Acta Diabetol (2011) 48:103-111
DOI 10.1007/s00592-009-0170-z

ORIGINAL ARTICLE

The role of endoplasmic reticulum stress in the early stage

of diabetic retinopathy

Bin Li - Hong Sheng Wang - Gui Gang Li -
Min Jian Zhao - Min Hong Zhao

Received: 27 May 2009/ Accepted: 9 November 2009 / Published online: 19 November 2009

© Springer-Verlag 2009

Abstract The aim of this study was to evaluate the role
of endoplasmic reticulum (ER) stress in diabetic retinopa-
thy (DR) using in vitro and in vivo models. For the in vivo
studies, diabetes was induced in rats, and retinal expression
of glucose-regulated protein 78 (GRP78), activating tran-
scription factor 4 (ATF4), C/EBP homologous protein
(CHOP), and vascular endothelial growth factor (VEGF) in
groups of rats at 1, 3, and 6 months was assessed. For the in
vitro studies, human retinal capillary endothelial cells
(HRCECs) were cultured in the presence of varying glu-
cose concentrations, and the expression of mRNA and
protein for GRP78, ATF4, CHOP, and VEGF was assessed.
The chosen glucose concentrations were reflective of those
apparent in diabetic patients. Expression of VEGF and
CHOP mRNA levels were significantly increased in dia-
betic rats compared to control rats at 1, 3, and 6 months
(P < 0.05). In HRCEC: cultured in the presence of high as
well as variable glucose concentrations, CHOP expression
and apoptosis were significantly increased (P < 0.05).
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However, GRP78 and ATF4 expression levels were
unchanged. Our findings suggest that early progression of
DR may be mediated by ER stress, but probably does not
involve changes in ATF4 or GRP7S.
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Introduction

The incidence of diabetic retinopathy (DR), the major
cause of blindness, has been increasing in recent times [1].
Indeed, more than 60% of patients with type 2 diabetes
mellitus have DR [2]. Despite the significance of this
problem, there currently exists no effective strategy to
prevent or treat DR, which reflects the fact that the
mechanisms underlying DR are incompletely understood.

In the past decade, the field of research concerning
endoplasmic reticulum (ER) stress has expanded rapidly
and enhanced our understanding of the molecular pathways
that enable cellular adaptation to fluctuations in ER
homeostasis [3]. ER stress is defined as “an imbalance
between the cellular demand for ER function and ER
capacity” [3], and results from accumulation of unfolded/
mis-folded protein [4]. There is evidence suggesting that
ER stress can lead to pancreatic f-cell apoptosis, inhibited
insulin receptor expression, insulin resistance, and ulti-
mately the development of type 2 diabetes [5, 6]. Given
these findings, it is hardly surprising that ER stress has also
been proposed to be an underlying mediator of DR [7].
Indeed, more recently, Ikesugi et al. [8] reported that ER
stress in cultured human retinal pericytes was increased
after hypoglycemia and when glucose concentrations were
reduced from high to low. These findings are important as
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they imply that fluctuations in blood glucose concentra-
tions (such as those that occur with diabetes) may lead to
retinal ER stress.

Endoplasmic reticulum stress can lead to upregulated
expression of glucose-regulated protein 78 (GRP78) [9,
10], activating transcription factor 4 (ATF4), and VEGF
[11]. GRP78 is a heat shock protein involved in the
unfolded protein response, while ATF4 plays an important
role in cellular oxidative stress protection and is upregu-
lated in response to diminished or impaired cellular protein
synthesis. ATF4 has also been reported to regulate VEGF
transcription [11], which in turn has been linked to the
occurrence of DR [12].

Apoptotic pathways are ultimately induced if the ER
stress can not be relieved by protein folding and degrada-
tion [3]. One factor involved in ER stress-mediated apop-
tosis pathways is C/EBP homologous protein (CHOP), also
known as growth arrest and DNA damage-inducible gene
153 [13]. While it has been suggested that early patho-
logical changes associated with DR may involve apoptosis,
it is not clear whether CHOP expression is altered.

Given the reported findings, the aim of the present study
was to further investigate the possible involvement of ER
stress in mediating DR using both in vitro and in vivo
models. For the in vivo studies, we induced diabetes and
assessed retinal expression of GRP78, ATF4, CHOP, and
VEGF in groups of rats at 1, 3, and 6 months. For the in
vitro studies, human retinal capillary endothelial cells
(HRCECs) were cultured in medium containing varying
concentrations of glucose, and the expression of mRNA
and protein for GRP78, ATF4, CHOP, and VEGF was
assessed. The glucose concentrations used were chosen to
reflect those apparent in diabetic patients.

Materials and methods
Animal model of diabetes

Sixty male Sprague-Dawley rats (2-month-old; weighing
between 150 and 200 g) were obtained from the animal
center of Huazhong University of Science and Technology
and maintained in an optimal environment for 2 weeks
before experimentation. Thirty rats were randomly selected
and given a single intraperitoneal injection of streptozo-
tocin (STZ: 65 mg/kg in 0.01 M citrate buffer at pH 4.5)
after fasting for 12 h to induce diabetes. The remaining 30
rats were used as nondiabetic controls and were injected
with phosphate-buffered saline only.

Fasting plasma glucose concentrations were assessed by
Glucometer (Touch; Boehringer Mannheim Diagnostics,
San Francisco, CA) 3 days after the STZ injection. Dia-
betes was confirmed if plasma glucose values were
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16.7 mmol/l or higher. Retinas were then isolated from
groups (with or without diabetes induction) of rats at 1, 3,
and 6 months and expression of GRP78, ATF4, CHOP, and
VEGF was determined.

All procedures involving animals were approved by the
experimental animal management committee of Huazhong
University of Science and Technology.

Quantitative real-time polymerase chain reaction

Total RNA from rat retinal tissue was obtained using Trizol
reagent (Gibco, Inc., Los Angeles, CA). After purification
and on-column DNase digestion using a kit (RNeasy Mini
Kit; Qiagen, Inc., Hilden, Germany) was performed, the
RNA was quantified and its quality assessed. cDNA was
then synthesized using a SuperScript I cDNA synthesis kit
(Invitrogen Inc., Carlsbad, CA).

Quantitative real-time polymerase chain reaction (QRT—
PCR) was performed by using a kit (HotStart, Taq poly-
merase kit; Qiagen, Inc.) with SYBR Green technology
(ABI Inc., Tampa, FL). The thermocycling program con-
sisted of 32 cycles, with an initial cycle at 95°C for 15 min
to activate the polymerase. Melting-curve analysis was
performed at 72°C by monitoring FAM/SYBR fluores-
cence. PCR-specific products were determined by using the
melting curves to show a clear single peak at a melting
temperature of approximately 72°C. Expression of the
GRP78, ATF4, CHOP, and VEGF genes was analyzed in
normal and diabetic retinas, with f-actin used as an internal
control. Table 1 shows the qRT-PCR primer pairs used for
determining gene expression in rat retinal tissue.

Culture and characterization of human retinal capillary
endothelial cells

Twelve donated human eyes were obtained from the Tongji
Hospital Eye Bank (Wu Han, China). The donors were
eight male and four female healthy accident victims with a
mean age of 33.5 years. Informed consent was obtained
from the relevant parties, and the hospital internal review
board approved the study.

Cultured HRCECs were established as previously
described [14]. In brief, the donor eyes were cut circum-
ferentially 3 mm posterior to the limbus, and the retinas
were harvested and homogenized by two gentle up/down
strokes in a 15-ml Dounce homogenizer. The homogenate
was subjected to centrifugation (1,000 g for 10 min) after
filtration through an 88-um sieve. The pellet was resus-
pended in human endothelial serum-free medium (SFM),
basal growth medium (Gibco, Grand Island, NY) supple-
mented with 20% fetal bovine serum, 50 U/ml endothelial
cell growth factor (Sigma, St. Louis, MO), and 1% insulin-
transferrin-selenium.
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Table 1 Real-time PCR

. . Gene Primer Annealing
primers used for assessing gene temperature (°C)
expression in rat retinal tissue P

VEGF* 5'-TCT TCA AGC CGT CCT GTG TG-3% 60

5'-ACA GTG AAC GCT CCA GGA TTT A-3'
ATF4° 5'-GCT GCT GTC TTG TTT TGC TCC-3' 60
. 5'-AGG TGT TCC TCG TGG TTC TCG-3’

 vascular endothelial growth ‘ N
factor (VEGF) GRP78° 5'-ACT GGA ATC CCT CCT GCT C-3' 62
® activating transcription factor 5'-CAA ACT TCT CGG CGT CAT-3
4 (ATF4) CHOP? 5'-ACC TTC ACT ACT CTT GAC CCT G-3' 62
¢ glucose-regulated protein 78 5'-TCA TTC TCC TGC TCC TTC T-3'
((JGRWS) p-Actin 5-CTG GGT ATG GAA TCC TGT GG-3' 60
(C%/g}]f)f’ homologous protein 5'-TCA TCG TAC TCC TGC TTG CTG-3'

Cells were then transferred to culture dishes coated with
fibronectin and incubated at 37°C in a humidified atmo-
sphere containing 5% CO,. The cultured cells were char-
acterized for endothelial homogeneity by testing their
activity against factor VIII antigen (von Willebrand factor)
and by measuring Acetyl-LDL (Ac-LDL) receptors in the
endothelial cells with added fluorescence-labeled Ac-LDL
(Biomedical Technologies, Shanghai, China). Only cells
from passages 3 to 7 were used in the experiments.

The HRCECs were treated with human endothelial SFM
basal growth medium (containing 8.3 mM glucose) for
1 day and then divided into 4 groups and treated with
medium containing varying concentrations of glucose as
outlined in Table 2 (modified from a previous study by
Ikesugi et al. [8]) for 2 days.

Analysis of cellular apoptosis

Cellular apoptosis was analyzed using propidium iodide to
stain the damaged DNA. Cultured cells were trypsinized,
pelleted, and resuspended in one volume of ice-cold phos-
phate-buffered saline. The suspension was gently agitated
while three volumes of ice-cold 95% ethanol were slowly
added. Cold reagents and a gradual addition of ethanol were
used to reduce clumping of the cells, which were then
pelleted and resuspended in equal volumes of 30 pg/ml
propidium iodide and 100 pg/ml RNAse A (both in phos-
phate-buffered saline). Stained cells were stored overnight at
4°C and protected from light until analysis. Flow cytometry
(FACSCAN, Beckman coulter Inc., Fullerton, CA) was
performed to determine the percentage of cells in apoptosis.

TUNEL method

The slides to which cultured cells have been attached were
fixed with 4% paraformaldehyde for 25 min, washed twice
with PBS, dropped 100 pl of equilibration buffer, then
incubated at the room temperature for 5—10 min. The slides

Table 2 Human retinal capillary endothelial cell glucose treatment
groups

Group Glucose concentration (mM)

Day 1 Day 2 Day 3
1 8.3 8.3 8.3
2 8.3 25 25
3 8.3 50 50
4 8.3 25 8.3

were washed with 0.3% H,0, for 3—5 min, then immersed
and washed three times with PBS. After dropping TUNEL
reaction mixture (Yuanxiang company, shanghai, China),
the slides were then put into a wet box and incubated at
37°C for 1 h. Following washing the slides 3 times with
PBS for 5 min, the DAB color reaction was performed. The
cytoplasm with light-brown staining was considered to be
positive. The number of apoptotic cells was calculated after
the random observation of eight high-power fields under
optical microscope.

RT-PCR

Total RNA from HRCEC: for the four groups was isolated
by RNeasy Mini Kit (Qiagen, Inc.) according to the man-
ufacturer’s instructions. Reverse transcription (RT)-PCR
were performed using an Omniscript RT kit (Qiagen, Inc.)
according to the manufacturer’s instructions. After quan-
tification, RNA was reverse transcribed into cDNA using a
SuperScript II RT kit (Invitrogen Inc.). PCR conditions
were initial denaturation at 95°C for 5 min, 30 cycles of
30 s denaturation at 95°C, 30 s of primer annealing at the
primer-specific temperature (Table 3), and 30 s of elon-
gation at 72°C. After 30 cycles, a final elongation step took
place for 5 min. Equal amounts of the PCR products were
separated on 1.5% agarose gels and visualized by means of
ethidium bromide staining.
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Table 3 Primers used for

RT-PCR assessments (human Gene Primer ggfejrl;?fre ©0)
retinal capillary endothelial P
cells) VEGF 5-GAC AAG AAA ATC CCT GTG GGC-3' 54
5'-AAC GCG AGT CTG TGT TTT TGC-3'
GRP78 5'-GCC TGT ATT TCT AGA CCT GCC-3' 56
5'-TTC ATC TTG CCA GCC AGT TG-3'
Vascular endothelial growth CHOP 5'-AGA GGA AGA ATC AAA AAC CTT CAC T-3’ 57
factor (VEGF), activating 5'-ACT CTG TTT CCG TTT CCT AGT TCT T-3’
transcription factor 4 (ATF4), -\ gy 5'-AGG AGT TCG CCT TGG ATG CCC TG-3' 57
glucose-regulated protein 78
(GRP78), C/EBP homologous 5'-AGT GAT ATC CAC TTC ACT GCC CAG-3'
protein (CHOP), glyceraldehyde GAPDH 5'-CCT GTA CGC CAA CAC AGT GC-3' 56

3-phosphate dehydrogenase

5'-ATA CTC CTG CTT GCT GAT CC-3'

(GAPDH)

Western blotting

Total protein was extracted from transfected HRCECs
using bicinchoninic acid. The protein was mixed with
loading buffer, denatured for 6 min at 60°C, cooled,
centrifuged for 5 min, and separated by means of sodium-
dodecyl sulfate—polyacrylamide gel electrophoresis. To
probe for the proteins, several antibodies were used:
monoclonal anti-CHOP (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA), polyclonal anti-ATF4 (Santa Cruz
Biotechnology Inc), monoclonal anti-GRP78 (BD Bio
Sciences, San Jose, CA), and monoclonal anti-VEGF
(Santa Cruz Biotechnology Inc.). A secondary antibody,
goat anti-mouse Ig (BD Biosciences, Franklin Lakes, NJ)
diluted 1:1000, was applied; and the chemiluminescent
signal was detected. The same polyvinylidene fluoride
membrane was reused to detect f-actin (the internal
control) by incubating it with mouse anti-human actin
antibody (Gene Co., Hong Kong, China). Bands observed
on the films were analyzed by automatic image analysis.
The integrated optical density of each protein band was
normalized to that of the corresponding f-actin band from
the same sample.

Statistical analysis

Data are presented as the mean + standard deviation (SD).
Normally distributed data were compared by independent
two-sample t-test or one-way analysis of variance where
appropriate. When a significant between-group difference
was detected, multiple comparisons of the means were
made using the Ryan-Einot-Gabriel-Welsch (REGWQ)
procedure, a multiple range test, by holding the total type-I
error rate at a maximum of 0.05. Statistical significance
was set at 0.05 for all analyses. All analyses were per-
formed using SAS software (version 9.1.3 for Windows;
SAS Institute Inc, Cary, NC).
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Results

Expression of VEGF, ATF4, GRP78, and CHOP genes
in retinal tissue of diabetic rats

These results are presented in Fig. 1. Retinal VEGF and
CHOP mRNA levels were significantly higher in STZ-
induced diabetic compared to controls rats at 1, 3, and
6 months (P < 0.05). There were also several between
time point differences apparent for VEGF and CHOP
expression levels in diabetic rats (see Fig. 1, P < 0.05). No
differences were detected with regard to the expression of
ATF4 and GRP78.

Apoptosis in HRCECs cultured with different glucose
concentrations

The levels of apoptosis in HRCECs with respect to glucose
concentration are presented in Fig. 2. Apoptosis levels were
significantly lower in Group 1 compared to all other groups.
HRCEC:s treated with 25 mM glucose for 24 h, then with
8.3 mM glucose for 24 h exhibited the highest levels of
apoptosis when compared with each individual group.
Results of TUNEL assay were shown in Fig. 3. The number
of apoptotic cells was 7.3 &+ 1.1 in Group 1 (Fig. 3a),
12.3 + 2.4 in Group 2 (Fig. 3b), 10.3 £ 1.5 in Group 3
(Fig. 3c), and 16.3 + 1.7 in Group 4 (Fig. 3d). There were
less apoptotic cells in Group 1 than the other three groups,
while there were more apoptotic cells in Group 4 than other
three groups. The difference between them was significant.

Gene expression and protein levels

Gene expression and protein levels of VEGF, ATF4,
GRP78, and CHOP in HRCECs treated with different
concentrations of glucose were examined. There were no
significant differences found in the expression levels of the
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Fig. 1 Expression of VEGF, ATF4, GRP78, and CHOP genes in
retinal tissue of diabetic rats. VEGF (a), ATF4 (b), GRP78 (c), and
CHOP (d) mRNA expressions in rat retinal cells 1, 3, or 6 months
after induction of diabetes with streptozotocin were measured by

VEGF, ATF4, and GRP78 genes or proteins among the
groups (Table 4; representative images are presented in
Figs. 4, 5). In contrast, expression of the CHOP gene and
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qRT-PCR. Data were compared by independent two-sample t-test
and analysis of variance (multiple comparisons of the means were
made using the REGWQ test). Statistically significant between-group
differences (P < 0.05) are indicated

protein was significantly higher in Groups 2, 3, and 4
compared to Group 1 (Table 4; representative images are
presented in Figs. 4, 5).
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Fig. 2 Apoptosis levels in HRCECs cultured with different glucose
concentrations (n = 8). Groups 1, 2, and 3 represent cells grown in
culture media containing 8.3, 25, and 50 mM glucose, respectively.
Group 4 HRCECs were cultured in media containing 25 mM and then
8.3 mM glucose. Analysis of variance and multiple comparisons of
means were performed using the REGWQ test. Statistically signif-
icant between-group differences (P < 0.05) are indicated

Discussion

Increase and fluctuation in blood glucose concentrations
are two major causes of retinal vascular injury in diabetic
patients [15, 16]. The effect of ER stress on the patho-
genesis of DR has gradually been revealed, but it is not yet
entirely clear. Therefore, continued study of the relation-
ship between changes in blood glucose concentrations and

Fig. 3 TUNEL assay for
HRCECs cultured with different A
glucose concentrations. Groups
1 (a), 2 (b), and 3 (c) represent
cells grown in culture media

containing 8.3, 25, and 50 mM

) "
glucose, respectively. Group 4 rs » *
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the expression of factors related to ER stress in retinal cells
is warranted to improve our understanding of the impor-
tance of ER stress in DR.

In the present study, where the early stage of DR was
studied, we demonstrated that expression of CHOP in the
retina was upregulated in rats with STZ-induced diabetes.
Further to this, we observed a significant increase in
apoptosis in HRCECs cultured with high and variable
glucose concentrations. These changes paralleled those in
CHOP expression. Given that CHOP is a known ER-stress
protein and that ER stress has been demonstrated to occur
as a consequence altered glucose concentrations [17], our
findings suggest that the increased CHOP expression
observed may have been a consequence of ER stress.
Ikesugi et al. [8] also reported glucose concentration rela-
ted changes in CHOP expression and apoptosis in a series
of similar studies using retinal pericytes. It was also noted
that CHOP expression was upregulated when cells were
cultured in the absence of glucose.

Our in vivo studies were short-term, examining several
of the initial mechanisms possibly related to ER stress in
DR. Expression levels of both GRP78 and ATF4 were not
significantly upregulated in our rat model of diabetes.
Furthermore, HRCECs cultured in the presence of high
glucose concentrations did not exhibit increased GRP78
and ATF4 expression, despite the previously mentioned
increases in apoptosis and CHOP. In agreement with this
finding, Ikesugi et al. [8] also found that GRP78 expression
did not increase in retinal pericytes exposed to high glucose
concentrations. It would appear that GRP78 is not an early
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Table 4 Gene and protein expression levels of VEGF, ATF4, GRP78, and CHOP in human retinal capillary endothelial cells cultured with

different glucose concentrations

Analysis Group P value*
1(n=6) 2 (n=6) 3(n=6) 4(n=6)
Semiquantitative PCR
VEGF/GAPDH 0.41 4+ 0.04 0.43 £ 0.05 0.39 + 0.05 0.38 + 0.05 0.305
ATF4/GAPDH 0.26 & 0.03 0.31 £ 0.05 0.28 4 0.04 0.28 + 0.04 0.229
GRP78/GAPDH 0.36 & 0.05 0.42 + 0.07 0.38 £ 0.04 0.40 + 0.06 0.352
CHOP/GAPDH 0.33 + 0.04° 0.48 + 0.07° 0.44 £ 0.07° 0.51 £+ 0.07° <0.001
Real-time PCR
VEGF/GAPDH 1.29 +0.18 1.14 £ 0.12 1.24 £ 021 1.21 £0.15 0.500
ATF4/GAPDH 1.46 £ 0.20 1.38 £ 0.20 1.44 £+ 0.14 1.25 £ 0.18 0.222
GRP78/GAPDH 1.11 £ 0.08 1.09 £ 0.15 1.17 £ 0.16 1.09 + 0.15 0.728
CHOP/GAPDH 1.03 + 0.09° 1.46 %+ 0.05° 1.40 £ 0.10° 1.54 £ 0.07° <0.01
Western blotting
VEGF/f-actin 0.29 + 0.06 0.36 + 0.08 0.33 £ 0.07 0.31 + 0.04 0.269
ATF4/f-actin 0.31 £ 0.04 0.28 + 0.05 0.33 + 0.05 0.31 + 0.05 0.406
GRP78/f-actin 0.22 + 0.03 0.19 + 0.02 0.23 + 0.05 0.25 + 0.07 0.197
CHOP/f-actin 0.15 £ 0.03° 0.33 + 0.06° 0.30 £ 0.05° 0.29 + 0.05° <0.001

Vascular endothelial growth factor (VEGF), activating transcription factor 4 (ATF4), glucose-regulated protein 78 (GRP78), C/EBP homologous

protein (CHOP)

Groups 1, 2, and 3 represent culture media with 8.3, 25, and 50 mM glucose, respectively. Group 4 shows HRCECs cultured with 25 then

8.3 mM glucose

* Analysis of variance. Multiple comparisons of the means were made using the REGWQ test

*® Groups with different letters are significantly different from one another (P < 0.05)

mediator of ER stress in DR and that the apoptosis
observed is independent of the unfolded protein response.
Interestingly, Ikesugi et al. [8] also found that GRP78
expression was induced when glucose concentrations were
reduced from high to below normal levels, indicating that
the mechanisms underlying apoptosis differ with different
prevailing glucose environments.

There are three predominant pathways thought to be
activated during ER stress. These include those involving
PKR-like endoplasmic reticulum kinase (PERK), ATF®6,
and immunoreactive elastase (IRE). PERK activation has
been shown to result in downstream activation of elF2«,
ATF4, and CHOP [13, 18-20]. However, given that ATF4
was not found to be upregulated in the present study, it
would seem that increased activation of one or both of the
other pathways may underlie the increased CHOP expres-
sion observed in response to glucose. Further studies are
warranted to determine whether expression levels of other
markers of ER stress such as IRE, ATF6, and indeed PERK
are altered by glucose.

It has previously been demonstrated that expression of
VEGEF associated with ER stress is due to activation of the
ATF4 pathway [21]. In the current study, retinal expression
of VEGF was increased in diabetic rats despite the lack of
change in ATF4 expression. Thus, it would appear that

(A)

VEGF GAPDH
4 3 2 1 4 3 2 1 (goup)
(B)

ATF4 GAPDH
4 3 2 1 4 3 2 1
©

GRP78 GAPDH
4 3 2 1 4 3 2 1
(D)

CHOP GAPDH
4 3 2 1 4 3 2 1

Fig. 4 RT-PCR for mRNA expression in HRCECs. VEGF (a), ATF4
(b), GRP78 (c¢), and CHOP (d) mRNA expression in HRCECs as
evaluated by RT-PCR. Groups 1, 2, and 3 represent cells grown in
culture media containing 8.3, 25, and 50 mM glucose, respectively.
Group 4 HRCECs were cultured in media containing 25 mM and then
8.3 mM glucose
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GRP78

j B-actin
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- h CHOP
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Fig. 5 Western blot for protein levels in HRCECs. VEGF (a), ATF4
(b), GRP78 (c), and CHOP (d) protein levels in HRCECs as
determined by Western blot. Groups 1, 2, and 3 represent cells grown
in culture media containing 8.3, 25, and 50 mM glucose, respectively.
Group 4 HRCECs were cultured in media containing 25 mM and then
8.3 mM glucose

factors aside from ATF4 regulate VEGF expression at this
time.

In summary, our findings suggest that the early pro-
gression of DR may well be mediated by ER stress, but that
this likely does not involve changes in ATF4 or GRP78.
Future studies should aim to explore the possible
involvement of other regulatory sensors involved in ER
stress. In addition, in vitro and in vivo studies are war-
ranted to determine how more prolonged changes in glu-
cose homeostasis influence ER stress and whether ER
stress is more apparent in middle/later stages of diabetes in
rats.
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