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Abstract. Diabetic nephropathy (DN) is among the most severe 
complications of diabetes mellitus, and may lead to end-stage 
renal disease. Sustained exposure to advanced glycation end prod-
ucts (AGEs) typically causes renal tubular epithelial cells (TECs) 
to suffer from an epithelial-to-mesenchymal transition (EMT). 
However, there remains no consensus regarding the mechanism 
underlying the cause of EMT in TECs as induced by AGEs. In the 
present study, we investigated the promotion of EMT in TECs by 
AGEs, and the activation of Janus kinase/signal transducers and 
activators of transcription (JAK/STAT) signaling. In addition, we 
constructed a recombinant adenovirus (Ad) that overexpressed 
suppressor of cytokine signaling 3 (SOCS3), and examined the 
regulatory role of SOCS3 in the activation of JAK/STAT signaling 
and the promotion of EMT in TECs. The results demonstrated 
that AGE-bovine serum albumin (BSA) treatment significantly 
promoted the expression of EMT-associated proteins, while 
reducing the expression of the epithelial cell marker, E-cadherin. 
Furthermore, the Ad-mediated SOCS3 overexpression markedly 
inhibited the AGE-BSA-induced JAK2/STAT3 activation; phos-
phorylated JAK2 and phosphorylated STAT3 expression levels 
were reduced by the Ad-SOCS3 infection, compared with the 
control Ad (Ad-con) infection, in HK-2 cells subject to AGE-BSA. 
Moreover, the overexpression of SOCS3 markedly inhibited the 
AGE-BSA-promoted EMT in HK-2 cells. AGE-BSA-promoted 
EMT-associated proteins, such as α-smooth muscle actin and 
collagen I, were reduced by the Ad-SOCS3 virus infection, in 
contrast to the Ad-con virus infection. Furthermore, reduced 
E-cadherin expression was reversed by the Ad-SOCS3 virus 
infection, in contrast to the Ad-con virus infection, in epithelial 

HK‑2 cells. In conclusion, the present study confirmed the inhibi-
tory role of SOCS3 in the AGE-induced EMT in renal TECs, 
implying the protective role of SOCS3 in DN.

Introduction

Diabetic nephropathy (DN) is among the most severe complica-
tions of diabetes mellitus (DM) (1), and may lead to end-stage 
renal disease (2). Without intervention, diabetic patients 
with microalbuminuria will typically progress to proteinuria 
and DN (3). However, little is known about the molecular 
pathogenesis of DN. The sustained hyperglycemia exerts 
histopathological injury to kidneys, and gradually results in 
functional loss of kidneys (3). Particularly, advanced glycation 
end products (AGEs), which develop via the Maillard reac-
tion (4), predominantly in DM (5,6), have been confirmed to 
promote diabetic microvascular complications in DM (7-9). 
AGEs have been reported to promote transcription factors 
such as nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) and activator protein 1, and at least partly 
promote the apoptosis (10-12). Furthermore, sustained AGE 
exposure typically causes renal tubular epithelial cells (TECs) 
to suffer from an epithelial-to-mesenchymal transition (EMT), 
losing their epithelial phenotypes and acquiring mesenchymal, 
fibroblast‑like properties (13,14). However, there remains no 
consensus regarding the specific mechanism underlying the 
promotion of EMT in TECs by AGEs.

Previous animal model studies have confirmed the 
Janus kinase/signal transducer and activator of transcrip-
tion (JAK/STAT) signaling is disordered in glomerular and 
tubulointerstitial cells in humans with DN (15). Elevated 
glucose (16,17) or AGE (18) levels may result in the activa-
tion of JAK2/STAT signaling in the renal cortex of rodents 
with early DN. Connective tissue growth factor (CTGF) and 
transforming growth factor beta (TGF-β) have been clinically 
and experimentally confirmed to correlate closely with the 
pathogenesis of DN (19-21), and have been shown to play key 
roles in the EMT of TECs in the early and reversible stage of 
renal interstitial fibrosis (RIF) (22,23). Moreover, JAK2/STAT 
signaling has been reported to be involved in TGF-β and 
CTGF expression (24). The induction of TGF-β and fibronectin 
expression from JAK2/STAT signaling is abrogated by JAK2 
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inhibition (16,24). In addition, the regulation of CTGF expres-
sion has been indicated to depend on the JAK/STAT-1α and 
NF-κB signaling pathways (25).

It has been demonstrated that there is a robust and appar-
ently chronic increase in levels of suppressor of cytokine 
signaling 1 (SOCS1) and SOCS3 (26) in a DM rat model and 
patients with progressive DN. Both SOCS1 and SOCS3 inhibit 
JAK2 signaling (27). The overexpression of SOCS proteins 
has been observed in proximal tubular cells as well as in 
certain glomerular cells in human diabetic nephropathy (28). 
Ortiz‑Munoz et al found that the upregulation of recombinant 
SOCS1 and SOCS3 in rats reduced JAK/STAT activation and 
somewhat ameliorated the very early diabetic changes (26). 
This result implies the protective role of SOCS proteins in 
DN. However, the specific mechanism underlying the potential 
protective role of SOCS in DN remains unclear.

In the present study, we investigated the promotion of EMT 
in TECs by AGEs and the activation of JAK/STAT signaling. 
Then we constructed a recombinant adenovirus that overex-
pressed SOCS3, and examined the regulatory role of SOCS3 
in the activation of JAK/STAT signaling and the promotion of 
EMT in TECs. 

Materials and methods

Cell culture, treatment and reagents. Human tubular epithe-
lial HK-2 cells were purchased from American Type Culture 
Collection (Rockville, MD, USA) and were maintained in 
Dulbecco's Modified Eagle's Medium:Nutrient Mixture F‑12 
(DMEM/F-12; Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal calf serum (FBS; 
both Gibco; Thermo Fisher Scientific, Inc.), supplemented 
with 100 U/l penicillin and 10 mg/l streptomycin (CSPC Phar-
maceutical Group Limited, Shijiazhuang, China). Cells were 
incubated in a humidified atmosphere containing 5% CO2 at 
37˚C and propagated every five days at a split ratio of 1:4 using 
trypsin (Amresco, Framingham, MA, USA). For assessment of 
the effect of AGE-bovine serum albumin (BSA) on endothelial 
cells, ~85% confluent HK‑2 cells were incubated with F‑12K 
medium containing 2% FBS, 100 or 300 µg/ml AGE-BSA or 
BSA for 48 or 96 h. Cells were then collected for mRNA or 
protein analysis. For the experiments to investigate the regula-
tion by AGE-BSA on EMT, cells were analyzed by western 
blotting for E‑cadherin, α‑SMA and collagen I, following the 
BSA or AGE-BSA treatment.

Preparation and characterization of AGEs‑BSA. AGE-BSA 
was prepared using D-glucose (Sigma-Aldrich; Merck KGaA, 
Darmstadt, Germany) and bovine serum albumin (BSA; Thermo 
Fisher Scientific, Inc.) as previously described (29,30). In brief, 
50 mg/ml BSA was incubated with (Glu-BSA) or without 
(Control) 0.25 M D-glucose in 0.2 M phosphate-buffered saline 
(PBS; pH 7.4) at 37˚C for 8 weeks in the dark, using 50 mg/ml 
BSA prepared by the same incubation without D-glucose as 
control. All preparations of AGEs and BSA control were dialyzed 
in 10 mM PBS (pH 7.4) for 96 h to remove the free glucose, 
and passed over Detoxigel columns (Detoxi-Gel Endotoxin Gel; 
Thermo Fisher Scientific, Inc.) to remove endotoxin. The protein 
concentration was determined using a bicinchoninic acid (BCA) 
protein assay kit (Thermo Fisher Scientific, Inc.). Glycation of 

AGE‑BSA was examined by spectrofluorometry (PerkinElmer, 
Inc., Waltham, MA, USA) at an excitation wavelength of 370 nm 
and emission wavelength of 440 nm.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total cellular RNA from HK-2 cells was 
purified using TRIzol agent (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions and was 
supplemented with RNase inhibitor (Takara Bio, Inc., Tokyo, 
Japan). DNA-DNase Treatment & Removal Reagent (Thermo 
Fisher Scientific Inc., Waltham, MA, USA) was utilized to 
remove genomic DNA. RT-qPCR was performed with Takara 
One Step RT-PCR kit (RR046A; Takara Bio, Inc.) with the 
primers and probes for E-cadherin (forward, 5'-GAT GAA 
AAT CTG AAA GCGG-3' and reverse, 5'-AAC ACG AGC 
AGA GAA TCATA-3'; probe, 5'-FAM-ATA CTG ACC CCA 
CAG CCCC-BHQ-3') or for α-SMA (forward, 5'-GAC CCT 
GAA GTA CCC GATA-3'and reverse, 5'-AGT GGT GCC AGA 
TCT TTTC-3'; probe, 5'-FAM-ATC ATC ACC AAC TGG 
GACG-BHQ-3'; both Sangon Biotech, Shanghai, China). 
The reaction mix (20 µl) was prepared as follows: 2X One 
Step RT‑PCR Buffer Ⅲ (10 µl), TaKaRa Ex Taq HS (5 U/µl; 
0.4 µl), PrimeScript RT Enzyme Mix  (0.4 µl), forward/reverse 
primer (10 µM; 0.4 µl), probe (0.8 µl), target RNA (2 µl), 
RNase Free dH2O (5.6 µl). The reaction was performed 
under the following conditions: For reverse transcription: 
42˚C for 5 min and 95˚C for 10 sec for one cycle; for PCR: 
95˚C for 5 sec and 60˚C for 20 sec for 40 cycles. ddH2O2 was 
utilized as a negative control and was subjected to the same 
reaction (without RNA sample). Relative quantification was 
determined using the ∆∆Cq method using α-tubulin (forward, 
5'-ACT GGC ACC TAC CGC CAGCT-3' and reverse, 5'-GCA 
GCA TCT TCC TTG CCTGT-3'; probe, 5'-FAM-TCT TCC 
ACC CTG AGC AGCTC-BHQ-3'; Sangon Biotech) as a refer-
ence gene (31). Each RT-qPCR reaction was independently 
performed in triplicate.

Western blotting assay. Protein samples from HK-2 cells were 
isolated using a cytoplasm extraction buffer and quantified 
using a BCA protein assay kit (Thermo Fisher Scientific, Inc.). 
Protein samples (5 µg) were separated by 12% SDS-PAGE, 
transferred to PVDF membranes (Invitrogen; Thermo Fisher 
Scientific, Inc., Carlsbad, CA, USA) and blocked with 2% 
BSA at 4˚C overnight. Target protein bands in the PVDF 
membranes were probed with rabbit polyclonal antibodies 
against E-cadherin (ab15148; 1:600), SOCS3 (ab16030; 
1:500; both Abcam, Cambridge, UK), α-smooth muscle actin 
(α-SMA; ab5694; 1:700; LifeSpan BioSciences, Inc., Seattle, 
WA, USA), collagen I (ab34710; 1:300; Abcam), unphosphor-
ylated STAT3 (AP20339a; 1:800), STAT3 phosphorylated 
at Tyr705 (AP3261a; 1:500; both Abgent, San Diego, CA, 
USA), unphosphorylated JAK2 (ab98031; 1:1,000, JAK2 
phosphorylated at Tyr1007 (ab195055; 1:1,000) and α-tubulin 
(ab18251; 1:900; all Abcam). Primary antibody incubation was 
performed at 4˚C for 2 h. Following washing four times with 
PBS, the membranes were incubated with goat anti-rabbit IgG 
(ab150077; 1:1,000; Abcam) secondary antibody conjugated 
to horseradish peroxidase (1:1,000; ab6721; Abcam) at room 
temperature for 45 min and an enhanced chemiluminescence 
detection system (Super Signal West Femto; Thermo Fisher 
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Scientific, Inc.) was subsequently used for target protein 
detection.

Adenovirus‑mediated overexpression of SOCS3 in HK‑2 
cells. A recombinant adenovirus encoding human SOCS3 
(Ad-SOCS3) was constructed and generated by Shanghai Shine-
Gene Molecular Biotech, Inc. (Shanghai, China) as previously 
described (32) using a reverse genetic method. A recombinant 
adenovirus which encoded CAT gene (Ad-con) was used as a 
control. SOCS3 expression mRNA and protein expression was 
verified using RT‑qPCR and western blot assay. HK‑2 cells were 
infected with a multiplicity of infection (MOI) of 0, 1 or 5 puri-
fied Ad‑SOCS3 or Ad‑con viruses.

Statistical analysis. Statistical significance was calculated 
using the GraphPad Prism 6 statistical software (GraphPad 
Software, Inc., La Jolla, CA, USA). The significance between 
two groups was examined using the unpaired Student t-test. The 
significance among three or more groups was examined using 
the analysis of variance test. P<0.05 was considered to indicate 
a statistically significant difference.

Results

AGE‑BSA induces EMT in renal tubular epithelial HK‑2 
cells. We initially investigated the EMT induction by AGEs 
in renal tubular epithelial HK-2 cells. As shown in Fig. 1A, 
the AGE‑BSA treatment for 24 h significantly downregulated 
the mRNA expression of E-cadherin, which is the epithelial 
cell marker (P<0.05 for 100 µg/ml; P<0.01 for 300 µg/ml; 
Fig. 1A), compared to the BSA with same concentration. 
By contrast, the mRNA expression of α-SMA, which is the 
mesenchymal cell marker, was markedly upregulated (P<0.05 
for 300 µg/ml; Fig. 1B). Then we analyzed the E‑cadherin and 
EMT-associated protein expression using western blot assay 
(Fig. 1C). It was indicated that the E‑cadherin was also signifi-
cantly downregulated by the AGE-BSA treatment with 100 or 
300 µg/ml for 48 h (P<0.01 or P<0.001; Fig. 1D). By contrast, 
the protein levels of the mysenchymal markers α-SMA and 
collagen I were significantly upregulated by the AGE‑BSA 
(P<0.05 for 100 µg/ml; P<0.01 for 300 µg/ml; Fig. 1E and F). 
Collectively, these results suggest that AGEs induced EMT in 
renal tubular epithelial HK-2 cells.

Figure 1. Analysis of transdifferentiation-associated markers in renal tubular epithelial HK-2 cells following AGE-BSA treatment. (A and B) Relative mRNA 
expression of (A) E-cadherin and (B) α-SMA in HK-2 cells post-treatment with 100 or 300 µg/ml AGE-BSA or BSA for two days. (C) Western blot assay 
of E-cadherin, α-SMA, collagen I and α-tubulin in HK-2 cells which were treated with the 100 or 300 µg/ml AGE-BSA or BSA for four days. Percentage of 
(D) E-cadherin, (E) α-SMA and (F) collagen I to α-tubulin in HK-2 cells which were treated with the AGE-BSA or BSA. Data are presented as mean ± stan-
dard error for three independent experiments. *P<0.05, **P<0.01 and ***P<0.001. BSA, bovine serum albumin; AGE, advance glycation end products; α-SMA, 
alpha smooth muscle actin; ns, no significance.
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Adenovirus‑mediated overexpression of SOCS3 in HK‑2 cells. 
To further investigate the role of SOCS3 in the AGE-induced 
EMT in HK-2 cells, we constructed a SOCS3-overexpressing 
adenovirus. The construction strategy of the recombinant 
adenovirus overexpressing SOCS3 is presented in Fig. 2A; 
the Ad-SOCS3 virus was rescued with the plasmid, with the 
adenoviral genomic sequence and the shuttle plasmid. Then the 
recombinant virus was rescued following co-transfection with 

Figure 2. Overexpression of SOCS3 in HK-2 cells via infection with 
Ad-SOCS3 coding sequence. (A) Diagrammatic sketch of the adenovirus 
over-expressing SOCS3, with cytomegalovirus immediate early enhancer 
and promoter as promoter and GFP as a selection marker.(B) Relative mRNA 
expression levels of SOCS3 to α-tubulin in HK-2 cells post-infection with 
Ad-SOCS3 or Ad-con, with an MOI of 1 or 5, for 8 h.(C) Upregulated SOCS3 
protein expression in HK-2 cells post-infection with Ad-SOCS3 or Ad-con 
with an MOI of 1 or 5 for 24 h, with α-tubulin as internal control. Data 
are presented as the mean ± standard error for triple independent results. 
*P<0.05, **P<0.01 or ***P<0.001; ns, no significance. ITR, inverted terminal 
repeat; SOCS3, suppressor of cytokine signaling 3; GFP, green fluorescent 
protein; Ad-con, control adenovirus; Ad-SOCS3, SOCS3-expressing adeno-
virus; MOI, multiplicity of infection.

Figure 3. Overexpressed SOCS3 inhibited the promotion by AGE-BSA to 
JAK/STAT signaling in HK-2 cells. (A) Western blot analysis of phosphory-
lated JAK2 and STAT3 in the HK-2 cells, which were treated with 300 µg/ml 
AGE-BSA (for 42 h) and infected with Ad-SOCS3 or Ad-con virus with an 
MOI of 1 or 5 (for 48 h). (B) Percentage of p-STAT3-Tyr705 to total STAT3 
in the AGE-BSA-treated and Ad-SOCS3- or Ad-con-infected HK-2 cells.
(C) Percentage of p-JAK2-Tyr1007 to total JAK2 in the AGE-BSA-treated 
and Ad-SOCS3- or Ad-con-infected HK-2 cells. Data are presented as the 
mean ± standard error for triple independent results. *P<0.05 and **P<0.01; 
ns, no significance. AGE‑BSA; advanced glycation end products‑bovine 
serum albumin; Ad-SOCS3, suppressor of cytokine signaling 3-expressing 
adenovirus; Ad-Con, control adenovirus; STAT3, signal transducers and 
activator of transcription 3; JAK2, Janus kinase 2; p-STAT3-Tyr705, STAT3 
with a phosphorylated Tyr at 705; p-JAK2-Tyr1007, JAK2 with a phosphory-
lated Tyr at 1007; MOI, multiplicity of infection.

  A
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  C

  A

  B
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both plasmids. Analysis of the mRNA and protein expression 
levels of SOCS3 was performed. Fig. 2B shows that SOCS3 
mRNA expression was promoted in the HK-2 cells following 
infection with 1 or 5 MOI Ad-SOCS3 (P<0.01 or P<0.001), 
in a dose-dependent manner (P<0.05; Fig. 2B). Similarly, 
SOCS3 protein expression was upregulated >15- or >20-fold 
in the 1 or 10 MOI Ad-SOCS3-infected HK-2 cells (P<0.01 or 
P<0.001; Fig. 2C).

SOCS3 overexpression reduces the JAK/STAT3 activation by 
AGE‑BSA. To investigate whether SOCS3 exerts a regulatory 
role in the AGE-BSA-induced EMT in HK-2 cells, we examined 
the activation of JAK2/STAT3 signaling by AGE-BSA, in the 
present infection of Ad-SOCS3 or Ad-con virus. Fig. 3A indi-
cates the detectable phosphorylated STAT3 (p-STAT3-Tyr705) 
and phosphorylated JAK2 (p-JAK2-Tyr1007) in the HK-2 
cells, subject to 300 µg/ml AGE-BSA. Furthermore, the 
Ad-SOCS3 virus infection significantly reduced the level 
of p-STAT3-Tyr705; by ~23.48% for 1 MOI or ~46.93% for 
5 MOI in the Ad-SOCS3 group (P<0.05 or P<0.01; Fig. 3A 
and B), compared with the Ad-con group. The expression of 
p‑JAK2‑Tyr1007 was also significantly reduced in the HK‑2 
cells which were infected with 5 MOI Ad-SOCS3 virus 
(P<0.01; Fig. 3A and C). Thus, the present results indicate the 
inhibitory role of SOCS3 in the JAK2/STAT3 signaling in 
HK-2 cells, in the presence of AGE-BSA.

SOCS3 overexpression inhibits AGE‑BSA‑induced EMT 
in HK‑2 cells. To further recognize the influence of SOCS3 
overexpression on EMT induction by AGE-BSA in HK-2 cells, 

we re-evaluated the EMT level in the AGE-BSA-treated HK-2 
cells, following the infection with Ad-SOCS3 virus or Ad-con 
virus. Western blot analysis (Fig. 4A) indicated that the 
Ad‑SOCS3 infection of 1 or 5 MOI significantly ameliorated 
the E-cadherin reduction which was caused by the AGE-BSA 
treatment with 300 µg/ml (Fig. 4B; either P<0.01). By contrast, 
the upregulated expression of α-SMA and collagen I by the 
300 µg/ml AGE-BSA was markedly reduced by the Ad-SOCS3 
infection with 1 or 5 MOI, compared to the Ad-con infection 
of 1 or 5 MOI (Fig. 4C and D; P<0.05 or P<0.01). Therefore, 
the SOCS3 reduced the AGE-induced EMT in renal TECs.

Discussion

Proximal tubules reabsorb the plasma proteins and AGEs 
that are filtered by the glomerulus. The exposure of proximal 
tubules to the AGEs may lead to pathological tubule injury. In 
animal models, AGEs injection leads to renal changes similar 
to those of diabetic nephropathy (33,34). The proceeding of 
diabetic renal disease by the AGE formation and accumulation 
suggest the AGEs are involved in the pathogenesis of diabetic 
nephropathy (35). In the present study, we confirmed that 
AGE-BSA treatment with >100 µg/ml significantly promoted 
the expression of EMT-associated proteins, such as α-SMA 
and collagen I, while significantly reducing the expression of 
the epithelium‑specific molecule E‑cadherin in human renal 
tubule epithelial HK-2 cells.

Diabetic nephropathy (DN) is also recognized as a 
chronic low‑grade inflammatory disease. The innate immune 
response with promoted proinflammatory cytokines has been 

Figure 4. Overexpression of SOCS3 inhibited the promotion of epithelial-to-mesenchymal transition-associated markers by AGE-BSA in HK-2 cells. 
(A) Western blot analysis of E-cadherin, α-SMA and col I in the HK-2 cells, which were treated with 300 µg/ml AGE-BSA (for 42 h) and infected with 
Ad-SOCS3 or Ad-con virus with an MOI of 1 or 5 (for 48 h). Percentage of (B) E-cadherin, (C) α-SMA or (D) col I to α-tubulin in the AGE-BSA-treated and 
Ad-SOCS3- or Ad-con-infected HK-2 cells. Data are presented as the mean ± standard error for triple independent results. *P<0.05 and **P<0.01. AGE-BSA, 
advanced glycation end products-bovine serum albumin; Ad-con, control adenovirus; Ad-SOCS3, suppressor of cytokine signaling 3-expressing adenovirus; 
a-SMA; Col I, collagen I; MOI, multiplicity of infection; α-SMA, alpha smooth muscle actin.
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recognized to serve a crucial function in the pathogenesis 
and clinical outcome of DN (36,37). However, therapeutic 
strategies targeting cytokine promotion are effective against 
DN. The JAK/STAT pathway has been recognized to regulate 
a variety of genes which are involved in renal inflammation 
and fibrosis by both of which hyperglycemia contributes to 
nephropathy associated with diabetes (16,38-40).

Previous experiments have shown that SOCS3, which is 
one of negative regulators of the JAK/STAT pathway, was 
induced by hyperglycemia in human and experimental DN 
renal cells (26). Furthermore, SOCS proteins have been shown 
to reduce harmful JAK/STAT-mediated cell responses in 
the diabetic kidney, thus suggesting the potential benefit of 
SOCS to halt the progression of DN (26). However, the role 
of promoted SOCS3 in DN is not fully understood; and in 
particular, it is not clear whether the promoted SOCS3 exerts 
a regulatory role in the EMT, which is a crucial pathological 
change in DN (41). The present results confirmed that the 
adenovirus-mediated SOCS3 overexpression markedly 
inhibited the AGE-BSA-induced JAK2/STAT3 activation; 
both p-JAK2 and p-STAT3 were reduced by the Ad-SOCS3 
infection, compared to the Ad-con virus infection, in HK-2 
cells subject to AGE-BSA. Furthermore, the overexpression 
of SOCS3 markedly inhibited the AGE-BSA-promoted EMT 
in HK-2 cells; the AGE-BSA-promoted EMT-associated 
proteins, such as α-SMA and collagen I, were reduced by the 
Ad-SOCS3 virus infection, in contrast to the Ad-con virus 
infection, whereas the reduced E-cadherin was reversed by the 
Ad-SOCS3 virus infection, rather the Ad-con virus infection, 
in epithelial HK-2 cells.

In summary, the overexpression of SOCS3 reduced the 
AGE-BSA-induced EMT via inhibiting the JAK2/STAT3 
signaling, suggesting a therapeutic effect of SOCS3 overex-
pression in DN.
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