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Prostaglandin F2a protects against pericyte apoptosis by
inhibiting the PISK/Akt/GSK3p/p-catenin signaling pathway
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Background: Diabetic retinopathy (DR) is the most common microvascular complication of diabetes and
the main cause of non-traumatic blindness in adults. Pericyte loss is known to be an early pathological change
of DR. Our group’s previous research indicated that prostaglandin F2a (PGF20) acts as an eicosanoidal
protector against non-proliferative DR that can regulate the mobility of pericytes in a RhoA-mediated
manner. However, the effect of PGF2a on pericyte apoptosis has yet to be described.

Methods: Two animal models were constructed: a high-fat diet (HFD) and streptozotocin (STZ)-
induced type 2 diabetes mouse model and a spontaneous type 2 diabetes db/db mouse model. We analyzed
pathological changes, and performed TUNEL (terminal deoxynucleotidyl transferase dUTP nick-end
labeling) staining and western blot to detect apoptosis in the retinas of diabetic mice. For our in vitro
experiments, we selected human retinal pericytes and subjected them to high-glucose (HG), PGF20, and
ALS8810 (an antagonist of the PGF2a receptor) treatment. Subsequently, apoptosis and the levels of PI3K/
Akt/GSK3pB/B-catenin pathway-related proteins were detected by TUNEL staining and western blot,
respectively.

Results: The levels of apoptosis were increased in the retinas of diabetic mice in both T2DM models. In
vitro, HG treatment increased apoptosis and inhibited PI3K/Akt/GSK3p/B-catenin signaling in pericytes.
In contrast, PGF2a treatment inhibited pericyte apoptosis while increasing the levels of the PI3K, p-Akt/
t-Akt, p-GSK3B/t-GSK3p, and B-catenin proteins; however, these PGF2a-induced effects were eliminated
by ALLSO0.

Conclusions: PGF2a may make a key contribution to reducing pericyte apoptosis and protecting against
DR via its inhibition of the PI3K/Akt/GSK3p/p-catenin signaling pathway.
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Introduction

As a common microvascular complication of diabetes,
diabetic retinopathy (DR) is a prominent contributor
to adult blindness in many industrialized nations (1). As
many as 1 in 3 patients with diabetes develop DR, and
it is associated with a heightened risk of life-threatening
systemic vascular diabetic complications, such as coronary
heart disease, stroke, and heart failure (2). In approximately
1/3 of cases, DR progresses to severe retinopathy or
macular edema, which threatens the individual’s sight (3).

The onset characteristics of DR include basement
membrane thickening, interendothelial tight junction loss,
and selective loss of pericytes, subsequently leading to
increased vascular permeability (4). Endothelial cells are
wrapped by pericytes, which are an important component
of retinal microvessels (5). Pericytes maintain the integrity
of the inner blood-retinal barrier (BRB) through their
regulatory involvement in microvascular functions (6,7).
Their loss weakens the inner BRB, and aggravates vascular
leakage and DR.

Apoptosis is central to DR development. Pericyte
apoptosis directly triggered by hyperglycemia,
which subsequently induces capillary occlusions and
microaneurysms of retinal capillaries (8), has been shown
be an important mechanism in early DR (9). Therefore,
targeted elimination of pericyte apoptosis could be
beneficial for primary prevention of DR.

Many studies have reported the favorable effects of
polyunsaturated fatty acids and related metabolites on
pathological processes in multiple diseases , including
diabetes and its complications (10). Our previous study
also demonstrated that prostaglandin F2o (PGF2a), the
cyclooxygenase metabolites of arachidonic acid could
protect against DR by regulating the mobility of pericytes
through the prostaglandin F receptor (FP receptor) /RhoA
pathway (11). However, the effect of PGF2a on pericytes
apoptosis has yet to be considered. Therefore, the present
work was designed to investigate the effects of PGF2o on
pericyte apoptosis during early DR progression.

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2717).

Methods
In vivo models

For the present research, we constructed 2 animal models:
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a high-fat diet (HFD) and streptozotocin (STZ)-induced
type 2 diabetic mouse model and a spontaneous type 2
diabetic db/db mouse model. Beijing HFK Bioscience Co.,
Ltd. (Beijing, China) supplied all mice used in this study.
The mice were housed at 24+2 °C, with free access to chow
and water. Animal experiments were performed under the
approval of Tianjin Medical University Experimental Animal
Ethics Committee (No0.2020018), in compliance with
institutional guidelines for the care and use of animals. A
protocol was prepared before the study without registration.

For the HFD/STZ diabetic mouse model , C57BL/6
mice (n=6) were fed an HFD for 8 weeks, after which they
were given intraperitoneal injections of STZ (30 mg/kg;
Sigma, MO, USA) with citrate buffer daily for 1 week;
the control group (n=6) received equal volumes of citrate
buffer. A random blood glucose level >16.7 mM was taken
to indicate diabetes. The spontaneous diabetes model
was established in male C57BL/KsJ-db/db mice without
the leptin receptor (n=6); the non-diabetic control group
comprised wild-type littermate db/m mice (n=6).

Cell culture

Human retinal pericytes (HRMVPCs, C1133) were
obtained from WHELAB Bioscience (Shanghai, China).
Cell culture was performed with low-glucose Dulbecco’s
Modified Eagle Medium (DMEM) (HyClone, USA)
supplemented with 10% fetal bovine serum (Gibco,
USA) in a humidified 5% CO, atmosphere at 37 °C. We
synchronized all cells by incubating them without serum
for 8 hours , after which we divided them into the following
treatment groups: (I) normal-glucose (NG) group:
incubation in DMEM containing 5.5 mM glucose; (II)
high-glucose (HG) group: incubation in DMEM containing
33.3 mM glucose; (III) PGF20 (HG+PGF2a) group:
48-hour incubation in DMEM containing 33.3 mM
glucose and 100 nM PGF20 (Cayman Chemical Co, Ann
Arbor, MI); and (IV) AL8810 and PGF2a (HG + PGF2a +
ALS8810) group: 48-hour incubation in DMEM containing
33.3 mM glucose, 100 nM PGF2a, and 10 pM AL8810.

Hematoxylin and eosin staining

Eyeballs were fixed in 10% formalin, embedded in paraffin,
and cut into 4-pm sections. The sections were then
deparaffinized, and stained with hematoxylin and eosin
(H&E). Finally, a light microscope was employed to observe
retinal thickness.
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Retinal trypsin digestion

Mouse retinas were trypsin-digested using a method set
out in a previous study (12). Briefly, eyeballs were fixed in
10% formalin for 48 hours. The retinas were isolated and
washed overnight, and then subjected to digestion in 3%
trypsin (Amresco 1:250; PA, USA) for 120 minutes at 37 °C.
After that, the vasculature was gently separated and stained
with periodic acid-Schiff (PAS). Light microscope was used
to observe acellular vessels and pericytes in 6 randomly
selected fields for each retina.

TUNEL staining

A TUNEL [terminal deoxynucleotidyl transferase (TdT)
dUTP nick-end labeling ] kit (biotin-labeled POD and
KGA7072, KeyGEN Biotech, Nanjing, China) was used
to detect apoptotic cells in adherence with the protocol
supplied by the manufacturer. In brief, paraffin-embedded
tissue sections were subjected to deparaffinization,
permeabilization in proteinase K, and blocking in 3%
hydrogen peroxide, after which they were linked with
TdT enzyme and labeled with streptavidin-horseradish
peroxidase (HRP). Finally, the sections were stained using a
DAB (3,3'-diaminobenzidine) kit.

In vitro, pericytes were seeded and grown to 85%
confluence on a 24-well plate, and treated with high
glucose or PGF2a for 24 hours. For each section or slide,
fluorescence microscopy was used to count the number of
cells stained positively for TUNEL.

Western blot analysis

The extraction of proteins from retinal tissues or pericytes
was performed using radioimmunoprecipitation lysis buffer
containing phenylmethylsulfonyl fluoride , phosphatase
inhibitors, and loading buffer. Protein was loaded onto
SDS-PAGE gel in equal quantities before being transferred
to nitrocellulose filter membranes. After 1 hour of blocking
in milk, the membranes were subjected to overnight
incubation at 4 °C in the presence of primary antibodies
against Bax (1:500, CST, #2772 MA, USA), Bcl-2 (1:1,000,
CST, #3498), cleaved caspase 3 (1:1,000, ABclonal, #A2156),
t-Akt (1:2,000, CST, #92728,), p-Akt (1:2,000, CST,
#4060S,), t-GSK-3B (1:1,000, Bioworld, #BS4084,), p-GSK-
3B (1:1,000, Bioworld, #BS4084), anti-active-B-catenin
(1:1,000, CST, #8814) and GAPDH (1:5,000, Bioworld,
#AP0063). Subsequently, HRP-conjugated secondary
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antibodies were added, after which the membranes were
left to react. ECL reagents (Advansta, CA, USA) were used
for chemiluminescence signal detection. The protein bands
were densitometrically analyzed using Image] (INIH image
software), with normalization to relevant controls.

Statistical analyses

Data obtained from our experiments were analyzed with
GraphPad Prism 8.0 (La Jolla, CA, USA), and are presented
as means = standard deviation. The unpaired Student’s
t-test was adopted for comparison of differences between 2
groups, while significant differences among multiple groups
were determined by one-way analysis of variance. Statistical
significance was determined at P<0.05.

Results

The numbers of capillary pericytes ave reduced in diabetic
mouse retinas

To explore the effects of hyperglycemia, we used 2 in vivo
models: an HFD/STZ mouse model (with C57BL/6 mice as
normal controls), and a spontaneous diabetic db/db mouse
model (with wild-type litter made db/m mice as controls).
First, tissues harvested from the mice were stained with
H&E. With a view to improving comparability, each of the
tissue samples was cut at the same distance from the optic
nerve head.

The HE staining of retinal showed that compared with
the normal groups, the retinal thickness of each layer
became thinner in the diabetic groups (HFD/STZ and
db/db groups) (Figure 1A4,B). Next, we performed retinal
trypsin digestion and observed the numbers of pericytes
and acellular capillaries in the 2 animal models. Retinal
capillary pericytes showed a marked decrease in number in
diabetic mice (the HFD/STZ and db/db groups) compared
with the controls, while the opposite result was observed
with respect to retinal acellular capillaries (Figure 1C,D).
Semiquantitative analysis verified these results (Figure 1E,
EG,H), suggesting that early-onset pericyte loss had
occurred in the diabetic mouse models.

Hyperglycemia increases pericyte apoptosis in vivo and
in vitro

Since apoptosis is the major pathological process in DR, we
detected pericyte apoptosis in retinal tissues from diabetic
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Figure 1 Retinal histopathological changes in mice with type 2 diabetes. (A,B) Representative images of retinal H&E staining. (C,D)
Representative images of retinal trypsin digestion assay. The white arrows indicate acellular vessels and the black arrows indicate pericytes.
(E,F,G,H) Semiquantitative analysis of acellular vessels and pericytes. Scale bars represent 50 pm. *, P<0.05. H&E, hematoxylin and eosin;

GCL, ganglion cell layer; INL, inner nuclear layer; ONL, outer nuclear layer.

mice by performing a TUNEL assay. Compared with those
from the normal controls, the retinal tissues of the diabetic
mice (the HFD/STZ and db/db groups) displayed marked
increases in the proportions of apoptotic cells (Figure 24,B).
Western blotting further uncovered elevation of the protein
expression of cleaved caspase 3 and the BAX/Bcl-2 ratio in
the diabetic groups (Figure 2C,D).

In vitro, TUNEL staining also showed that 48-
hour exposure to HG treatment (33.3 mM) led to a
dramatically increased apoptosis in pericytes (Figure 3A4).
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Semiquantitative analysis verified this finding (Figure 3B).
Further examination of apoptotic biomarkers of apoptosis
revealed the protein expression of cleaved caspase 3 and the
BAX/Bcl-2 ratio to also be increased after HG treatment
(Figure 3C,D).

Hyperglycemia inbibits the PI3K/Akt/GSK3p/f-catenin
pathway

To uncover the mechanism of pericyte apoptosis, we
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Figure 2 Retinal apoptosis is exacerbated in mice with type 2 diabetes. (A,B) Representative images of TUNEL staining. The white arrows
indicate apoptotic cells. (C,D) Western blot was used to detect the expression of Bax, Bcl-2, and cleaved caspase-3. Scale bars represent
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PGF2o, prostaglandin F2a; HG, high-glucose; NG, normal glucose.

assessed the PI3K/Akt/GSK3pB/B-catenin signaling pathway
after HG treatment. Our results showed reductions in
PI3K, p-Akt, p-GSK-3B, and active P-catenin protein
expression (Figure 3E). This result was confirmed by
semiquantitative analysis (Figure 3F).

PGF2a reverses apoptosis of pericytes

Since PGF2a has been reported to exert its physiological
effects mainly through its specific G protein-coupled
receptor-FP receptor (prostaglandin F receptor, FP

© Annals of Translational Medicine. All rights reserved.

receptor) (13), we investigated its protective effect on
pericyte apoptosis using AL8810, a selective FP-receptor
antagonist. Our results showed that PGF2a could reverse
the increase in TUNEL-positive pericytes after 48 hours
of HG treatment, while AL8810 blocked this protective
effect (Figure 44). Semiquantitative analysis verified these
tindings (Figure 4B). Western blot further showed that
PGF2a could inhibit apoptotic protein expression, such
as that of cleaved caspase 3 and BAX/Bcl-2. while ALL80
inhibited these PGF2a-induced anti-apoptotic effects
(Figure 4C,D).
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Figure 5 PGF2a reverses apoptosis via the PI3K/Akt/GSK3p/B-catenin pathway. (A) Western blot was used to detect the expression
of PI3K, p-AKT, t-AKT, p-GSK-3B, GSK-3p, and B-catenin. (B,C,D,E) Densitometric analysis for band intensities. *, P<0.05. PGF2a,

prostaglandin F2a; HG, high-glucose.

PGF2a reverses pericyte apoptosis via the PI3K/Akt/

GSK3p/p-catenin pathway

For further mechanistic examination of PGF2a’s inhibitive
effect on pericyte apoptosis, we detected the expression of

PI3K/Akt/GSK3B/B-catenin pathway-related proteins. We
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found that PGF2a elevated the protein expression of p-Akt,
p-GSK-3B, and active B-catenin, and AL880 blocked this
effect (Figure 5A,B,C,D,E). All of these results implied that
PGF2o reverses pericyte apoptosis through the PI3k/Akt/
GSK3pB/B-catenin pathway.

Ann Transl Med 2021;9(12):1021 | https://dx.doi.org/10.21037/atm-21-2717



Annals of Translational Medicine, Vol 9, No 12 June 2021

Discussion

Diabetes refers to a metabolic disorder resulting from
deficiencies in insulin secretion or resistance. Patients
with this disease characteristically exhibit elevated blood
sugar levels. DR is a frequently occurring microvascular
complication in diabetic patients. It is characterized by
changes in the morphology of microvessels, basement
membrane thickening, loss of endothelial tight junctions,
and loss of pericytes, as well as vascular leakage and
abnormal angiogenesis (14). In particular, pericyte loss has
been identified as the earliest change in the diabetic retina.
In both animal models in the present study, we observed
pericyte loss and increased levels of apoptosis in diabetic
mouse retinas.

Polyunsaturated fatty acids, especially arachidonic acid,
eicosapentaenoic acid, and docosahexaenoic acid, have
extremely high retinal expression levels. Research has
shown that polyunsaturated fatty acids and their metabolites
can regulate many biological processes, including diabetes
and its complications (10,15). For instance, Sapicha ez al.
revealed that ©-3 polyunsaturated fatty acids can inhibit
angiogenesis in oxygen-induced retinopathy (16).

PGF2a is a metabolite of arachidonic acid through
the cyclooxygenase-2 pathway. Arachidonic acid has been
reported to be found at low concentrations in the retinal
blood vessels of DR patients (17). Douros ez /. revealed that
PGE2 and PGF2a levels in the vitreous of patients with
proliferative diabetic retinopathy (PDR) are reduced (18).
In patients with diabetes, the levels of these prostaglandins
decrease with the concentration of arachidonic acid
precursors in the retina. In addition, studies have found
that the retinal content of PGE2 in rats with STZ-induced
diabetes is significantly lower than that in non-diabetic
rats (19). Our previous research also showed that a marked
decrease in PGF2a expression occurred in mice with non-
proliferative DR in comparison to mice without DR,
and that PGF2a exerts a protective effect against DR by
regulating the mobility of pericytes via the FP receptor/
RhoA pathway (11). However, the apoptotic effects of
PGF2a on pericytes had not been reported. In this study,
we found that PGF2a can improve pericyte apoptosis and
this effect can be reversed by its specific receptor antagonist
ALS8810.

Next, we explored the mechanism by which PGF2a
reduces pericyte apoptosis. The PI3K-Akt pathway is
related to many important physiological processes such as
cell proliferation, differentiation, and apoptosis (20,21).
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The activation of AK'T phosphorylation can phosphorylate
GSK-3B, resulting in its inactivation. GSK-3p, a protein
kinase, can induce the phosphorylation of downstream
B-catenin and deactivate it (22). Studies have shown that
activation of the PI3K/Akt signaling pathway can inhibit
cardiomyocyte and fibroblasts apoptosis (23,24). PGF2a is
related to the proliferation of cardiomyocytes and vascular
smooth muscle cells (25). Moreover, PGF2a binds to the
FP receptor to promote cell proliferation and participates
in the angiogenesis of embryos during pregnancy (26).
Our results show that PGF2a can activate the PI3K/Akt/
GSK3p/B-catenin pathway and improve pericyte apoptosis
and this effect can be reversed by AL8810 treatment.

In conclusion, our results demonstrate that HG
treatment can increase the apoptosis of pericytes, while
PGF2a treatment can protect against pericyte apoptosis by
activating the PI3K/Akt/GSK3p/B-catenin pathway, and its
effects can be reversed by its specific receptor AL8810.
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