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Age-related macular degeneration (AMD) is a chronic 
and progressive degenerative disease of the retina that 
culminates in blindness and mainly affects the elderly popu-
lation. AMD shows a high prevalence, with a distinct trend 
of increase: About 10%–20% of people over the age of 65 
suffer from maculopathy (an early stage) or overt macular 
degeneration [1-4]. RPE and photoreceptor degeneration over 
time in the macular area are characteristics of AMD [5]. Most 
of the strategies for preserving visual function have been 
developed in animal models. Age, smoking, genetic factors, 
and exposure to sunlight have been identified as risk factors 
for the development of AMD [6]. Within the solar spectrum, 
blue light is more highly involved in disease induction; thus, 
animals exposed to blue light are estimated to be a well-estab-
lished model of AMD for molecular mechanism research and 
drug screening, where it affords high reproducibility, rapid 
induction, ease of use, and flexibility through modulation of 
light duration and intensity [7,8].

Positron emission tomography (PET) is a sensitive and 
specific functional imaging method that allows metabolic 
mapping of disease processes in humans. Compared to other 
imaging methods, the most extensive application of micro-
PET imaging to small animal models of disease is in the 
area of cancer biology [9]. However, with the discovery and 
synthesis of more imaging targets and imaging agents, the 
application of PET in other disciplines is gradually expanding, 
such as in the heart, brain, and lung. Some imaging agents 
have also been developed in the eye [10-12]. Among them, 
the 18 kDa translocator protein (TSPO) ligand as the imaging 
agent of PET imaging technology plays an important role in 
the diagnosis and treatment of neurodegenerative diseases, 
such as Alzheimer’s disease and cerebral ischemia [13-16]. 
TSPO (translocator protein) is an evolutionarily conserved 
outer mitochondrial membrane (OMM) protein highly 
expressed in activated microglia, and TSPO-targeting PET 
imaging is used for the evaluation of neuroinflammation. 
It has been reported that TSPO exogenous ligands are also 
important markers in patients with AMD [17]. [18F]-DPA-714, 
a targeted radiotracer for TSPO, has been used for imaging 
nervous system diseases caused by microglia activation 
[18,19]. The application of [18F]-DPA-714 to the rat model 
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Purpose: Positron emission tomography (PET) is widely used in high-precision imaging, which may provide a simple 
and noninvasive method for the detection of pathology and therapeutic effects. [18F]-DPA-714 is a second-generation 
translocator protein (TSPO) positron emission tomography radiotracer that shows great promise in a model of neuroin-
flammation. In this study, [18F]-DPA-714 micro-PET imaging was used to evaluate retinal inflammation in mice exposed 
to blue light, a well-established model of age-related macular degeneration (AMD) for molecular mechanism research 
and drug screening.
Methods: C57BL/6J melanized mice were subjected to 10,000, 15,000, and 20,000 lux blue light for 5 days (8 h/day) to 
develop the retinal injury model, and the structure and function of the retina were assessed using hematoxylin–eosin 
(HE) staining, electroretinography (ERG), and terminal-deoxynucleotidyl transferase (TdT)-mediated nick-end labeling 
(TUNEL) immunostaining. Then, [18F]-DPA-714 was injected approximately 100 μCi through each tail vein, and static 
imaging was performed 1 h after injection. Finally, the mice eyeballs were collected for biodistribution and immune 
analysis.
Results: The blue light exposure significantly destroyed the structure and function of the retina, and the uptake of [18F]-
DPA-714 in the retinas of the mice exposed to blue light were the most significantly upregulated, which was consistent 
with the biodistribution data. In addition, the immunohistochemical, western blot, and immunofluorescence data showed 
an increase in microglial TSPO expression.
Conclusions: [18F]-DPA-714 micro-PET imaging might be a good method for evaluating early inflammatory status 
during retinal pathology.
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of diabetic retinopathy (DR) was recently reported [20]. 
However, there is no study on the application of [18F]-DPA-714 
in the AMD animal model. Based on the study above, [18F]-
DPA-714 micro-PET imaging was chosen in the mouse model 
with blue light irradiation to evaluate the value of noninvasive 
methods in identifying retinal inflammation of AMD.

METHODS

Animals and ethics statement: A cohort of 4- to 6-week-old 
C57BL/6J mice (ChangZhou Cavens, Laboratory Animal Co., 
Ltd, Changzhou, China) were used for the experiments, which 
were raised in a 12 h:12 h light-dark cycle of 5 lux white light 
with free access to food and water. Age-matched mice were 
randomly assigned to the blue light damage (BL) and control 
(non-light damage) groups (n = 3 per group). Animals in the 
blue light damage group were exposed to 10–20 k lux blue 
LED light (OcuTech, Wuxi, China) for 5 days (8 h/day, from 
09:00 to 17:00). The pupils were dilated twice daily at 10:00 
and 18:00 with a single drop of 1% atropine sulfate (8.3 mg 
of atropine). The pupils of the control animals were also 
dilated twice each day and were returned to dim cyclic light 
(12 h:12 h light-dark cycle, 5 lux). A custom light box was 
constructed for free adjustment of light intensity and time. 
All animal experiments in this study were approved by the 
Laboratory Animal Management and Ethics Committee of 
the Jiangsu Institute of Nuclear Medicine and which adhered 
to the Association for Research in Vision and Ophthalmology 
(ARVO) statement for the use of animals in ophthalmic and 
vision research.

Hematoxylin–eosin staining: Immediately after blue light 
exposure, an overdose of sodium pentobarbital was injected, 
and the eyeballs of the mice in the different groups were 
immediately removed and embedded in paraffin blocks. 
Then, 5 μm paraffin sections were used for hematoxylin–
eosin (HE) staining. After deparaffinization, hydration, HE 
staining, dehydration, transparency, and other steps, the slides 
were observed under a microscope (Nikon, Tokyo, Japan). 
Briefly, after deparaffinization and rehydration, 5 μm longi-
tudinal sections were stained with hematoxylin solution for 
5 min followed by 5 dips in 1% acid ethanol (1% HCl in 70% 
ethanol) and then rinsed in distilled water. Then the sections 
were stained with eosin solution for 3 min and followed by 
dehydration with graded alcohol and clearing in xylene.

Electroretinography: All animals were dark adapted for at 
least 12 h before the electroretinography (ERG) recording. 
Under dim red light, the mice were anesthetized with tail vein 
injection of ketamine (80 mg/kg) and xylazine (10 mg/kg). 
The vessels were dilated with topical 0.5% tropicamide and 

0.5% phenylephrine hydrochloride. The corneas were kept 
moist with methylcellulose solution. A gold wire was placed 
on the moistened cornea as the recording electrode, and a 
gold reference electrode was placed in the mouth. Simulta-
neous recordings were made from both eyes at a bandwidth 
of 0.1–500 Hz with a needle electrode inserted close to the 
tail. Dark-adapted ERGs were elicited with a series of white 
single flash stimuli from −4.8 to 2.25 log CD-s/m2. A-wave 
amplitude was measured from the prestimulus baseline to the 
initial negative trough at intensities ranging from −1.8 to 2.25 
log CD-s/m2 flashes. B-wave amplitudes were measured from 
the baseline or the a-wave, if present, to the peak of flashes 
with intensities of −4.8 to 0.3 logCD-s/m2. Photoreceptor 
functional changes were evident from averaging the a- and 
b-wave amplitudes for each intensity.

Immunofluorescence: To detect apoptotic cells in the retina, 
terminal-deoxynucleotidyl transferase (TdT)-mediated medi-
ated nick-end labeling (TUNEL) immunostaining (Beyotime, 
Nantong, China) was employed to evaluate apoptotic cells in 
the retina. Frozen retinal sections were stained using a Cy3 
labeling fluorometric TUNEL system and then mounted with 
2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochloride 
(DAPI; Beyotime, Nantong, China). To verify the expression 
and location of TSPO in the retina, colocalization of TSPO 
(1:500, cat. no. ab109497, Abcam,Cambridge, MA) and 
microglial marker IBA-1 (1:500, cat. no. ab283319, Abcam) 
was conducted. Frozen retinal sections were randomly 
selected and stained with TSPO/IBA-1/DAPI antibodies 
overnight (36–48 h) at 4 °C in a humidified box. The sections 
were then incubated with fluorescence-labeled secondary 
antibodies (1:250, goat anti-rabbit FITC-labeled IgG (H+L) 
Alexa Fluor 647-labeled IgG (H+L), cat. no. ab6717, Abcam; 
goat anti-mouse IgG H&L-Alexa Fluor 647, cat. no. ab150115, 
Abcam) for 2 h at 4 °C in a humidified box. After washing and 
air drying, the slides were blocked using PBS/glycerol (1X; 
120 mM NaCl, 20 mM KCl, 10 mM NaPO4, 5 mM KPO4, pH 
7.4) for observation under a fluorescence microscope (Nikon, 
Tokyo, Japan).

Micro-PET image and biodistribution: [18F]-DPA-714 was 
synthesized as previously described [21], and the radio-
chemical purity was >98%. Under anesthetization, the mice 
were injected intravenously with 3.7 MBq [18F]-DPA-714, and 
static micro-PET imaging was performed for 10 min at 1 h 
post-injection. Data were analyzed using the reported method 
[22]. After micro-PET imaging, the mice were euthanized by 
intraperitoneal injection of pentobarbital sodium (200 mg/
kg), and major organs were extracted. The eyeballs were 
dissected as the cornea, vitreous body, retina, and choroid. 
All organs were collected and weighed. Radioactivity in the 
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tissues was measured using a γ-counter, and uptake values 
were expressed as % ID/g.

Immunohistochemistry: Eyeballs were immersed in 4% 
paraformaldehyde for 4 h and transferred to 70% ethanol. 
Individual lobes of eyeball biopsy material were placed in 
processing cassettes, dehydrated through a serial alcohol 
gradient, and embedded in paraffin. Before immunohisto-
chemistry (IHC), 5 μm thick eyeball tissue sections were 
dewaxed in xylene, rehydrated through decreasing concentra-
tions of ethanol, and washed in PBS. Then, they were stained 
with TSPO antibody (1:500, cat. no. ab109497, Abcam) and 
hematoxylin. After staining, the sections were hydrated with 
increasing concentrations of ethanol and xylene. The next day, 
the slides were rinsed and incubated with the corresponding 
secondary antibody (Beyotime, Nantong, China) for 30 min 
followed by 3,3′-diaminobenzidine (DAB) and hematoxylin 
staining, respectively. The slides were then observed under a 
microscope (Nikon, Tokyo, Japan).

Western blotting: Western blotting was used to identify the 
expression level of TSPO protein. Tissues were ground and 
lysed in radio-immunoprecipitation assay (RIPA) buffer. The 
concentration of protein was assessed with a bicinchoninic 
acid (BCA) assay. Then, the protein of each sample was 
loaded onto 12% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS–PAGE) and transferred onto polyvi-
nylidene fluoride (PVDF )membranes. The membranes were 
blocked with 5% nonfat milk and then incubated with the 
primary antibody (TSPO, 1:1,000, cat. no. ab109497, Abcam), 
followed by the secondary antibody (goat anti-rabbit IgG 
H&L-HRP, 1:500, cat. no. ab6721, Abcam). The protein bands 
were visualized using the enhanced chemiluminescence 
(ECL) assay kit. The density of each band was normalized to 

the expression of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH; 1:1000, cat. no. ab9485, Abcam).

Statistical analysis: GraphPad Prism V:6.01 software was 
used for the statistical analysis. The data are expressed 
as the means ± standard error of mean (SEM). Statistical 
comparisons were conducted with the Student t test between 
two groups and one-way ANOVA followed by Tukey’s post 
hoc test among three groups. P values of less than 0.05 were 
considered statistically significant.

RESULTS

Blue light exposure destroys the structure of the retina: 
To investigate the influence of blue light exposure on the 
retinal structure, the mice were exposed to blue light for 5 
days (8 h/day), and HE staining of the retina was performed. 
Light intensities of 10,000, 15,000, and 20,000 lux were 
chosen. Five days after modeling, HE staining showed that 
the structure of each layer in the retinas of the control mice 
was clear, with the cells well arranged; however, compared 
to the control, the outer and nuclear layers of the retina of the 
10,000 lux group became thinner, and the cells in the retinas 
of the 15,000 and 20,000 lux groups were missing (Figure 1).

Blue light exposure triggers dysfunction of the retina: To 
investigate the influence of blue light exposure on retina 
function, the mice were exposed to blue light for 5 days (8 
h/day), and ERG was performed. Light intensities of 10,000, 
15,000, and 20,000 lux were chosen. Five days after modeling, 
ERG showed that the a- and b-wave amplitudes of the blue 
light exposure group were significantly decreased by 0.5–2.0 
fold, respectively (Figure 2).

Blue light exposure induces cell death of the retina: To 
investigate the inf luence of blue light exposure on cell 

Figure 1. The effect of blue light exposure on the structure of the retina in C57BL/6J mice. C57BL/6J mice were exposed to different 
intensities of blue light (10,000, 15,000, and 20,000 lux) for 5 days (8 h/day), and hematoxylin–eosin (HE) staining was used to evaluate the 
structure of the mouse retina. INL: inner nuclear layer, ONL: outer nuclear layer, GCL: ganglion cell layer. **p<0.001.
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death, the mice were exposed to blue light for 5 days (8 h/
day), and TUNEL assay was performed. Light intensities of 
10,000, 15,000, and 20,000 lux were chosen. Five days after 
modeling, a small number of apoptotic bodies were found 
in the outer nuclear layer (ONL) with 10,000 lux light inten-
sity, and a large number of apoptotic bodies were detected 
in the ONL with 15,000 and 20,000 lux (Figure 3). Under 

severe conditions, cell death but not inflammation is the main 
hallmark. The 10,000 lux light intensity was chosen for in 
vivo model construction in the subsequent experiments for 
inflammation evaluation.

Micro-PET imaging and biodistribution of the BL mice model: 
Micro-PET imaging of [18F]-DPA-714 was used to evaluate 
the inflammatory status of the retina in the BL mice model, 

Figure 2. The effect of blue light exposure on the function of the retina in C57BL/6J mice. C57BL/6J mice were exposed to different intensi-
ties of blue light (10,000, 15,000, and 20,000 lux) for 5 days (8 h/day), and electroretinography (ERG) was used to evaluate the function of 
the mouse retina. A: Representative diagram of the electroretinogram. B: Statistical analysis of the ERG (a- and b-waves) data in different 
groups. The data were analyzed in the form of mean ± standard deviation (SD; n = 3) with left and right eyes separately. *p<0.05, **p<0.01 
versus the control group.
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and a light intensity of 10,000 lux was chosen. Five days 
after modeling, the uptake of [18F]-DPA-714 in the eyeballs of 
the mice exposed to blue light was significantly upregulated 
compared to the controls (Figure 4A). In addition, region of 
interest (ROI) analysis showed that eyeball uptake in the BL 
group and the control group was 2.133±0.0121 ID%/g (n = 
6) and 1.492±0.1961 ID%/g (n = 6; p<0.0001), respectively 
(Figure 4B). Then, the biodistribution data showed that the 
uptake of the retinal and choroidal layers in the eye was 
higher in the mice exposed to blue light, indicating that 
the expression of TSPO was significantly increased in the 
retina and the choroid under blue light exposure (Figure 4C). 
Corneal uptake in the BL group and the control group was 
1.60±0.1372 ID%/g (n = 6) and 0.69±0.2031 ID%/g (n = 6; p 
< 0.001), retinal uptake in the BL group and the control group 
was 3.13±0.1581 ID%/g (n = 6) and 1.32±0.1808 ID%/g (n = 
6; p<0.0001), and choroid uptake in the BL group and the 
control group was 3.33±0.1213 ID%/g (n = 6) and 1.88±0.1621 
ID%/g (n = 6; p<0.0001). The uptake by the cornea, retina, 
and choroid was significantly different between the BL group 
and the control group, and the change in the [18F]-DPA-714 
uptake in the retina was the highest.

TSPO expression in retinal microglial cells of the BL mice 
model: Microglial TSPO is the target of DPA-714, and its 
expression was further analyzed in a BL mice model. Light 
intensity of 10,000 lux was chosen. Five days after modeling, 
the expression of TSPO was significantly upregulated and 
migrated from the inner nuclear layer (INL) to the ONL 
using IHC (Figure 5A). Then, TSPO was identified as the 
main marker of microglia in the retina, and it colocated with 
microglia (Figure 5B). The results indicated that the inflam-
matory status of the retina occurred at the early stage of blue 
light injury and was consistent with the micro-PET imaging 
data (Figure 5C).

DISCUSSION

The translocator protein (18 kDa; TSPO), a biomarker 
of brain microgliosis, has been introduced as a possible 
molecular target for peripheral sterile inflammatory disease 
PET imaging [23]. PET imaging of this protein may address 
disease heterogeneity, assist in patient stratification, and 
contribute to predicting treatment response [24]. A previous 
study showed that TSPO is highly expressed in microglia of 
degenerating retinas [25]. In this study, using mice exposed to 
blue light as an in vivo model of AMD, we found that TSPO 
was significantly upregulated in the retinal microglia of mice 
with BL 10,000 lux exposure, and micro-PET imaging based 
on [18F]-DPA-714 indicated the inflammatory status of the 
retina early in vivo.

[18F]-DPA-714 is a second-generation TSPO positron 
emission tomography radiotracer that shows great promise 
in a model of acute neuroinflammation [26]. Using [18F]-DPA-
714 PET, Sanhita et al. documented in vivo neuroinflamma-
tory changes in the brain with disruption of the blood–brain 
barrier [27]. Liu et al. investigated the influences of light 
therapy on microglial activation in the brains of depressive 
rats using [18F]-DPA-714 PET [28]. Géraldine et al. demon-
strated that [18F]-DPA-714 is adapted to monitor in vivo 
inflammatory processes in an rheumatoid arthritis (RA) 
experimental model [29]. Using diabetic retinopathy (DR) rats 
as an in vivo model, Zhou et al. found that [18F]-DPA-714 PET/
CT appears to be a useful noninvasive imaging method for 
detecting TSPO in the retina [30]. In this study, HE staining, 
ERG, and TUNEL assay revealed that blue light could induce 
retinal injury with structural destruction and neuronal cell 
death, and its severity depended on the light intensity, 
exposure duration, and wavelength. By choosing low light 
intensity, we found that the SUVmean of [18F]-DPA-714 was 
markedly enhanced in the eyeballs of BL mice compared 
with that of normal controls after 5 days of BL 10,000 lux 
exposure. The SUVmean of ROIs in the eyeballs of the BL 

Figure 3. The effect of blue light exposure on the cell death of the retina in C57BL/6J mice. C57BL/6 mice were exposed to different intensities 
of blue light (10,000, 15,000, and 20,000 lux) for 5 days, and terminal-deoxynucleotidyl transferase 24 (TdT)-mediated nick-end labeling 
(TUNEL) assay was used to evaluate the cell death of the mouse retinas (TUNEL: red fluorescence, 2-(4-Amidinophenyl)-6-indolecarbam-
idine dihydrochloride [DAPI]: blue fluorescence). INL: inner nuclear layer, ONL: outer nuclear layer, GCL: ganglion cell layer.
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and control mice was 2.133 ID%/g (n = 6) and 1.492 ID%/g(n 
= 6; p<0.0001), respectively. Biologic distribution analysis 
showed there were significant differences in the uptake by 
the cornea, retina, and choroid between the blue light group 
and the control group. The overall [18F]-DPA-714 uptake of the 
eyeball except vitreous body was significantly increased, and 
the change in the [18F]-DPA-714 uptake were most obvious 
in the retina. In addition, the uptake of [18F]-DPA-714 in the 
heart, liver, spleen, lung, and kidney was similar between the 
two groups, indicating blue light affected only the expression 
of TSPO in eyeball. Furthermore, to confirm the expression 
of TSPO in the retina, the mice were immediately killed after 
micro-PET imaging, and IHC, IFC, and western blotting 
were used to evaluate the expression level of TSPO in the 
retina. IHC and western blotting showed TSPO was signifi-
cantly upregulated in the retina under blue light exposure. 
IFC showed that microglia were activated under blue light 
exposure and were colocalized with TSPO, indicating that 
the upregulation of TSPO mainly depended on the activation 
of microglia.

In conclusion, based on the results above, we concluded 
that TSPO was significantly upregulated in retinal microglia 
under a low intensity of blue light exposure, and [18F]-DPA-
714 micro-PET imaging is a good alternative for evaluating 
the inflammatory status of the retina under pathological 
process. However, further investigation regarding the early 
diagnostic value of [18F]-DPA-714 micro-PET imaging 
for retinal inflammation needs to be conducted in a time-
dependent manner.
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