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Abstract

Recent evidences suggest that endoplasmic reticulum (ER) stress was involved in multi pathological conditions, including
diabetic nephropathy (DN). X-box binding protein 1(XBP1), as a key mediator of ER stress, has been proved having the
capability of preventing oxidative stress. In this study, we investigated the effects of spliced XBP1 (XBP1S), the dominant
active form of XBP1, on high glucose (HG)-induced reactive oxygen species (ROS) production and extracellular matrix (ECM)
synthesis in cultured renal mesangial cells (MCs) and renal cortex of STZ-induced diabetic rats. Real time PCR and Western
blot were used to evaluate the mRNA and protein levels respectively. Transfection of recombinant adenovirus vector
carrying XBP1S gene (Ad-XBP1S) was used to upregulate XBP1S expression. XBP1S siRNA was used to knockdown XBP1S
expression. ROS level was detected by dihydroethidium (DHE) fluorescent probe assay. The results showed that HG
treatment significantly reduced XBP1S protein and mRNA level in the cultured MCs while no obvious change was observed
in unspliced XBP1 (XBP1U). In the mean time, the ROS production, collagen IV and fibronectin expressions were increased.
Diphenylene-chloride iodonium (DPI), a NADPH oxidase inhibtor, prevented HG-induced increases in ROS as well as collagen
IV and fibronectin expressions. Transfection of Ad-XBP1S reversed HG-induced ROS production and ECM expressions.
Knockdown intrinsic XBP1S expression induced increases in ROS production and ECM expressions. Supplementation of
supreoxide reversed the inhibitory effect of Ad-XBP1S transfection on ECM synthesis. P47phox was increased in HG-treated
MCs. Ad-XBP1S transfection reversed HG-induced p47phox increase while XBP1S knockdown upregulated p47phox
expression. In the renal cortex of diabetic rats, the expression of XBP1S was reduced while p47phox, collagen IV and
fibronectin expression were elevated. These results suggested that XBP1S pathway of ER stress was involved in HG-induced
oxidative stress and ECM synthesis. A downstream target of XBP1S in regulating ROS formation might be NADPH oxidase.
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Introduction a typical event in early stage of DN, has been identified to be
closely related to the excessive proliferation of glomerular MCs
and extracellular matrix protein (ECM) secretion [11]. Previous
evidences suggested that the increased ROS under hyperglycemic
condition mediates high glucose (HG) induced MCis proliferation
and ECM overproduction. As an important source of ROS
generation, NADPH oxidase overactivation provided the major
contribution to HG-induced oxidative stress in MCs [12,13].
However, the mechanism that mediates HG-induced activation of
NADPH oxidase is not completely understood.

Endoplasmic reticulum (ER) plays a vital role in cellular protein
process, such as protein folding, intracellular calcium homeostasis,
fatty acids synthesis, and sterols and phospholipids metabolism.
When the manipulating capacity of ER is exceeded, a stress
response, ER stress, is switched on. Growing evidences suggest
that ER stress was involved in multi pathological conditions,

Diabetic nephropathy (DN) is the leading cause of end-stage
renal diseases, which confers high morbidity and mortality rates of
diabetic patients [1]. Gurrently, no specific therapy is available to
reverse or inhibit the progression of DN to advanced stages [2,3].
The early stage of DN is characterized by the thickness at
glomerular basement membrane and glomerular hypertrophy [4].
Overproduction of ROS under hyperglycemic condition has been
proved playing the crucial role in the development of DN [5,6].
Renal glomerular ROS generation was increased dramatically in
STZ-induced diabetic animal model [7]. The increased ROS may
result in epithelial dysfunction [8] and glomerular podocyte
apoptosis [9]. The mesangial cells (MCs) is essential in maintaining
the structural and functional dynamic stability of glomerular tufts.
The MCs provide structural support for capillary loops and
modulate glomerular filtration [10]. The glomerular hypertrophy,
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Figure 1. Effect of high glucose on the expression of XBP1S. A: diagram shows the formation of XBP1S from XBP1U mRNA, a 26 bp fragment
(from 484 to 509) was deleted during splicing. B: electrophoresis of RT-PCR products indicates MCs expressed both XBP1U and XBP1S. C and D:
Western blot and real time PCR result show the expression of XBP1S before and after high glucose treatment (mean = SEM, n=5).E: Western blot
result shows the expression of XBP1U before and after high glucose treatment for 48 h (mean * SEM, n=6) *p<<0.05 compared to NG; ***p<<0.001
compared to NG.

doi:10.1371/journal.pone.0056124.g001

including the pathogenesis of DN [14,15]. XBP1 is a key signal effects of XBP1 in HG-induced oxidative stress and consequent
transducer in ER stress [16]. Recently, changes in XBP1 pathway renal MCs dysfunction.

were noticed in DN [17]. Besides, Liu Y reported that XBP1 has

the capability of preventing oxidative stress [18]. Although, XBP1 Materials and Methods

is considered as a cell biofunctional protector in ER stress, but its

exact roles remain unclear. This study was aimed at exploring the Materials and Reagents

function of XBP1 in HG-induced oxidative stress in MCs. We Low-glucose Dulbecco’s Modified Eagle’s Medium (DMEM),
observed the changes in XBP1 under HG condition and tested the D-glucose and diphenylene-chloride iodonium (DPI) were pur-
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chased from Sigma (Saint Lousi, Missouri, USA). ReverTra Ace
qPCR RT kit was from Toyobo Co. (Osaka, Japan). SYBR Green
reaction mix was from Applied Biosystems (Tokyo, Japan). The
RNA extraction kit was from Sangon Co. (Shanghai, China).
Steroid hormone-free fetal bovine serum (FBS) was from Sijiqing
Biological Engineering Materials Co. (Hangzhou, China). BCA
Protein Assay Kit was from Shenergy Biocolor BioScience and
Technology (Shanghai, China). Xanthine and xanthine oxidase
were from Every Kewei Reagent Co. (Shanghai, China). Anti-
Fibronectin antibody (Cat# F3548) was obtained from Sigma-
Aldrich (Saint Lousi, Missouri, USA), anti-XBP1 antibody (Cat#
SC-7160) and anti-p47phox antibody (Cat# sc-7660) were from
Santa Cruz Biotechnologies, Inc (Santa Cruz, California, USA),
anti-collagen IV antibody (Cat# ab6586) was from Abcam
(Cambridge, MA, USA), anti-B-actin antibody (Cat# AA128)
was from Beyotime (Haimen, China). Enhanced chemilumines-
cence (ECL) detection kit was from Beyotime institute of
Biotechnology (Haimen, China). Polyvinylidene difluoride mem-
branes were from Milipore (Billerica,USA), Proteinase inhibitor
was from Roche (Mannheim, Germany). Streptozotocin (STZ)
was purchased from Sigma (Saint Lousi, Missouri, USA). All other
chemicals and reagents used were of analytical grade.

Cell Culture

The rat mesangial cell line (HBZY-1) was purchased from Center
of Type Culture Collection (Wuhan, China) and cultured in normal
DMEM media (5.5 mM D-glucose) supplemented with 10% FBS in
an atmosphere of 5% COy at 37°C. HG culture media was made by
supplementing normal DMEM media with additional D-glucose for
a final D-glucose concentration at 30 mM. The osmotic control
media was made by supplementing normal media with 24.5 mM
mannitol. Before experiments, the cells were maintained in DMEM
contained 1% FBS for 12 h. DPI (107° mol/L) with or without
xanthine (10”7 mol/L) and xanthine oxidase (10 mU/ml) were
added with the HG culture media.

Animal Model

Age-matched, 4-month-old male Sprague-Dawley rats, weigh-
ing 180-210 g, were provided by the Shanghai SLAC Laboratory
Animal Center. All the experimental procedures followed the
Criteria of the Medical Laboratory Animal administrative
Committee of Shanghai and the Guide for Care and Use of
Laboratory Animals of Fudan University, and were approved by
the Ethics Committee for Experimental Research, Shanghai
Medical College, Fudan University. The animals were acclima-
tized for 7 days before the study and were free access to water and
standard rat chow throughout the experiment. The rats were
rendered diabetic by a single intraperitoneal injection of STZ
(65 mg/kg) dissolved in 0.1 mol/L sodium citrate bufter (pH 4.5).
Only the animals with plasma glucose concentrations
>16.7 mmol/L 1 week after the injection of STZ were included
in the study. Eight weeks after STZ injection, the rats were killed
and the kidneys were removed and kept at —80°C: until used.

Western Blot

The proteins of renal cortex or MCs were isolated as previously
described. In brief, the renal cortex or MCs were lysed in
1 xsodium dodecyl sulfate (SDS) supplemented with proteinase
inhibitor. Protein concentrations were determined with BCA
Protein  Assay Kit according to manufacturer’s instruction.
Approximately 40 pg of protein was loaded in each well and
separated on 10% sodium dodecyl sulfate-polyacrylamide gel, then
electrophoretically transferred to polyvinylidene difluoride mem-
branes. The membranes were incubated in primary antibody
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overnight at 4°C (anti-Fibronectin antibody, 1:5000; anti-XBP1
antibody, 1:200; anti-p47phox antibody, 1:500; anti-collagen IV
antibody, 1:1000; anti-B-actin antibody, 1:5000). The following
day, the membranes were washed 3 times with TBS/Tween and
incubated for 1 h with horseradish peroxidase-conjugated second-
ary antibodies. After another 3 washes with TBS/Tween, the
hybridizing bands were developed using ECL detection kit
according to the manufacturer’s instructions and exposed to X-
ray film (Kodak, Rochester, NY, USA) for 0.1-5 min as necessary
to visualize signals. The membrane was then reprobed with anti-3-
actin antibody. The relative protein level was normalized by the
intensity of P-actin and the averaged relative protein level in
control group is defined as 1.0.

RNA Extraction and First Strain cDNA Synthesis

Total RNA was isolated from cultured MCs as previously
described [19]. Briefly, total RNA was isolated from cultured MCs
according to the protocol of RNA extraction kit. The concentra-
tion of RNA was determined by measuring the specific absorbance
at 260 nm. One microgram of total RNA was used for cDNA
synthesis in a 20 uLL reaction mixture that contained 1 pg oligo
dT, 10 mM dNTP, 20 U RNase inhibitor and 200 U M-MLV

reverse transcriptase.

RT- PCR

XBP1S and XBPIU were amplified in a 30 pL reaction
mixture containing cDNA 2 pL, 2 xPCR mixture 15 pL, forward
and reverse primer (10 pmol/pL) 1 puL each. The PCR procedure
was pre-denaturing at 95°C for 3 min, followed by 40 cycles of
amplifications: denaturing at 95°C for 15 s, annealing at 60°C for
30 s, extension at 72°C for 30 s, followed by 72°C for 5 min.
10 puL of PCR product was electrophoresized in 2.5% agarose gel
(60 Volt for 1 h). The sequences of the PCR primers are: forward
primer 5'- TTACGAGAGAAAACTCATGGGC-3', reverse
primer 5'- GGGTCCAACTTGTCCAGAATGC-3'.

Quantitative Real-time PCR

SYBR Green qRT-PCR was used to quantify the relative
abundance of target mRNA in the samples. qRT-PCR procedures
were performed according to the manufacturer’s instructions. The
qRT -PCR amplification conditions were as follows: pre-denaturing
at 95°C for 3 min, followed by 40 cycles of amplifications by
denaturing at 95°C for 15 s, annealing at 60°C for 30 s, extension at
72°Cfor 30 s. Afterafinalextensionat 72°Cfor 10 min, the amplified
products were subjected to astepwise increase in temperature from 55
to 95°C to construct dissociation curves. GAPDH was used as an
endogenous control to normalize the amount of RNA. The average of
the relative amount of each mRNA in control group is defined as 1.0.
The PCR primers are: forward primer 5'- GCTTGTGATTGA-
GAACCAGG-3', reverse primer 5'-
GGCCTGCACCTGCTGCGGACTC-3" for XBPIS, forward
primer 5- CCCTTCATTGACCTCAACTACATG-3', reverse
primer 5'- CTTCTCCATGGTGGTGAAGAC-3' for GAPDH.

Generation of Recombinant Adenoviruses and Cell
Infection

The plasmid expressing XBP1S was kind gifts from Dr.
Cardozo, A K (Universite Libre de Bruxelles, Brussels, Belgium).
Recombinant adenoviruses expressing spliced XBP1 (Ad-XBP1S)
were constructed by R&S company (Shanghai, China). Adenovi-
rus expressing the enhanced green fluorescent protein (Ad-GFP)
were used as negative control. MCs growing in DMEM containing
10% FBS were infected by recombinant adenoviruses for 24 h,
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Figure 2. Effects of high glucose treatment on collagen IV and fibonectin. Western blot results show high glucose treatment increases
collagen IV (A) and fibronectin (B) levels (mean = SEM, n=6). DPI reverses high glucose-induced increase in collagen IV and fibronectin expressions
(C) (mean = SEM, n=5). *p<<0.05 compared to NG; ***p<0.001 compared to NG. #p<0.05 compared with HG.

doi:10.1371/journal.pone.0056124.g002

then the cells were quiescent with DMEM containing 1% FBS for
12 h before experiments.

Small Interference RNA (siRNA) Transfection

XBP1S siRNA probe was synthesized by Ribobio Company
(Guangzhou, China). The sequence is: 5'-GCUGUUGCCU-
CUUCAGAUUATAT-3". SiRNA transfection was facilitated by
siPORT NeolX Transfection Agent (Austin, Texas, USA)
according to manufacturer’s instructions. A nonsilencing siRNA
oligonucleotide that does not recognize any known homology to
mammalian genes (Ribobio, Guangzhou, China) was used as
a negative control.

Measurement of ROS Production

Intracelluar superoxide production was indicated with dihy-
droethidium (DHE, Sigma, USA). Briefly, after HG treatment,
adenoviruses infection, or siRNA transfection, the cells were
incubated with 10 mM DHE fluorescent probes (100 uL/well) at
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37°C for 30 min and then washed with PBS 3 times to remove the
residual probes. The fluorescence intensity at 515 nm excitation
wavelength and 585 nm emission wavelength was measured using
a luminometer (Tecan, Salzburg, Austria).

Statistical Analysis

Data are presented as means * SEM. Comparisons were
performed by two-tailed paired Student’s t test or by one-way
analysis of variance with Bonferroni’s multiple comparison test.
Statistical differences were considered significant at a p value <0.05.

Results

HG Suppressed XBP1S Expression in Cultured MCs
XBP1S mRNA was formed by deleting 26 bp fragment (from
484 to 509) from XBP1U mRNA (NM-001004210.1) (Fig. 1A).

Using a PCR primer pair that bestrides the splicing region can
amplify both the XBP1U and XBP1S mRNA fragments. As
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Figure 3. Effects of high glucose on ROS generation and p47phox expression. A and B: Observation of ROS generation by DHE fluorescent
probe assay (mean £ SEM, n=7). C: Western blot analysis on p47phox expression (mean £ SEM, n=6). ***p<<0.001 compared to NG; ###p<0.001

compared to HG.
doi:10.1371/journal.pone.0056124.9003
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Figure 4. Identification of XBP1S expression after transfection of Ad-GFP or Ad-XBP1S. A: Observation of the cell under fluorescent
microscope after transfection of Ad-GFP or Ad-XBP1S for 24 h. B: Western blot analysis on XBP1S protein level after Ad-GFP or Ad-XBP1S transfection

for 48 h.
doi:10.1371/journal.pone.0056124.9g004
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showed in Fig. 1B, both XBP1U and XBP1S mRNA were
existed in the normal cultured MCs. HG treatment significantly
decreased the relative expression level of XBPIS to that of
XBP1U (Fig. 1B).

Western blot result showed that the XBP1S protein level in
MCs was decreased significantly after culturing the cells in HG
media for 24 h. The suppression effect lasted to the end of the
experiment (72 h). In contrast, treatment of the cells with an
osmotic control media for 72 h did not change the XBP1S protein
level obviously (Fig. 1C). In agreement with the observation on
XBPI1S protein levels, real time PCR result showed that XBP1S
mRNA levels were significantly decreased after HG treatment
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(Fig. 1D). In contrast, Western blot result showed that XBP1U
protein level did not show obvious difference between the control
and HG-treated groups after culturing the cells in HG media for
48 h (Fig. 1E).

DPI Prevented the HG-induced ECM Expressions in
Cultured MCs

Western blot results showed that the protein levels of both
collagen IV and fibronectin were increased after HG treatment in
a time-dependent manner, however, no significant change in
either collagen IV or fibronectin was observed between the normal
cultured and mannitol treated groups (Fig. 2A and 2B). As showed
in Fig. 2C, application of DPI, a NADPH oxidase inhibitor,
reversed the HG-induced increases in both collagen IV and
fibronectin (Fig. 2C).

HG Stimulated ROS Generation in Cultured MCs
Culturing the cells in HG media induced a significant increase
in ROS generation (Fig. 3A). Application of DPI abolished the
increase in ROS induced by HG treatment (48 h). In contrast,
DPI treatment did not show obvious influence on the ROS
generation in the NG cultured cells (Fig. 3B). Western blot result

showed that p47phox protein level was increased significantly after
HG stimulation for 48 h (Fig. 3C).

Overexpression of XBP1S in Cultured MCs

Transfection of cells with Ad-GFP, a recombinated adonoviral
vector carrying green fluorescent protein gene for 24 h, the green
fluorescent signal was observed in almost all the cells under
fluorescent microscope. In contrast, no obvious fluorescent signal
was observed in either non-transfected cells or Ad-XBPIS
transfected cells (1x10” pfu/ml and 5x107 pfu/ml) (Fig. 4A).
Western blot result verified that after the transfection of Ad-
XBP1S for 48 h, the XBPIS protein level was significantly
increased when compared with non-transfected cells. Besides,
transfection of the cells with Ad-GFP did not influence the XBP1S
expression obviously (Fig. 4B).

Overexpression of XBP1S Suppressed the HG-induced
ECM Synthesis and ROS Generation in Cultured MCs

In Ad-GFP transfected cells, as showed in Fig. 5A, HG
treatment induced a significant increase in collagen IV level. In
contrast, transfection of Ad-XBPIS suppressed the HG-induced
increase in collagen IV. In Ad-XBPIS transfected cells, the
collagen IV protein levels were even lower than that of Ad-GFP
transfected cells. Quite similar result was observed in the changes
of fibronectin levels (Fig. 5B). In Ad-GFP transfected cells, HG
treatment induced a significant increase in fibronectin level, while
transfection of Ad-XBP1S reversed the HG-induced increase in
fibronectin. However, the fibronectin levels in Ad-XBP1S groups
did not show obvious difference to that of Ad-GFP group.

In Ad-GFP transfected cells, DHE fluorescent detection result
showed that HG treatment induced significant increase in ROS
production, while Western blot result showed that p47phox
expression was elevated. Transfection of Ad-XBPI1S reversed the
HG-induced increases in ROS production and p47phox expres-
sion (Fig. 6A and 6B). The ROS and p47phox protein levels in Ad-
XBP1S transfected groups were even lower than that of Ad-GIP
transfected group. As showed in figure 6C, based on the presence
of HG (48 h), both the collagen IV and fibronectin levels in Ad-
XBP1S transfected group were significantly lower than that of Ad-
GFP transfected group. Supplementation of superoxide by adding
xanthine (1077 mol/L) and xanthine oxidase (10 mU/ml) to the
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Figure 6. Changes in p47 and ROS generation after transfection of Ad-GFP or Ad-XBP1S. A: Western blot analysis on p47phox levels in
the cultured MCs before and after Ad-XBP1S transfection for 48 h (mean = SEM, n=>5). B: Observation of ROS generation by DHE fluorescent probe
assay in the cultured MCs before and after Ad-XBP1S transfection for 48 h (mean = SEM, n=8). *p<<0.05 compared to NG; #p<0.05 compared with
HG; ##p<0.01 compared to HG. C: Western blot analysis on collagen IV and fibronectin levels after transfection of Ad-XBP1S or Ad-XBP1S+xanthine
and xanthine oxidase (X-XO) for 48 h in the presence of HG. **p<<0.01 compared to Ad-GFP; #p<0‘05 compared with Ad-XBP1S (mean = SEM, n=5).
doi:10.1371/journal.pone.0056124.9g006

media reversed the Ad-XBPIS transfection-induced inhibitory decreased when compared with that of control siRNA-

effects on collagen IV and fibronectin expressions. transfected group (Fig. 7A and 7B). As showed in Fig. 7C

and D, knockdown on endogenous XBP1S expression increased
XBP1S Knockdown Enhanced ROS Generation and p47phox expression (Fig. 7C) as well as ROS production in
p47phox and ECM Expressions in Cultured MCs MCs (Fig. 7D). Besides, the expressions of collagen IV and

Transfected the cells with XBP1 siRNA (50 nM) for 48 h, fibronectin were increased (Fig. 7E).
Western blot result showed that XBP1S protein was significantly
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XBP1S and p47phox Expression in Renal Cortex of

Diabetic Rats

At the end of 8 weeks of STZ injection, as showed in Fig. 8 A,
the plasma glucose concentration was significantly elevated, much
higher than normal plasma glucose level. In STZ-induced diabetic
rats, Western blot result showed that the XBP1S protein level in
renal cortex was significantly decreased when compared with that
of non-diabetic rats (Fig. 8B), meanwhile p47phox, collagen IV
and fibronectin were increased (Fig. 8C and D).

Discussion

DN is one of the most important complications of diabetes. It
was reported that more than 40 percent novel cases that identified
as end stage renal diseases are DN associated [20]. However, the
molecular mechanism for the pathogenesis of DN is not
completely revealed. Among the recent studies that investigate
the mechanisms of diabetic related renal injury, many results
showed that oxidative stress is involved in the onset and

PLOS ONE | www.plosone.org

development of DN. The elevated ROS is related to renal
epithelial dysfunction, uncoupling of epithelial derived nitric
monoxide formation, podocyte apoptosis, tubular epithelial cell
to mesenchymal fibroblast transition and interstitial macrophage
filtration [9,21,22,23]. In MCs, HG-induced NADPH oxidase
overactivation and ROS production contribute to MCs pro-
liferation and excessive ECM expression [12,24,25]. These effects
are directly related the renal glomerular pathological remodeling
which leads to glomerular hypertrophy and sclerosis. NADPH
oxidase inhibitor, such as: apocynin or DPI, has provided having
renal protective role in vitro studies and in diabetic animals
[26,27,28].

In the study, our data supported the previous observations that
ROS generation was increased under hyperglycemic condition
and the increase in ROS is related to the excessive ECM
production [13]. The result that DPI, a NADPH oxidase inhibitor,
prevented HG-induced ROS production and consequent ECM
synthesis confirmed that NADPH oxidation enzyme pathway was
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the dominant pathway responsible for the elevation in ROS under
hyperglycemic condition.

ER is the central organelle entrusted with the protein folding
and maturation, lipid synthesis, and intracellular calcium homeo-
stasis. It is also endowed with recognition and targeting of aberrant
proteins for their degradations. When the manipulating capacity of
ER is exceeded, ER stress is switched on and multiple fundamental
cellular processes were modulated in order to alleviate ER stress

PLOS ONE | www.plosone.org

and avoid cell damage [29]. Among the most common pathways,
XBP1 pathway has been noticed to be related to regulating multi
protein synthesis and onset of pathological conditions. The gene of
XBP1 is expressed in many adult tissues, including heart, liver,
spleen, kidney, intestine and ovary [30]. Available evidences
suggest that XBP1 is involved in cardiac myogenesis, hepatogen-
esis, plasma cell differentiation, and development of secretory
tissues [31,32]. XBPl can be activated by post-transcriptional
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modification. Upon ER stress, inositol requiring enzyme 1 (IREI)
induces an unconventional splicing on XBP1 mRNA by its
endoribonuclease activity. This unconventional splicing event
induces a translational frame shift and then generates a high active
transcription factor contains 371-amino acid residuals, XBP1S
(54 kDa). Compared with XBPI1S, the 267-amino acid unspliced
form (XBP1U) (29 kDa) has poor activity and its function was
rarely investigated [33]. XBP1S plays as a master coordinator of
the adaptive unfolded protein response, while XBP1U probably
shuttles between the nucleus and cytoplasm and functions as
a negative feedback regulator of XBP1S [34]. Using microarray
screening the differentially expressed genes in diabetic mice, Sims-
Robinson C et al identified that both XBPIS and XBPIU
expressions were decreased in the hippocampus of diabetic
animals [35]. In both type 1 and 2 diabetes mice, by interacting
with forkhead box O1 (FoxO1) transcription factor and directing
its proteasome-mediated degradation, XBPIS improve serum
glucose homeostasis via insulin dependent and independent ways
[36,37].

In the experiment, we observed that XBP1S and XBP1U were
both expressed in renal MCs, however, the changes in XBP1U
and XBPI1S expressions to HG treatment were different. The
expression of XBPIS was suppressed dramatically by HG
treatment while no significant change in XBP1U expression was
observed. Overexpression of XBP1S reversed the HG-induced
ROS increase and ECM productions, while knockdown XBP1S
expression in normal cultured cells evoked effects similar to the
HG treatment, including stimulating ROS generation and ECM
expressions. From these results, we concluded that the suppression
on XBPIS by HG stimulate was related to HG-induced ROS
overproduction and consequent ECM production. The phenom-
ena that XBP1 pathway is related to cellular redox homeostasis
has recently been noticed. In 2012, in retinal pigment epithelium,
Zhong Y et al reported that loss of XBP1 or declined activation of
XBP1 leaded to reduce anti-oxidant gene expression, increase
oxidative stress and ER stress [38]. In the experiment, we also
observed that the expression of p47phox, a crucial subunit which is
directly related to the activity of NADPH oxidase, was upregulated
in HG-treated MCs. This result was consistent with the
observation on ROS production. NADPH oxidase consists of
the membrane-associated subunits p22phox and Nox2 (originally
named gp91phox), and the cytosolic regulatory subunits p47phox,
p67phox, p40phox and the GTPase Racl. In 2012, Liu GC
confirmed that p47phox is the chief subunit that is responsible for
regulating NADPH oxidase activity and ROS production in
diabetic mice or in cultured primary MCs [39]. In MCs, after HG
treatment, the expressions of p47phox and ECM were increased.
Application of the antisense against p47phox, prevented ROS
generation and increase in ECM relative protein secretion [12,13].
Deletion of p47phox reduced kidney hypertrophy, oxidative stress
and mesangial matrix expansion, and also reduced hyperglycae-
mia by increasing pancreatic and circulating insulin concentra-
tions in the Akita mouse [39]. In the resting state, the major
p47phox is located in the cytoplasm, while stressed condition, it
translocates to the cell membrane to assemble the active oxidase
[40]. The inhibition of p47phox translocation to the membrane is
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considered a promising strategy for suppressing oxidative stress
induced by HG and the treatment of DN [41].

In the experiment, the expression of p47phox was elevated
under hyperglycemic condition while the expression of XBP1S
was suppressed. Overexpression of XBPIS reversed the HG-
induced p47phox elevation, and knockdown intrinsic XBP1S
induced an elevation of p47phox. From these result, we speculated
that XBP1S pathway participates in HG-induced ROS over
generation in MCs and NADPH oxidase might be a downstream
target of XBPIS. In HG-treated cells, overexpression of XBP1S
reversed the increased expression of ECM proteins in the
meantime of suppressed the increase in ROS production, and
supplementation of ROS reversed the inhibitory effect of XBP1S
on ECM synthesis. From these results, we speculated that the
suppression on XBP1S expression under hyperglycemia condition
participates in ECM overproduction, and ROS mediates the effect
of XBP1S on ECM production. The observation in our in vivo
study was consistent with that from in vitro. In STZ-induced
diabetic rats, the XBP1S expression was suppressed. In the mean
time, p47phox level and ECM protein levels, including collagen
IV and fibronectin, were elevated. Combined the above results,
our results suggested that the XBP1S expression was suppressed
under hyperglycemic condition. The suppression in XBP1S might
be involved in diabetic induced renal damage via increasing ROS
generation.

Another interesting observation in the experiment is: Over-
expression of XBPIS induced a further decrease in p47phox and
ROS generation to a level below the control. Since that XBP1S
expressions were observed in normal cultured MCs and non
diabetic rats, we speculated that XBP1S might participate in
physiological regulation in cellular ROS production. As a nuclear
transcriptional factor, unfortunately, whether p47phox is a target
gene of XBPIS, and is there any other subunits in NADPH
oxidase and other ROS metabolizing enzymes are regulated by
XBP1S, have not been investigated in the study. The mechanism
that HG treatment induces the decrease in XBP1S expression and
the role of XPBIU on ROS production also need further
investigation.

In conclusion, in the experiment, we provided the evidence that
XBP1S pathway of ER stress was suppressed in HG-treated renal
MCis and renal cortex of diabetic rats. The suppression of XBP1S
was related the NADPH oxidase activity and HG-induce ROS
overproduction and consequent ECM synthesis. How does the
HG treatment influence XBP1S pathway and whether XBP1S
pathway can be a target modulating HG-induced oxidative stress
and renal damage need further investigations.
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