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Abstract: Albuminuria is an independent risk factor for renal interstitial fibrosis (RIF). Glomerular-filtered albumin in 
endocytic and non-endocytic pathways may injure proximal tubular epithelial cells (PTECs) via megalin and TGFβRII, 
respectively. Since megalin and TGFβRII are both modified by post-translational core fucosylation, which plays a 
critical role in RIF. Thus, we sought to identify whether core fucosylation is a potential target for reducing albumin-
induced injury to PTECs. We constructed a human PTEC-derived cell line (HK-2 cells) and established an in vitro 
model of bovine serum albumin (BSA) injury. RNAi was used to inhibit the expression of megalin, TGFβRII, and Fut8. 
Western blotting, immunostaining, ELISA, lectin blotting, and fluorescence-activated cell sorting were used to iden-
tify BSA-induced endocytic and non-endocytic damage in HK-2 cells. Fut8 is a core fucosylation-related gene, which 
is significantly increased in HK-2 cells following an incubation with BSA. Fut8 siRNA significantly reduced the core 
fucosylation of megalin and TGFβRII and also inhibited the activation of the TGFβ/TGFβRII/Smad2/3 signaling path-
way. Furthermore, Fut8 siRNA could reduce monocyte chemotactic protein-1, reactive oxygen species, and apopto-
sis, as well as significantly decrease the fibronectin and collagen I levels in BSA-overloaded HK-2 cells. Core fucosyl-
ation inhibition was more effective than inhibiting either megalin or TGFβRII for the prevention of albumin-induced 
injury to PTECs. Our findings indicate that post-translational core fucosylation is essential for the albumin-induced 
injury to PTECs. Thus, the inhibition of core fucosylation could effectively alleviate albumin-induced endocytic and 
non-endocytic injury to PTECs. Our study provides a potential therapeutic target for albuminuria-induced injury.
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Introduction

Albuminuria is strongly associated with pro-
gressive kidney tubulo-interstitial damage and 
chronic kidney disease [1, 2]. An effective inter-
vention strategy to inhibit albumuria-induced 
renal tubular interstitial damage is lacking [3].

It has been reported that albuminuria may 
cause tubular injury by overstressing the endo-
cytic system [4, 5]. The role of megalin, a major 
albumin endocytic receptor, includes the fol-
lowing functions: 1) mediation of excessive 
endocytosis of albumin which induces apopto-
sis; 2) increasing levels of inflammatory cyto-
kines (e.g., monocyte chemotactic protein-1 
[MCP-1]); 3) regulation upon activation of nor-
mal T cell expressionand secreting factors 
(RANTES) and reactive oxygen species (ROS) in 

the kidneys, which contribute to tubulo-intersti-
tial damage [6, 7]. In addition to the endocytic 
pathway, glomerular-filtered albumin could 
damage proximal tubular epithelial cells (PTECs) 
via a non-endocytic pathway. It has been report-
ed that PTECs were induced to secrete trans-
forming growth factor-1 (TGF-β1) following expo-
sure to bovine serum albumin (BSA), even when 
albumin endocytosis was inhibited [8]. It has 
been well-established that TGF-β1 mediates 
the activation of the TGFβ1/TGFβRII/Smad2/3 
signaling pathways, which contribute to renal 
interstitial fibrosis (RIF) [9-11]. Thus, albumin 
could cause injury to PTECs through both  
endocytic, as well as non-endocytic pathways. 
Therefore, we investigated the manner in which 
this plasma protein could regulate both the 
endocytic and the non-endocytic pathways to 
establish a more effective strategy for the pre-
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vention and treatment of albuminuria injury in 
patients with kidney disease.

Glycosylation is a critical type of post-transla-
tional modification which exhibits profound 
effects on physiological and pathological pro-
cesses (e.g., cell proliferation, migration, and 
apoptosis) [12, 13]. Core fucosylation is unique-
ly catalyzed by α-1,6-fucosyltransferase (FUT8) 
in mammals, which is formed of alpha1,6-
fucose linked to the core N-acetylglucosamine 
of N-linked glycans. In addition, core fucosyl-
ation is a unique protein glycosylation pattern 
associated with several biological and patho-
logical functions (e.g., cellular signaling trans-
duction, cellular migration, and inflammatory 
responses) [14, 15]. Moreover, it has been 
reported that core fucosylated proteins are 
associated with many types of cancers, includ-
ing pancreatic, lung, ovarian, and prostate can-
cers [16-20]. Our group previously found that 
the expression of core fucosylation was signifi-
cantly upregulated in rats with unilateral ureter 
obstruction (UUO) [21, 22]. Moreover, inhibiting 
core fucosylation could suppress RIF in UUO 
rats, suggesting that core fucosylation plays an 
important role in RIF [21, 22]. Although it has 
been established that albuminuria contributes 
to RIF in patients with kidney disease and 
TGFβRII and megalin are modified by core 
fucosylation [23, 24], there remains uncertain-
ty as to whether core fucosylation plays a key 
role in albumin-induced damage to PTECs.

To explore the role of core fucosylation in albu-
min-induced injury to PTECs, we incubated 
HK-2 cells with BSA and investigated the role of 
core fucosylation by silencing its specific trans-
fer enzyme FUT8 at different time points. To  
our knowledge, there has been no previous 
report describing the role of core fucosylation 
in albumin overload injury to PTECs.

Materials and methods

Cell culture

Immortalized human renal proximal tubular epi-
thelial cells (HK-2) were purchased from the 
American Type Culture Collection (Manassas, 
VA, USA) and cultured with DMEM/F12 medium 
supplemented with 10% FBS at a plating  
density of 2 × 105 cells/well in six-well plates 
(Costar, Corning Incorporated; Corning, NY, 
USA) at 37°C and 5% CO2 in a humidified atmo-

sphere. For all experiments, the cells were cul-
tured without FBS for 12 h, after which the cells 
were randomly divided into the following six 
groups: 1) Con, cells cultured in DMEM/F12 
medium; 2) Mock, cells transiently transfected 
with 30 nM scrambled siRNA for 24 h; 3) BSA, 
cells treated with 10 mg/mL BSA for 4 h or 24 
h; 4) BSAF, cells transfected with 30 nM Fut8 
siRNA for 24 h, and then incubated with 10 mg/
mL BSA for 4 h or 24 h; 5) BSAM, cells trans-
fected with 30 nM megalin siRNA for 24 h, and 
then incubated with 10 mg/mL BSA for 4 h or 
24 h; and 6) BSAT, cells transfected with 30 nM 
TGFβRII siRNA for 24 h, and then incubated 
with 10 mg/mL BSA for 24 h.

Transient transfection of Fut8 siRNA, megalin 
siRNA, and TGFβRII siRNA

RNAi was performed using three predesign- 
ed siRNAs, anti-Fut8 siRNA, anti-TGFβRII siR- 
NA, and anti-megalin siRNA (Takara, Co. Dalian, 
China) denoted as Fut8 siRNA (5’-GGUGCAU- 
GUUGAAGAACAUTT-3’), TGFβRII siRNA (5’-GG- 
UCGCUUUGCUGAGGUCUTT-3’), and megalin 
siRNA (5’-GCUAUUGUAUUAGAUCCUU-3’). For 
the transfection, the cells were seeded into  
six-well culture plates and incubated for 24 h  
to allow cell division to occur in an antibiotic-
free medium. Three chemically synthesized  
siRNAs targeting Fut8, megalin, and TGFβRII 
were combined with the transfection reagent 
and added to the cell culture wells in accor-
dance with the manufacturer’s instructions.

Western blotting

The treated cells were harvested in RIPA buffer. 
Lysates were clarified by centrifugation at 
15,000 × g for 10 min at 4°C, and the protein 
concentrations were determined using a BCA 
protein assay kit. Protein samples were dena-
tured at 100°C for 3 min, separated on 12% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, and electroblotted onto poly- 
vinylidene difluoride membranes (Bio-Rad; 
Hercules, CA, USA). The blots were probed with 
the appropriate primary antibodies at 4°C  
overnight to detect the expression of FUT8 
(1:400), megalin (1:400), MCP-1 (1:200), TGF-
β1 (1:200), and TGFβRII (1:500). The blots were 
washed, incubated with an HRP-labeled sec-
ondary antibody for 1 h at room temperature, 
and imaged via ECL detection (Amersham 
Biosciences). Band intensity was quantified 
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using Labworks Image Acquisition and Analysis 
software (Basingstoke, UK).

Fluorescence-activated cell sorting and confo-
cal fluorescence microscopy

For all experiments, 1 × 105 HK-2 cells were 
assessed for the uptake of fluorescent-label- 
ed BSA using a FACSCaliburTM instrument 
(Becton Dickinson; Hubbardston, MA, USA). 
Briefly, the cells were incubated with 100 µg/
mL TRITC-BSA for 60 min at 37°C, whereas  
the control cells were incubated without  
TRITC-BSA. TRITC-BSA endocytosis was arrest-
ed by washing the cells five times with ice-cold 
phosphate buffered saline (PBS). The results 
are presented as the mean fluorescence inten-
sity (MFI). For confocal fluorescence microsco-
py, HK-2 cells were incubated with 100 µg/mL 
TRITC-BSA at 37°C for 60 min, and then  
washed five times with ice-cold PBS and fixed 
with 4% formaldehyde. A confocal fluorescent 
microscope was used to observe the endocyto-
sis of TRITC-BSA.

Lectin immunoprecipitation assays

The cells were washed twice with ice-cold PBS 
and lysed in cold RIPA lysis buffer. The lysates 
were clarified by centrifugation (12,000 × g for 
20 min at 4°C), and 500 µg of the total protein 
was incubated with 2 µg of anti-megalin or anti-
TGFβRII antibody at 4°C for 2 h. A negative  
control without the antibody was also included. 
Sepharose-protein G beads (20 μL) were added 
and incubated at 4°C overnight. The beads 
were collected by centrifugation (12,000 × g for 
30 s) and washed three times with ice-cold 
RIPA buffer. Equal amounts of protein-bound 
beads were then subjected to 12% SDS-PAGE 
for lectin blotting.

Lectin blotting

Whole cell lysates or immunoprecipitated me- 
galin were subjected to 12% SDS-PAGE and 
transferred to PVDF membranes. The mem-
branes were then blocked with 5% BSA in Tris-
buffered saline containing 0.05% Tween-20 
(TBST) overnight at 4°C, and then incubated 
with LCA (1:1000; specifically recognizes Fuc-
1,6 GlcNAc) in TBST for 1 h at room tempera-
ture. After washing three times with TBST, the 
membranes were incubated in TBST containing 
LCA-Biotin (1:200) for 1 h at room temperature. 

After washing four times with TBST, lectin-reac-
tive proteins were detected using an ECL kit.

Apoptotic changes detected by Annexin V-FITC

HK-2 cell monolayers were detached by a brief 
incubation with Trypsin-EDTA. The cells were 
then resuspended in binding buffer (BD 
Pharmingen; San Diego, CA, USA) and incubat-
ed with Annexin V-FITC for 15 min at room tem-
perature in the dark, followed by staining with 
propidium iodide. The cells were then analyzed 
within 1 h using a FACSCalibur flow cytometer. 
A contour diagram of FITC-Annexin V/PI double 
staining was derived using flow cytometry. The 
total apoptotic proportion includes the percen- 
tage of cells that were Annexin V+/PI- and 
Annexin V+/PI+; CellQuest software (Becton 
Dickinson) was used for the data analysis.

MCP-1 and TGF-β1 enzyme-linked immunosor-
bent assay (ELISA)

MCP-1 and TGF-β1 ELISA kits (Santa Cruz, CA, 
USA) was used to detect TGF-β1 and MCP-1 lev-
els in HK-2 cells. The absorbance measure-
ments for all samples and standards were per-
formed in triplicate, and were read at a 
wavelength of 450 nm using an ELISA plate 
reader (Bio-Rad Model 680, Hercules, CA, 
USA). The concentration of MCP-1 and TGF-β1 
for each sample was determined by extrapola-
tion from a standard curve derived from the 
standards provided by the manufacturer. The 
level of secreted MCP-1 and TGF-β1 was cor-
rected based on the total cellular protein. All 
samples and standards were measured in 
duplicate. 

ROS production detected by DCFDA fluores-
cence dye

ROS production was measured using 2,7- 
dichlorofluorescein diacetate (DCFDA) fluores-
cence dye. The cells were incubated with 1 µM 
DCFDA at 37°C for 30 min. The level of fluores-
cence intensity was measured using a 
FACSCaliburTM instrument with an excitation 
wavelength of 485 nm and an emission wave-
length of 535 nm.

Analysis of p-Smad2/3 immunofluorescence 

HK-2 cells were incubated at 4°C overnight with 
a goat anti-p-Smad2/3 antibody (1:150) fol-
lowed by an incubation with an FITC-rabbit anti-



Core fucosylation inhibition is protective against albumin-induced kidney damage

4418	 Am J Transl Res 2017;9(10):4415-4427

goat antibody (1:100) for 1 h at room tempera-
ture. After washing with 1 × PBS, the cells were 
observed using a fluorescent microscope.

Statistical analysis

All values are expressed as the mean ± stan-
dard deviation. The differences between the 
experimental samples were assessed using an 
ANOVA with a post-hoc analysis using a Tukey’s 
t-test. P values < 0.05 were considered to be 
statistically significant.

The SPSS 20.0 software (IBM, Armonk, NY, 
USA) was applied for statistical analysis.

Results

BSA activates injury pathways and increases 
FUT8 expression

To determine the damage induced by BSA expo-
sure, we performed Western blotting to mea-
sure the expression of megalin, MCP-1, TGFβRII, 
p-Smad2/3, and FUT8 following incubation 
with BSA at different time points. The expres-
sion of megalin remained unchanged for up to 
6 h. Following a 24 h incubation, the expression 
of megalin decreased to 55% ± 2% of the con-
trol (Figure 1A). The expression of MCP-1 was 
significantly increased following a 4 h BSA incu-

Figure 1. BSA activates injury-induced pathways and increases the level of FUT8 expression. The expression of 
megalin remained unaltered for up to 6 h, whereas it declined to 55% ± 2% after an incubation with BSA for 24 h 
(A). MCP-1 expression reached a peak value after BSA incubation for 4 h and decreased after a 6 h incubation (B). 
TGFβRII expression remained unaltered following a BSA incubation for 6 h, whereas it increased 1.5-fold over the 
original levels after a 24 h incubation (C). P-Smad2/3 increased in a time-dependent manner from 0 h to 24 h (D). 
The expression of FUT8 increased in a time-dependent manner from 0 h to 24 h (E). The values are expressed as 
the mean ± SD. *P < 0.05, **P < 0.01, each group (except for the Control group) vs. normal group. All experiments 
were conducted in triplicate.
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Figure 2. Fut8 siRNA suppressed BSA endocytosis. Flow cytometry showed that Fut8 siRNA markedly inhibited intensity of fluorescence from BSA-FITC in the BSAF 
group compared with the BSA group (A). The confocal analysis revealed that the intensity of red fluorescence of TRITC-BSA was significantly increased in the BSA 
group, while it was downregulated in response to Fut8 siRNA in the BSAF group (B). The immunoprecipitation and lectin blot analysis results showed that Fut8 siRNA 
significantly reduced the level of megalin core fucosylation following a 4 h BSA incubation (C). BSAF: BSA with Fut8 siRNA; BSAM: BSA with megalin siRNA; BSAT BSA 
with TGFβRII siRNA. Scale marks: 25 μm. Green: ZO-1 antibody. Red: TRITC-BSA. The values are expressed as the means ± SD. Original magnification, 400 ×; *P < 
0.05, each group (except for the Control group) vs. normal group. ##P < 0.01, each group (except for the Control group) vs. BSA group. 
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bation (P < 0.01), although this level was lower 
than an incubation for 6 h (P < 0.05) (Figure 
1B). The expression of TGFβRII, p-Smad2/3, 
and FUT8 gradually increased in a time-depen-
dent manner following a BSA incubation for 24 
h (P < 0.01) (Figure 1C-E).

Inhibition of core fucosylation suppression of 
BSA endocytosis

To further study the effect of core fucosylation 
on BSA endocytosis, we performed Western 
blotting, immunoprecipitation, fluorescence-
activated cell sorting (FACS), and confocal 
microscopy to observe the effect of siRNAs on 
BSA endocytosis. As shown in Figure 2A, 2B, 
incubation with BSA significantly upregulated 
BSA endocytosis in HK-2 cells in the BSA-
treatment group (P < 0.05). Treatment with 
Fut8 siRNA significantly inhibited core fucosyl-
ation and suppressed BSA endocytosis in HK-2 
cells in the BSAF group (BSA together with Fut8 
siRNA) (P < 0.05). In addition, we observed that 
Fut8 siRNA, but not TGFβ siRNA, exhibited the 
same inhibitory effect on BSA endocytosis as 
megalin siRNA. As shown in Figure 2C, megalin 
was modified by core fucose, and its core 
fucosylation was upregulated by BSA in the 
BSA-treatment group (P < 0.05). 

Inhibiting core fucosylation suppresses the 
activation of the TGFβ/TGFβRII/Smad2/3 
signaling pathway

We next investigated whether inhibiting core 
fucosylation could suppress the activation of 
the TGFβ/TGFβRII/Smad2/3 signaling pathway 
after incubating with BSA for 24 h. Western 
blotting and immunoprecipitation was per-
formed to determine the level of core fucosyl-
ation in HK-2 cells. Immunofluorescence was 
performed to detect the level of p-Smad2/3 
and its translocation in HK-2 cells. As shown  
in Figure 3, BSA significantly upregulated the 
level of TGFβRII core fucosylation. Moreover, 
BSA also increases the level of p-Smad2/3, as 
well as p-Smad2/3 nuclear translocation in  
the BSA-treatment group (P < 0.05). Fut8 siRNA 
markedly decreased core fucosylation and ma- 
rkedly reduced the expression of p-Smad2/3, 
as well as its nuclear translocation in the BSAF 
group (Figure 3B and 3C; P < 0.05). Fut8 siRNA 
exhibited the same effect on p-Smad2/3 and 
its nuclear translocation as TGFβRII siRNA 
(Figure 3C); however, megalin siRNA did not 
exhibit such effects (Figure 3B).

Inhibition of core fucosylation inhibits albumin-
induced inflammation and oxidative stress 

To investigate the effect of inhibiting core 
fucosylation on inflammation and oxidative 
stress, we performed Western blotting and an 
ELISA to determine the expression of MCP-1, 
TGFβ1, NF-κB, and the levels of ROS, respec-
tively. The results revealed that BSA significant-
ly increased the expression of MCP-1 and NF- 
κB following a 4 h or 24 h incubation (Figure 
4A-C, 4G-I; P < 0.01). In addition, the level of 
ROS also increased following an incu- 
bation for 4 h or 24 h (Figure 4D and 4J; P < 
0.01). Fut8 siRNA significantly inhibited the 
upregulation of MCP-1, NF-κB, and ROS in the 
BSAF group (Figure 4A-D, 4G-J; P < 0.01) . 
Megalin siRNA could also significantly reduce 
the expression of MCP-1, NF-κB, and the level 
of ROS in the BSAM (BSA together  
with megalin siRNA) group (Figure 4A-D, 4G-J; P 
< 0.05), whereas TGFβRII siRNA had little effect 
on them in the BSAT (BSA together with TGFβRII 
siRNA) group. Of note, megalin and Fut8 siRNA 
could markedly upregulate the expression of 
TGFβ1 in the BSAF and BSAM groups (Figure 
4E, 4F, 4K, 4L) (P < 0.01).

Inhibition of core fucosylation suppresses 
fibronectin and collagen I

To confirm the effect of core fucosylation on  
the accumulation of the HK-2 extracellular 
matrix, we performed Western blotting to de- 
termine the expression of fibronectin (FN) and 
collagen I (Col I) I after BSA incubation for 4 h or 
24 h. The results revealed that the expres- 
sion of FN (Figure 5A) and Col I (Figure 5B) 
showed no significant intergroup differences 
following a 4 h incubation. In contrast, after 24 
h, stimulation with BSA increased the expres-
sion of FN (Figure 5C) and Col I (Figure 5D). 
Treatment with Fut8 siRNA significantly down-
regulated the expression of FN and Col I in the 
BSAF group (Figure 5; P < 0.01), whereas 
megalin siRNA exhibited virtually no effect on 
the expression of these molecules.

Inhibition of core fucosylation suppresses 
albumin-induced cellular apoptosis

To investigate the effect of an inhibition of core 
fucosylation on cellular apoptosis, we per-
formed FACS analysis to determine cellular 
apoptosis following an incubation with BSA for 
4 h or 24 h. We observed that cellular apopto-
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Figure 3. Fut8 siRNA suppressed the activation of the TGFβ/TGFβRII/Smad2/3 signaling pathway. Immunoprecipitation and lectin blotting proved that Fut8 siRNA 
could markedly decrease the core fucosylation of TGFβRII without altering its protein expression. In contrast, megalin siRNA had no effect on either TGFβRII expres-
sion or core fucosylation following a 24 h incubation (A). Western blot assays showed that BSA-upregulated p-Smad2/3 was significantly downregulated in the BSAF 
group compared to the BSA group (B). Immunofluorescence staining indicated that p-Smad2/3 was weakly expressed in the cytoplasm of normal HK-2 cells, while 
it was increased and translocated into the nuclei following BSA stimulation. Fut8 siRNA inhibited the expression and nuclear translocation of p-Smad2/3 in BSAF 
group (C). BSAF: BSA with Fut8 siRNA; BSAM: BSA with megalin siRNA; BSAT BSA with TGFβRII siRNA. Scale bars: 100 μm. Green: FITC. Blue: DAPI. Protein expres-
sion in each sample was normalized to GAPDH expression. The values are expressed as the means ± SD. *P < 0.05, **P < 0.01, each group (except for the Control 
group) vs. normal group. #P < 0.05, ##P < 0.01, each group (except for the Control group) vs. BSA group.
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Figure 4. Fut8 siRNA inhibits albumin-induced inflammation and oxidative stress. MCP-1, NF-κB, and TGF-β1 were determined by Western blot and ELISA. ROS gen-
eration (%) was measured using a ROS sensitive fluorometric probe 2,7-dichlorofluorescein diacetate (DCFDA) by flow cytometric analysis. MCP-1 (A, B, G, and H), 
ROS (D and J), and NF-κB (C and I) was significantly increased in HK-2 cells from the BSA group in the 4 h and 24 h incubation, all of which were reversed by Fut8 
siRNA. BSA increased the expression of TGF-β1, whereas megalin siRNA and Fut8 siRNA further increased the expression of TGF-β1 after the 4 h (E and F) and 24 
h (K and L) incubation periods. BSAF: BSA with Fut8 siRNA; BSAM: BSA with megalin siRNA; BSAT BSA with TGFβRII siRNA. Protein expression in each sample was 
normalized to GAPDH expression. The values are expressed as the means ± SD. *P < 0.05, **P < 0.01, for each group (except for the Control group) vs. normal 
group. #P < 0.05, ##P < 0.01, for each group (except for the Control group) vs. BSA group. 
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Figure 5. Fut8 siRNA inhibited the upregulation of fibronectin and collagen I. The Western blot showed that the expression of fibronectin (FN) (A), and collagen I (Col 
I) (B) showed no significant intergroup differences following an incubation for 4 h. BSA increased the expression of FN (C) and Col I (D) following BSA incubation for 
24 h. Fut8 siRNA significantly downregulated the expression of FN and Col I in the BSAF group (C and D). BSAF: BSA with Fut8 siRNA; BSAM: BSA with megalin siRNA; 
BSAT BSA with TGFβRII siRNA. Scale bars: 100 μm. The values are expressed as the means ± SD. *P < 0.05, **P < 0.01, for each group (except for the Control 
group) vs. normal group. #P < 0.05, ##P < 0.01, for each group (except for the Control group) vs. BSA group.
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Figure 6. Fut8 siRNA decreased cellular apoptosis. A contour diagram of FITC-Annexin V/PI dual staining by flow cytometry. The three quadrants represent the dif-
ferent cell conditions. The upper right quadrant, nonviable, late apoptotic, and necrotic cells (FITC+/PI+); lower left quadrant, viable cells (FITC-/PI-); and lower right 
quadrant, early apoptotic cells (FITC+/PI-). FACS analysis also revealed that the BSA incubation increased apoptosis in the BSA group following the incubation of HK-2 
cells for 4 h (A) and 24 h (B). Fut8 siRNA significantly downregulated cellular apoptosis in the BSAF group after BSA incubation for 4 h or 24 h. BSAF: BSA with Fut8 
siRNA; BSAM: BSA with megalin siRNA; BSAT BSA with TGFβRII siRNA. Scale bars: 100 μm. Protein expression in each sample was normalized to GAPDH expression. 
The values are expressed as the mean ± SD. *P < 0.05, **P < 0.01, for each group (except for the Control group) vs. normal group. #P < 0.05, ##P < 0.01, for each 
group (except for the Control group) vs. BSA group.
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sis was significantly upregulated following  
BSA incubation for 4 h or 24 h in the BSAF 
group (Figure 6A and 6B; P < 0.01). In addition, 
Fut8 siRNA could significantly downregulate the 
level of cellular apoptosis in the BSAF group 
(Figure 6A and 6B; P < 0.01). Moreover, it was 
observed that Fut8 siRNA is more efficient at 
reducing cellular apoptosis compared to 
TGFβRII and megalin siRNA.

Discussion

Recent research on glycosylation has garner- 
ed immense interest in drug development, 
post-translational glycosylation is becoming an 
attractive biomarker and treatment target for 
some diseases [25, 26]. Core fucosylation is a 
pivotal post-translational modification that has 
a profound effect on the regulation of various 
physiological processes [18]; however, there 
are only a limited number of studies on core gly-
cosylation with respect to various kidney dis-
eases. Moreover, there is a lack of research on 
glycosylation in albuminuria. Our study reveals 
the critical role of core fucosylation in PTEC 
albumin injury and confirms that it is a potential 
therapeutic target in albuminuria-induced inju-
ry in vitro.

First, we found that BSA endocytosis increases 
in HK-2 cells after BSA incubation. This finding 
indicates that BSA activates the albumin-
induced endocytic injury pathway. Moreover, an 
incubation with BSA increased the expression 
of TGFβRII and p-Smad2/3, and induced the 
nuclear translocation of p-Smad2/3. This find-
ing suggests that BSA activates the albumin-
induced non-endocytic injury pathway. Of note, 
FUT8 expression and the core fucosylation of 
TGFβRII and megalin in PTECs was upregulat-
ed. Thus, this indicates that core fucosylation 
may play an important role in albumin-induced 
injury to PTECs.

We next investigated the role of core fucosyl-
ation in albumin-induced endocytic injury, and 
found that Fut8 siRNA could significantly inhibit 
the core fucosylation of megalin and BSA endo-
cytosis. In addition, Fut8 siRNA has the same 
effect on HK-2 cells with megalin siRNA. Since 
albumin endocytosis is considered to be attrib-
uted to megalin [13-15], we hypothesize that 
core fucosylation may affect albumin-induced 
endocytic injury via regulating the function of 
megalin. Moreover, we also studied the effect 

of core fucosylation on the non-endocytic injury 
pathway. We observed that suppressing core 
fucosylation could inhibit the TGFβ/TGFβRII/
Smad2/3 signaling pathway activated by BSA 
incubation. This suggests that core fucosyl-
ation is essential for activation of the TGFβ/
TGFβRII/Smad2/3 signaling pathway following 
albumin-induced injury. In accordance with the 
findings described above, we hypothesize that 
core fucosylation may affect albumin-induced 
non-endocytic injury via regulating the function 
of TGFβRII. It is important to note that core 
fucosylation is ubiquitous. In addition to mega-
lin and TGFβRII, core fucosylation may affect 
other proteins involved in the process of albu-
min-induced injury. In addition, our experimen-
tal conditions were not fit for evaluating the 
effect of core fucosylation on TGFβRII, megalin, 
and corresponding ligand binding occurs via 
both direct and indirect mechanisms. This 
study provides a basis for further explorations 
to elucidate the mechanisms of this process.

In accordance with previous research [8], our 
study demonstrated that TGF-β1 levels were 
upregulated even after inhibiting BSA endocy-
tosis. Since it is known that TGF-β1 can activate 
the TGFβ/TGFβRII/Smad2/3 signaling path-
way; inhibiting only one injury-induced pathway 
does not completely block albumin-induced 
injury. In accordance with the above results, we 
regard core fucosylation as a potential thera-
peutic target for preventing endocytic and non-
endocytic injuries. This viewpoint is further con-
firmed by our results which showed that in- 
hibiting core fucosylation could be more effi-
cient than either megalin siRNA or TGFβRII 
siRNA at suppressing inflammation, oxidative 
stress, cellular apoptosis, and the upregulation 
of FN and Col I. Our findings suggest that target-
ing core glycosylation may be a more effective 
method for treating typical renal diseases 
derived from albuminuria (e.g., diabetic ne- 
phropathy).

In summary, this study provides novel insight 
into the mechanistic role of glycosylation in 
albumin-induced injury to PTECs. Moreover, 
these findings suggest that the regulation of 
post-translational core fucosylation may be a 
potential therapeutic target for the treatment 
of albumin-induced injury.
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