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Abstract
The epithelial-to-mesenchymal transition (EMT)-based tubulointerstitial fibrosis is the major pathological feature of diabetic kidney
disease (DKD).While several studies have linked cell cycle dysregulation to various kidney injuries in recent years, its involvement
in fibrosis of DKD is far from being clarified. ING2 (inhibitor of growth 2) is the second member of the inhibitor of growth family
and participates in the regulation of many cellular processes. So far the role of ING2 in DKD remains largely unknown. In the
present study, ING2 expression was detected by western blotting and immunofluorescent staining both in vitro high glucose-
stimulated human proximal tubular epithelial cells (HK-2) and in vivo streptozotocin-induced diabetic mice. Cell proliferation was
analyzed by CCK-8 and EdU assay, and cell cycle arrest was measured by flow cytometry. Quantitative polymerase chain reaction
(qPCR) and western blotting were used to detect the EMT markers, and the p53 signaling activation was evaluated by chromatin
immunoprecipitation (ChIP), qPCR, and western blotting. We found that the proliferation of the cells was reduced upon high
glucose stimulation, which was accompanied by cell cycle arrest. The expression of ING2 was increased in hyperglycemia
conditions both in vivo and in vitro. ING2 suppression ameliorated the reduced proliferation and cell cycle arrest induced by high
glucose in HK-2 cells. Moreover, ING2 knockdown suppressed p21 expression by reducing p53 acetylation and finally alleviated
the EMT progress in the high glucose-stimulated HK-2 cells. Our study demonstrated that cell cycle regulation is bound up with the
kidney fibrosis in DKD, suggesting a novel function of ING2 as a potential therapeutic strategy targeting cell cycle arrest for DKD.

Key points
•ING2 was increased both in vivo and in vitro under hyperglycemia
conditions.
•ING2 knockdown ameliorated the reduced proliferation and cell cycle
arrest in the high glucose-stimulated HK-2 cells.
•ING2 knockdown alleviated the EMT progress in the high glucose-
stimulated HK-2 cells.
•ING2 knockdown suppressed p21 expression by reducing p53
acetylation.
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Introduction

Diabetic kidney disease (DKD) is one of the most common
microvascular complications of diabetes and has been the
leading cause of end-stage renal disease (ESRD). Besides
the glomerular dysfunction, the epithelial-mesenchymal tran-
sition (EMT)-based tubulointerstitial fibrosis is the major
pathological feature of DKD, which can be detected in the
very early stage of DKD and contributes directly to the decline
of renal function independent of glomerular dysfunction [5,
18, 32]. However, there is no effective clinical intervention to
recover the tubulointerstitial fibrosis, and the molecular mech-
anism of this process as well as EMT of renal tubular epithelial
cells is far from being clarified.

Cell cycle regulation has been linked to many cellular
processes such as proliferation, apoptosis, and cell death in
various cell types including renal cells such as podocytes and
mesangial cells [34]. Cell cycle is controlled by cyclin/
cyclin-dependent kinase (CDK) complexes, and the activity
of the kinase is negatively regulated by CDK-inhibitors
(CKI) including p21Cip1 and p27Kip1 [28, 29, 31]. Previous
studies showed that the activation of PKC and JAK/STAT
pathway and inhibition of AMPK were involved in the ex-
pression of CKIs in mesangial cells and induced glomerular
hypertrophy in experimental diabetic nephropathy [1, 4, 12,
13, 33, 35]. However, there is so far no therapeutically ef-
fective treatment for the cell cycle arrest in DKD, and the
mechanisms accounting for the perturbations of cell cycle
progression induced by hyperglycemia in the kidney need
to be fully clarified.

ING2 (inhibitor of growth 2) is the second member of the
ING family, which is known as a candidate tumor suppressive
protein. ING2 is also implicated in the regulation of diverse
cellular processes including cell cycle, proliferation, senes-
cence, and DNA damage repair [15, 41]. It is especially crit-
ical to control the G1 to S-phase transition. Besides, ING2
may be a key mediator of EMT-associated migration in breast
cancer [6]. However, its role in the tubular injury and fibrosis
process during DKD is still unknown.

In the present study, we aimed to investigate the role of
ING2 in the process of high glucose-induced cell cycle arrest
and EMT process and the possible mechanism underlying it.
We showed that the expression of ING2 was upregulated un-
der hyperglycemia conditions both in vitro and in vivo. And
the knockdown of ING2 in proximal tubular epithelial cells
abrogated the high glucose-induced G0/G1 arrest and in-
creased cell proliferation, which was associated with an alle-
viated EMT progress in tubular cells. In mechanism, ING2
suppression reduced the expression of acetylated p53 and its

target gene p21 in hyperglycemia condition, indicating the
involvement of p53-p21 axis in the above process.

Materials and methods

Animal model

Male C57BL/6 mice, 6–8 weeks old, were purchased from the
Shandong University Laboratory Animal Center. Mice were
randomly separated into two groups with 12 mice in each
group. To accelerate renal injuries with lower mortality and
higher urine glucose excretion levels without inducing signif-
icant hypertension [37, 38], unilateral nephrectomy experi-
ments were performed before diabetes induction by
streptozotocin. Briefly, mice were anesthetized with pentobar-
bital (1 mg/kg body weight), and approximately 1-cm incision
was made on the dorso-lumbar. Subsequently, the renal artery,
the vein, and the ureter were ligated and severed to remove the
kidney. One week after surgery, mice were injected low doses
of streptozotocin (STZ, Solarbio, China; 60 mg/kg body
weight, freshly dissolved in 0.05 mol/L sterile sodium citrate,
pH 4.5) for five consecutive days, and mice with unilateral
nephrectomy injected the same amount of sodium citrate were
served as controls. Blood glucose levels were determined
from the tail vein blood samples using blood glucose meter
(ACCU-CHEK, Germany). The mice with glucose level over
16.7 mmol/L on the third consecutive day were considered
diabetic. After 12 weeks, 8 diabetic mice along with 11 con-
trols were survived. Blood and kidneys were collected and
stored appropriately to carry on follow-up experiments. All
experiments were approved by Institutional Animal Care
and Use Committee of Shandong University.

Kidney function detection

Blood samples were centrifuged at 3000 rpm for 15 min at
4 °C. Serum creatinine and urea nitrogen were assessed by
commercial kits (Nanjing Jiancheng Bioengineering
Institute, CN) according to the manufacturer’s instructions.

Cell culture

The human proximal tubular epithelial cells (HK-2) were ob-
tained from American Type Culture Collection (Rockville,
MD) and were cultured as previously described [39].

374 Ma et al.



ING2 knockdown by small RNA interference

Cells were seeded into 6-well plates and were transfected
with either small interfering RNA targeting human ING2a
isoform (5’-GCC GUG AUU UAU GUC ACA UTT-3’)
or the scramble negative control (GenePharma, shanghai,
China) with Lipofectamine 3000 (Invitrogen, CA, USA)
according to the manufacturer’s instructions.

Cell viability

The CCK-8 assay (Dojindo, Kumamoto, Japan) was used
to measure the cell viability. In brief, 10 μL CCK-8 so-
lution was added to each well of 96-well plate, and cells
were incubated for 2 h at 37 °C. Cell viability was mea-
sured at 450 nm.

Histological assessment

Formalin-fixed, paraffin-embedded kidney sections were
dewaxed in xylene and were rehydrated in graded alco-
hols. The sections were stained with hematoxylin and eo-
sin and then dehydrated and mounted for microscopic
observation. For immunohistochemical staining, heat-
activated antigen retrieval was then performed with sodi-
um citrate buffer (0.01 M, pH 6.0). Endogenous peroxi-
dase activity was suppressed by exposure to 3% hydrogen
peroxide for 10 min; sections were incubated with prima-
ry antibody overnight at 4 °C after blocking with 5% FBS
for 1 h at room temperature. Then followed by 2-step plus
Poly-HRP anti-rabbit IgG Detection system (ZSGB-BIO)
at 37 °C. Slides were visualized with DAB and were
counter stained with hematoxylin for microscopic exami-
nation. The primary antibodies were used: rabbit anti-
ING2 (Abcam, ab109504), rabbit anti-E-cadherin (CST,
#3195s), rabbit anti-vimentin (CST, #5741s), rabbit anti-
a lpha-SMA (Abcam, ab66133) , rabbi t an t i -p21
(Proteintech, 10355-1-AP), and rabbit anti-ki-67 (CST
#12202).

Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted from cells using the TRIzol
Reagent (Life technologies) according to manufacturer’s
instructions. Purity and concentration of extracted RNA
were measured by UV Spectrophotometer (Merinton
SMA1000). cDNA was then synthesized using the
RevertAid First Strand cDNA Synthesis Kit (Thermo sci-
entific) according to the manufacturer’s instructions. Real-
time PCR was performed on the Applied Biosystems
Real-Time PCR System (ABI, USA) with 2 × RealStar
Green Power Mixture (GenStarBiosolutions). Relative ex-
pression levels of target mRNAs were normalized to that

of the endogenous control (β-actin) and was calculated
based on the 2-ΔΔCt comparative method. PCR for each
sample was performed in triplicates. Primer sequences
were as follows: ING2 Fwd, 5’-GCG AGA GCT GGA
CAA CAAAT-3’, and Rev, 5’-GAC ACT TGG TTG
CAT AAGCAG-3’; TGF-β1 Fwd, 5’-CTG CAA GTG
GAC ATC AACGG-3’, and Rev, 5’-TCC GTG GAG
CTG AAG CAATA-3’; CTGF Fwd, 5’-TGG AAG AGA
ACA TTA AGA AGG GCA-3’, and Rev, 5’-TGC AGC
CAG AAA GCT CAAAC-3’; p21 Fwd, 5’-AGT CAG
TTC CTT GTG GAGCC-3’, and Rev, 5’-GCA TGG
GTT CTG ACG GACAT-3’; vimentin Fwd, 5’-AGT
CCA CTG AGT ACC GGA GAC-3’, and Rev, 5’-CAT
TTC ACG CAT CTG GCG TTC-3’; α-SMA Fwd, 5’-
GTG TTG CCC CTG AAG AGCAT-3’, and Rev 5’-
GCT GGG ACA TTG AAA GTC TCA-3’; E-cadherin
Fwd, 5’-CAT GAG TGT CCC CCG GTATC-3’, and
Rev, 5’-CAG TAT CAG CCG CTT TCAGA-3’; and β-
actin Fwd, 5’-GAA GTG TGA CGT GGA CATCC-3’,
and Rev, 5’-CCG ATC CAC ACG GAG TACTT-3’.

Cell cycle analysis

A total of 4 × 105 cells were harvested and washed with
PBS. Cells were fixed in 1 mL 70% ethanol and were
incubated for at least 3 h at − 20 °C. After washing, cells
were centrifuged at 300g for 5 min at RT. The supernatant
was discarded, and cell pellets were resuspended in
200 μL Flow Cytometry Staining all-in-one Buffer. The
mixed cells were incubated in the dark at room tempera-
ture for 30 min; the cell cycles were measured by flow
cytometry (MuseTM, Merck Millipore).

Western blotting

Cell lysates were collected, and protein concentration was
determined by BCA. Proteins were denatured for 10 min
at 98 °C. After running on 10% SDS-PAGE, proteins
were transferred onto PVDF membranes, which were
blocked with 5% non-fat milk at room temperature (RT)
for 1 h, and were incubated in primary antibodies at a
proper dilution at 4 °C for overnight. After the final wash,
membranes were incubated with horseradish peroxidase-
conjugated secondary antibody at 1:5000 dilution for 1 h
a t RT . Membranes were deve loped us ing the
Immobilon™ Western Chemiluminescent HRP Substrate
(Millipore). The primary antibodies were used: rabbit
anti-ING2 (Abcam, ab109504), rabbit anti-Vimentin
(CST, #5741s), rabbit anti-α-SMA (Abcam, ab66133),
rabbit anti-p21 (Proteintech, 10355-1-AP), rabbit anti-
p53 (Proteintech, 10442-1-AP), and rabbit anti-Acetyl-
p53 (CST, #2525 Lys382). Primary antibody against β-
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actin and horseradish peroxidase-conjugated secondary
antibodies were from ZSGB-BIO.

Cell proliferation

HK-2 cells were seeded at a density of 3 × 104cells/well in
a 24-well plate. The cell proliferation was detected by
DNA incorporation using 5-ethynyl- 2’-deoxyuridine
(EdU) kit (RiboBio, China) according to the manufac-
turer’s instructions. Images were acquired by immunoflu-
orescence microscopy (Nikon Ti-S, Tokyo, Japan).

Chromatin immunoprecipitation

ChIP experiments were performed using the EZ-Magna
ChIP kit (Millipore, Billerica, MA, USA) according to
the manufacturer’s instructions. Immunoprecipitation
analysis was carried out using anti-p53 antibody
(Proteintech, 10442-1-AP). Real-time PCR was performed
with primers (p21 forward, 5’-GTT CCC AGC ACT TCC
TCTCC-3’; p21 reverse, 5’-GAA GCA GGC AGC ATA
GGGAT-3’) that amplified the part of the human p21
promoter that contains a putative p53 binding site.

Statistical analysis

Data are presented as means ± SD and were analyzed
using graph prism 6.0 software. Significance was assessed
using unpaired Student’s t-test. Three independent exper-
iments were performed and p < 0.05 was considered as
significant.

Results

Reduced proliferation accompanied by cell cycle
arrest in high glucose-treated proximal tubular epi-
thelial cells

Human proximal tubular epithelial cells (HK-2) were treated
with high glucose for up to 72 h. As shown in Fig. 1a, CCK-8
assay first revealed a reduced viability in high glucose-treated
cells at 72 h. Then the cell proliferation was evaluated by EdU
incorporation, and the EdU-positive cells were dramatically
reduced by nearly 75% in high glucose-treated cells compared
with low glucose control group (Fig. 1b-c). Further cell cycle
was analyzed by flow cytometry. As shown in Fig. 1d, high
glucose treatment arrested more cells in G0/G1 phase with the
accumulation of approximate 66% cells in G0/G1, compared
with 56% in the control group.

Aggravated EMT along with increased ING2
expression under hyperglycemia conditions

ING2 expression was then evaluated both in vivo in the dia-
betic mice by immunohistochemistry and in vitro in high
glucose-stimulated HK-2 cells by qPCR, western blotting,
and immunofluorescent staining. The body weights and the
elevation of blood glucose level, serum creatine, and urea
nitrogen in diabetic mice were shown in Supplementary
Fig. 1. As is shown in Fig. 2a, the positive ING2 staining
was significantly enhanced in the nuclear of diabetic mice
compared with normal controls. The qPCR showed an obvi-
ous increase of ING2 expression in HK-2 cells treated by high

Fig. 1 The decreased
proliferation and cell cycle arrest
in high glucose-stimulated HK-2
cells. a CCK-8 assay from day 0
to day 3 after HK-2 cells were
incubated with medium contain-
ing 5 mM glucose (low glucose,
LG) or 30 mM glucose (high
glucose, HG). b Cell proliferation
was measured by EdU corpora-
tion assay. Nuclei were counter-
stained with DAPI. Bar = 50 um.
c Quantification of EdU-positive
cells. Eight images were collected
for each group, and percentages
of EdU-positive cells were calcu-
lated. d Cell cycle was measured
by FACS after the HK-2 cells
were stimulated with 30 mM glu-
cose for 48 h. Data were shown as
mean ± SD, n = 3, *p < 0.05
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glucose for 48 h (Fig. 2c), which was also proved by western
blotting (Fig. 2d) and immunostaining (Fig. 2e).

To investigate the changes of fibrotic related proteins in
hyperglycemia conditions, the expression of E-cadherin,
vimentin, and α-SMA were evaluated by immunohistochem-
istry on serial sections with ING2 staining. As shown in
Fig. 2a, E-cadherin immunohistochemistry staining in diabetic
mice was reduced compared with control mice, while
vimentin and α-SMA were increased, with H/E staining on
serial sections showing the kidney injuries in the diabetic mice
(Fig. 2b). In mRNA level, the expression of E-cadherin was
also downregulated (Fig. 2f), while the expression of vimentin
(Fig. 2g) and α-SMA (Fig. 2h) were upregulated in high
glucose-stimulated HK-2 cells.

ING2 suppression ameliorated the proliferation defect
and cell cycle arrest induced by high glucose in HK-2
cells

To investigate the role of ING2 in the regulation of cell cycle
arrest and fibrosis in hyperglycemia conditions more

precisely, the expression of ING2 was suppressed in HK-2
cells by small interfering RNA; the knockdown efficiency
was evaluated by both qPCR at mRNA level and western
blotting and immunostaining at protein level. As shown in
Fig. 3, the ING2 expression was knocked down by approxi-
mately 60% in mRNA level in ING2 knockdown group
(ING2kd) compared with scramble siRNA-transfected control
group (CTR) (Fig. 3a), while the protein level was downreg-
ulated by more than 60% (Fig. 3b–d).

The cell proliferation and cell cycle were further inves-
tigated after ING2 was knocked down. Interestingly, as
shown in Fig. 3e, the cell viability had no significant
difference in the first 2 days either in high glucose-
treated group or ING2 knockdown group compared with
control group. However, the cell viability was clearly sup-
pressed by high glucose at day 3, which was significantly
ameliorated by additional ING2 downregulation.
Consistently, the EdU incorporation assay revealed a dra-
matic reduction in cell proliferation after the cells were
treated with high glucose for 72 h, which was restored
by ING2 suppression (Fig. 3f–g).

Fig. 2 Increased ING2 expression along with aggravated EMT under
hyperglycemia conditions. a Immunohistochemical staining for ING2,
E-cadherin, vimentin, and α-SMA of kidneys from control mice (CTR)
and diabetic mice (DM). Bar = 100 um. The expression of ING2 was
measured by qPCR. b Hematoxylin-eosin staining for the kidney mor-
phologies of control mice (CTR) and diabetic mice (DM). The arrows
indicated the mesangial matrix thickening, glomerular hypertrophy, and

renal tubular atrophy. Scale bars = 100 μm. The expression of ING2 was
measured by qPCR (c), western blotting (d), and immunofluorescent
staining (e) of in HK-2 cells cultured in medium with 5.5 mM glucose
(LG) or 30 mM glucose (HG). Scale bars = 50 um. The expression of E-
cadherin (f), vimentin (g), and α-SMA (h) were measured by qPCR after
the HK-2 cells were stimulated with 30 mM glucose for 48 h
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Fig. 3 ING2 knockdown ameliorated high glucose-induced proliferation
defect and cell cycle arrest in HK-2 cells. ING2 was knocked down by
siRNA transfection, and the efficiency was measured in mRNA level by
qPCR (a) and protein level by immunofluorescent staining (b) and west-
ern blotting (c). d Relative density of C. Data was shown as mean ± SD
(n = 3); *p < 0.05, **p < 0.01. Cells transfected with scramble control
siRNA (CTR) or specific siRNA targeting ING2 (ING2kd) were cultured

in medium with 5.5 mM (LG) or 30 mM glucose (HG). e Cell viability
was measured byCCK-8 assay. fCell proliferation was evaluated by EdU
corporation. g Quantification of EdU-positive cells. Eight images were
collected for each group, and percentages of EdU-positive cells were
calculated. h Cell cycle analysis by FACS. Data were shown as mean ±
SD, *p < 0.05, **p < 0.01

Fig. 4 ING2 knockdown alleviated the high glucose-induced
profibrogenic cytokines and EMT marker expression in HK-2 cells.
Cells were transfected with scramble siRNA (CTR) or specific siRNA
targeting ING2 (ING2kd) and were cultured in medium with 5.5 mM

(LG) or 30 mM glucose (HG) for 72 h. a–b mRNA levels of TGF-β1
and CTGF were evaluated by qPCR. c Vimentin and α-SMA expression
were analyzed by western blotting. d–e Relative density of vimentin and
α-SMA. Data were shown as mean ± SD, *p < 0.05, **p < 0.01
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Furthermore, the cell cycle was addressed by flow cytom-
etry. As shown in Fig. 3h, the cell cycle arrest in G0/G1 phase
by high glucose stimulation was attenuated by additional
ING2 knockdown.

ING2 knockdown alleviated the high glucose-induced
profibrogenic cytokines and EMT markers expression
in HK-2 cells

To investigate the role of ING2 in the process of kidney fibro-
sis, the expression of profibrogenic cytokines and EMT-related
markers were detected after ING2 was knocked down under
hyperglycemia conditions. As shown in Fig. 4a–b, the mRNA
levels of transforming growth factor-β1 (TGF-β1) and connec-
tive tissue growth factor (CTGF) were upregulated after treated
with high glucose for 72 h and were downregulated back to the
level of control group after ING2was knocked down compared
with scramble siRNA-transfected cells. Correspondingly, the
expression of EMT markers vimentin and α-SMA was evalu-
ated at protein level by western blotting. The expression of
vimentin and α-SMA were upregulated upon high glucose
stimulation and were downregulated after ING2 was knocked
down by siRNA transfection (Fig. 4c–e).

ING2 knockdown suppressed the high glucose
activated p53-p21 axis in HK-2 cells by regulating p53
acetylation

Based on previous researches, ING2 expression was related
with p21 in a p53 dependent or independent way. To evaluate
the mechanism in greater details, the p53-p21 axis was inves-
tigated in our following experiments. First, p21 expression
was evaluated in diabetic mice by immunohistochemistry,
and the positive p21 staining was significantly enhanced in
diabetic mice compared with normal control (Fig. 5a). We
next determined whether high glucose stimulation impaired
the ability of p53 to interact with the promoter of p21 by
ChIP assay. Indeed, the p53 binding to the p21 promoter
was enhanced under high glucose condition (Fig. 5b). The
mRNA level of p21 was further evaluated by qPCR and is
shown in Fig. 5c, and the high glucose-induced expression of
p21 was reduced after ING2 was knocked down, indicating
that ING2 plays a role in regulating the activity of p53. While
the expression of total p53 was quite constant after high glu-
cose stimulation and ING2 siRNA transfection, the p21 and
acetylated p53 were markedly enhanced upon high glucose
stimulation, which was totally decreased by downregulating

Fig. 5 ING2 knockdown suppressed the high glucose activated p53-p21
axis in HK-2 cells by regulating p53 acetylation. a Immunohistochemical
staining for p21 in kidneys from control mice (CTR) and diabetic mice
(DM). b Binding of p53 to the p21-promoter analyzed by ChIP assays in
HK-2 cells under high glucose condition. Normal IgG served as control. c
p21 mRNA level was evaluated by qPCR. Cells were transfected with

scramble siRNA (CTR) or specific siRNA targeting ING2 (ING2kd) and
were cultured in medium with 5.5 mM (LG) or 30 mM glucose (HG). d
ING2, p53, p21, and acetylated p53 expression was evaluated by western
blotting. e–h Relative density of ING2, p53, p21, and ac-p53. Data were
shown as mean ± SD, *p< 0.05, **p < 0.01
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ING2, revealing that ING2 may regulate the activity of p53
through its acetylation (Fig. 5d–h).

Discussion

Inhibitor of growth 2 (ING2) is known as a candidate tumor
suppressor gene [14] and has been implicated in the cell pro-
liferation and death of many cell types in recent years [27].
However, the role of ING2 in the kidney diseases remains
largely unknown. Here, we first reported that the expression
of ING2was enhanced both in high glucose-stimulated renal
tubular epithelial cells and in the kidney of diabetic mice
(Fig. 2).Weobserved that long time exposure to highglucose
leads to proliferation suppression in HK-2 cells, which is
probably due to the cell cycle arrest atG1phase, and the func-
tion of ING2 in this processwas further investigated by small
RNA interference in greater details. Interestingly, knocking
downofING2rescuedthehighglucose-inducedproliferation
defect inHK-2cells probablybyalleviating thehighglucose-
inducedcellcyclearrestasshowninFig.3.Ithasbeenreported
previously that the inhibitionof ING2expressionaccelerated
theprogressionof cells fromG1 toSphase inU2OSosteosar-
coma cells [15]. This is consistent with our results that ING2
suppression could ameliorate the high glucose-induced cell
growth defect by permitting transition fromG1 to S phase.

More interestingly, we identified a new potential func-
tion for ING2 in the renal tubular fibrosis process. Renal
tubulointerstitial fibrosis has been established as the hall-
mark and major pathological feature of most progressive
chronic kidney disease and ESRD [30]. Though it has
been controversial if EMT program does exist in the renal
fibrosis progress in vivo, more and more experiments sup-
port that EMT of TECs is central to the kidney
tubulointerstitial fibrosis [7, 16, 24]. TGF-β1 has been
well recognized as a multi-functional cytokine that can
drive fibrosis [26, 36]. And CTGF is a matricellular pro-
tein that can exacerbate extracellular matrix production
and cooperate with TGF-β1 to induce sustained fibrosis
in the kidney [11, 21, 25]. As shown in Fig. 4, we could
show that suppression of ING2 alleviated the EMT prog-
ress by reducing the expression of profibrogenic cytokines
TGF-β1 and CTGF.

The correlation of cell cycle arrest and the development of
kidney fibrosis have been established in AKI models by Yang
et al. in 2010, in which they have demonstrated that the arrest
of proximal tubule epithelial cells in G2/M causes a
profibrotic phenotype [40]. In the present study, the rescued
cell cycle arrest in G1 phase by ING2 knockdown ameliorated
the EMT induced by high glucose in TECs. We did not detect
any significant alteration in G2/M phase in our experiment,
which could be due to the difference between AKI and dia-
betic models. And more strikingly, we provided evidence

showing the correlation of cell cycle arrest with kidney fibro-
sis process in chronic kidney diseases. Furthermore, our study
indicates that ING2 might serve as a potential new target for
the prevention and treatment of DKD by regulating cell cycle.
The role of ING2 in the kidney fibrosis in vivo needs to be
addressed in the future with ING2 deficient mice.

In mechanism, we further showed that the acetylation of
p53 on lysine 382 in HK-2 cells was increased under high
glucose stimulation, which was decreased by ING2 knock-
down (Fig. 5), while the total p53 expressionwas constant. It
has been previously reported that p33ING1b (an alternative
splice variant of ING1) could inhibit the deacetylation of p53
through binding to SIRT1 and resulting in an increase of
acetylated p53 [10]. On the other hand, ING2 could enhance
the interaction between p53 and p300 and acted as a cofactor
for p300-mediated p53 acetylation during the onset of repli-
cative senescence [22]. The increase of p53 acetylation on
lysines 382 has been related to an augmentation of site-
specific DNA binding of p53 and enhanced activity [17,
23]. Indeed, we further found that the p53 target gene p21
was transcriptionally activated in high glucose-treatedHK-2
cells, which was decreased by ING2 knockdown (Fig. 5).
The increased expression of p21 has been identified both in
acute kidney injury (AKI) models [20] and various experi-
mental models of diabetic nephropathy [3, 8, 12] in previous
studies. However, the role of p21 in these two series of
models was contradictory. In AKI models, p21-deficient
mice develop more severe damage in comparison with
wild-type animals, and p21 induction ameliorates AKI
[19], while in diabetic nephropathy models, p21-deficient
mice are protected from progression of diabetic nephropathy
and glomerular hypertrophy [2, 9]. In our present study, p21
was upregulated in high glucose-stimulated renal tubular ep-
ithelial cells anddownregulatedby ING2knockdown,which
may play a vital role in the process of ING2 protecting the
TECs from cell cycle arrest and EMT.

Collectively, our study demonstrates that the cell cycle
regulation is bound up with the kidney fibrosis in DKD
and ING2 may serve as a potential therapeutic strategy
targeting cell cycle arrest for DKD.
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