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Abstract. Type 1 diabetes mellitus (T1IDM) is receiving
increased attention. To obtain a better understanding of the
mechanism underlying TIDM, we performed a proteomic
study on a rat model induced by streptozotocin. Pancreatic
proteins were separated by two-dimensional gel electro-
phoresis. Eighteen protein spots were differentially expressed
(P<0.05) with 2-fold or more increased or decreased intensity
in the diabetic rats as compared with controls, of which 11
protein spots were up-regulated and 7 protein spots were down-
regulated. These protein spots were successfully identified by
liquid chromatography-electrospray ionization tandem mass
spectrometry. The 60 kDa heat shock protein, the carbonyl
reductase 1 (Cbrl), the hydroxyacyl-CoA dehydrogenase,
A3 A**-dienoyl-CoA isomerase, the elongation factor 1-9,
the 26S protease regulatory subunit 7 and the transitional
endoplasmic reticulum ATPase were up-regulated, while
the 78 kDa glucose-regulated protein, peroxiredoxin 4 and
plakoglobin were down-regulated. The expression change of
Cbrl which is closely related to diabetic complications was
further validated by Western blotting. Our results and those of
the bioinformatics analysis suggest that oxidative stress, the
Wnt pathway, fatty acid degradation and glucose transport
may be closely related to TIDM.
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Introduction

Type 1 diabetes mellitus (T1DM) is a multifactorial disease,
which is characterized by the destruction of the insulin-
secreting B cells of the islets of Langerhans in the pancreas.
The destruction of p cells leads to severe insulin depletion,
which results in hyperglycemia, because of hepatic over-
production of glucose by glycogenolysis and gluconeogenesis
and decreased cellular uptake of glucose from the circulation.
The onset of TIDM is involved in different genetic and/or
environmental susceptibility determinants, with different
mechanisms leading to f cell destruction (1). Increased oxidative
stress has been reported to be a participant in the onset of
diabetes (2,3), which can cause heavy damage to 3 cells because
of very low amounts of intrinsic antioxidant enzymes in f§
cells (4). It has also been reported that the autoimmune attack
is involved in [ cell destruction of TIDM (5). However, the
exact mechanisms of this disease still remain largely unknown.

Animal models are widely used to study the underlying
mechanisms and consequences of diabetes (6). Animal models
for TIDM include genetic models and chemical-induced
models. The genetic models include the non-obese diabetic
(NOD) mouse and the Bio-Breeding Wistar rat. The models of
diabetes with the genetic defects may not be ideal for the
study of the disease in humans, because these gene mutations
are rare in the general population (7). The commonly used
chemical-induced models in the mouse and the rat for assessing
the mechanism of T1DM, screening potential therapies for
this condition, and evaluating therapeutic options are the
streptozotocin (STZ)-induced models (8). The diabetogenic
property of STZ is characterized by the selective destruction
of B cells of pancreatic islets, causing insulin deficiency, hyper-
glycemia, polydipsia and polyuria, all of which mimic human
T1DM (9), thus making this model better fitted for the study
of TIDM.

Proteomics is a powerful tool to describe changes in protein
expression and modification, and holds the promise of providing
major contributions to diabetes research (6). Sanchez et al
built the first reference database of the mouse islet proteome
(10). Xie et al performed proteomic analysis of mouse islets
after multiple low-dose STZ injections, and found 4 proteins
that were up-regulated and 3 that were down-regulated in
diabetic mice (11). In a series of experiments, researchers
examined the effect of IL-1p3 on the proteome profile of rat
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islets of Langerhans from Wistar Furth rats (12,13) and later
in Bio Breeding diabetes-prone rats (14,15). They found that
differentially expressed proteins from both rat strains were
involved in many pathways, such as energy transduction, redox
potentials, glycolysis and the Krebs cycle (15). Yang et al
carried out proteomic analysis of remnants of the pancreas
after 90% pancreatectomy, and determined that differentially
expressed proteins in regenerating rat pancreas were involved
in cell growth, lipid and energy metabolism, protein and amino
acid metabolism and signal transduction (16). Due to its
potential to dissect complex human disorders, proteomics
analysis may be used to add insight into diabetes research (6).

In the present study, we carried out proteomic analysis of
the pancreas of diabetic Sprague-Dawley (SD) rats induced by
STZ. The proteome profile of the pancreas was assessed by
two-dimensional gel electrophoresis (2-DE) followed by mass
spectrometry analysis (MS) to identify differentially expressed
proteins and bioinformatics analysis with the purpose of
providing insight into the mechanism of TIDM.

Materials and methods

Animals and diabetes induction. Experiments were conducted
in 6-week-old male SD rats (210-230 g; SLAC Laboratory
Animal Centre, Shanghai, China). Rats were housed in a
temperature controlled room (22+1°C) under a 12:12 h light-
dark cycle, with standard rodent chow and water ad libitum.
The experiments were conducted in accordance with the
regulations of the State Science and Technology Commission
for the care and use of laboratory animals (State Science and
Technology Commission Order no. 2, 1988). Rats were randomly
divided into two groups (n=8), the control group and the
diabetes group. Diabetes was induced following overnight
fasting by a single intraperitoneal injection of STZ (60 mg/kg;
Sigma-Aldrich, St. Louis, MO, USA) dissolved in citric acid-
trisodium citrate buffer (0.1 M, pH 4.5; Shanghai Chemical
Reagent Co., Shanghai, China). The induction of diabetes was
considered successful when blood glucose exceeded 16.7 mmol/l
48 h after the STZ injection. The control rats received buffer
alone. Blood glucose was measured using a compact glucometer
(Accu-Check Advantage; Roche Diagnostics, Shanghai, China)
on Days 0, 1,2,3,5,7,9, 11, 13 and 15.

Histology. Pancreases were immediately removed after rats
were sacrificed, and then rinsed in ice-cold saline. Pancreas
samples for histology were fixed in 10% neutral buffered
formalin (v/v), dehydrated in a graded series of ethanol, and
then embedded in paraffin. Following embedding, 5-ym-thick
sections were cut, stained with haematoxylin and eosin, and
observed using light microscopy (x400).

Preparation of pancreas samples. Pancreas samples for
proteomics were pulverized in liquid nitrogen, resolved in
solution 1 of the ReadyPrep sequential extraction kit (Bio-Rad
Laboratories, Hercules, CA, USA) with the following additions:
PMSF (1 mM), DNase (20 ug/ml), and RNase (10 pug/ml),
sonicated on ice (3x5 sec), and then stored at 4°C for 1 h.
Samples were centrifuged at 14,000 x g for 30 min at 4°C and
then the supernatants were collected. Protein concentrations
were determined by the Bradford method (Bio-Rad Laboratories).
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For 2-DE analysis, the protein extracts of each animal in the
same group were equally pooled according to the protein
concentration and stored at -80°C until use.

2-DE. Three independent experiments of 2-DE were performed
to ensure reproducibility for each group. 2-DE was carried
out using a Bio-Rad 2-DE system following the Bio-Rad
handbook. Briefly, a 100 pg protein sample was applied for
isoelectric focusing (IEF) using the ReadyStrip IPG strips
(17 cm, nonlinear pH 3-10; Bio-Rad). The strips were placed
into a Protean IEF cell (Bio-Rad) and were rehydrated at 50 V
for 12 h, and then the proteins were separated based on their
pl according to the following protocol: 250 V with a linear
climb for 30 min, 1,000 V with a rapid climb for 60 min,
10,000 V with a linear climb for 5 h, 10,000 V with a rapid
climb until 60,000 Vh were reached, and 500 V with a rapid
climb for 30 min. After IEF, the IPG strips were equilibrated
for 15 min in a buffer containing 50 mM Tris-HCI, pH 8.8,
30% glycerol, 7 M urea, 2% SDS and 2% DTT followed by a
further equilibration in a similar buffer (but containing 2.5%
iodoacetamide instead of DTT) for 15 min and then placed on
13% homogeneous SDS-PAGE gels for electrophoresis using
a Protean II xi Cell system (Bio-Rad) according to the following
protocol: 10 mA/gel for 30 min and 24 mA/gel for 6 h. After
that, the gels were silver-stained.

Image analysis and liquid chromatography-electrospray
ionization tandem mass spectrometry (LC-ESI-MS/MS). The
silver-stained gels were scanned by a GS-800 densitometer
(Bio-Rad) and then analyzed using the PDQuest software
(Bio-Rad). The individual protein spot quantity was normalized
as follows: the raw quantity of each spot in a member gel was
divided by the total quantity of the valid spots in the gel, and
normalized spot intensities were expressed in ppm. Comparisons
were made using the Student's t-test between gel images of the
diabetes and control groups. The differentially expressed
protein spots (P<0.05) with 2-fold or more increased or
decreased intensity between the two groups were selected and
subjected to further identification by LC-ESI-MS/MS analysis.
Briefly proteins selected were excised from the gels, washed,
dehydrated and digested with 12.5 ng/ml trypsin in 0.1 M
NH,HCO;. LC-ESI-MS/MS analysis was performed using a
Finnigan LTQ mass spectrometer (ThermoQuest, San Jose,
CA) coupled with a Surveyor HPLC system (ThermoQuest).
Protein identification based on the raw MS/MS data was
performed using the SEQUEST software (Thermo Finnigan)
by searching against the Swiss-Prot rat protein database. The
identification results were filtered based on the XCorr (1+,
>1.9; 2+, 22.2; 3+, =3.75) and the ACn (=0.1).

Bioinformatics analysis. Various online databases containing
experimental information of protein interactions and associ-
ations have been set up with the development of high throughput
proteomics technology (17). Bioinformatics analysis of the
protein-protein interaction (PPI) was carried out using PPI
Spider (18), which is a freely available web-based tool for the
interpretation of experimentally derived proteins in the context
of a global PPI network. A dataset containing the standard
gene symbols of the identified proteins was uploaded and a
PPI network was mapped with the default parameter settings.
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Figure 1. A rat model of TIDM was successfully induced by streptozotocin
(STZ) treatment. Effects of STZ on blood glucose (A). Blood glucose was
measured by the Accu-Chek Advantage glucometer. Blood glucose was
significantly elevated in the diabetes group. Data are expressed as the
means = SD, n=8. “P<0.01, diabetes group vs. control group (Student's
t-test). STZ caused damage to pancreatic islets (B). The sections were
stained with haematoxylin and eosin. Pancreatic islets shown are represen-
tatives of each group. Scale bar, 50 ym.
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Western blotting. Three independent experiments were carried
out for Western blot analysis. An aliquot (containing 40 ug
protein) of the pancreas sample was denatured by mixing with
an equal volume of 2X sample loading buffer and then boiling
at 99.5°C for 5 min. Proteins were separated by a 14% SDS-PAGE
gel and electroblotted onto a 0.45 ym PVDF membrane (Bio-
Rad). After the PVDF membrane was blocked in 10 mM PBS
with 0.1% Tween-20 and 5% dehydrated skim milk, the
membrane was incubated with primary antibodies overnight at
4°C. The primary antibodies used were the goat anti-carbonyl
reductase 1 (Cbrl) polyclonal antibody (1:2,000; Santa Cruz
Biotechnology, Santa Cruz, CA), and the horseradish peroxidase-
conjugated anti-rat [3-actin monoclonal antibody (1:8,000;
Kangcheng, Shanghai, China). Blots were then incubated with
the horseradish peroxidase-conjugated rabbit anti-goat IgG
(Santa Cruz Biotechnology) for 1 h at room temperature at a
1:10,000 dilution and then visualized using chemiluminescence
(ECL Plus; Amersham Pharmacia Biotech, Piscataway, NJ,
USA). The blots were scanned by a Doc XR System (Bio-Rad)
and analyzed using the Quantity One software (Version 4.6;
Bio-Rad).

Statistical analysis. Significant differences between the diabetes
and control groups were determined by the Student's t-test.
The statistical analysis for the PPI Spider was performed using
the Monte Carlo simulation procedure. Data are expressed as

pl3 10

Figure 2. Representative 2-DE gel maps of the pancreas isolated from control rats (left) and diabetic rats (right). (A) Total protein extracts were separated on
17-cm nonlinear IPG strips (pH 3-10) in the first dimension followed by 13% SDS-PAGE in the second dimension and visualized by silver staining. (B)
Cropped images of the 18 differentially (P<0.05) expressed protein spots with a 2-fold or more increased or decreased intensity between the diabetic and
control groups. The numbers correspond to the spot identification numbers listed in Table 1. The protein spots were symmetrically circled in the two groups.

The ppm volumes of these protein spots are listed in Table I.
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Table I. 2-DE analysis of differentially expressed proteins of the pancreas of diabetic rats induced by STZ.*
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Spot volume (ppm)

Spot Control Diabetes Fold-change P-value
(mean + SD) (mean + SD)
0116 1087.8+284.5 2408.8+740.8 221 <0.05
0209 816.6+309.2 2719.3+958.5 3.33 <0.05
0309 1938.5+£709.5 5357.4+1930.7 2.76 <0.05
0703 475.1£260.1 1441.5+462.2 303 <0.05
1008 472.1+86.7 181.1+35.7 0.38 <0.05
1220 3220.9+1390.9 572.0+456.2 0.18 <0.05
1308 677.3£192.3 283.7+110.0 042 <0.05
1707 305.1£99.2 648.2+125.8 2.12 <0.05
2407 452.8+25.3 1060.4+289 4 2.34 <0.05
3005 1837.1x174.6 553.3£101.2 0.30 <0.05
4007 1470.4+309.6 4250.0+757.1 2.89 <0.05
4009 4096.8+1345.5 1737.5+507.9 042 <0.05
4107 511.4+96.3 2220.4+813.9 4.34 <0.05
4310 893.0+221.1 249.4+59.2 0.28 <0.05
6013 429.0+53.8 197.2+432.1 046 <0.05
8209 729.7+222.6 1469.1+383.3 201 <0.05
9006 1029.0+224.5 2667.0+446.0 2.59 <0.05
9105 1253.2+574.3 3765.5+1106.3 3.00 <0.05

*2-DE of all samples was performed in triplicate.

the mean + SD. A P-value <0.05 was considered statistically
significant.

Results

Rat model for TIDM evaluated by blood glucose levels and
histology study of pancreatic islets. After STZ injection,
blood glucose levels in the diabetes group were significantly
increased compared to those in the control group. Blood
glucose levels rose to 21.73+3.9 mmol/l on Day 2 (Fig. 1A),
indicating that diabetes was successfully induced by STZ.
Furthermore, blood glucose in the diabetes group was further
elevated by Day 15. Histological analysis of pancreatic islets
using haematoxylin and eosin staining, demonstrated that
STZ caused serious damage to the pancreatic islets in the
diabetes group. In specific, islet deformation, irregular distri-
bution of cells, and cell atrophy with karyopyknosis and
karyorrhexis were observed (Fig. 1B).

Differentially expressed protein spots separated by 2-DE.
Representative two-dimensional gel images of pancreas of the
control and diabetes groups are shown in Fig. 2A. Each gel
resolved up to 2,000 protein spots. The proteome maps of
pancreas in the diabetes and control groups were compared
with the PDQuest software to identify protein spot variations.
Differentially expressed protein spots (P<0.05) with 2-fold or
more increased or decreased intensity were scored. Eleven
protein spots were up-regulated and 7 protein spots were

down-regulated in the diabetes group as marked with arrows
in Fig. 2A and highlighted by the expanded plots in Fig. 2B.
The average intensity values and the standard deviations of
the spots, the statistical assay results, and the -fold differences
between the diabetes and control groups are listed in Table I.
The fold-difference is represented by the ratio of the intensity
value of the diabetes group to that of the control group.

Identification of differentially expressed proteins by LC-ESI-MS/
MS. After analyzing the 2-DE gels, peptides were extracted
from each differentially expressed protein spot by in-gel trypsin
digestion, and proteins were identified using LC-ESI-MS/MS.
The results of the LC-ESI-MS/MS analysis are summarized
in Table II, such as gene symbol, Swiss-Prot accession no.,
theoretical MW/pI, unique peptides and sequence coverage.
The results of the LC-ESI-MS/MS analysis of spot 4009 as a
representative example are shown in Figs. 3 and 4.

Protein interaction network by bioinformatics analysis. The
PPI network created by PPI Spider covered 10 identified
proteins (Fig. 5). Notably, 10 proteins were connected by the
intermediate protein, GLUT4 [solute carrier family 2 (facilitated
glucose transporter), member 4], which promotes the transport
of glucose from the blood to target tissues (19).

Validation of Cbrl by Western blotting. Western blotting was
used to validate the expression change of Cbrl between the
diabetes and control groups. Consistent with the proteomics
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Figure 3. LC-MS analysis of trypsin digests from spot 4009. Base peak chromatogram showing the peptide peaks.
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Figure 4. MS/MS analysis of spot 4009. (A) MS/MS spectrum of the double charge precursor ion at retention time 20.85 min in the base peak chromatogram of
spot 4009 as shown in Fig. 3. (B) A sequence was confirmed from the labeled b- and y-ions in the spectrum. Fragments observed in the spectrum are assigned.

results, Cbrl was also found to be up-regulated in the diabetes
group (Fig. 6).

Discussion
The rat model of STZ-induced TIDM is commonly employed

in the field of diabetes research (8). In the present study, this
rat model of TIDM was successfully established as demon-

strated by the observed hyperglycemia and damage of the
pancreatic islets. Using 2-DE/LC-ESI-MS/MS proteomic
analysis, we compared the proteome maps of the pancreas of
STZ-induced diabetic rats with those of the normal controls,
and identified 18 differentially expressed protein spots.

We found that a consequence of STZ-induced stress is the
increased activity of 60 kDa heat shock protein (HSP60).
HSPs belong to chaperones which can protect the cell from
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Table II. Results of protein identifications of differentially expressed proteins using LC-ESI-MS/MS.

Spot Protein name Gene symbol  Swiss-Prot/RefSeq/ Theoretical ~ Matched/ unique Sequence
TrEMBL accession no. MW (kDa)/pl peptides coverage (%)

0116  Anionic trypsin-1 Prssi P00762 26.0/4.71 3/1 8.13

0209 Elongation factor 1-8 Eefld Q9WUNO 28.8/4.86 7/3 14.79

0309 Elongation factor 1-0 Eefld QIWUNO 28.8/4.86 11/4 19.46

0703  Tubulin a-1A chain Tubala P68370 50.1/4.94 6/6 19.51

1008  Isoform 1 of tubulin Tubb5 P69897-1 49.7/4.78 7/4 15.54
-5 chain

1220  Junction plakoglobin Jup Q6POKS8 81.8/5.75 10/6 10.34

1308  Tubulin a-1A chain Tubala P68370 50.1/4.94 2/2 7.54

1707 Transitional endoplasmic ~ Vcp P46462 89.5/5.14 6/4 7.30
reticulum ATPase

2407  26S protease regulatory Psmc2 Q63347 48.6/5.59 3/2 6.93
subunit 7

3005  Anionic trypsin-1 Prss1 P00762 30.0/4.71 9/1 8.13

4007 Trypsin-4 LOC286960 P12788 26.6/6.38 23/8 51.01

4009  Peroxiredoxin 4 Prdx4 NP_445964 31.0/6.18 22 8.79

4107  A*3-A**-dienoyl- Echl Q62651 36.2/8.14 5/4 15.60
CoA isomerase

4310 78 kDa glucose-regulated ~ Hspa5 P06761 72.3/5.07 7/4 8.56
protein

6013  Isoform 1 of tubulin Tubb5 P69897-1 49.7/4.78 5/4 12.39
-5 chain

8209 Hydroxyacyl-coenzyme A Hadhsc Q9WVK7 34.4/8.83 3/2 6.05
dehydrogenase

9006 60 kDa heat shock protein ~ Hspd1 P63039 61.0/591 5/4 9.77

9105 Carbonyl reductase Cbrl P47727 30.6/8.21 22/10 39.71

(NADPH) 1

Hydl oxyacyl-coenzyme A dehydrogenase

Transitional endoplasmic reticulum ATPase

268 protease regulatory subunit 7

.D\ / Junction plakoglobin
Elongation factor 1-delta o———
D/ \EI Peroxiredoxin 4
Isoform 1 of Tubulin beta-5 chain
a glucose-regulated protein
Tubulin alpha-1A chain

60 kDa heat shock protein

Figure 5. The in silico network inferred by PPI Spider. The proteins identified in the proteomic study are marked by squares. The PPI Spider network model
covers 10 identified proteins. The intermediate protein not detected in the proteomic study is marked by a circle and by its corresponding Entrez gene ID:

25139 repesenting GLUT4 [solute carrier family 2 (facilitated glucose transporter), member 4].

harmful conditions, such as oxidative stress, extreme temperature
changes and toxic drugs (20). Nevertheless, it was also reported
that HSP60 may play a role in the onset of TIDM. NOD mice
develop insulitis and diabetes through a process involving

autoimmunity to HSP60 (21), and the increased HSP60 in
fibroblasts may be pathophysiologically related to the develop-
ment of nephropathy in TIDM (22). Whether the increased
expression of HSP60 delays the onset of TIDM is intriguing.
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Figure 6. Validation of pancreatic Cbrl levels by Western blotting. (A) Three
independent Western blots of Cbrl. B-actin was used to control equal loading.
(B) The densitometric quantification of Cbrl is expressed as the fold-change
compared to (3-actin. The data are expressed as the mean + SD. Statistical
analysis was performed using the Student's test. "P<0.05, for the diabetes
group compared to the control group. The expression pattern of Cbrl by
Western blotting was in agreement with that of 2-DE.

GRP78 is an endoplasmic reticulum chaperone whose expression
is increased upon endoplasmic reticulum stress (23). In our
study, GRP78 expression was suppressed in the pancreas of
diabetic rats. It was reported that treatment of cultured rat
FaO liver cells with high levels of glucose resulted in reduced
GRP78 expression (24).

The increased oxidative stress in the STZ-induced diabetic
model was also reflected in our study by the up-regulation of
Cbrl and the down-regulation of peroxiredoxin 4 (PRX4).
Cbrl has received much attention, since it is related to diabetic
complications, representing a significant pathway for the
detoxification of reactive aldehydes derived from lipid
peroxidation (25,26). Both proteomics and Western blotting
demonstrated that Cbrl was significantly increased in the
pancreas of diabetic rats, suggest the increased lipid peroxidation
in STZ-induced T1DM. Peroxiredoxins are a family of newly
discovered enzymes with an antioxidative function, consisting
of six members in mammals (27-29). Bast et al (30) reported
that PRX1 and PRX2 were up-regulated in the cultured
insulinoma cells exposed to various stress agents, including
the diabetogenic substances, alloxan and STZ. However, in
our study, we found that PRX4 was down-regulated (over
2-fold) in the pancreas of diabetic rats, which may result in
less capacity to attenuate oxidative damage and contribute to
the progressive deterioration of 3 cells.

The Wnt pathway is one of the central pathways that control
organismal growth and differentiation (31), and is critical in
pancreatic development (32). It also plays a very profound role
in glucose and lipid metabolism (33). In the present study, we
found that plakoglobin, also known as y-catenin (34) which was
reported to play a unique role in the Wnt pathway (35,36), was
down-regulated in the pancreas of diabetic rats. It has also
been reported that oxidative stress can antagonize the Wnt
pathway (33), while this pathway can inhibit apoptosis during
oxidative stress (37). In mice, the Wnt pathway is necessary
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for the proliferation of islet f§ cells (38), leading to p cell
expansion, increased insulin production, and enhanced glucose
handling. Thus, oxidative stress and the Wnt pathway may be
closely related to T1DM, as supported by our proteomic results.

In the absence of insulin, there is an increase in fat breakdown
and fatty acid oxidation (1). Hydroxyacyl-CoA dehydrogenase
(HCDH) participates in the degradation of straight-chain
saturated fatty acids, and A*3,A?*-dienoyl-CoA isomerase is
implicated in the degradation of fatty acids with double bonds
(39,40). The up-regulation of these two enzymes indicates an
involvement of increased fatty acid degradation of the pancreas
in STZ-induced TIMD. A large body of research has demon-
strated that enhanced delivery of fatty acids to non-adipose
tissues can lead to both impaired glucose-stimulated insulin
secretion and insulin resistance (41). Elongation factor 1 plays
arole in protein synthesis. It was up-regulated in the pancreas
of diabetic rats. The 26S protease regulatory subunit 7 was also
increased. It has previously been reported that the proteasome
complex (26S) plays a role in the IL-1B-induced inhibition of
B-cell function (42). Energy transduction abnormality was
also found as manifested by the up-regulation of transitional
endoplasmic reticulum (TER) ATPase. A previous study showed
that TER ATPase was increased in rat islets of Langerhans
treated with interleukin-1f (13).

A functional analysis of protein-protein interactions revealed
that most of these differentially expressed proteins were
associated with the protein GLUT4. Considering that GLUT4
is closely related to type 2 diabetes (43) and since STZ is
selectively accumulated in pancreatic § cells via GLUT2
(44.,45), and insulin-producing cells that do not express this
glucose transporter are resistant to STZ (46,47), it may be that
in the present study GLUT?2 affected the biological process of
glucose transport. Studies also showed that GLUT2 protein
and mRNA expression was decreased in the pancreatic islets
isolated from MLD-STZ-treated mice (47,48), which may
contribute to the protection of islet cells from an excessive
influx of glucose, and consequently a reduced intracellular
protein glycation and free radical generation.

In summary, based on 2-DE/LC-ESI-MS/MS techniques,
we identified 18 differentially expressed proteins in the
pancreas of diabetic rats induced by STZ. HSP60, Cbrl, HCDH,
A3 A?#-dienoyl-CoA isomerase, elongation factor 1-6, 26S
protease regulatory subunit 7, TER ATPase were up-regulated,
while GRP78, PRX4 and plakoglobin were down-regulated.
These results and the bioinformatics analysis suggest that
oxidative stress, the Wnt pathway, fatty acid degradation and
glucose transport may be closely related to TIDM. Our study
provides potential biomarkers for TIDM and new clues for
future diabetes research.
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