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Abstract: Purpose: Beta 2 glycoprotein | (B2GPI) has been shown the positive effect on diabetic atherosclerosis and
retinal neovascularization. B2GPI can be reduced by thioredoxin-1, resulting in the reduced state of 2GPI. The pos-
sible protective effects of 2GPI and reduced B2GPI on diabetic nephropathy (DN) are not fully elucidated. The pur-
pose of this study was to test a hypothesis that B2GPI and reduced B2GPI would improve DN in streptozotocin (STZ)
induced diabetic mice and high-glucose (HG) exposed rat mesangial cell (RMC). Methods: The STZ-induced Balb/c
mice and HG exposed RMCs were administrated with 32-GPI and reduced 32-GPI at different time and concentra-
tions gradient respectively. The changes of glomerular structure and expression of collagen IV, TGF-1, p38 MAPK
and phospho-p38 MAPK in renal cortical and mesangial cells were observed by immunohistochemical techniques,
quantitative real-time PCR and western blot with or without the treatment of B2-GPI and reduced B2-GPI. Results:
32GPI and reduced B2GPI improved early clinical and pathological changes of DN in STZ-diabetic mice. Treatment
with B2GPI and reduced B2GPI in the STZ-diabetic mice and HG exposed RMCs resulted in decrease expression
levels of TGF-B1 and collagen IV, with concomitant decrease in phospho-p38 MAPK expression. Conclusions: B2GPI
and reduced B2GPI improved renal structural damage and kidney function. The renoprotective and antifibrosis ef-
fects of B2GPI and reduced B2GPI on DN were closely associated with suppressing the activation of the TGF-f1-p38
MAPK pathway.
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Introduction

Diabetic nephropathy (DN) is the major micro-
vascular complication of diabetes mellitus (DM)
and is the most common cause of end-stage
renal disease worldwide [1]. Clinically, DN is
characterized by a reduction in the glomerular
filtration rate and increasing proteinuria that
eventually leads to progressive renal failure.
Pathologically, DN is characterized by the glo-
merular mesangium hypertrophy caused by a
proliferation of mesangial cells and excessive
accumulation of extracellular matrix (ECM),
which ultimately progresses to kidney fibrosis
and glomerulosclerosis [2].

Transforming growth factor-B1 (TGF-B1) is a
fibrogenic and inflammatory cytokine that plays
a vital role in glomerulosclerosis and interstitial
fibrosis in various renal diseases, including DN.
The abnormal production of TGF-B1 induced

by hyperglycemia causes an excessive accumu-
lation of ECM proteins, such as collagen
and fibronectin, which ultimately leads to
mesangial expansion and glomerular basement
membrane thickening. The mitogen-activated
protein kinases (MAPK), a family of serine/
threonine kinases, regulate intracellular sig-
nal transduction in response to various ex-
tracellular stimuli. MAPK subfamilies contain
extracellular signal-regulated kinase (ERK)
1/2, c-Jun NH2-terminal kinase (JNK), and p38
mitogen-activated protein kinase (p38 MAPK)
[3]. Recently, some evidence suggests that
the activation of the p38 MAPK pathway, but
not the canonical Smad signaling pathway,
mediates TGF-B1-induced collagen and fibro-
nectin expression during the development of
DN [4].

Beta 2 glycoprotein | (B2GPI) is a 50-kDa pro-
tein that was first described in 1961 [5], and
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Figure 1. Verification of B2GPI. After purification, the sample fractions were digested by trypsin PNGase F followed
by LC-MS analysis and SDS-PAGE analysis. A. The red coloured sequence is the sequence we found. B. SDS-PAGE
result revealed that the digested fraction was consistent with standard protein. Thus, we verified the fractions really
contained B2GPI. C. After further purification with heparin-sepharose affinity chromatography, the sample fractions
were analyzed with SDS-PAGE. The molecule weight of the sample was calculated according to the relationship
between molecular weight of standard protein and relative mobility ratio, and the result was 50 kDa. SP, std: B2GPI

standard protein; M: marker; DE: digested by trypsin PNGase F.

since 1990 B2GPI has been identified as the
most prominent antigen in antiphospholipid
syndrome [6]. B2GPI is predominantly synthe-
sized in hepatocytes, and its circulating plasma
concentration is variable (50-500 pg/mL, 1-10
uM) [7]. B2GPI consists of five repeating amino
acid domains. Domains I-IV include four cyste-
ines each and have the conserved sequences,
domain V has an extra 20 amino acid tail with a
unique cysteine termination and is aberrant [8].
Recently, it has been shown that the disulfide
bond between Cys288 to Cys326 in the domain
V can be reduced by thioredoxin-1 (TRX-1) or
protein disulfide isomerase (PDI) [9], resulting
in the reduced state of B2GPI, referred to as
reduced B2GPI.

Although B2GPI has been shown to be a partici-
pant in the autoimmune system [10, 11], vascu-
lar thrombosis [12, 13], infectious diseases
[14] and others system, the function of B2GPI
remains unclear. It has also reported that
B2GPI is associated with accelerated athero-
sclerosis and enhanced oxidative stress [15,
16]. High levels of B2GPI have been reported to
decrease the risk of myocardial infarction in

2322

elderly men [17]. In addition, reduced B2GPI
was found to protect endothelial cells from oxi-
dative stress-induced injury [18]. We have pre-
viously found a positive effect of B2GPI and
reduced B2GPI in diabetic atherosclerosis and
retinal neovascularization [19]. Till now, no
studies have examined the relationship
between B2GPI and reduced B2GPI and DN. In
this study, we hypothesize that B2GPI or
reduced B2GPI has beneficial effects in DN. In
addition, we investigated the renoprotective
effects of B2GPI or reduced B2GPI in the TGF-
B1-p38 MAPK pathway by examining the
expression of total and phosphorylated p38
MAPK (p-p38 MAPK), TGF-B1, and collagen IV in
diabetic mice and high glucose exposed rat
mesangial cells.

Materials and methods
Materials and reagents

The rat mesangial cell (RMC) line, HBZY-1, was
obtained from the American Type Culture
Collection (ATCC number: CRL-2573). Fetal
bovine serum (FBS), human serum albumin
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(HSA) and mannitol were purchased from
Beijing Solarbio Science & Technology Co., Ltd.
(Beijing, China). Streptozotocin (STZ) was pur-
chased from Sigma (Aldrich, USA). Trizol
Reagent was purchased from Invitrogen
(Carlsbad, USA). A Reverse Transcription Kit
was purchased from Thermo Scientific. SYBR®
Premix Ex Tag™ reagent was purchased from
TaKaRa Biotechnology, Inc. (Otsu, Japan).
Antibodies against TGF1 and collagen IV were
purchased from ABCAM (Cambridge, UK).
Antibodies against p38 MAPK and p-p38 MAPK
were purchased from Cell Signaling Technology,
Inc. (Boston, USA). Antibodies against B-tubulin
were purchased from Tianjin Sungene Biotech
Co., Ltd. (Tianjin, China). Horseradish peroxi-
dase labelled goat anti-rabbit 1IgG was pur-
chased from Beijing ComWin Biotech Co., Ltd.
(Beijing, China). The biotinylated goat anti-rab-
bit antibody and the Vectastain Elite ABC
Staining Kit were purchased from Vector
Laboratories (Burlingame, CA, USA). All other
materials were of reagent grade.

Purification of B2GPI and preparation of re-
duced B2GPI

B2GPI was purified from normal human plasma
using previously methods [20]. Plasma B2GPI
was precipitated by 3% perchloric acid and iso-
lated by heparin-sepharose affinity chromatog-
raphy (HiTrap Heparin, GE Healthcare). LC-MS
analysis was used to confirm this protein. The
purity of B2GPlI was confirmed by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) on a 10% mini-gel. SDS-PAGE
analysis of the protein sample showed the
same band as the standard sample (Figure 1).
The bicinchoninic acid (BCA) method was used
to determine the concentration of B2GPI.
Reduced B2GPI was prepared by previously
methods [18]. Purified B2GPI (1 uM) was
reduced by TRX-1 (3.5 uM) activated with dithio-
threitol (DTT, 70 uM). The thiols of reduced
B2GPI were protected by reduced glutathione.
The reduced B2GPI was verified using a west-
ern blot and LC-MS analysis. Western blot anal-
ysis showed the new protein maintained the
same immunologic activity as B2GPI. LC-MS
analysis verified that domain V of the new pro-
tein had free thiols.

Experimental animals for diabetic nephropathy

Female Balb/c mice (8-weeks old, 18-20 g)
were obtained from Peking University Labo-
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ratory Animal Center (Beijing, China). All animal
procedures were performed according to the
Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. All
animals were housed under standard condi-
tions with unrestricted food and water. Mice
were randomly divided into a diabetes mellitus
group (n = 40) and a normal control group (n =
8) and were fed a high fat and standard chow
diet respectively. After 8 weeks, the DM group
was induced by intraperitoneal injection of STZ
at 80 mg/kg three times for three days as pre-
viously described [21]. The normal control
group was injected with an equal amount of
sodium citrate buffer. Diabetic mice were
confirmed by a plasma glucose concentration >
16.7 mM after 72 hours injection. The STZ
induced diabetic mice were randomly divided
into 5 groups (n = 8) as follows: (a) and (b)
B2GPI or reduced B2GPI for 3 weeks in which
mice were induced by an intravenous injection
of 20 pg of B2GPI or reduced B2GPI one time
for 3 weeks; (c) and (d) B2GPI or reduced B2GPI
for 6 weeks in which mice were injected with 20
pg of B2GPI or reduced B2GPI two times for 6
weeks (one time per 3 weeks); (e) diabetic con-
trol mice in which mice were injected with equal
volumes of PBS two times for 6 weeks. The nor-
mal control group was simultaneously injected
with equal volumes of PBS two times for 6
weeks also. After STZ or control injections, the
blood glucose and body weight were monitored
weekly. The mice were housed individually in
metabolic cages. The 24 hours urine samples
were collected on the day before the end of the
experiment and were stored at -80°C. After 3 or
6 weeks of treatment, blood samples were col-
lected from the retro-orbital venous plexus
then mice were sacrificed and both kidneys
were removed. Serum was collected by centrif-
ugation at 3000 g for 15 min and stored at
-80°C. Urine albumin concentration was deter-
mined using the mouse albumin ELISA kit
(Assaypro, USA) according to the manufactur-
er’'s instructions. The serum levels of glucose,
urea nitrogen and creatinine were determined
using an Automatic Biochemical Analyzer
(Hitachi Co., Ltd., Japan). Kidney samples were
weighed and frozen in liquid nitrogen and
stored at-80°C or fixed in 10% neutral-buffered
formalin.

Cell culture and treatment

RMCs between passages 3 and 8 were used in
experiments. RMCs were cultured in Dulbecco’s
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modified Eagle Medium (DMEM) containing 5.5
mM glucose supplemented with 10% FBS and
antibiotics, maintained at 37°C in a 95% air, 5%
CO, atmosphere. RMCs were seeded at a den-
sity of 1.0x10°8 cells/well in six-well plates.
When the cells had grown to 70-80%
confluence, RMCs were placed in serum-free
DMEM for 24 hours and were then divided into
eight groups for the next 24 hours as follows:
(@) normal glucose in which RMCs were cul-
tured in 5.5 mM glucose DMEM (NG group); (b)
mannitol in which RMCs were cultured in medi-
um composed of 19.5 mM mannitol and 5.5
mM glucose DMEM that was used as an osmot-
ic control group (Mannitol group); (c) and (d) low
or high-dose HSA in which RMCs were cultured
in 25 mM glucose DMEM supplemented with
40 or 80 pg/ml HSA (HG plus HSA group) that
was used as the high glucose control group; (€)
and (f) low or high-dose B2GPI in which RMCs
were cultured in 25 mM glucose DMEM supple-
mented with 40 or 80 pyg/ml B2GPI (HG plus
B2GPI group); and (g) and (h) low or high-dose
reduced B2GPI in which RMCs were cultured in
25 mM glucose DMEM supplemented with 40
or 80 pg/ml reduced B2GPI (HG plus reduced
B2GPI group). Cell lysates and RNA were col-
lected and used for quantitative real-time PCR
and western blot analysis.

Morphological and immunohistochemical
analysis

The kidneys were embedded in paraffin and
were sliced into 4 uym sections. The tissue
slices were stained with periodic acid-Schiff
(PAS) for general histological studies. For immu-
nohistochemical analysis, the paraffin sections
were deparaffinized and rehydrated. After
blockage of endogenous peroxidase and anti-
gen retrieval, the tissue slices were incubated
with primary antibodies (TGF-B1 or collagen 1V,
diluted 1:200) at 4°C overnight. The slices were
then washed with PBS and incubated with a
biotinylated second antibody (diluted 1:200)
(Vector, Burlingame, CA) at room temperature
for 30 min. The slices were washed again
with PBS and incubated with a Vectastain
ABC kit (Vector, UK) according to the manufac-
turer’'s instructions. Immunoreactivity was
visualized with the chromogen 3,3’-diamino-
benzidine (DAB, Sigma). The slices were
counterstained with hematoxylin, dehydrated
and mounted. Brown areas were judged as pos-
itive staining. Glomerular cross-sectional areas
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were assessed with light microscopy (Olym-
pus IX-52, Olympus Optical, Tokyo, Japan).
Semiquantitative analysis of the ratio of posi-
tive staining areas to the glomerular areas was
evaluated with the image analysis software
Image Pro. Plus 6.0 (Media Cybernetics, Inc.,
Bethesda, MD, USA).

Quantitative real-time RT-PCR

Total RNA was extracted from kidneys or cul-
tured cells with Trizol Regent and was reverse
transcribed into cDNA with a Reverse
Transcription Kit. RNA was quantitated by OD
values at 260 nm and the integrity was verified
by ethidium bromide staining of ribosomal 18S
and 28S bands on agarose gels. Real-time PCR
was performed with the SYBR® Premix Ex Tag™
reagent according to the manufacturer’s
instructions. The following primers were used
for TGF-B1 of STZdiabetic mice: forward:
5-AGG GCT ACC ATG CCA ACT TC-3’, reverse:
5’-CCA CGT AGT AGA CGA TGG GC-3’; for TGF-B1
of RMCs: forward: 5-AGG GCT ACC ATG CCA
ACT TC-3’, reverse: 5-CCA CGT AGT AGA CGA
TGG GC-3’; for collagen IV of STZ-diabetic mice:
forward 5’-TCC AGG CCC CCC TGG AAC TGT-3,
reverse 5-GAG GGC CTG GTT GGC CTG-3’; for
collagen IV of RMCs: forward 5-CCA TCT GTG
GAC CAT GGC TT-3, reverse 5-GCG AAG TTG
CAG ACG TTG TT-3’; for GAPDH: forward: 5’-CAA
GGT CAT CCA TGA CAA CTT TG-3', reverse:
5-GTC CAC CAC CCT GTT GCT GTA G-3'. Water,
as a replacement for cDNA, was used as nega-
tive control. GAPDH was used as an internal
control. The mRNA expression levels were
quantified with normalization to GAPDH. The
results were calculated using the 244°T
method.

Western blot

The renal cortex tissue homogenates and
RMCs after being washed with ice-cold PBS
were lysed with RIPA lysis buffer. After incuba-
tion for 30 min on ice, the lysates were centri-
fuged at 12000 rpm for 15 min at 4°C and the
supernatant was collected. The concentration
of protein in the supernatant was determined
with the Micro BCA™ Protein Assay Reagent Kit
according to the manufacturer’s instructions.
The samples (30 g protein per lane) were sep-
arated on a 10% SDS-PAGE and blotted onto a
nitrocellulose transfer membrane. The mem-
branes were blocked with 5% nonfat milk in
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Table 1. The effects of B2GPI and reduced B2GPI on the biochemical parameters and renal function of STZ-induced diabetic mice at the end of
the experimental period. Data are expressed as the mean + S.E.M. (n = 8 for each group)

DM + 32-GPI DM + reduced B2GPI

Groups NC DM

3 wk 6 wk 3 wk 6 wk
Body weight (g) 2458 £+ 2.53 2248 +3.11 23.39+ 1.65 24.04 £ 2.83 2433 +£2.76 23.72+2.42
Kidney weight (mg) 134.69 + 19.40 263.09 + 15.81" 212.02 + 22.41* 205.30 + 22.69"# 210.45 + 30.49" 186.34 + 15.04*
Kidney/body weight ratio (mg/g) 5.57 £ 1.40 11.88 + 1.93" 9.04 £ 0.33" 8.56 £ 0.64™* 8.64 + 0.59"* 7.88 + 0.63*
Blood glucose (mmol/L) 6.05 + 0.86 25.66 + 3.21" 23.89 + 6.43" 23.78 £+ 6.217 24.49 + 5.55" 22.40 + 4.28"
Serum creatinine (umol/L) 729 £ 1.23 23.64 +5.07" 17.17 + 3.06™* 15.98 + 5.89"# 16.14 + 3.93"# 13.20 + 1.71"*
Blood urea nitrogen (mmol/L) 5.23 + 0.65 12.57 + 1.24" 9.75 + 1.22" 8.10 + 0.84"# 8.60 + 1.43"# 8.33 +1.34"#
Urine albumin (ug/24 h) 27.26 £+ 8.74 230.99 + 40.01" 161.41 + 31.03" 132.88 +28.61"*  140.58 + 25.72"* 116.88 + 18.52"#

NC: normal control; DM: diabetic model control; 2GPI: 20 pg B2GPI; reduced B2GPI: 20 pg reduced B2GPI. NC and DM were treated with equal volumes of PBS. All the mice were
administered via intravenous injection. "P < 0.05 vs. NC group. P < 0.05 vs. DM group.
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TBST (20 mM Tris-HCI, pH 7.6, 137 mM NaCl
and 0.01% Tween-20) for 60 min at room tem-
perature and were then incubated with primary
antibodies (against TGF-B1, collagen IV, p38
MAPK, p-p38 MAPK and B-tubulin) overnight at
4°C. The membranes were subsequently
washed with TBST and incubated with horse-
radish peroxidase-conjugated secondary anti-
bodies for 60 min at room temperature. After
the incubation, the membranes were washed
with TBST. Immunoreactive bands were detect-
ed with ECL reagents (Amersham Biosciences,
UK) and exposure to Hyperfilm (GE Healthcare,
UK). Band densities were measured using
BandScan software and quantified by normal-
ization to B-tubulin.

Statistical analysis

All of the results are expressed as the means *
SEM. Statistical analyses were performed
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Figure 2. Treatment with B2GPI and re-
duced B2GPI prevented mesangial ex-
pansion and capillary basement mem-
brane thickening in STZ-induced diabetic
mice. Glomerular histopathology analysis
by PAS staining. A. The pictures display
representative glomeruli of PAS-stained
sections with original magnification of
x400. Scale bar = 50 ym for all micro-
graphs. B. The ratio of PAS-positive stain-
ing areas to the glomerular areas was
evaluated by a semi-quantitative meth-
od. Data are expressed as the mean *
S.E.M. (n = 8 for each group). *P < 0.05
vs. NC group, #P < 0.05 vs. DM group.
NC: normal control; DM: diabetic model
control; B2GPI: 20 pg B2GPI; reduced
B2GPI: 20 ug reduced B2GPI.

using IBM SPSS Statistics 19.0 software.
Statistical significance among multi-groups
was determined using one way analysis of vari-
ance and Tukey's test post hoc analysis.
Statistical significance between two groups
was determined using the unpaired Student’s
t-test. P < 0.05 was considered statistically
significant.

Results

B2GPI and reduced B2GPI improve biochemi-
cal parameters and kidney hypertrophy in
STZ-induced diabetic mice

After STZ injection, all mice became diabetic
with significantly higher urine albumin, urea
nitrogen and creatinine compared with the nor-
mal control group (P < 0.05) (Table 1). However,
the levels of urea nitrogen, creatinine and urine

Int J Clin Exp Pathol 2015:8(3):2321-2333
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Figure 3. Treatment with B2GPI and reduced 32GPI decreased the excessive accumulation of ECM proteins in STZ-
induced diabetic mice. A. Immunohistochemical staining of collagen IV in the above groups. Increased expression
of collagen IV-positive areas (dark brown) was observed after STZ induction in the DM group and was reduced with
B2GPI and reduced B2GPI as the treatment increasing. Original magnification: x 400. Scale bar = 50 ym for all
micrographs. NC: normal control; DM: diabetic model control; B2GPI: 20 pg B2GPI; reduced B2GPI: 20 ug reduced
B2GPI. B and C. Quantification of collagen IV expression in the kidneys was performed using quantitative real-time
RT-PCR and western blot. The mRNA and protein expression of collagen IV in kidneys were significantly increased
after STZ induction in the DM group and were reduced with B2GPI, evidently with reduced B2GPI for 6 weeks. Data
are expressed as the mean + S.E.M. (n = 8 for each group). *P < 0.05 vs. NC group, #P < 0.05 vs. DM group. N:

normal control; DM: diabetic model control; B2GPI: 20 pg B2GPI; reduced B2GPI: 20 pg reduced B2GPI.

albumin were significantly lower in diabetic
mice treated with B2GPI and reduced B2GPI
compared with untreated diabetic mice (P <
0.05), except in mice treated with B2GPI for 3
weeks.

The kidney hypertrophy index (kidney/body
weight ratio) increased significantly (P < 0.05),
while the body weight slightly decreased in dia-
betic mice compared with the normal control
group (P > 0.05) (Table 1). However, the degree
of kidney hypertrophy index decreased after
treatment with B2GPI and reduced B2GPI, par-
ticularly in mice treated with reduced 32GPI for
6 weeks.
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B2GPI and reduced B2GPI improved glomeru-
lar morphological changes in STZ-induced
diabetic mice

The mesangial expansion and capillary base-
ment membrane thickening were observed in
the diabetic control group after PAS staining
(Figure 2). After treatment with B2GPI and
reduced B2GPI, there was decreased mesan-
gial expansion and capillary basement mem-
brane thickening. As treatment time pro-
gressed, the improvements were evident.
Particularly, after 6 weeks treatment with
reduced B2GPI, the PAS staining showed nearly
normal glomerular structure.

Int J Clin Exp Pathol 2015:8(3):2321-2333
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Figure 4. Treatment with B2GPI and reduced B2GPI inhibited the activation of TGF-B1 and p38 MAPK in STZ-induced
diabetic mice. A and B. Quantification of TGF-B1 expression in the kidneys was performed using quantitative real-
time RT-PCR and western blot. The mRNA and protein expression of TGF-B1 in kidneys were significantly increased
after STZ induction in the DM group and were reduced with B2GPI, evidently with reduced B2GPI for 6weeks. C.
Quantification of p38MAPK and phospho-p38 MAPK expression in the kidneys was performed using western blot.
The phosphorylation level of p38 MAPK significantly increased in the diabetic control group, whereas B2GPI and
reduced B2GPI treatment inhibited p38 MAPK phosphorylation. Data are expressed as the mean + S.E.M. (n = 8 for
each group). *P < 0.05 vs. N group, #P < 0.05 vs. DM group. N: normal control; DM: diabetic model control; B2GPI:

20 pg B2GPI; reduced B2GPI: 20 pg reduced B2GPI.

B2GPI and reduced B2GPI decreased the
excessive accumulation of ECM proteins in
STZ-induced diabetic mice

The STZ-induced diabetic mice exhibited an
increase in collagen IV-positive areas accumu-
lated in the mesangial matrix and capillary
basement membranes compared with the nor-
mal control group (Figure 3A). After 3 weeks
treatment with B2GPI and reduced B2GPI, col-
lagen IV-positive areas decreased slightly com-
pared with the diabetic control group. However,
6 weeks treatment with B2GPl and reduced
B2GPI exhibited significantly less collagen
IV-positive areas. In addition, collagen IV mRNA
and protein expression from the diabetic con-
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trol group were significantly higher than those
from the normal control group (Figure 3B and
3C). After B2GPI and reduced B2GPI treatment,
collagen IV mRNA and protein expression
decreased significantly compared with the dia-
betic control group, particularly after 6 weeks
treatment with reduced B2GPI.

B2GPI and reduced B2GPI inhibited the activa-
tion of TGF-B1 and p38 MAPK in STZ-induced
diabetic mice

TGF-B1 mRNA and protein expression were
significantly higher in the diabetic control group
compared with the normal control group (Figure
4A and 4B). Although TGF-B1 mRNA expression

Int J Clin Exp Pathol 2015;8(3):2321-2333
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Figure 5. Treatment with B2GPI and reduced B2GPI decreased the expression of collagen IV in high glucose-induced
RMCs. A and B. Quantification of collagen IV expression in high glucose-induced RMCs was performed using quan-
titative real-time RT-PCR and western blot. The mRNA and protein expression of collagen IV were significantly in-
creased after high glucose stimulation. However, the elevated expression levels decreased after B2GPI and reduced
B2GPI treatment with high glucose stimulation. Data are expressed as the mean + S.E.M. *P < 0.05 vs. normal
glucose group, #P < 0.05 vs. high glucose control group. NG: normal glucose group; Mannitol: osmotic control group;
HSA: high glucose with HSA as high glucose control group; B2GPI: high glucose with B2GPI; reduced B2GPI: high

glucose with reduced B2GPI.

was higher than the normal control group after
treatment, it was lower than the diabetic con-
trol group. Meanwhile, the B2GPI and reduced
B2GPI treated diabetic mice had decreased
TGF-B1 protein expression compared with the
diabetic and normal control groups. The reduc-
tion of TGF-B1 expression was most evident in
the diabetic mice treated with reduced B2GPI
for 6 weeks. In addition, the phosphorylation
level of p38 MAPK significantly increased in the
diabetic control group, whereas B2GPI and
reduced B2GPI treatment inhibited p38 MAPK
phosphorylation (Figure 4C). It was noted that
the phosphorylation level of p38 MAPK in treat-
ed diabetic mice was lower than the normal
control group.

B2GPI and reduced B2GPI decreased the ex-
pression of collagen IV in high glucose-induced
RMCs

Collagen IV mRNA and protein expression were
significantly increased after high glucose stim-
ulation for 24 hours (Figure 5A and 5B). These
elevated expression levels decreased after
B2GPI and reduced B2GPI treatment (P < 0.05).
As a hyperosmotic control, the mannitol group
demonstrated no difference compared with the
normal glucose group. Incredibly, the protein
expression of collagen IV in 2GPI and reduced
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B2GPI groups were lower than the normal glu-
cose group. Furthermore, collagen IV mRNA
expression was slightly lower in the high-dose
of B2GPI and reduced B2GPI compared with
the low-dose groups. Collagen IV protein
expression was lower in the high-dose reduced
B2GPI group compared with the low-dose
group.

B2GPI and reduced B2GPI inhibited the activa-
tion of TGFB1 and p38 MAPK in high glucose-
induced RMCs

High glucose stimulation increased TGF-f1
MRNA and protein expression compared with
the normal glucose and mannitol groups (Figure
6A and 6B). Although TGF-B1 mRNA expression
was higher than the normal glucose and man-
nitol group after B2GPl and reduced B2GPI
treatment, it was lower than the high glucose
group. TGF-B1 mRNA expression levels were
significantly decreased with a high-dose of
B2GPI and reduced B2GPI compared with a
low-dose groups. Furthermore, TGF-B1 protein
expression was significantly lower after B2GPI
and reduced B2GPI treatment compared with
the normal glucose group. In addition, the phos-
phorylation level of p38 MAPK significantly
increased after high glucose stimulation. It was
noted that p38 MAPK phosphorylation levels in

Int J Clin Exp Pathol 2015;8(3):2321-2333
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Figure 6. Treatment with B2GPI and reduced B2GPI inhibited the activation of TGF-f1 and p38 MAPK in high glu-
cose-induced RMCs. A and B. Quantification of TGF-B1 expression in high glucose-induced RMCs was performed
using quantitative real-time RT-PCR and western blot. The mRNA and protein expression of TGF-B1 were significantly
increased after high glucose stimulation and were significantly decreased with a high-dose of B2GPI and reduced
32GPI compared with a low-dose. C. Quantification of pP38MAPK and phospho-p38 MAPK expression in high glucose-
induced RMCs was performed using western blot. The phosphorylation level of p38 MAPK significantly increased
after high glucose stimulation, whereas B2GPI and reduced B2GPI treatment inhibited p38 MAPK phosphorylation.
Data are expressed as the mean + S.E.M. (n = 8 for each group). *P < 0.05 vs. N group, #P < 0.05 vs. DM group. N:
normal control; DM: diabetic model control; B2GPI: 20 pg B2GPI; reduced B2GPI: 20 pg reduced B2GPI.

the high glucose-induced RMCs treated with
reduced B2GPI were lower than the normal glu-
cose group, whereas treatment with B2GPI
slightly inhibited p38 MAPK phosphorylation
compared with the normal glucose group
(Figure 6C).

Discussion

In the present study, we demonstrated that dia-
betic mice induced by a high-fat diet and STZ
exhibited a number of early clinical and patho-
logical characteristics of DN. Treatment with
B2GPI and reduced B2GPI improved the above
changes with time dependently, indicating their
renoprotective effects during DN development.
In vivo and in vitro studies have demonstrated
that hyperglycemia can induce enhanced syn-
thesis of ECM proteins such as collagen and
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fibronectin [22-24]. In this study, we determined
that collagen IV expression was significantly
increased in STZ-induced diabetic mice and
high glucose-induced RMCs, which is consis-
tent with previous reports. However, treatment
with B2GPl and specifically reduced B2GPI
effectively decreased collagen IV expression,
indicating that 2GPI and reduced B2GPI could
improve kidney fibrosis and glomerulosclerosis
through the suppression of ECM proteins
synthesis.

TGF-B1 has been recognized as an important
inflammatory cytokine in DN as previously men-
tioned. The inhibition of TGF-B1 expression
enhances DN treatment by suppressing matrix
accumulation. Therefore, TGF-B1 has been pro-
posed as an intervention target for DN treat-
ment [25]. In the present study, the STZ-induced

Int J Clin Exp Pathol 2015;8(3):2321-2333
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diabetic mice and the high glucose-induced
RMCs had increased TGF-31 mRNA and protein
expression. However, treatment with B2GPI and
reduced B2GPI could inhibit TGF-B1 mRNA and
protein expression.

The activation of p38 MAPK, one of the down-
stream effectors of the TGF-B1 signaling cas-
cades, has been reported to be involved in the
progression of DN [26]. The effects of B2GPI
and reduced B2GPI on TGF-B1-p38 MAPK acti-
vation in DN have not been elucidated. The
phosphorylation levels of p38 MAPK signifi-
cantly increased in the present study, which
were positively correlated with TGF-B1 protein.
The PB2GPlI and reduced B2GPI treatment
decreased p38 MAPK phosphorylation levels
as well as TGF-B1 expression in STZ-induced
diabetic mice, and similar results were observed
in high glucose-induced RMCs.

The proportion of reduced B2GPI is significantly
lower in the antiphospholipid syndrome group
than that in healthy individuals [27], which sug-
gest that reduced B2GPI may play a protective
role in our bodies. Reduced B2GPI was recently
found to protect EAhy926 (fusion of HUVECs
and the A549 carcinoma cell line) from oxida-
tive stress induced endothelial cell damage
and to display increased binding to von
Willebrand factor (VWF) than non-reduced
B2GPI in vitro [28]. At present, no studies have
reported the correlation between B2GPI and
reduced B2GPI and DN. Our study first indicat-
ed that both B2GPI and reduced [B2GPI
improved kidney fibrosis and decreased mesan-
gial cells produce collagen IV by inhibiting TGF-
B1 and p38 MAPK phosphorylation expression.
Although reduced B2GPI have the better effect
on kidney fibrosis, B2GPI have the same reno-
protective effect. It is possible that 2GPI can
switch between an oxidized and reduced state
under harsh conditions. As described previous-
ly, domain V of B2GPI can be reduced by TRX-1
resulting the functional disulfide bond (Cys288-
Cys326) opened, resulting in some functional
changes. The opened functional disulfide bond
could be anchored to the cells membrane, pro-
viding the appropriate interface to react with
cell surface proteins such as TGF-B1, resulting
inhibiting the activation of TGF-f1-p38 MAPK
signal pathway. TRX-1 is ubiquitously expressed
and is also present on mesangial cells in DN
[29]. Given B2GPI's high concentration in plas-
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ma makes it easily available for reactions with
TRX-1, resulting in the reduced formation of
B2GPI. Thus, in this study B2GPI and reduced
B2GPI have been showed the similar renopro-
tective and antifibrosis effects.

In summary, the present study confirmed that
B2GPI and reduced B2GPI improved renal dys-
function and kidney fibrosis as well as
decreased collagen IV and TGF-B1 mRNA and
protein expression in STZ-induced diabetic
mice and high glucose-induced RMCs.
Moreover, the present studies demonstrated
that the renoprotective and antifibrosis effects
of B2GPI and reduced B2GPI in DN were closely
associated with suppressing the activation of
the TGF-f1-p38 MAPK pathway. Currently, the
function of B2GPI and reduced B2GPI has been
poorly understood, the definitive molecular
mechanism of B2GPI and reduced B2GPI inhibi-
tion of the TGF-B1-p38 MAPK pathway in DN
needs to be investigated in future.
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