone. Therefore, we used poly-
clonal antibody to phospho-MST1/MST2 in our
study. The development of new antibody is
good for our further study; @ the ample size of
vein specimens was not enough. All patients
enrolled in this study were Han nationality in
china, came from southwest area of Sichuan
Province. Therefore, there may be selective
bias in our study. Study on a larger sample size
will allow further extension of the present study.

In clinical practice, as well known, it is found
that DN case could be more likely to develop
chronic cardiovascular disease, and even sud-
den death. Combined with past study and our
data [11, 12], this phenomenon can be
explained by MST1 activation under diabetes
condition partly. Therapeutic designed to
knockdown MST1 activity in DN will needed in
further.
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