Am J Transl Res 2016;8(10):4040-4053
www.ajtr.org /ISSN:1943-8141/AJTRO033059

Original Article
P53 inhibitor pifithrin-a prevents the
renal tubular epithelial cells against injury

Yun-Lin Shen, Lei Sun, Yu-Jie Hu, Hua-Jie Liu, Xin-Yu Kuang, Xiao-Ling Niu, Wen-Yan Huang

Department of Nephrology and Rheumatology, Shanghai Children’s Hospital, Shanghai Jiao Tong University,
Shanghai 200062, China

Received July 26, 2016; Accepted September 17, 2016; Epub October 15, 2016; Published October 30, 2016

Abstract: The injury and repair of renal tubular epithelial cells play an important role in the pathological process of
acute kidney injury (AKI). This study aimed to clarify the role of cell cycle change in renal tubular epithelial cell injury
and repair in vivo and in vitro. Sprague-Dawley rats received bilateral renal pedicle clamping for 45 min (ischemia)
followed by reperfusion. Pifithrin-a, a p53 inhibitor, was administered at 24 h before renal ischemia and 3 and 14
days after reperfusion. Results showed the tubular epithelial cells in M phase increased significantly at 2 hto 72 h
after ischemia/reperfusion (I/R), while pifithrin-a decreased them. Renal I/R caused renal tubular epithelial dam-
age in rats, which was improved by pifithrin-a. The a-SMA mRNA expression was up-regulated significantly after I/R,
while it was down-regulated by pifithrin-o. NRK-52E cells were cultured in vitro, cell damage was induced by addition
of TNF-a, and then cells were treated with pifithrin-a. Cells treated with TNF-a alone in G2/M phase increased sig-
nificantly, but they were reduced in the presence of pifithrin-a. In NRK-52E cells treated with pifithrin-a for 6 h, NGAL
mMRNA expression was significantly lower than in cells without pifithrin-a treatment. After NRK-52E cells were treated
with pifithrin-o for 24 h, a-SMA and FN mRNA expression was significantly lower than in cells without the treatment.
In summary, pifithrin-a can facilitate the progression of renal tubular epithelial cells through G2/M phase, protecting
them against injury.

Keywords: Acute kidney injury (AKI), renal tubular epithelial cell, cell cycle, G2/M phase, pifithrin-a

Introduction (ESRD) [3, 5]. Therefore, the mechanism of
renal injury and repair following AKI has become

Acute kidney injury (AKI) has emerged as a a hot topic in current studies.

major public health problem that affects mil-

lions of patients worldwide and leads to The pathogenesis of kidney injury has involve-

decreased survival and increased incidence of ment of a variety of signaling pathways driven

underlying chronic kidney disease (CKD) [1, 2]. by the interplay of inflammatory cytokines/che-

The incidence of AKI in hospitalized patients
has generally been reported to ranging from 2%
to 7%. In the intensive care unit (ICU), incidence
of AKl is as high as 5%-10%, and this incidence
is higher in patients with multiple organ dys-
function or sepsis [3]. Despite advances have
been achieved in the prevention and support-
ive therapy of AKI, it continues to be associated
with high morbidity and high mortality, particu-
larly in those admitted to the ICU, where in-hos-

mokines, reactive oxygen species (ROS), and
apoptosis related factors [6-8]. Renal ischemia/
reperfusion injury (IRl), a common cause of AKI,
results from a generalized or localized impair-
ment of oxygen and nutrient delivery to and
waste product removal from cells of the kidney
[3], leading to cellular oxygen insufficiency and
accumulation of waste products of metabolism.
As a result, the tubular epithelial cells undergo

pital mortality may exceed 50% [3, 4]. In addi- injury and, if it is severe, they will die by apopto-
tion to the high mortality of AKI patients - gener- sis and necrosis, as noted by the clinical term
ally reported to be 30%-70%- it has relationship acute tubular necrosis (ATN), which then causes
with chronic consequences even if the patients functional impairment of water and electrolyte
have survived from acute illness, with a high homeostasis and reduces the excretion of

risk for CKD or even end-stage renal disease waste products of metabolism [3, 9].
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Renal tubular epithelial cells are the main type
of cells damaged in case of AKI, and they are
also the main type of cells involved in the regen-
eration and repair after renal injury. AKI acti-
vates several pathways related to the death
and proliferation of renal tubular epithelial
cells. Ortiz et al found that the repair following
AKI was dependent on the proliferation of sur-
viving cells that replaced the damaged cells
leading to recovery [10]. The incapacity of tubu-
lar epithelial cells to proliferate is ascribed to
the pathogenesis of renal fibrosis. The prolifer-
ation of tubular epithelial cells requires their
entry into cell cycle progression (G1, S, G2 and
M phases) which are related to a lot of molecu-
lar and cellular events [10, 11].

P53 is a protein closely related to the patho-
genesis of cancers. It may inhibit cell prolifera-
tion and promote cell apoptosis. Studies have
shown that p53 is an important participant in
the G2/M checkpoint. Pifithrin-a is an inhibitor
of p53 and may block the translocation of p53
into the nucleus, leading to the cell cycle transi-
tion. This study aimed to investigate the protec-
tive effects of pifithrin-a on the injury to tubular
epithelial cells in vivo and in vitro.

Materials & methods
Main reagents

Pifithrin-a (S2929) was purchased from Selleck,
and tumor necrosis factor-alpha (TNF-«, 400-
14-20) was purchased from peproTech. Neut-
rophil gelatinase associated lipocalin (NGAL)
polyclonal antibody (ab63929), a-smooth mus-
cle actin (a-SMA) polyclonal antibody (ab5694)
and fibronectin (FN) polyclonal antibody (ab-
2413) were purchased from Abcam. Phospho-
Histone H3 (p-H H3) polyclonal antibody (SC-
8656-R) was purchased from Santa Cruz. Hor-
seradish peroxidase (HRP)-conjugated second-
ary antibodies (111-035-003) and fluores-
cence-conjugated anti-rabbit secondary anti-
bodies (111-165-144) were purchased from
Jackson. PrimeScript™ RT reagent Kit (RRO37A)
were purchased from TaKaRa, SYBR Select
Master Mix (473369) were purchased from
Invitrogen, Life Technologies.

Rats

Sprague Dawley rats aged 6-8 weeks (150-180
g) were purchased from Shanghai Laboratory
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Animal Center, CAS (SLACCAS), Shanghai,
China. All animals were housed in individual
and standard cages under controlled environ-
ment with temperature control (22-24°C) and
12 h/12 h light/dark cycle, and were given
ad libitum access to standard chow and water.
All experimental protocols were previously
reviewed and approved by the Ethics Commit-
tee for Animal Experimentation of Shanghai
Jiao Tong University.

Experimental model of renal IRI

Animals were further randomly divided into
AIKI group (n=64), sham group (n=64), PIF+AIKI
group (n=64) and PIF+ sham group (n=24).
Rats in AIKI group and PIF+AIKI group were
intraperitoneally anesthetized with pentobarbi-
tal sodium (Merck) at 40 mg/kg, then a midline
incision was made, and bilateral renal pedicles
were cross-clamped for 45 min. Rats in sham
group and PIF+ sham group received renal
pedicle separation without clamping. During
the whole procedures, animals were kept well
hydrated with saline and at a constant temper-
ature (37°C) with a heating pad. The clamps
were removed at 45 min after ischemia. Then,
the wound was closed, and animals were
placed back to cages with free access to food
and water. All the procedures were performed
under a sterilized condition.

Pifithrin-o treatment

Rats in PIF+AIKI group and PIF+ sham
group were intraperitoneally pretreated with
pifithrin-a at 3 mg/kg before surgery as well
as 3 days and 14 days after reperfusion.

Sample collection

Eight rats were randomly selected from AlKI
group, sham group and PIF+AIKI group, and
three rats from PIF+ sham group and sacrificed
at2h,6h,24 h, 48 h, 72 h, 1 week, 2 weeks
and 4 weeks of reperfusion. In brief, rats were
intraperitoneally anesthetized with pentoba-
rbital sodium, and venous blood (2 ml) was
obtained and transferred into Eppendorf tubes.
The kidneys were collected, washed in saline
and separated along the longitudinal axis. Half
of kidneys were fixed in 4% paraformaldehyde
(Sigma) and the remaining kidney tissues were
stored in liquid nitrogen.

Am J Transl Res 2016;8(10):4040-4053
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Figure 1. Immunohistochemistry for p-H H3 in renal tubular epithelial cells (400x). Immunohistochemistry for p-H
H3 was performed in renal tubular epithelial cells after 2-h, 6-h, 24-h, 48-h and 72-h reperfusion. Tubular epithelial
cells in M phase increased significantly at 2 h to 72 h after ischemia/reperfusion, while p53 inhibitor pifithrin-o

decreased these cells.

Determination of serum creatinine (Scr)

Reverse Transcription-PCR (RT-PCR)

Serum was collected from blood by centrifuga- Total RNA from the kidney cortex was isolated
tion at 2,000 rpm for 10 min, and the serum with TRIzol reagent (Invitrogen), and subse-
creatinine concentration were measured with quently reverse transcribed into cDNA using
an automatic biochemical analyzer (HITACHI PrimeScript™ RT reagent Kit. Quantitative poly-
7180). merase chain reaction (qPCR) was performed

4042
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Table 1. Percentage of p-H H3 positive cells in four groups (%)

Q:.ft Sham (n=8)  AIKI (n=8) P'F(;fg)am PIF+AIKI (n=8)
2h 161056 19.63+4.03% 1224014 14.95+4.16°S
6h  151+050 1629+4.77% 108+0.14 11.99+3.15"
24h  126+036 756+4.08* 091+022 5.46+1.92"
48h 113+036 5.33+237% 1184048 4.81+ 154
72h  098+028 284+082% 095+039 3.92+146°
1w 126+040 0994026 098+042 188115
2w 095:028 081:028 110+0.38 1.09+0.51
4w 086+034 1014021 1034035 135047

Notes: *P<0.05 vs Sham group, *P<0.05 vs PIF+ Sham group, $P<0.05 vs AIKI

group.

Table 2. Serum creatinine of four groups (umol/L)

Time
point

Sham (n=8)

AIKI (n=8)

PIF+ Sham
(n=3)

PIF+AIKI (n=8)

2h
6h
24 h
48 h
72h
1w
2w
4w

15.13 + 2.47
15.07 £ 2.53
11.13 + 2.90

45.25 + 12.21*
57.88 + 26.61*
60.29 + 15.27*

14.50 + 1.85 61.38 + 32.73*

17.88 + 1.89
19.63 + 2.45
18.13 £ 2.38
17.13 + 2.36

25.71 + 6.55*
17.25 + 2.38
18.88 + 5.67
17.88 £ 2.90

15.00 + 1.79
12.67 + 1.37
13.67 +1.63
17.67 £ 1.37
16.33 + 2.58
16.67 + 0.52
18.60 + 1.34
18.00 + 3.23

46.25 + 8.75%

29.14 £ 9.99%§
28.13 + 14.348

28.00 + 9.068
19.86 + 2.048
18.00 + 2.25
17.00 + 1.31
16.75 + 4.44

Notes: *P<0.05 vs Sham group, #P<0.05 vs PIF+ Sham group, SP<0.05 vs AIKI

group.

Table 3. NGAL mRNA expression in kidney tissues of four
groups (244T)

Time

PIF+ Sham

soint S"am (n=8)  AIKI (n=8) (n=3) PIF+AIKI (n=8)
2h  0.32+0.07 200+0.47* 0414017 1.41+0.25
6h  042+010 543+1.84* 0.32+0.15 3.48+1.09%$
24h 040+014 6.98+298* 056+0.47 3.29 +1.93"S
48h 0.33+010 5.84+256% 056+0.41 3.30+2.37%S
72h  0.43+0.16 5.79+229* 0.33+0.09 3.35+2.21%$
1w  046+0.14 590+223* 0.25+0.12 3.37+1.79%S
2w  056+0.34 232+0.79* 0.28+016 2.89+2.22*
4w  027+011 155+0.81* 025+022 217 +1.50*

Notes: *P<0.05 vs Sham group, *P<0.05 vs PIF+ Sham group, $P<0.05 vs AlKI

group.

in Light Cycler® 96 gPCR machine (Roche) using
SYBR Select Master Mix. The mRNA expres-
sion of target genes was normalized to that
of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). The primers used in PCR were as
follows: NGAL: 5’CCGACACTGACTACGACCAG’'3

4043

and 5’CATTGGTCGGTGGGAACAG-
A'3; GAPDH: 5’AAGGGCTCATGAC-
CACAGTC’'3 and 5'GGATGCAGG-
GATGATGTTCT'3; a-SMA: 5°GGC-
ATCCACGAAACCACCT’3 and 5™
CCGCCGATCCAGACAGAAT'3; and
FN: 5’ATCTCCTCCCATCCACTCAA'3
and 5’AAACAGCCAGGCTTGCTC-
TGA'3.

Tubulointerstitial injury scoring

The paraformaldehyde-fixed renal
tissues were dehydrated in alco-
hol and embedded in paraffin.
3-uym sections were obtained,
deparaffinized and stained with
hemotoxylin and eosin (H&E)
using standard methods. Histo-
logical examination was perfor-
med by a renal pathologist in a
blinded fashion. Tubulointerstitial
injury was defined as tubular atro-
phy, dilatation, brush border loss,
cellular infiltration, and widening
of the interstitium. The degree of
tubulointerstitial injury in the cor-
tex was determined using a semi-
quantitative grade scale, where
0=no abnormality, 1=minimal da-
mage (involvement of less than
25% of cortex), 2=mild damage
(25%-50%), 3=moderate damage
(50%-75%), and 4=severe dam-
age (>75%). Two sections were
randomly selected from each
animal and ten fields were ran-
domly selected at a magnifica-
tion of 400x from each section
under a light microscope (Leica
DM2500) [12].

Immunohistochemistry

The 3-uym paraffin-embedded se-
ctions were conventionally dep-
araffinized, hydrated, and then
treated with 3% hydrogen perox-

ide in methanol to inactivate the peroxide
enzyme. After antigen retrieval in citrate buffer,
sections were blocked with 3% bovine serum
albumin. Sections were incubated with p-H H3
polyclonal antibody (1:400) overnight at 4°C.
After washing in PBS, sections were treated

Am J Transl Res 2016;8(10):4040-4053
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Figure 2. H&E staining of renal tissues in four groups (400x). Rats of AlKI group and PIF+AIKI group were subjected
to bilateral renal pedicle clamping for 45 min, and rats of PIF+AIKI group and PIF+ Sham group were treated with
pifithrin-a. H&E staining was performed after 2-h, 6-h, 24-h, 48-h and 72-h reperfusion respectively.

4044 Am J Transl Res 2016;8(10):4040-4053
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Table 4. Tubulointerstitial injury scores of four groups

Cell culture and main reagent

Time _ _ PIF+ Sham
points Sham (n=8)  AIKI (n=8) (n=3)

PIF+AIKI
(n=8)

The normal rat kidney cells NRK-

2h 0.16 £ 0.07 1.15+0.28* 0.63 £ 0.26*
6h 0.19+0.10 1.95+0.50* 1.07 £0.21*
24h 0.15+0.08 2.98+0.47* 0.53 +0.21*
48 h 0.16+0.07 3.49+0.30* 0.27 £0.15
72h 0.16+0.09 3.01+0.47* 0.23+0.06
1w 018+0.09 2.49 +0.44* 0.13 +£0.06
2w 0.16+0.09 2.21+0.54* 0.17 £0.12
4w 047 +£0.09 1.58+0.38* 0.17 +0.12

2.06 + 0.53%5
1.96 £ 0.46*
1.70 £ 0.29%8
1.74 + 0.30%$8
1.66 + 0.28%$
1.63 £ 0.33%$
0.83 + 0.16%$
0.46 + 0.18"$

52E (CRL-1571) were purchased from
the American Type Culture Collection.
Cells were cultured as described pre-
viously [13]. Briefly, NRK-52E cells
were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, GIBCO)
containing 5% fetal bovine serum
(FBS) and 4 mM L-glutamine at 37°C
in an environment containing 95%

Notes: *P<0.05 vs Sham group, #P<0.05 vs PIF+ Sham group, $P<0.05 vs

AIKI group.

Table 5. a-SMA mRNA expression of four groups (244CT)

air and 5% CO, (Thermo HERACELL
150i).

TNF-a induced acute injury to NRK-
52E cells

Time _ _ PIF+ Sham
points Sham (n=8)  AlKI (n=8) (n=3)

PIF+AIKI
(n=8) TNF-a is a cell signaling protein

2h 0.46+£0.25 1.62+0.34* 0.42+0.13
6h 0.43+£0.43 2.05+1.07* 0.37+0.24
24h 032+0.13 2.33+1.10* 0.40+0.20
48h 0.34+0.09 1.07 £0.27* 0.50+0.30
72h 0.25%+0.06 0.82+0.33* 0.53 £0.25%
1w 0.30+0.16 0.60+0.16* 0.44+0.19
2w 0.41+0.21 0.78 £0.31* 0.48+0.38
4w 0.30£0.08 0.59 +0.29* 0.32 +0.15

1.39 £ 0.267
1.56 + 0.63*
0.75 £ 0.19%$
0.63 £ 0.36
0.57 £ 0.05
0.69+0.31
0.69 £ 0.32
0.66 £ 0.29

involved in systemic inflammation.
It has been used as one of cytoki-
nes reflecting acute injury. NRK-52E
cells were seeded into 6-well pla-
tes (3x10%/well) and incubated until
the confluence reached 80%. The
cells were maintained in serum-free
DMEM for 6 h, and then treated
with 10 ng/ml TNF-« for O, 6, 12 and

Notes: *P<0.05 vs Sham group, #P<0.05 vs PIF+ Sham group, $P<0.05 vs

AIKI group.

Table 6. FN mRNA expression of four groups (244¢T)

24 h. The injury was evaluated by
determining the protein expression of
NGAL, a biomarker of kidney injury
[14], by RT-PCR and immunofluores-
cent staining.

i +

FT)I(:]nets Sham (n=8)  AlKI (n=8) PIF(nfg)a ™ PIF+AIKI (n=8) Fluorescence-activated cell sorting

2h  1.07+021 057+0.16* 0.71+0.36 0.60 % 0.16 for cell cycle distribution

6 h 0.92+0.37 0.50+0.09* 0.78+0.15 0.76 +0.23

24h 141+035 144+0.71 107+0.36 0.90+0.25 NRK-52E cells were prepared for pr-
opidium iodide (Sigma) staining acc-

48 h 1.16+0.24 1.60+0.93 1.04+0.30 1.39+0.48 ording to standard protocols. DNA

72h  156+023 327+143 133+0.24 298159 content was determined with a FAC-

1w 228 +0.57 3.02+1.22 198+0.88 2.65+1.22 SCaliber (Becton Dickinson FACSCan)

2w 1.81+0.40 2301086 1.65+0.40 1.83+0.90 Analyzer. Through ultraviolet-MoFlo

4w 1.66+0.52 2.20+0.89 1.39+0.32 1.57+0.78 sorting (DakoCytomation High Speed

Notes: *P<0.05 vs Sham group.

with HRP-conjugated secondary antibodies
(1:200) at 37°C for 45 min. After washing in
PBS, sections were stained with DAB. The posi-
tive cells were counted (exclusion of glomerular
and renal vessels) at a magnification of 400x
under the Leica microscope (DM2500). Ten
non-overlapping fields were randomly selected
from the cortex of each section, and the aver-
age was calculated for further analysis.

4045

MoFlo Sorter), cells in GO/G1 or G2/M
phase were isolated.

Immunofluorescent staining

NRK-52E cells were fixed in 4% paraformalde-
hyde in PBS at room temperature for 30 min.
Cells were then blocked in PBS with 1% bovine
serum albumin (BSA), 4% normal serum and
0.4% TritonX100 for 30 min. Then, these cells
were incubated with NGAL polyclonal antibody
(1:200), a-SMA polyclonal antibody (1:100) or

Am J Transl Res 2016;8(10):4040-4053
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Table 7. Percentage of NRK-52E cells in G2/M phase after pifithrin-a treatment (%)

2h 6 h 12 h 24 h
Sham 29.23+1.51 30.30 + 3.36 18.45 + 2.08 18.16 £ 2.24
TNF-a0 10 ng/ml 25.00 + 4.68 29.96 + 2.74 16.53 + 1.91 16.76 + 1.46
TNF-ot 10 ng/mlI+PIF-ax 5 pg/ml 2712 + 4.56 32.49 + 3.76 16.95 + 0.21 19.71 + 1.41
TNF-o« 10 ng/ml+PIF-o0 10 pg/ml 28.74 + 1.53 33.19+2.76 14.63 £ 1.23 15.45 £ 1.43
TNF-o« 10 ng/ml+PIF-ot 20 pg/ml 27.60 + 0.69 31.12+4.49 11.71 + 0.88* 20.41 £2.10
TNF-o« 10 ng/ml+PIF-ot 40 pg/ml 20.60 + 0.18* 24.43 £ 0.47* 12.74 + 0.89* 1719 + 1.28
Notes: *P<0.05, #P<0.01 vs Sham group, n=3.
4
BX control
TNF-a 10ng/ml
34 A ESl PIF-a 40pg/ml

NGAL mRNA Expression
( 2AACTy
~N
1

Bty

ST IIIIIIIITS

SN NN N NSSSNSNASN- &

3 TNF-a 10ng/ml +PIF-a Spg/ml

TNF-a 10ng/ml + PIF-a 10pg/ml
B2 TNF-a 10ng/ml +PIF-a 20pg/ml
EB TNF-a 10ng/ml +PIF-a 40pg/ml

NOSSSSS A ANNNSNSSNN &

2h 6h

24h

Figure 3. NGAL mRNA expression in NRK-52E cells treated with pifithrin-a. NRK-52E cells with/without TNF-« treat-
ment were incubated with different concentration of pifithrin-a for 2 h, 6 h, 12 h and 24 h. NGAL mRNA expression
in NRK-52E cells was measured By RT-PCR (If the groups had not the same letters, P<0.05, n=3).

FN polyclonal antibody (1:2,000) for 2 h at room
temperature. Subsequently, cells were treated
with fluorescence-conjugated anti-rabbit sec-
ondary antibodies. Cells morphology was visu-
alized under a fluorescence microscope (Leica
DM2500).

Statistical analysis

Statistical analysis was performed with SAS
version 6.12. All data are expressed as mean
+ standard deviation. The Student’s t-test
was used for comparisons between groups,
and one-way ANOVA for multiple groups. A
value of P<0.05 was considered statistically
significant.

Results

Percentage of renal tubular epithelial cells in
M phase

Cells in M phase can be labeled by p-H H3, and
thus the percentage of renal tubular epithelial
cells in M phase was determined after p-H H3

4046

immunohistochemistry. The tubular epithelial
cells in M phase increased significantly at 2 h
to 72 h after ischemia/reperfusion, while p53
inhibitor pifithrin-a decreased the these cells
(Figure 1; Table 1).

Change in the degree of renal injury

To investigate the degree of renal injury, the
serum creatinine (Table 2) was measured,
NGAL mRNA expression was detected in kid-
ney tissues by RT-PCR (Table 3), and the tubu-
lointerstitial injury was scored (Figure 2; Table
4). Renal tubular epithelial damage could be
caused by renal ischemia/reperfusion in rats,
but pifithrin-a improved the damage or pro-
moted the recovery.

a-SMA and FN expression

In order to evaluate the role of ECM in the repair
from renal tubular injury after renal ischemia/
reperfusion, the mRNA expression of ECM
associated markers (a-SMA and FN) was
detected by RT-PCR. Results showed a-SMA

Am J Transl Res 2016;8(10):4040-4053
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NGAL DAPI Merge

Control

TNF-a 10 ng/ml

TNF-a 10 ng/ml
+PIF-a 5 pyg/ml

TNF-a 10 ng/ml
+PIF-a 10 pyg/ml

TNF-a 10 ng/ml
+PIF-a 20 ug/ml

TNF-a 10 ng/ml
+PIF-a 40 pug/ml

Figure 4. NGAL immunofluorescence staining in cells treated with pifithrin-a (400x). NRK-52E cells with/without
TNF-atreatment were incubated with different concentration of pifithrin-a for 2 h, 6 h, 12 h and 24 h. NGAL immu-
nofluorescence staining was performed in NRK-52E cells. After NRK-52E cells were treated with pifithrin-a for 24 h,
the NGAL immunofluorescence intensity was lower than in cells without pifithrin-a treatment.

MRNA expression was up-regulated signific- expression (Table 5). Similar trend was also
antly after ischemia/reperfusion, while p53 in- observed in FN mRNA expression although
hibitor pifithrin-a« down-regulateda-SMA mRNA there was no significant difference (Table 6).

4047 Am J Transl Res 2016;8(10):4040-4053
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Figure 5. a-SMA mRNA expression in NRK-52E cells treated with pifithrin-a. NRK-52E cells with/without TNF-a treat-
ment were incubated with different concentrations of pifithrin-acfor 2 h, 6 h, 12 h and 24 h. a-SMA mRNA expression
was measured in NRK-52E cells. (If the groups had different letters (A-C), P<0.05).

Cell cycle distribution of NRK-52E cells treated
with pifithrin-oa

NRK-52E cells were treated with different con-
centrations of pifithrin-a for 2 h, 6 h, 12 h and
24 h, and cell cycle distribution was detected.
The percentage of NRK-52E cells in G2/M ph-
ase after treatment with pifithrin-a decreased
gradually (Table 7).

NGAL expression of NRK-52E cells treated
with pifithrin-o

After NRK-52E cells were treated with TNF-a
for 2 h to 24 h, NGAL mRNA expression gradu-
ally increased. After NRK-52E cells were treat-
ed with pifithrin-a for 6 h, NGAL mRNA expres-
sion was significantly lower than in cells wit-
hout pifithrin-a treatment (Figure 3). After NRK-
B52E cells were treated with pifithrin-o for 24 h,
the NGAL immunofluorescence intensity was
lower than in cells without pifithrin-a treatment
(Figure 4).

a-SMA expression in NRK-52E cells treated
with pifithrin-a

After NRK-52E cells were treated by TNF-« for
6 h or 24 h, a-SMA mRNA expression signifi-
cantly increased. After NRK-52E cells were
treated with TNF-a and pifithrin-o« for 24 h,
o-SMA mRNA expression significantly redu-
ced when compared with cells without pifi-
thrin-a treatment (Figure 5). After NRK-52E
cells were treated with TNF-a and pifithrin-a
for 24 h, the a-SMA immunofluorescence inten-
sity was lower than in cells without pifithrin-a
treatment (Figure 6).
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FN expression in NRK-52E cells treated with
pifithrin-o

After NRK-52E cells were treated with TNF-« for
24 h, FN mRNA expression significantly incr-
eased. After NRK-52E cells were treated with
TNF-a and pifithrin-o for 24 h, FN mRNA exp-
ression was significantly lower than in cells
without pifithrin-a treatment (Figure 7). After
NRK-52E cells were treated with TNF-a and
pifithrin-a for 24 h, a-SMA immunofluoresc-
ence intensity was lower than in cells without
pifithrin-a treatment (Figure 8).

Discussion

Kidney injury and tissue repair are dynamic
events in the progression and regression of
kidney disease [7]. Regeneration of damaged
tubular epithelial cells has been found to occur
mainly from populations of surviving epithe-
lial cells post injury. These surviving tubular
epithelial cells may proliferate and produce
new cells or even dedifferentiate and reenter
the cell cycle [7]. Acute renal injury may result
in cell necrosis, apoptosis, and detachment of
cells, leading to the denudation of the tubular
basement membrane. The repair process is
accomplished by the migration of new cells into
the injured area, reconstituting a functional
tubular epithelium [15].

Surviving renal tubular epithelial cells quickly
enter the cell cycle, start the repair process,
and achieve renal tubular regeneration through
the precise, orderly, correct cell cycle regula-
tion. Renal tubular epithelial cells enter the G1,
S, G2 or M phases and the cell cycle orderly
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Figure 6. a-SMA immunofluorescence staining of cells treated with pifithrin-oc (400%). NRK-52E cells with/without
TNF-a treatment were incubated with different concentrations of pifithrin-a for 2 h, 6 h, 12 h and 24 h. a-SMA
immunofluorescence intensity of NRK-52E cells was measured. After NRK-52E cells were treated with TNF-a and
pifithrin-a for 24 h, a-SMA immunofluorescence intensity was lower than in cells without pifithrin-o treatment.

progresses through the regulation by a series
of cycle related genes and molecules. If the cell
cycle is arrested, tubular epithelial cells will not
enter the following phase of cell cycle, the cell
apoptosis and proliferation balance will be dis-
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rupted, and the repair after chronic injury or
hyperplasia may induce renal fibrosis, resulting
in CKD. Therefore, the cell cycle progression
plays an extremely important role in the renal
tubular repair [3, 11, 16]. Thus, this study was

Am J Trans| Res 2016;8(10):4040-4053



Pifithrin-a prevents renal tubular epithelial cells against injury

2.0 1

1.5

1.0 4

0.5 1

FN mRNA Expresssion
(244CT)

AR
AT TR RRRRNN
= .

B O X
NENNRNNNNRRNRRRNN]

HATTITIITIIIS

TeTeTOTOTOTOTeT AT Te e

AT TITIITIIIIS

0.0-
2h 6h

ASOSNSANN NN
I T

control

TNF-a 10ng/ml

PIF-a 40pg/ml

TNF-a 10ng/ml +PIF-a Sug/ml
TNF-a 10ng/ml + PIF-a 10pg/ml
TNF-a 10ng/ml +PIF-a 20ug/ml
TNF-a 10ng/ml +PIF-a 40ug/ml

BROD0RER

SN N SSNANSSNH O

Figure 7. FN mRNA expression in NRK-52E cells treated with pifithrin-a. NRK-52E cells with/without TNF-a treat-
ment were incubated with different concentrations of pifithrin-a for 2 h, 6 h, 12 h and 24 h. FN mRNA expression of
NRK-52E cells was measured (If the groups had different letters (A-C), P<0.05).

undertaken to investigate the renal tubular epi-
thelial cell cycle after AKI in rats.

P-H H3 as a DNA binding protein can be used to
label cells in M (mitosis) phase [17-19]. In this
study, the renal tubular epithelial cells in M
phase were investigated after AIKI by p-H H3
immunohistochemistry. Results showed tubu-
lar epithelial cells in M phase increased signifi-
cantly at 2 h to 72 h after ischemia/reperfu-
sion, showing that the renal tubular epithelial
cells remain in M phase. Cells in G2/M phase
may be crucial the renal tubular damage repair.
G2/M checkpoint is usually activated by DNA
damage, which may prevent the entry of cells
with into cell cycle. This process is associated
with ATM/Chk2/Cdc25 signaling pathway and/
or ATR/Chk1/Cdc25 signaling pathway [20,
21].

An important feature of the maladaptive repair
after severe injury is the presence of cell cycle
arrest in G2/M phase [22]. There is a subse-
quent activation of DNA repair response with
the occurrence of a secretory phenotype
whereby profibrotic factors are released [22].
After severe injury, the proximal tubule cellular
response is impaired and its proliferative
response is altered due to cell cycle arrest in
G2/M phase, resulting in the production of pro-
fibrotic factors including cytokines, growth fac-
tors and matrix proteins [23]. Therefore, mea-
sure was taken in the present study to promote
the cell cycle progression through the G2/M
phase, in order to understand the degree of
kidney damage and the fibrosis.

p53 can inhibit cell proliferation and promote
cell apoptosis. Pifithrin-a, a p53 specific inhibi-
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tor, is able to promote cell cycle progression by
blocking the p53 protein in the nucleus [24]. In
this study, pifithrin-a was used to promote the
progression of renal tubular epithelial cells
through G2/M phase, which promotes renal
tubular epithelial cells, attenuates cell damage
and therefore reduces renal fibrosis.

Kailong et al found that the p53 inhibition was
able to promote the progression of renal tubu-
lar epithelial cells from G2 phase to M phase,
and prevent the renal interstitial cells against
fibrosis in ischemic AKI mice [25]. Yang et al
demonstrated that G2/M-arrested proximal
tubular cells activated c-jun NH2-terminal
kinase (JNK) signaling to up-regulate the pro-
duction of profibrotic cytokines; treatment with
a JNK inhibitor, or bypassing the G2/M arrest
by administration of a p53 inhibitor or the
removal of the contralateral kidney, rescued
fibrosis in the unilateral ischemic injured kidney
in ischemic, toxic and obstructive mouse model
of AKI [26]. Chiara et al used histone deacety-
lase inhibitor methyl-4-(phenylthio) butanoate
to treat zebrafish larvae and mice at 24-48 h
after AKI [27]. In zebrafish, treatment with this
compound increased the larval survival and the
proliferation of renal tubular epithelial cells. In
mice, treatment accelerated recovery, reduced
postinjury tubular atrophy and interstitial fibro-
sis, and increased the regenerative capacity of
actively cycling renal tubular cells by decreas-
ing cells with G2/M arrest.

The specific mechanism of G2/M arrest and
renal tubular epithelial cells fibrosis following
AIKI is unclear now. It may be related to the
renal tubular epithelial cell dedifferentiation
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Figure 8. FN immunofluorescence staining of cells treated with pifithrin-a (400x). NRK-52E cells with/without TNF-
treatment were incubated with different concentrations of pifithrin-oc for 2 h, 6 h, 12 h and 24 h. FN immunofluores-
cence intensity of NRK-52E cells was measured. After NRK-52E cells were treated with TNF-a and pifithrin-o for 24
h, a-SMA immunofluorescence intensity was lower than in cells without pifithrin-o treatment.

after serious renal tubular damage, which may
produce bioactive molecules, be harmful to the
renal tubules and cause fibrosis by autocrine
and paracrine [28-30]. De Borst et al found JNK
activation correlated strongly with interstitial
macrophage accumulation, renal inflamma-

4051

tion, tubulointerstitial fibrosis, and renal dys-
function [31]. The G2/M arrest in proximal
tubular cells may activate JNK signaling path-
way, and increase the production of fibrosis
related cytokines [25]. However, the specific
role of G2/M arrest in the renal tubular epithe-
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lial cell damage and repair remains to be fur-
ther elucidated.

In conclusion, our results show pifithrin-a is
able to promote the progression of renal tubu-
lar epithelial cells through G2/M phase, and
improve the renal tubular epithelial cell injury
and repair. Thus, G2/M phase plays an impor-
tant role in the renal tubular epithelial cells
damage and repair.
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