
Int J Ophthalmol,    Vol. 10,    No. 4,  Apr.18,  2017         www.ijo.cn
Tel:8629-82245172     8629-82210956        Email:ijopress@163.com

515

·Basic Research·

Differential expression of breast cancer-resistance protein, 
lung resistance protein, and multidrug resistance protein 
1 in retinas of streptozotocin-induced diabetic mice
Meng-Shuang Li1,2,3, Meng Xin3,4, Chuan-Long Guo2, Gui-Ming Lin1,2, Jun Li2, Xiang-Gen Wu1,2,3

1School of Medicine and Life Sciences, University of Jinan-
Shandong Academy of Medical Sciences, Jinan 250022, 
Shandong Province, China
2State Key Laboratory Cultivation Base, Shandong Provincial 
Key Laboratory of Ophthalmology, Shandong Eye Institute, 
Shandong Academy of Medical Sciences, Qingdao 266071, 
Shandong Province, China
3Department of Pharmacy, College of Chemical Engineering, 
Qingdao University of Science and Technology, Qingdao 
266042, Shandong Province, China
4Department of Ophthalmology, Yantai Affiliated Hospital 
of Binzhou Medical University, Yantai 264100, Shandong 
Province, China
Correspondence to: Xiang-Gen Wu. Department of Pharmacy, 
College of Chemical Engineering, Qingdao University 
of Science and Technology, Qingdao 266042, Shandong 
Province, China. wuxianggen@126.com
Received: 2016-05-23        Accepted: 2017-01-13

Abstract
● AIM: To investigate the altering expression profiles of efflux 
transporters such as breast cancer-resistance protein 
(BCRP), lung resistance protein (LRP), and multidrug 
resistance protein 1 (MDR1) at the inner blood-retinal 
barrier (BRB) during the development of early diabetic 
retinopathy (DR) and/or aging in mice. 
● METHODS: Relative mRNA and protein expression 
profiles of these three efflux transporters in the retina 
during the development of early DR and/or aging in mice 
were examined. The differing expression profiles of Zonula 
occludens 1 (ZO-1) and vascular endothelial growth 
factor-A (VEGFA) in the retina as well as the perfusion 
characterization of fluorescein isothiocyanate (FITC)-
dextran and Evans blue were examined to evaluate the 
integrity of the inner BRB. 
● RESULTS: There were significant alterations in these 
three efflux transporters’ expression profiles in the mRNA 
and protein levels of the retina during the development of 
diabetes mellitus and/or aging. The development of early 
DR was confirmed by the expression profiles of ZO-1 and 
VEGFA in the retina as well as the compromised integrity 
of the inner BRB. 

● CONCLUSION: The expression profiles of some efflux 
transporters such as BCRP, LRP, and MDR1 in mice retina 
during diabetic and/or aging conditions are tested, and the 
attenuated expression of BCRP, LRP, and MDR1 along with 
the breakdown of the inner BRB is found, which may be 
linked to the pathogenesis of early DR.
● KEYWORDS: efflux transporters; blood-retinal barrier; 
multidrug resistance protein 1; lung resistance protein; breast 
cancer-resistance protein
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INTRODUCTION 

D iabetic retinopathy (DR) is one of the most common 
microvascular complications of diabetes and is the 

leading cause of blindness in young adults[1]. The role of 
hyperglycemia in the development of DR has now been 
strongly affirmed[2-4]. Due to the widespread clinical use of 
fluoresce in angiography and vitreous fluorophotometry, 
the inner blood-retinal barrier (BRB) is now known to be 
compromised early in the course of DR[5]. The pathogenesis 
of DR have been focused on the impairment of the retina and 
the inner BRB by numerous studies. However, the pathogenic 
mechanism behind the compromising of the inner BRB during 
DR remains unclear.
In the retina, vascular endothelial cells outline the inner BRB 
as in the blood-brain barrier (BBB). Barrier function reflects 
the low paracellular permeability of the endothelium (tight 
junctions), a low rate of transcytosis, and the high expression 
of certain multispecific, adenosine triphosphate (ATP)-driven 
xenobiotic efflux pumps[6-7]. Members of the ATP-binding 
cassette (ABC) transporter superfamily are expressed in the 
barrier and excretory tissues where they function as ATP-
driven xenobiotic efflux pumps[8], and it has already been 
confirmed that some ABC efflux transporters are expressed in 
the retina[9-10]. However, little is currently known about ABC 
efflux transporter expression profiles during aging and/or under 
pathological conditions such as diabetes mellitus. It has been 
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confirmed that the tight junctions of the inner BRB, as one of 
the reflections of barrier function, are impaired under diabetic 
conditions[11-12]. It is also known that BBB breakdown is an 
early event in the aging human brain[13]. We thus suspected 
that the abnormal diabetic conditions present during the 
development of early DR and/or aging may potentially disturb 
the barrier function of some ABC efflux transporters at the 
inner BRB. Indeed, reports have revealed that the alterations in 
the expression of efflux pumps such as P-glycoprotein (P-gp) 
could lead to damage to barrier integrity in those with diabetes, 
although integrity could be restored by insulin therapy[14]. 
However, direct data concerning the effects of diabetes and/
or aging on the transport expression and functions at the inner 
BRB are not yet available[2].
Expression and location profiles are widely regarded as 
important pre-factors in functional protein research[15]. In 
previous research, we characterized the expression profiles of 
some efflux transporters, including multidrug resistance protein 
1 (MDR1/P-gp), breast cancer-resistance protein (BCRP, also 
known as ABCG2), and lung resistance protein (LRP) in the 
human retina[16]. In this study, the expression profiles of these 
major efflux transporters in mice retina was characterized and 
the effects of diabetes and/or aging on transporter expressions 
at the inner BRB was revealed. 
MATERIALS AND METHODS
Animals and Diabetic Animal Model  Male C57BL/6 mice 
were purchased from the Beijing Pharmacology Institute 
(Beijing, China). The animal care and procedures were 
conducted according to the Principles of Laboratory Animal Care. 
The use of animals in this study adhered to the Association 
for Research in Vision and Ophthalmology Statement for 
the Use of Animals in Ophthalmic and Vision Research, and 
the Shandong Eye Institute Ethics Committees for animal 
experimentation approved all of the experiments (Approval 
document No 2012-6, Qingdao, Shandong Province, China). 
The mice underwent the induction of type 1 diabetes mellitus 
with an intraperitoneal (i.p.) injection of 50 mg/kg streptozotocin 
(STZ, Sigma, St. Louis, MO, USA) in an ice-cold citrate-
citric acid buffer (pH 4.5) for 5 consecutive days, while the 
control mice received an equal amount of buffer. Before each 
day’s injection, the mice were fasted for 5h, and after each 
day’s injection, the mice were provided with 10% sucrose 
water to prevent sudden hypoglycemia. All serum glucose 
measurements were performed after a fasting time for 5h. 
Blood glucose levels were monitored from the tail vein using 
a One Touch Basic Glucometer (LifeScan, Johnson&Johnson, 
Milpitas, CA, USA). The mice were considered as a diabetic 
model with a blood glucose level of over 16.7 mmol/L by day 
10 following the last STZ injection. All control mice remained 
normoglycemic. The mice were assessed for body weight 
and serum glucose level, then further assessed for the further 

tests after either 4, 12, or 24wk of diabetic conditions, which 
corresponded to animal ages of 12, 20, or 32wk, respectively. 
Then, some mice were anesthetized using an i.p. injection of 
10% chloral hydrate (2.5 mL/kg). The retinas of mice that 
had experienced diabetes for 4, 12, and 24wk were collected, 
immediately snap-frozen in liquid nitrogen, and stored at  
-80℃ until further analysis. The retinas of age-matched 
control mice (normal) were also collected. Some mice were 
anesthetized prior to retinal vascular leakage and inner BRB 
function assessment. Some mice were sacrificed, and the 
eyeballs of each such mouse were enucleated, immediately 
embedded in an optimal cutting temperature (OCT) compound  
and stored at -80℃ for further immunofluorescent staining of 
the frozen section.
RNA Isolation and cDNA Preparation  Total RNA was 
extracted from retinas using a commercial NucleoSpin RNA 
Kit (Macherey-Nagel, Düren, Germany) according to the 
manufacturer’s instructions. In brief, tissues were grinded 
with Trizol in the tube and then mixed with 70% ethanol. The 
mixture was transferred to a NucleoSpin RNA column and 
washed with membrane desalting buffer (MDB). Subsequently, 
added rDNase to the column and incubated for 15min, 
following washed with RA2 and RA3. RNA was eluted using 
40 μL RNase-free water. cDNAs were synthesized using the 
PrimeScript™ First-Strand cDNA Synthesis Kit (TaKaRa, Dalian, 
China). The cDNA samples were aliquoted and stored at -80℃ .
Reverse Transcription Quantitative-polymerase Chain 
Reaction  Primers for the efflux transporters, Zonula occludens 
1 (ZO-1), and vascular endothelial growth factor-A (VEGFA) 
(Table 1) were designed using Primer 5.0 commercial software. 
The detail procedures of real-time polymerase chain reaction 
(PCR) was performed aspreviously described[16]. The data were 
analyzed with Sequence Detection System Software (Applied 
Biosystems) using GAPDH as an internal control. The relative 
expression of mRNA was calculated using the established 2-ΔΔCT 

method[17]. 
Immunofluorescence  The expression of these three efflux 
transporters in the mice retinas was further examined with 
immunofluorescence. The antibody information is available 
in Table 2. Briefly, sections (7 μm) of retina from normal 
and diabetic mice were cut on a cryostat and fixed in 4% 
paraformaldehyde, then incubated with penetrating solution 
[0.05% Triton X-100 in phosphate buffered saline (PBS)] 
and blocked with 5% bovine serum albumin (BSA) in PBS. 
The sections were then incubated overnight with primary 
antibodies at 4℃ in a humidity chamber and, subsequently, 
with fluorescein-conjugated secondary antibodies at room 
temperature for 1h. Finally, all sections were examined under 
an Eclipse TE2000-U microscope (Nikon, Tokyo, Japan) after 
being incubated with 4’,6-diamidino-2-phenindole (DAPI, 
Sigma-Aldrich, USA).

Efflux transporters in diabetic mouse retina
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Western Blot Analysis  Western blot was used to assess the 
expression of efflux transporters in mouse retinas from both 
the diabetic and normal experimental group. The information 
of antibody is listed in Table 2. The total protein was prepared 
from the retina using a radio immunoprecipitation assay 
(RIPA, Beyotime, China) buffer and then quantified by using 
bicinchoninic acid (BCA) protein assay kit (Beyotime Institute 
of Biotechnology, China). The detail procedures of Western 
blot was performed as previously described[16].
Evaluation of Inner Blood-retinal Barrier Breakdown  
Evans blue was used in this experiment to visualize the 
retinal vascular leakage. Under anesthesia, the mice were 
administered Evans blue (100 mg/kg) via precava injection. 
Immediately after injection, the animals visibly turned blue, 
confirming the dye uptake and distribution. After 5min, the 
mice were sacrificed, and their eyes were enucleated and fixed 
with 4% paraformaldehyde in PBS for 25min. The retinas were 
isolated, flat-mounted, and examined under a fluorescence 
microscopy (Eclipse Ni, Nikon, Tokyo, Japan) to check for 
Evans blue extravasation from the retinal vessels[18-20].
Morphology changes of retinal vessels was evaluated using 
fluorescein isothiocyanate (FITC) conjugated dextran (FITC-
dextran, Mw=2×106 Da, Sigma-Aldrich). The perfusion of 

the retinal vessels with FITC-conjugated dextran was performed as 
described previously. Briefly, under anesthesia, a left ventricle 
injection of FITC-dextran dissolved in PBS (25 mg/mL) was 
performed. After 5min, the eyes were enucleated and fixed 
with 4% paraformaldehyde for 25min. The retinas were 
carefully isolated, then flat-mounted and examined under 
fluorescence microscopy (Eclipse Ni, Nikon, Tokyo, Japan)[20].
Statistical Analysis  All data are presented as mean±standard 
deviation (SD). The difference comparison among the diabetic 
or normal groups was determined with multiple comparisons 
in ANOVA. The differences between the diabetic and normal 
groups at different time points were analyzed using the 
independent samples t-test. SPSS 11.5 software (SPSS Inc., 
Chicago, IL, USA) was used for all analyses, and P<0.05 was 
considered significant.
RESULTS
Measurement of Body Weight and Blood Glucose Concentration  
As shown in Table 3, the results demonstrated that changes in 
body weight and blood glucose levels in the diabetic mice were 
distinct when compared with the age-matched normal control 
mice (nondiabetic mice). The body weight of the diabetic mice 
was noticeably lower than that of the age-matched normal 
control mice (P<0.001). Further, the blood glucose levels 

Table 2 Primary antibodies for immunofluorescent staining and Western blot

Primary antibody Supplier Code
Dilution

Western blot Immunofluorescent
BCRP Santa cruz sc-130933 1:200 1:100
LRP Abcam Ab92544 1:200 1:100
MDR1 Santa cruz sc-59593 1:1000 1:500
Alexa Fluor 488 goat anti-mouse IgG Beyotime A0428 1:1000
Alexa Fluor 488 goat anti-rabbit IgG Beyotime A0423 1:1000
Goat anti-rabbit IgG H&L (HRP) Abcam Ab6721 1:10000
Goat anti-mouse IgG H&L (HRP) Abcam Ab6789 1:10000

Table 3 Analysis of body weight and blood glucose level                                                                                                   n=30

Parameters
4wk 12wk 24wk

Normal STZ Normal STZ Normal STZ
Body weight (g) 27.52±1.40 22.44±1.46a 28.25±1.51 23.56±2.06a 30.51±3.22 26.55±3.02a

Blood glucose concentration (mmol/L) 9.97±1.43 27.85±4.41a 10.2±1.54 28.71±2.86a 8.96±2.33 25.87±4.52a

aP<0.001 compared to normal.

Table 1 Sequences of oligonucleotide primers and probes used for RT-PCR

Accession # Gene Primer Sequences Amplicon size (bp) Efficiency (%)

NM_011920.3 BCRP F: GGCATCTCTGGAGGAGAAAG
R: AGAGGATGGAAGGGTCAGTG 70 98 

NM_080638.3 LRP F: GAGAGCACTGGTAATGCCAA
R: CAGAGCCTTCTCCCTCAATC 73 100

NM_011076.2 MDR1 F: GAAATGCGATGAAGAA AGCA
R: CGGAAACAAGCAGCATAAGA 88 98

NM_009386.2 ZO-1 F: CCCTAAACCTGTCCCTCAGA
R: ATATCTTCGGGTGGCTTCAC 99 103

NM_001171623.1 VEGFA F: GTGCCCACTGAGGAGTCCAA
R: ATTTGTTGTGCTGTAGGAAGCTCAT 100 99

NM_001289726.1 GAPDH F: ACAACTTTGGCATTGTGGAA
R: GATGCAGGGATGATGTTCTG 133 101
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were elevated to the hyperglycemic range by day 10 following 
the last STZ injection, and this elevation was maintained 
throughout the whole experimental observation, while the 
age-matched normal control mice remained normoglycemic 
(P<0.001 when compared to the age-matched diabetic mice).
Differential Gene Expression in Retinas at Different Time 
Points Following the Streptozotocin Induction of Diabetes  
As shown in Figure 1, after 4wk of diabetes, the expression 
of BCRP, LRP and MDR1 significantly decreased when 
compared to the age-matched controls (P<0.05 or P<0.01). 
After 12wk of diabetes, the mRNA expression profiles of 
MDR1 still showed a significant decrease when compared to 
the age-matched controls (P<0.01). BCRP and LRP increased, 
but without a significant difference when compared to the 
age-matched controls (P>0.05). After 24wk of diabetes, the 
expression of BCRP, LRP and MDR1 significantly decreased 
when compared to the age-matched controls (P<0.05 or 
P<0.01). 

The effect of aging was also analyzed in both the normal 
and the diabetic mice (Figure 1). To normal mice, BCRP and 
MDR1 displayed decrease during aging at 12wk and 24wk, 
when compared to their expression levels at 4wk; A change of 
decrease at 12wk and then an increase at 24wk was observed 
for LRP. While, the changing expression profiles of BCRP and 
MDR1 in the diabetic mice were similar to those of the normal 
mice. However, LRP in the diabetic mice showed different 
change trends to the normal mice, which showed an increase at 
12wk and then a decrease at 24wk.
ZO-1 and VEGFA were tested in this experiment as an 
indication of the tight junction integrity of the inner BRB 
(Figure 2). The expression of ZO-1 exhibited a significant 
decrease when compared to the age-matched controls, while 
the expression of VEGFA displayed a significant increase 
(P<0.05 or P<0.01). As to the effect of aging, the ZO-1 
continued to decrease, while the VEGFA continued to increase 
in both normal and diabetic mice during aging at 12wk and/or 
24wk when compared to their expression at 4wk. 

Figure 1 Changing mRNA expression profiles of BCRP, LRP and MDR1 in the retina  A: Comparison of changing mRNA expression 
profiles of efflux transporters in the retina of normal and STZ-induced diabetic mice; aP<0.05 when compared to the normal age-matched control 
mice (normal); bP<0.01 when compared to the normal age-matched control mice (normal); n=6. B: Changing mRNA expression profiles of efflux 
transporters in the retina of normal and STZ-induced diabetic mice during aging; cP<0.05 when compared to their expression at 4wk; dP<0.01 
when compared to their expression at 4wk; eP<0.05 when compared to their expression at 12wk; fP<0.01 when compared to their expression at 
12wk; n=6.

Figure 2 Changing mRNA expression profiles of ZO-1 and VEGFA in the retina  A: Changing profiles of ZO-1 and VEGFA between the 
normal and diabetic mice; aP<0.05 when compared to the normal age-matched control mice (normal); bP<0.01 when compared to the normal 
age-matched control mice (normal); n=6. B: Changing profiles of ZO-1 and VEGFA between the normal and STZ-induced diabetic mice during 
aging; dP<0.01 when compared to their expression at 4wk; eP<0.05 when compared to their expression at 12wk; fP<0.01 when compared to their 
expression at 12wk; n=6. 

Efflux transporters in diabetic mouse retina
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Immunofluorescence Characterization of Efflux Transporters 
in Retinas  To validate the changes at the protein level, 
we performed an immunofluorescence analysis using 
antibodies against BCRP, LRP and MDR1. The results of 
the immunofluorescence microscopy are summarized in 
Figure 3. There were also some differences in the expression 
fluorescence intensity of the efflux transporters between the 
normal and diabetic mice. High BCRP expression, as well 
as some faint LRP and MDR1 expression, was detected 
throughout the whole retina. The fluorescence intensities of all 
three efflux transporters were somewhat lower in the diabetic 
retina when they were compared to the normal mice at 4, 12 
and 24wk. However, no significant change was found during 
aging in either the normal or the diabetic mice.
Western Blot Characterization of Protein Expression in 
Retina Tissues  To validate the changes in the protein level, 
we further performed Western blot analysis using antibodies 
against BCRP, LRP and MDR1. Densitometric analysis 
revealed that all three molecules displayed different expression 
profiles (Figure 4). After 4wk of diabetes, the expression 
of BCRP and MDR1 was significantly decreased (P<0.01) 
when compared to the age-matched controls. LRP showed no 
change when compared to the age-matched controls. After 
12wk of diabetes, the expression profiles of MDR1 and BCRP 
still showed a decrease, but without a significant difference 
when compared to the age-matched controls (P>0.05). LRP 
still showed no change when compared to the age-matched 
controls. After 24wk of diabetes, the expression of MDR1 was 
significantly decreased (P<0.01) when compared to the age-
matched controls. BCRP maintained a decrease, but without 
a significant difference when compared to the age-matched 
controls (P>0.05). However, the expression of LRP displayed 
a significant increase (P<0.01) when compared to the age-
matched controls. 

The effect of aging was also analyzed in the normal and 
diabetic mice. BCRP and MDR1 continued to decrease during 
aging at 12wk and/or 24wk when compared to their expression 
at 4wk. In the normal mice, LRP continued to decrease during 
aging at 12wk and 24wk, while in the diabetic mice, LRP 
maintained a similar level when compared to the expression at 
4wk.
Evaluation of Inner Blood-retinal Barrier Breakdown 
The blood vessel leakage was visualized with Evans blue in 
retina flat-mounts. Representative images showing Evans 
blue fluorescence allowed the detection of leakage sites in 
the retinal vessels (Figure 5). In the control retinas, Evans 
blue fluorescence was limited to the blood vessels at all three 
observation time points. In the diabetic mice, no significant 
changes were observed after 4 and 12wk diabetes, although 
some focal leakage of the dye from the capillaries and larger 
vessels could be detected at 24wk.
The morphology changes of retinal vessels were evaluated 
using an FITC-dextran infusion (Figure 6). The retinas of 
normal mice had both superficial and deep vascular layers 
(joined by connecting vessels). Diabetes did not significantly 
alter the distribution volume of the dextrans in the retinas. 
Non-perfusion areas and marked fluorescein diffusion were 
not observed in either the normal or the STZ-induced diabetic 
mice retinas. No marked histopathological changes or vascular 
components were observed during aging in either the normal 
or the STZ-induced diabetic mice retinas. Only certain vessels 
showed an irregular distribution, a dilated and tortuous 
appearance, and minor fluorescein leakage in the retinas 
following 24wk of diabetes. Thus, even 24wk of uncontrolled 
diabetes was not a sufficient period in which to detect 
significant changes in retinal permeability to dextrans, which 
corroborates the results obtained for the retinal vessel leakage 
using an Evans blue assay. 

Figure 3 Representative figures of the immunofluorescence characterization of efflux transporters in the retina of normal and diabetic 
mice  A green result was seen in positive tissues. The nuclei were counterstained in blue with DAPI (bar=25 μm).
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DISCUSSION 
Efflux transporters contribute to the barrier integrity of the 
inner BRB. Attenuated efflux transporter expression and 
function due to diabetes mellitus have been reported in various 
tissues, such as the BBB, and are linked to significant clinic 
complications[21-22]. However, whether this is also true for the 
inner BRB and whether it plays a role in the pathogenesis of 
early DR is still unclear. The effect of aging on BBB P-gp 
expression has been studied, and decreased expression was 
found with aging[23]. Despite this, relatively few papers have 
so far been published on the impact of advancing age on 
efflux transporter expression in the inner BRB. In the current 
study, we successfully formulated a clear description of the 
expression profiles of some efflux transporters in retinas during 
the development of diabetes and/or aging retinas. To the best 
of our knowledge, this is the first report concerning this issue. 
In this study, STZ-induced diabetic mice were included as 
models of early DR since such an approach is among the best 

DR models for studying molecular mechanisms and drug 
screening[24]. As the life span of mice is relatively short, only 
the early stages of DR can be observed, which accorded with 
our research purposes. Vascular changes in C57BL/6 mice 
such as acellular capillaries, pericyte ghosts and vascular cell 
apoptosis are detectable 6mo after the induction of diabetes 
mellitus[24]. Furthermore, retinal neovascularization has not 
been observed in this model. In this experiment, we observed 
similar results in the visualization of the inner BRB breakdown 
using FITC-dextran and Evans blue (Figures 5, 6). Diabetic 
mice only showed some minor lesions in the retinal capillary 
network as well as large vessels at 24wk after the induction of 
diabetes mellitus when compared with the age-matched normal 
controls, and these observed pathological changes were in 
accordance with previously published reports in rats[25-26].
VEGFA has been identified as an important mediator of the 
BRB alteration in DR[27-31]. An increased VEGFA mRNA 
expression has already been observed in both STZ-induced 
diabetic rats and mice[32-33]. As the VEGFA level in a single 

Figure 4 Efflux transporter expression profiles in the retina of mice by Western blot  A: Band images. B: Changing profiles of BCRP, LRP, 
and MDR1 between normal and diabetic mice; bP<0.01 when compared to the normal age-matched control mice (normal); n=6. C: Changing 
profiles of BCRP, LRP, and MDR1 between normal and STZ-induced diabetic mice during aging. aP<0.05 when compared to their expression at 
4wk; dP<0.01 when compared to their expression at 4wk; fP<0.01 when compared to their expression at 12wk; n=6.

Efflux transporters in diabetic mouse retina
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mouse retina is too low to be detected by Western blot or 
ELISA, real-time PCR is usually used to detect changes in 
the VEGFA mRNA level[34]. Indeed, our results confirm that 
diabetic conditions promote an increase in the transcription 
of VEGFA mRNA (Figure 2). Our results further demonstrate 
that physiological aging also promotes an increase in the 
transcription of VEGFA mRNA in both normal and diabetic mice.

An important component of BRB is the endothelial tight 
junction complex. The transmembrane proteins occludin, 
tricellulin, the claudin family, and the junction adhesion 
molecules, along with the scaffolding ZO-1, -2, -3, play major 
roles in the formation and regulation of the tight junction 
barrier[30,35-36]. Indeed, our results confirm that hyperglycemic 
conditions promote a decrease in the transcription of ZO-1 
mRNA (Figure 2). Physiological aging also promotes a decrease 
in the transcription of ZO-1 mRNA in both normal and diabetic 
mice. The altered trends of VEGFA and ZO-1 obtained in this 
study agree with those reported previously[35,37]. Combined 
with the results of the inner BRB breakdown evaluation, we 
could conclude that early DR was successfully established in 
this experiment. 
Human ABC transporters are membrane transporters that 
use energy from ATP hydrolysis to transport a wide variety 
of substrates across the cellular membrane. Prominent efflux 
transporters previously identified in tissues belong to the 
ABC superfamily[16]. Of these, MDR1 is the most extensively 
researched transporter[38-39], while BCRP is a well-recognized 
ABC half-transporter[40]. LRP is not an ABC transporter, 
although it is a major vault protein (MVP)[41]. As it is thought 
to drive drugs away from the nucleus, LRP has also been 
reported as an efflux transporter[16,41]. So, we chose MDR1, 
LRP, and BCRP as representatives of efflux transporters in 
this present study. Efflux transporter expression profiles in 
the mRNA (Figure 1) and protein levels (Figures 3, 4) were 
elucidated. The general trend of these efflux transporters 
with regard to mRNA expression in diabetic mice retinas was 
decline when compared to age-matched normal mice, although 
different efflux transporters had different expression profiles.
From the western blot analysis (Figure 4), we could see that 
the expressions of MDR1 and BCRP were in decline in the 
diabetic mice retinas when compared to the normal mice 
retinas. A declining trend was also observed in both the normal 
and diabetic mice retina during aging, and these expression 
profiles were similar to those of the mRNA level. However, the 
expression of LRP was somewhat different between MDR1 
and BCRP. The expression level showed no change at the 4 
wk and 12wk time points between the normal and diabetic 
mice retina, although a significant increase in expression was 
observed in the diabetic mice retina when compared to the 
normal mice retinas at the 24wk time point. The expression 
of LRP was in decline in the normal mice, but maintained the 
same level in the diabetic mice during aging, which could also 
be explained that up-regulation might act as a compensatory 
mechanism, and a longer observation period should be needed 
to fully elucidate its change profile in the diabetic mice during 
aging. The immunofluorescence test results confirmed these 
three efflux transporters’ expression levels in both normal and 
diabetic mice retinas. Yet, the changing expression profiles 
were difficult to read.

Figure 5 Fluorescence angiography using Evans blue infusion  
The flat-mounted retinas of mice with 4, 12 and 24wk after the 
induction of diabetes as compared with controls (400×).

Figure 6 Fluorescence angiography using FITC-dextran infusion  
The flat-mounted retinas of mice with 4, 12 and 24wk after the 
induction of diabetes as compared with controls (400×).
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Extensive research has determined that DR is not only a 
vascular disease but also a neurodegenerative one[42-43]. 
Several reports have revealed that efflux transporters such 
as P-gp the BBB display a significant decline in expression 
rates and function with aging, and so strongly support the 
notion that age-dependent changes might predispose sufferers 
to neurodegenerative diseases[23,44-45]. In this study, we also 
obtained similar results concerning the changing expression 
profiles of the efflux transporters in the retina during aging in 
both normal and diabetic mice (Figure 1), and these declines in 
expression might also be attributed to the development of early 
DR.
From the analysis of the altered expression profiles of efflux 
transporters at the gene and protein levels, we could conclude 
that a significant alteration of efflux transporters in the 
retina was coupled with the development of early DR and/
or aging in mice, although we could not confirm the causal 
relationship between the altered expression profiles of the 
efflux transporters and the development of DR in the present 
study. Some similar reports about the efflux transporters in 
posterior segment diseases were also consistent with our 
findings. For example, retinal expression of efflux transporters 
ABC transporter A1 (ABCA1) and ABC transporter G1 
(ABCG1) was found to be down-regulated and linked to age-
related macular degeneration (AMD) in mice model[46]. Sene 
A and colleagues revealed that age-associated reduction in 
expression of ABC transporters impaired the efflux capacity 
of macrophages and resulted in increased cholesterol 
accumulation, which promoted AMD[47].
Since the expression and regulation of efflux transporters are 
somewhat similar in mice and humans, data from this study 
suggests that humans who have early DR may also have 
altered expression of certain transporters[21]. We could thus 
speculate that these efflux transporters in the inner BRB might 
be new targets for retarding or treating the development of 
early DR. However, further studies are necessary to evaluate 
the functional regulation of these efflux transporters during the 
development of early DR and/or aging.
This article detailed the expression profiles of some efflux 
transporters in mice retina during diabetic and/or aging 
conditions, and the attenuated expression of some efflux 
transporters along with the breakdown of the inner BRB was 
found, which might be linked to the pathogenesis of early DR.
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