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Abstract: Background: Diabetic nephropathy (DN) is one of the most important microvascular complications of dia-
betes mellitus. The present study aims to explore whether angiopoietin-like protein 2 (ANGPTL2) can promote renal 
tissue fibrosis in DN. Materials and methods: Models includes diabetic SD rats induced by streptozotocin (STZ) and 
high glucose (HG)-stimulated HK-2 cells. qRT-PCR, western blot and immunohistochemical analysis were performed 
to explore ANGPTL2 expression. The renal injury and fibrosis were assessed using hematoxylin-eosin staining (H&E) 
and Masson trichrome staining. Immunofluorescence was conducted to detect the expression of collagen IV and 
LC3II. The levels of pro-inflammatory factors IL-6, -1β, TNF-α and ANGPTL2 were assessed by an ELISA, and nitric 
oxide (NO) production was determined using Griess method. Protein levels of iNOS, PTEN, fibronectin (FN), collagen 
I, IV, p62, beclin1 and MEK/ERK/Nrf-1 pathway in DN rats and HK-2 cells were determined, respectively. Results: 
When compared with normal rats, DN rats experienced severe renal injury and fibrosis and showed decreased LC3II 
and beclin1, increased PTEN, FN, collagen I and IV, p62, NO, iNOS and ANGPTL2 in kidney. The pro-inflammatory 
factors and ANGPTL2 were markedly elevated. Again, knockdown of ANGPTL2 caused an increase in MEK, p-ERK, 
Nrf-1, LC3II, beclin1, and a decrease in PTEN, FN, collagen I and IV, p62, NO, iNOS and pro-inflammatory factors 
of HK-2 cells. Furthermore, knockdown of MEK/ERK reversed these changes. Conclusion: ANGPTL2 may serve an 
important role in the autophagy of DN and activate MEK/ERK/Nrf-1 pathway, which may therefore have potential as 
a treatment to prevent renal fibrosis in DN.
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Introduction

Diabetic nephropathy is one of the most severe 
complications among the various types of dia-
betes related complications all through the 
world [1]. In the past, DN was considered to be 
primarily a glomerular disease and tubule inter-
stitial fibrosis (TIF) always occur in the early 
stage of DN [2]. TIF is prominent in glomerular 
diseases that progress to chronic renal failure, 
which is characterized by tubular atrophy and 
excessive accumulation of extracellular matrix 
components such as collagen I and IV and fib- 
ronectin (FN). In addition, the accumulation of 
renal extracellular matrix in early diabetic pa- 
tients usually leads to renal glomerular sclero-
sis and interstitial fibrosis [3]. The extracellular 
matrix is mainly composed of fibronectin and 

collagen. FN attaches cells to the extracellular 
matrix components and collagen is the most 
important structural protein in the extracellu- 
lar matrix. So far, 44 different collagen genes 
have been identified and more than 28 differ-
ent types of collagen have been created. Am- 
ong them, the types 1, 2, 3 collagens are the 
most abundant [4, 5]. Beside, PTEN is a phos-
phatase closely related to renal fibrosis [6, 7]. 
Except insulin and nutrition starvation, intracel-
lular metabolism alternations are also related 
to the pathogenesis of DN, involving the incre- 
ase in reactive oxygen species (ROS). 

Recent studies have shown that activation of 
autophagy can inhibit fibrosis and prevent the 
progression of DN and autophagy is a highly 
conserved cellular process in which proteins 
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and damaged cell organelles are delivered to 
lysosomes for degradation and recycling to 
maintain intracellular homeostasis [8]. In addi-
tion, LC3-II formation is recognized as a marker 
of the existence of autophagosomes in cell or 
animal experiments [9, 10]. A recent study sh- 
owed that berberine could suppress the de- 
gree of oxidative stress by inhibiting the signal 
pathway of nuclear factor erythroid-2-related 
factor-2 (Nrf2) [11]. It has been reported that 
the increase of inflammatory cytokines usually 
occurs in the process of DN [12]. Subsequent- 
ly, after the treatment of berberine, the levels  
of the corresponding inflammatory factor and 
cytokines decreased, the inhibitory effect of 
GLUT-4 was improved, and the utilization rate 
of glucose was increased, which also indirectly 
improved insulin resistance [13]. Meanwhile, 
the level of IL-6 is related to the process of in- 
sulin resistance in diabetes, and the decrease 
of IL-6 promote the tyrosine phosphorylation of 
insulin receptor substrate 1 and stimulate the 
insulin pathway, which can directly improve in- 
sulin resistances [14]. In addition, iNOS is also 
related to insulin resistances [15], which is an 
important mediator of DN. 

Angiopoietin-like proteins (ANGPTLs) are a fam-
ily of secreted proteins structurally similar to 
angiopoietin. Different ANGPTLs have different 
functions. Among them, ANGPTL2 has the func-
tion of physiological tissue remodeling [16] and 
plays important roles in the pathological condi-
tions related to chronic non-infectious inflam-
mation, such as the adipose tissue inflamma-
tion induced by obesity, rheumatoid arthritis, 
atherosclerosis and chemically induced can-
cers [17-20]. In many pathologies, tissue fibro-
sis is closely associated with chronic inflam- 
mation, and the association of ANGPTL2 with 
chronic inflammatory diseases leads us to hy- 
pothesize that ANGPTL2 may also play a role  
in fibrogenic responses of several organs [21]. 
ANGPTL2 may play an important role in the 
pathogenesis of DN.

In the present study, we address the questions 
whether ANGPTL2 can promote renal tissue fi- 
brosis through autophagy. The purpose of the 
present study was to explore the molecular 
mechanism of ANGPTL2 affecting in DN rats, 
that is, whether it plays a role by regulating 
autophagy process and the MEK/ERK/Nrf-1 
pathway, in order to provide a new idea for the 

treatment of diabetic nephropathy in clinical 
practice.

Materials and methods

Animals

SD rats (male, 200-250 g) were obtained from 
the experiment animal center. After housed on 
a 12 h-light/12-dark circle for 1 week adjust-
ing, rats were randomly divided into the normal 
group (n = 9) and the diabetic group (n = 9). The 
rats in the normal group were fed standard diet 
and rats in diabetic group were fed with high-fat 
diet for 4 weeks following by intraperitoneal 
one-time injection with STZ (35 mg/kg body 
weight, 0.1  mmol/L sodium citrate solution, pH 
4.4). Tail vein blood glucose was measured 
every week and those with blood glucose high-
er than 11.0 mmol/L were considered to be 
diabetic models. 4 weeks later, after assess-
ment of renal function, rats were sacrificed by 
cervical dislocation. Subsequently, renal tissue 
was removed and cleaned. Then, one part of 
tissue was immediately saved in 4% formalde-
hyde and embedded in paraffin for immunohis-
tochemistry, immunofluorescence and Masson 
staining, and the other part was saved in liquid 
nitrogen for extraction of RNA and protein.

All rats were managed according to the guide-
lines of Zhongda Hospital affiliated with Sou- 
theast University. Experimental protocols were 
approved by the Institutional Animal Care and 
Use Committee of Zhongda Hospital affiliated 
with Southeast University.

Assessment of renal function

Before the sacrifice of the rats, after fasting for 
12 hours, venous blood and urine was collect-
ed from DN rats in the morning of the next day. 
The fasting blood glucose (FBG) and urine pro-
tein levels were determined using an automatic 
biochemistry analyzer (Japan). DN model was 
successfully prepared with blood glucose gre- 
ater than 11 mmol/L and urine protein level at 
24 h greater than 50% before modeling.

H&E and Masson trichrome staining

The paraffin blocks of renal tissue were cut in  
5 mm thickness, and the sections were depar-
affinized in xylene and dehydrated in alcohol. 
Then, the sections were stained in hematoxylin 
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and eosin (H&E) and Masson’s trichrome meth-
od. HE staining was performed as follows: he- 
matoxylin solution for 5 min before bluing in 
0.2% ammonia water or saturated lithium car-
bonate solution for 30 s. After rinsing in 70% 
and 90% alcohol, the sections were counter-
stained in eosin-phloxine solution for 2 min. 
Masson trichrome staining was conducted as 
following: After deparaffinized and rehydrated, 
the sections were stained in hematoxylin solu-
tion for 8 min. Then, ponceau acid fuchsin solu-
tion for 5 min after rinsed in running tap water 
for 8 min. After differentiated in phosphomolyb-
dic-phosphotungstic acid for 5 min, sections 
were transferred into aniline blue solution for 5 
min. Then sections were differentiated in 0.2% 
acetic acid for 2 min and followed by dehydra-
tion, clearing, and mounting. Finally, Images we- 
re all captured by a Nikon microscope (Japan).

Immunohistochemistry

After dehydration, transparence, embedding, 
and the renal tissue sections were deparaf-
finized and rehydrated. Antigen retrieve was 
applied to perform immunohistochemistry by 
heating sections immersed in EDTA solution 
(PH 9.0) with pressure cooker for 2 min and  
left to cool down at room temperature for 20 
min. After washed by phosphate-buffer saline 
(PBS), sections were incubated with specific 
primary antibody (rabbit anti-ANGPTL2 anti-
body, ab199133, 1:50) at 4°C overnight, sec-
tions were washed by phosphate-buffer saline 
for three times for 5 min each. Then, sections 
were incubated with goat anti-rabbit second- 
ary antibody labeled with biotin for 30 min at 
37°C. After rinsing three times with phosph- 
ate-buffered saline, staining was produced by 
DAB before counterstaining with haematoxy- 
lin. Brownish yellow granules in cytoplasm and 
nuclei were interpreted as positive region.  

Cells and transfection

Human proximal tubular cell (HK-2 cells), pur-
chased from ATCC, were cultured with DMEM 
medium containing 5.5 mmol/L glucose sup-
plemented with 10% serum, 1% penicillin, and 
streptomycin. Then, cells of normal glucose gr- 
oup were cultured with normal glucose medi- 
um whereas cells of other groups were treated 
with high glucose medium for 48 h followed by 
related analysis. Briefly, HK-2 cells seeded in a 
24-well plates were grown to 90% confluence 

and mixtures of 4 µg DNA and 10 µl Lipofecta- 
mine 2000 were added into serum-free medi-
um. Cell transfection was performed using Li- 
pofectamine 2000 (Invitrogen). First, high glu-
cose stimulation was performed by culturing 
cells in DMEM medium containing 25 mmol/L 
glucose for 48 h. Then, for cell transfection 
experiment of siRNA-ANGPTL2-1, siRNA-ANG-
PTL2-2 and siRNA-NC vectors, HK-2 cells were 
randomly divided into five groups: normal glu-
cose group (control), high glucose treatment 
group (HG), siRNA-NC group (NC), siRNA-ANG-
PTL2-1 group and siRNA-ANGPTL2-2 group. 
Subsequently, the MEK/ERK inhibitor U0126 
(10 μM/L) was added to co-culture for 1 h. HK-2 
cells were randomly divided into four groups: 
control normal glucose group (control), high  
glucose treatment group (HG), high glucose 
plus siRNA-ANGPTL2-1 vector-transfected gro- 
up, and high glucose plus siRNA-ANGPTL2-1 
vector-transfected plus U0126 group. 

Enzyme-linked immunosorbent assay (ELISA)

Serum was isolated from rats’ blood. Addition- 
ally, after treatment, HK-2 cell culture superna-
tants from different groups were collected and 
centrifuged at 3000 r/min for 15 min, and 
supernatant was extracted at 4°C for later  
use. Then the serum supernatants were used 
to assess the contents of IL-6, TNF-α and IL-1β 
using the ELISA kits (Abcam, USA). Each sam-
ple was assayed in triplicate and experiment 
was repeated three times to lessen inter and 
intra-assay coefficients of variation.

NO measurement 

NO concentration in renal tissue was quantified 
using the Griess reaction. The specific steps 
were performed according to the instructions 
of the kit (E1030, APPLYGEN, Beijing, China).

Immunofluorescence

For renal tissue, antigen retrieve was perform- 
ed by the method of pressure cooker after de- 
paraffinization and rehydration of slides. After 
blockage of goat serum, slides were incubated 
with rabbit anti-Collagen IV antibody (ab6586, 
1:250) and rabbit anti-LC3-II antibody (ab48- 
394, 1:200) at 4°C overnight. After rinsed with 
PBS for three times, slides were incubated with 
conjugated secondary antibody for 2 h at 37°C 
and stained with DAPI for 1 h. Slides were ob- 
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served by fluorescence microscope. For HK-2 
cells cultured on chamber slides, then cells 
were fixed with 4% paraformaldehyde and per-
meabilized with PBS containing 0.1% Triton 
X-100. Cells were incubated with primary anti-
body anti-Collagen IV antibody (ab6586, 1:250) 
and anti-LC3-II antibody (ab48394, 1:200) at 
4°C overnight followed by incubation of se- 
condary antibody for 2 h at 37°C. DAPI (Life 
Technologies Corporation, Gaithersburg, MD, 
USA) was used as counterstain for 1 h. Slides 
were examined by fluorescence microscope 
and analyzed with Image J software.

Western blot analysis

Renal tissue or HK-2 cells were lysed with cold 
RIPA lysis buffer including protease inhibitors 
and total protein were extracted after centri-
fuge (12000 r/min) at 4°C for 15 min. Protein 
concentration was quantified by BCA method. 
Then protein was denatured by storing in a wa- 
ter of 100°C for 5 min after mixed with loading 
buffer and the supernatant was used for elec-
trophoresis. Subsequently, equal amounts of 
total protein (30 µg) was loaded per lane and 
electrophoresed in the denatured SDS-PAGE 
gel at 80 V for 15 min and the gel was sepa- 
rated at 120 V until bromophenol blue ran  
to the bottom of the gel. After proteins were 
transferred to PVDF membrane, 5% skimmed 
milk powder was sealed at room temperature 
for 2 h. Then, blots were incubated with pri- 
mary antibody obtained from Abcam company, 
such rabbit anti-PTEN antibody (ab170941, 
1:1000), mouse anti-fibronectin antibody (ab- 
6328, 1:500), rabbit anti-Collagen I antibody 
(ab34710, 1:1000), rabbit anti-Collagen IV an- 
tibody (ab6586, 1:1500), rabbit anti-Beclin1 
antibody (ab62557, 1:1000), rabbit anti-p62 
antibody (ab155686, 1:500), rabbit anti-iNOS 
antibody (ab3523, 1:500), rabbit anti-ANGPTL2 
antibody (ab199133, 1:500), rabbit anti-GAP-
DH antibody (ab9485, 1:2000) at 4°C over-
night. The next day, blots were incubated with 
goat anti-rabbit antibody (ab205718, 1:5000) 
and goat anti-mouse (ab205719, 1:5000) for 2 
h at room temperature. After washed with TT- 
BS, blots were placed in a gel imager and treat-
ed with ECL super-sensitive solution for differ-
ent time. Whereafter, exposure and visualiza-
tion were performed, and bands were evaluat-
ed with Gel-pro analyzer software for quantita-
tive analysis, normalized for GAPDH.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) 

Total RNA was isolated from renal tissue and 
HK-2 cells using the Trizol reagent kit (Invitro- 
gen). The cDNA was synthesized with the RNA 
and the reverse transcription kit (Takara Bio 
Inc., Japan). To investigate the level of ANGPTL2 
mRNA, real-time PCR was performed with real-
time PCR reagents according to the following 
protocol: 95°C for 5 min, 95°C for 10 s, 55°C 
for 30 s, 72°C for 10 s, 40 cycles. The specific 
primers for ANGPTL2 (Thermo Fisher Scien- 
tific) were 5’-CGCCTGGATGGCTCTGTC-3’ (for-
ward) and 5’-GTTTGTAGTTGCCTTGGTTCGTG-3’ 
(reverse). GAPDH, used as a control, was ampli-
fied using the following specific primers: For- 
ward, 5’-CGTGCCGCCTGGAGAAACCTG-3’; and 
reverse, 5’-AGAGTGGGAGTTGCTGTTGAAGTCG- 
3’ (Thermo Fisher Scientific, Inc.). ANGPTL2 
mRNA level in the renal tissue of DN rats and 
HK-2 cells were calculated with the 2-ΔΔCq meth-
od [22].

Statistical analysis

Result is shown as means ± standard deviation 
(SD). Data were expressed using ANOVA and 
Tukey’s test. SPSS (version 17.0) statistical 
software was used for all calculations, with P  
< 0.05 as the difference being statistically 
significant.

Results

Levels of blood glucose and urine protein in 
DN rats

In order to evaluate the success of the estab-
lishment of the DN rat model, the FBG level and 
24 h urine protein level were measured using 
an automatic biochemical analyzer. The results 
revealed that FBG and 24 h urine protein pres-
ent higher level in the rats after STZ treatment 
for 1-3 days while low level in rats before STZ 
treated (Figure 1A), which indeed proves that 
the DN rat model has been successfully esta- 
blished.

Renal fibrosis level in kidney of DN rats

HE staining and Masson staining were chosen 
to detect the pathological and renal fibrosis 
level in kidney of DN rats. It can be seen in 
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Figure 1B and 1C that there was no evident 
change in glomerular volume or structure and 
renal fibrosis in kidney of normal rats (control). 
However, the glomerular basement membrane 
thickened, mesangial hyperplasia and glomeru-
lar volume was revealed in renal interstitium of 
DN rats. Again, significant renal fibrils accumu-
lation (stained with blue) was found in kidney of 
DN rats. 

Furthermore, collagen IV known as fibrotic pro-
tein was detected by immunofluorescence to 
prove to be significantly up-regulated in kidney 
of DN rats (Figure 1D). Meanwhile, the results 
of western blot showed that the fibrosis-associ-
ated proteins, PTEN, FN, collagen I and IV, are 
elevated in renal tissue significantly when com-
pared with that in the control group (Figure 2A).

The level of autophagy in renal tissue of DN 
rats

Immunofluorescence analysis revealed that 
LC3II was low expressed in renal tissue of DN 
rats comparing to the control group (Figure 2B). 
Then, we analyzed the protein levels of autoph-
agy-associated proteins, p62 and beclin1, us- 
ing western blot assay. The results indicated 

that beclin1 of autophagy promoting protein 
was down-regulated and p62 autophagy inhib-
iting protein was up-regulated, both dramati-
cally in DN rats when compared with the con-
trol group (Figure 2C). These results indicated 
that the autophagy level was significantly de- 
creased in diabetic nephropathy rats.

The levels of inflammatory factors in serum 
and ANGPTL2 expression in renal tissue of DN 
rats

Serum levels of inflammatory factors, IL-6, IL-1β 
and TNF-α, were particularly elevated in DN 
rats comparing to the control group (Figure  
3A). What’s more, the level of NO and the iNOS 
expression were all up-regulated in renal tissue 
of DN rats compared with the control group 
(Figure 3B and 3C). The oxidative stress may 
play an important role in the pathogenesis of 
diabetic nephropathy. To investigate the role of 
ANGPTL2 in DN rats, RT-qPCR and western blot 
were performed to detect the ANGPTL2 expres-
sion. As a result, both the ANGPTL2 mRNA level 
and its protein concentration were significant- 
ly increased in the renal tissue of DN rats (Fig- 
ure 3D and 3E). Significant increase in serum 
ANGPTL2 concentration in DN rats when com-

Figure 1. Increased fasting blood-glucose (FBG), 24-hour urine protein level, renal tissue injury, renal fibrosis, and 
collagen IV were demonstrated in kidney of DN rats in comparison with control normal rats by methods of an auto-
matic biochemistry analyzer, HE staining, Masson staining and immunofluorescence. A. The broken line graph of 
FBG and 24-hour urine protein level in kidney of DN rats and control normal rats. B. HE staining for renal tissue injury 
in kidney of DN rats and control normal rats (magnification, ×200). C. Masson staining for renal fibrosis in kidney of 
DN rats and control normal rats (magnification, ×200). D. Immunofluorescence of collagen IV (indicated in green) 
with DAPI counterstaining in control normal rats and DN rats. n = 9. ***P < 0.001 versus control group.



The effect of ANGPTL2 in diabetic nephropathy

5477 Am J Transl Res 2019;11(9):5472-5486

pared with normal rats (Figure 3F). Meanwhile, 
the results of immunohistochemistry were con-
sistent with that of the RT-qPCR and western 
blot, ANGPTL2 expression was increased in 
renal tissue of DN rats. Specifically, brown-yel-
low granules were obviously increased in the 
DN group, and were concentrated around the 
renal tubular epithelial cells (Figure 3G). These 
findings establish ANGPTL2 is a bioactive mo- 
lecular that may has a role in DN diseases.

ANGPTL2 affects autophagy and inflammatory 
changes of HK-2 cells induced by high glucose 
via activating MEK/ERK/Nrf-1 signal pathway

After two different interfering plasmids of si-
ANGPTL2-1 and si-ANGPTL2-2 were construct-
ed and transfected into the HK-2 cells, and the 
transfection efficiency of them was verified by 
RT-qPCR and western blot assays. As shown in 
Figure 4A and 4B, ANGPTL2 overexpressed in 

Figure 2. Increased PTEN, FN, collagen I, IV, p62, decreased LC3II and beclin1 were revealed in DN rats and control 
normal rats. A. Western blot detection and statistical analysis for PTEN, FN, collagen I and IV proteins in kidney of 
control normal rats and DN rats. B. Immunofluorescence of LC3II (indicated in green) with DAPI counterstaining in 
control normal rats and DN rats. C. Western blot of beclin1 and p62 proteins expression in kidney of control normal 
rats and DN rats. n = 9. **P < 0.01, ***P < 0.001 versus control group. 
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the HG-induced HK-2 cells, and the level in pro-
tein and mRNA of ANGPTL2 were significantly 

decreased in both si-ANGPTL2-1 and si-ANG-
PTL2-2 groups and the interference efficiency 

Figure 3. Increased IL-6, TNF-α, IL-1β, NO, iNOS and ANGPTL2 were showed in in DN rats and control normal rats. 
A. ELISA detection and statistical analysis for serum IL-6, TNF-α and IL-1β in control normal rats and DN rats. B. 
Griess reaction for NO concertration in in kidney of control normal rats and DN rats. C. Western blot detection and 
statistical analysis for iNOS in kidney of control normal rats and DN rats. D. Real-time qPCR of ANGPTL2 mRNA 
with an internal control of GAPDH in kidney of control normal rats and DN rats. E. Western blot of ANGPTL2 protein 
expression in kidney of control normal rats and DN rats. F. The level of serum ANGPTL2 was detected by method of 
ELISA in normal or DN rats. G. Immunohistochemistry of ANGPTL2 expression in kidney of control normal rats and 
DN rats. N = 9. *P < 0.05, **P < 0.01, ***P < 0.001 versus control group.
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was the most obvious in the si-ANGPTL2-1 
group. Therefore, the si-ANGPTL2-1 was select-
ed for further experimental study.

To further investigate the effect of ANGPTL2 on 
regulating autophagy process via regulating 
MEK/ERK/Nrf-1 pathway, the MEK/ERK inhibi-
tor (U0126) was added to HK-2 cells to block 
the MEK/ERK/Nrf-1 signaling pathway. Then, 

we performed western blotting analysis of the 
MEK/ERK/Nrf-1 signaling pathway. First, we 
found that MEK, P-ERK and Nrf-1 expressions 
in HK-2 cells were significantly decreased after 
HG induction comparing to control group, indi-
cating that HG induction could inhibit the acti-
vation of the MEK/ERK/Nrf-1 pathway (Figure 
4C). Next, knockdown of ANGPTL2 with si-ANG-
PTL2-1 obviously up-regulated the protein lev-

Figure 4. The effects of knocking down of ANGPTL2 and U0126 on MEK, ERK, phospho-ERK, and Nrf-1 in HG-
induced HK-2 cells. (A) Western blot and statistical analysis and (B) real-time qPCR of ANGPTL2 protein and mRNA 
with an internal control of GAPDH in HK-2 cells of normal glucose group (control), high glucose group (HG), control 
vector-transfected group (NC), si-ANGPTL2-1 vector-transfected group (si-ANGPTL2-1), and si-ANGPTL2-2 vector-
transfected group (si-ANGPTL2-2). Each experiment was repeated three times. ***P < 0.001 versus control group; 
##P < 0.01, ###P < 0.001 versus HG+NC group. (C) The expression and statistical analysis of MEK, ERK, phospho-
ERK, and Nrf-1 by Western blot in HK-2 cells of control normal group (control), high glucose group (HG), high glu-
cose plus transfected with si-ANGPTL2-1 vector group (si-ANGPTL2-1+HG), and high glucose plus transfected with 
si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). Each experiment was repeated three times. 
###P < 0.001 versus control group; ***P < 0.001 versus HG group; ΔP < 0.05 versus si-ANGPTL2-1+HG group.
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els of MEK, P-ERK and Nrf-1 compared with the 
HG group in HK-2 cells. Rather, U0126 reversed 
the promoting effect of si-ANGPTL2-1 on the 
MEK/ERK/Nrf-1 signaling pathway and down-
regulated the MEK, P-ERK and Nrf-1 expres-
sions when compared with that in the si-ANG-
PTL2-1+HG group (Figure 4C). These results 
suggested that ANGPTL2 may play a role in 
inhibiting autophagy and promoting inflamma-
tory responses by activating MEK/ERK/Nrf-1 
signaling pathway.

As shown in Figure 5, the immunofluorescence 
results in HK-2 cells showed that LC3II expres-
sion was significantly decreased after HG indu- 
ction and autophagy was inhibited. In addition, 
si-ANGPTL2-1 could up-regulate the level of 
LC3II and promote autophagy, and then U0126 
could decrease the expression of LC3II and 
inhibit autophagy, thus reversing the effect of 
si-ANGPTL2-1 on HK-2 cells. Consistently, there 
was increased level of p62 and decreased level 
of beclin1 in HK-2 cells after HG induction (Fig- 
ure 6A). Additionally, ANGPTL2 downregulation 
inhibit p62 expression and promote beclin1 
expression, and then U0126 upregulated p62 
expression and downregulated beclin2 expres-
sion comparing to the si-ANGPTL2-1+HG group 
(Figure 6A).

To verify the role of ANGPTL2 in the inflamma-
tory process, we examined the expression of 
inflammatory cytokines (IL-6, TNF-α and IL-1β) 
in the HK-2 cells using an ELISA assay. Mean- 
time, the levels of NO and iNOS were mea- 
sured. As shown in Figure 6B, the levels of  
IL-6, TNF-α and IL-1β were all increased in high 
glucose-treated HK-2 cells. However, si-ANG-
PTL2-1 inhibited these inflammatory cytokines 
and U0126 promoted inflammation by upregu-
lating the expression of IL-6, TNF-α and IL-1β. 
Interestingly, the levels of NO (Figure 6C) and 
iNOS (Figure 7A) were consistent with trends in 
above inflammatory cytokines.

ANGPTL2 affects fibrosis-associated protein 
levels of HK-2 cells induced by high glucose 
via activating MEK/ERK/Nrf-1 signal pathway

Finally, we determined whether knockdown of 
ANGPTL2 decreased the fibrosis in HK-2 cells. 
Western blotting and immunofluorescence we- 
re performed to detect the expressions of fib- 
rosis-associated protein, including PTEN, FN, 
collagen I and IV. As shown in Figure 7B, HG 
induction upregulated the protein levels of 
PTEN, FN, collagen I and IV comparing to the 
control group, while these protein were all in- 
hibited in the si-ANGPTL2-1+HG group compar-

Figure 5. Immunofluorescence of LC3II counterstained by DAPI in HK-2 cells of control normal group (control), high 
glucose group (HG), high glucose plus transfected with si-ANGPTL2-1 vector group (si-ANGPTL2-1+HG), and high 
glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). Each experiment 
was repeated three times.
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Figure 6. The effects of knocking down of ANGPTL2 and U0126 on p62, beclin1, IL-6, TNF-α, IL-1β, and NO in HG-induced HK-2 cells. A. Expression of p62 and 
beclin1 were determined by Western blot and quantified by densitometry in HK-2 cells of control normal group (control), high glucose group (HG), high glucose 
plus transfected with si-ANGPTL2-1 vector group (si-ANGPTL2-1+HG), and high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-
1+HG+U0126). B. ELISA for IL-6, TNF-α and IL-1β in in HK-2 cells of control normal group (control), high glucose group (HG), high glucose plus transfected with si-
ANGPTL2-1 vector group (si-ANGPTL2-1+HG), and high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). C. Griess 
reaction for NO concertration in HK-2 cells of control normal group (control), high glucose group (HG), high glucose plus transfected with si-ANGPTL2-1 vector group 
(si-ANGPTL2-1+HG), and high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). Each experiment was repeated 
three times. ###P < 0.001 versus control group; **P < 0.01, ***P < 0.001 versus HG group; ΔP < 0.05, ΔΔP < 0.01, ΔΔΔP < 0.001 versus si-ANGPTL2-1+HG group.
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ing to the HG group. The treatment of U0126 
increased PTEN, FN, collagen I and IV expres-
sion when compared with that in the si-ANG-
PTL2-1+HG group. Lastly, the results of immu-
nofluorescence again confirmed this point, and 
the fluorescence expression level of collagen  
IV was consistent with the results of western 
blotting above (Figure 8). These results indicat-
ed ANGPTL2 may be a new target for reducing 
renal fibrosis in diabetic nephropathy.

Discussion

We demonstrated that ANGPTL2, a novel DN- 
associated growth factor identified in the gene 
chip screening, is a key mediator of renal fibro-
sis and autophagy in diabetic nephropathy. 

The overexpression of ANGPTL2 in DN shows  
a close relationship to abnormal microvascu- 
lature and endothelial inflammation. A recent 

Figure 7. The effects of knocking down of ANGPTL2 and U0126 on iNOS, PTEN, FN, collagen I and IV in HG-induced 
HK-2 cells. A. Western blot detection and statistical analysis for iNOS in HK-2 cells of control normal group (control), 
high glucose group (HG), high glucose plus transfected with si-ANGPTL2-1 vector group (si-ANGPTL2-1+HG), and 
high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). B. Protein 
level of PTEN, FN, collagen I and IV were determined by Western blot and quantified by densitometry in HK-2 cells 
of control normal group (control), high glucose group (HG), high glucose plus transfected with si-ANGPTL2-1 vector 
group (si-ANGPTL2-1+HG), and high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANG-
PTL2-1+HG+U0126). Each experiment was repeated three times. ###P < 0.001 versus control group; **P < 0.01 
versus HG group; ΔP < 0.05 versus si-ANGPTL2-1+HG group.
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report demonstrated that in renal disease, in- 
creased albuminuria and decreased glomeru- 
lar filtration rate were positively correlated with 
increased serum ANGPTL2 levels in patients 
with type 2 diabetes [23]. Besides, ANGPTL2 
may be involved in the inflammatory mecha-
nisms of adipose tissue and may contribute to 
the insulin resistance related to obesity [17]. 
Studies have shown that PTEN has a protective 
effect on myocardial fibrosis, liver fibrosis, pul-
monary fibrosis and renal fibrosis, and it is a 
marker of fibrosis [24]. The protein p62, known 
as sequestosome 1, localized at the auto- 
phagosomes through interaction with LC3 and 
degraded by the autophagy-lysosome system 
[25].

In our present study, we also revealed that 
ANGPTL2 was upregulated in the renal tissue  
of DN rats with severe renal injury and renal 
fibrosis, and high levels of inflammation, NO 
and iNOS, which was accompanied by a signifi-
cant decrease in autophagy in vivo compared 
with that of normal rats. Again, it was proved in 
the present research high glucose could pro-
mote ANGPTL2 expression in DN rats and in 
vitro cultured HK-2 cells. Knock down of ANG- 
PTL2 reversed HG-induced increased fibrosis 
and inflammation levels and decreased autoph-

agy level in HK-2 cells. These above data sug-
gested strongly that ANGPTL2 played an impor-
tant role in regulating renal fibrosis and autoph-
agy process.

However, the exact mechanism involved in 
HG-induced change of ANGPTL2, fibrosis and 
autophagy is still unknown. Prolonged hyper- 
glycemia induces insulin resistance and oxida-
tive stress, which in turn activates the P38 and 
extracellular signal-regulated kinase (ERK) sig-
naling pathways, thereby increasing the expres-
sion of transforming growth factor-β (TGF-β), 
FN, and collagen I and IV in glomerular mesan-
gial cells. Previous study have shown that ROS 
are the most common factors in activating po- 
docyte autophagy and podocytes exposed to 
angiotensin II (ANGII) also increased the gener-
ation of ROS and promoted autophagy activa-
tion [26]. Excessive oxidative stress activates a 
variety of intracellular signaling pathways and 
stimulates the production of a large number  
of transcription factors, thereby increasing the 
deposition of ECM and eventually leading to 
renal fibrosis [27]. Notably, DN is a complex 
metabolic disease characterized by decreased 
insulin sensitivity, leading to insulin resistance, 
which is an important indicator of hyperglyce-
mia and hyperinsulinemia, which leads to glu-

Figure 8. Immunofluorescence staining for collagen IV with DAPI counterstaining in HK-2 cells of control normal 
group (control), high glucose group (HG), high glucose plus transfected with si-ANGPTL2-1 vector group (si-ANGPTL2-
1+HG), and high glucose plus transfected with si-ANGPTL2-1 vector plus U0126 group (si-ANGPTL2-1+HG+U0126). 
Each experiment was repeated three times.
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cose metabolic disturbance, inflammation and 
the stress response, resulting in the further 
damage of islet β-cells [27]. Another research 
also shows that the ameliorative effects of ber-
berine on renal injury and proliferation of glo-
merular mesangial cells may be explained by 
reducing the expression of the c-Fos and EGR-1 
belonging to MEK/ERK-dependent transcrip-
tion factors, which play regulatory roles in the 
activation of growth factors and re-entry pro-
cess of cell cycle [28]. Our results showed that 
knocking down of ANGPTL2 in HG-induced HK- 
2 cells caused directly activated MEK/ERK/
Nrf-1 signaling, increased autophagy level and 
less fibrosis. However, inhibition of MEK/ERK 
with U0126 followed by down-regulation of au- 
tophagy level, and up-regulation of renal fibro-
sis and inflammation level, were revealed in 
HG-induced HK-2 cells. The above data sug-
gested MEK/ERK/Nrf-1 pathway participated 
ANGPTL2 expression and the progression of 
renal fibrosis and autophagy in kidney of dia-
betic nephropathy.

Conclusion

In summary, increased ANGPTL2 suppress 
renal autophagy and mediates renal fibrosis 
through inhibition of MEK/ERK/Nrf-1 pathway, 
overexpression of PTEN, FN, collagen I, IV, and 
secretion of inflammatory cytokines in renal tis-
sue of DN rats and HK-2 cells. Knockdown of 
ANGPTL2 is suggested to be a potential way to 
lessen the development of renal fibrosis in kid-
ney of diabetic nephropathy.
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