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PURPOSE. Relaxation of porcine retinal arterioles in vitro has been shown to be preceded by
calcium activity in a population of perivascular cells that cannot be classified as neurons, glial
cells, or vascular smooth muscle cells. The purpose of the present investigation was to study
calcium activity in these perivascular cells during ATP- and PGE2-induced vasorelaxation, and
to identify pericyte markers and other cellular constituents characterizing these cells.

METHODS. Porcine arterioles were loaded with a calcium-sensitive fluorophore and mounted in
a myograph. Simultaneous measurements of calcium activity and vascular tone during
stimulation with ATP and PGE2 were performed before and after addition of specific
antagonists to these compounds and to nitric oxide. Additionally, immunohistochemistry was
performed on whole mounts of porcine retina using antibodies to known markers of vascular
pericytes and cellular components of the vascular wall.

RESULTS. Relaxation of retinal arterioles with both ATP and PGE2 was preceded by a significant
increase in the number of perivascular cells displaying calcium activity. The effect of ATP was
inhibited by the adenosine receptor antagonist 8-PSPT, whereas the effect of PGE2 was
inhibited by the EP1 receptor antagonist SC19220 and the NO-synthesis inhibitor L-NAME.
The perivascular cells had morphological features in common with pericytes and displayed
immunoreactivity to the pericyte markers NG2 and CD-13, but not to markers of glial cells,
neurons, or vascular smooth muscle cells.

CONCLUSIONS. The perivascular cell type located external to the smooth muscle cells in porcine
retinal arterioles shows calcium activity during relaxation with ATP and PGE2 and has
morphological properties in common with pericytes. Future studies should focus on the role
of this cell type for regulating retinal blood flow and for retinal vascular disease.
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Retinal blood flow is regulated by the tone of the vascular
smooth muscle cells, but the cellular basis for this

regulation is not known in detail. Previous studies have shown
that relaxation of retinal arterioles can be induced by ATP and
PGE2 agonistic effects in the perivascular retinal tissue,1–3 and
that PGE2 may interact with nitric oxide (NO) to facilitate
vasorelaxation.4 Additionally, ATP-induced relaxation has been
shown to be preceded by increased calcium activity in a
population of perivascular cells (PVCs) that cannot be classified
as neurons, glial cells, or smooth muscle cells.5 However, the
interaction between ATP and PGE2 for activating these
perivascular cells is unknown, and it remains to be studied
whether these cells have characteristics in common with
vascular pericytes.

Therefore, the purpose of the present study was to quantify
calcium activity in the unclassified perivascular cell during both
ATP- and PGE2-induced vasorelaxation, and to identify pericyte
markers and other morphological characteristics in these cells.
Porcine arterioles were loaded with a calcium-sensitive
fluorophore and mounted in a myograph. Simultaneous
measurements of calcium activity and vascular tone during
stimulation with ATP and PGE2 were performed before and
after addition of specific antagonists to these compounds and to

NO. Additionally, immunohistochemistry was performed on
wholemounts of porcine retina using antibodies to known
markers of vascular pericytes and cellular components of the
vascular wall.

MATERIALS AND METHODS

Solutions and Chemicals

Pharmacological Experiments. Solvents: Physiological
saline solution (PSS 1.6) containing (in mM): 119 NaCl, 4.7 KCl,
1.17 MgSO4 � 7H2O, 25 NaHCO3, 1.18 KH2PO4, 0.026 EDTA,
1.6 CaCl2, and 5.5 glucose. PSS 0.0 had the same composition
as PSS 1.6 except that CaCl2 had been omitted. The solutions
were bubbled with a gas mixture composed of 95% atmospher-
ic air and 5% CO2. The buffer for loading calcium was
composed of 7.94 lM Oregon Green bapta 1-AM, 0.33% DMSO
(wt/vol), 0.066% cremophor EL (wt/vol), and 0.013% pluronic
F-127 (wt/vol).

Chemicals: U46619 (9,11-dideoxy-9a,11a-methanoepoxy
prostaglandin F2a); prostaglandin E2 (PGE2); and 8-chloro-
dibenz[b,f][1,4]oxazepine-10(11H)-carboxy-(2-acetyl)hydrazide
(SC19220) were acquired from AH diagnostics (Aarhus, Den-
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mark). 8-(p-Sulfophenyl)theophylline hydrate (8-PSPT); adeno-
sine triphosphate (ATP); L-NG-Nitroarginine methyl ester (L-
NAME); dimethyl sulfoxide (DMSO); Cremophor EL; and
pluronic F-127 were purchased from Sigma-Aldrich (Brøndby,
Denmark). Oregon green bapta 1-AM was obtained from
Invitrogen (Nærum, Denmark).

Immunohistochemistry. Solvents: TBS buffer (pH 7.4)
containing 50 mM Tris-HCL; 150 mM NaCl; and Coon’s buffer
(pH 7.4) containing 0.01 M natrium diethylbarbiturate, 0.1 M
NaCl, pH 7.4 methanol, BSA, Triton X-100, and saponin were
purchased from Sigma-Aldrich. BSAþþ was made of a compo-
sition of Tris-HCL containing 0.25% BSA, 0.1% Triton X-100,
and 0.1% saponin.

Primary antibodies: Rabbit anti human Type II transmem-
brane glycoprotein (CD13); platelet-derived growth factor B
(PDGF-B); a-smooth muscle actin, C-kit; desmin; glial fibrillary
acidic protein (GFAP); and vimentin. Mouse anti human

chondroitin sulphate proteoglycan (NG2); myelin basic protein
(MBP); a-tubulin; collagen IV; neuron specific enolase (NSE);
oligodendrocyte marker O4; synaptophysin; vimentin; and von
Willebrand factor (vWF) and antiastrocyte antibody (clone J1-
31).

Secondary antibodies: TRITC conjugated goat anti mouse

IgG F(ab’)2; FITC conjugated goat anti rabbit IgG F(ab’)2
(Invitrogen); and FITC conjugated donkey anti goat IgG (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA).

Nuclear staining: SYTO 82 (Invitrogen) and 40,6-diamidino-
2-phenylindole (DAPI) were purchased from Sigma-Aldrich.

Tissue

Eyes from domestic Danish pigs were collected at a local
slaughterhouse (Danish Crown, Horsens, Denmark) immedi-
ately after the animals had been anesthetized with carbon
dioxide and killed by exsanguination. The eyes were kept in
48C PSS 1.6, and postmortem time until the commencement of
the pharmacological experiments never exceeded 3 hours. The
dissection procedure was carried out in PSS 0.0 as described
previously.6 In short, the eyes were bisected and the vitreous
humor was carefully removed. First order arterioles were
identified on the basis of the capillary free zone around these
vessels. Starting from a location approximately 1 to 2 mm from
the optic disk, an arteriolar segment with a length of
approximately 2 mm and a zone of perivascular retinal tissue
extending approximately 2 mm on each side of the vessel was
cut using a self-locking chisel blade handle (VWR International,
Herlev, Denmark) equipped with a 308 microblade (BD Beaver;
D.J. Instruments, Billerica, MA).

Mounting in Myograph and Confocal Microscope

The arteriolar segment was transferred to a confocal myograph
(120 CW, Danish Myo Technology A/S, Aarhus, Denmark)
connected to an analog/digital converter for the recording of
isometric tone during the experiments as described previous-
ly.7 The mounting procedure was performed in PSS 0.0 using
an upright stereo microscope (STEMI 1000; Carl Zeiss Meditec,
Jena, Germany); and after mounting, the myograph was placed
in a confocal microscope (LSM 5 Pascal; Carl Zeiss Meditec).
Each arteriole was normalized using a standard procedure
previously described by Hessellund et al.8 Subsequently, the
tissue was loaded with the calcium-sensitive fluorophore
Oregon green bapta 1-AM (Invitrogen) for 10 minutes. After
loading, the chamber solution was washed three times with
PSS 1.6 and the tissue was allowed to equilibrate for 10
minutes before commencing the experiments.

The calcium sensitive fluorophore was excited using an
Argon laser at 488 nm and emission was detected at 530 nm.

Pharmacological Experiments

Altogether, 46 arterioles were studied using the following
protocol:

1. The adenosine receptor antagonist 8-PSPT (5 3 10�4 M);
the prostaglandin E2 receptor antagonist SC19220 (5 3
10�5 M); the NOS inhibitor L-NAME (10�4 M); or none
(control) was added to be present throughout the
experiment.

2. Contraction was induced by adding 10�6 M U46619 to
be present throughout the experiment. If the tone failed
to increase more than 0.1 N/m, the vessel was
considered nonviable and was discarded.

3. Concentration-response experiments were performed
with successive addition of PGE2 in the concentrations
(M) 10�9, 10�8, 10�7, 10�6 and 10�5, or ATP in the
concentrations (M) 10�8, 10�7, 10�6, 10�5, and 10�4.

Data Sampling

Vascular tone was recorded continuously throughout the
experiment as described previously.7 The active tone was
defined as the tone increase induced by contraction of the
vessel with U46619, and the tone response during the
following pharmacological experiments was calculated as the
percentage relaxation of the active tone induced by the added
agonist. Recording of fluorescence was commenced after each
new addition of a compound to the chamber solution, and was
performed five times per second for at least 75 seconds, where
after the data were stored in a computer for later analysis.

In each preparation, a region of interest (ROI) was selected
to include an area of approximately 0.6 mm2 as previously
described5 and fluorescence inside the perivascular cells in this
area was recorded. Each ROI contained on average 34.2 (range:
24–43) perivascular cells (n ¼ 28 vessels). The activity of the
perivascular cells was calculated as the percentage of cells
showing at least 10% increase in the average fluorescence
intensity after addition of an agonist, and a number of
observations were included that in a post hoc, one-tailed
power analysis allowed comparisons between the groups with
a statistical power of more than 90%. In 14 cases where the
myograph wire and the perivascular cells were in focus out of
31 experiments where relaxation was not antagonized, hyper-
fluorescence in the perivascular cells was seen to precede
vasorelaxation.

Both agonists used in the experiments showed a concen-
tration-dependent decrease in vascular tone accompanied with
a simultaneous increase in fluorescence, and in order to study
the effects of inhibitors of these responses, the calcium activity
and the tone responses at the highest agonist concentration
were used for further analysis.

Immunohistochemistry

Tissue. Altogether 74 arterioles with preserved perivascu-
lar retinal tissue were studied, of which six arterioles loaded
with Oregon green and examined in the confocal myograph
were processed further. In these arterioles, calcium loading
was combined with nuclear staining using 10�6 M SYTO 80
(four arterioles), or fixated in methanol for 10 minutes for
subsequent immunohistochemistry (two arterioles).

The remaining 68 arterioles with preserved retinal tissue
not initially loaded with Oregon green were dissected from
retinal segments with a length of approximately 3 cm
containing the primary and secondary arteriole. The arterioles
were mounted on glass pipettes and carefully perfused with
PSS 1.6 in order to rinse out remaining blood. Subsequently,
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each segment was divided into four specimens with a length of
approximately 5 mm, and transferred to a resin container
(Nunc A/S, Roskilde, Denmark), and fixated in methanol for 10
minutes.

Protocol. After fixation, the tissue specimens were washed
in PBS (pH 7.4) and endogenous peroxidase activity was
blocked by adding BSAþþ and 0.1 % H2O2 for 1 hour. Hereafter,
the specimens were incubated in BSAþþ for 72 hours at 48,
each with one of the following primary antibodies (1:100).
Pericyte markers: Rabbit anti-human type II transmembrane
glycoprotein (CD13; n ¼ 3); mouse anti-human chondroitin
sulphate proteoglycan (NG2; n ¼ 7, of which two followed
loading with Oregon green); rabbit anti-human PDGF-B (n¼4);
and rabbit anti-human a-smooth muscle actin (n¼ 8). Cellular

elements: Mouse anti-human a-tubulin (n ¼ 6); mouse anti-
human astrocyte marker (n ¼ 4); rabbit anti-human C-kit (n ¼
2); mouse anti-human collagen IV (n ¼ 2); rabbit anti-human
desmin (n ¼ 8); rabbit anti-human GFAP (n ¼ 7); mouse anti-
human neuron specific enolase (NSE; n ¼ 2); mouse anti-
human oligodendrocyte marker O4 (n¼ 2); mouse anti-MBP (n
¼ 2); mouse anti-human synaptophysin (n ¼ 2); rabbit anti-
human vimentin (n ¼ 7); and mouse anti-human von
Willebrand factor (n ¼ 2).

Subsequently, the segments were washed in Coon’s buffer
(pH 7.1) and incubated with secondary anti-rabbit FITC or
secondary anti-mouse TRITC conjugated antibodies (1:100) in
BSAþþ for 3 hours at room temperature, followed by repeated
washing with Coon’s buffer. In 21 arterioles, the first
immunohistochemical procedure was repeated using another
primary antibody while omitting the blocking of endogenous
peroxidase activity with BSAþþ and 0.1% H2O2. Primary
labeling of desmin was combined with labeling of synapto-
physin (n¼2); GFAP (n¼3); the astrocyte marker (n¼2), NG2
(n¼ 2); tubulin (n¼ 2); and vimentin (n¼ 2). Primary labeling
of a-smooth muscle actin was combined with labeling of NG2
(n¼2); a-tubulin (n¼2); and vWf (n¼2); and primary labeling
of NG2 was combined with labeling of CD13 (n ¼ 2).

Controls

The specificity of the immunoreactions was controlled by
including arterioles where the primary or secondary antibody
had been omitted. As positive controls were used: the radial
Müller cell processes (GFAP, desmin, and vimentin); vascular
endothelial cells (vWF); vascular smooth muscle cells (actin);
ganglion cells (NSE and tubulin); basement membrane
(collagen IV); mesenteric nerves (S-100 protein, MBP); cerebral
oligodendrocytes (oligodendrocyte marker O4) and astrocytes
(anti astrocyte antibody).

The arterioles were placed on a tissue slide in 6 3 6 mm in
wells formed by a quick-hardening mounting medium (Eukitt;
VWR International), were fixated with tissue mounting
medium (DAKO, Glostrup, Denmark), and were sealed with a
coverslip. The FITC conjugated secondary antibodies were
excited similarly to the excitation of Oregon green Bapta 1-AM,
whereas the TRITC conjugated secondary antibodies and the
nuclear stain SYTO 82 were excited using a He/Ne laser in the
confocal microscope at 543-nm line and a long pass filter with
a cutoff limit at 560 nm.

The 12-bit monochromatic images of the immunohisto-
chemical reactions were superimposed in respectively the
green (FITC and Oregon green) and the red (TRITC) layers of a
RBG color image using a Java-based software program (ImageJ;
National Institutes of Health [NIH], Bethesda, MD).

Statistical Methods. For each intervention, Student’s
paired t-test was used to test whether ATP and PGE at the
highest concentration induced significant relaxation and
change in the percentage of active cells compared with the
response induced by U46619. Subsequently, one-way ANOVA
was used to compare relaxation and change in percentage of
active cells between the different interventions, followed by
Dunnett’s multiple comparison test to identify which inter-
vention(s) induced a response that deviated significantly from
the others.

FIGURE 1. Representative traces of vascular tone (A, C) and the corresponding percentage of active perivascular cells (B, D) during addition of ATP
and PGE2.
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RESULTS

Figure 1 shows representative traces of changes in vascular
tone and the corresponding percentage of active perivascular
cells during concentration-response experiments with the used
agonists. It appears that PGE2 induced full relaxation within a
narrower concentration range than ATP.

Figure 2 shows the relaxation of the arterioles and the
percentage of active perivascular cells after addition of the
highest concentration of ATP. Figure 2A shows that ATP
induced a significant relaxation of the retinal arterioles alone
(control) and in the presence of the EP1 receptor antagonist
SC19220 and the NOS inhibitor L-NAME (P < 0.01, for all
comparisons), but not in the presence of the adenosine
receptor antagonist 8-PSPT (P ¼ 0.15). One-way ANOVA
showed a significant difference between the groups (P <
0.01), which was due to the significantly reduced relaxation
after addition of 8-PSPT. Figure 2B shows that ATP significantly
increased the number of active perivascular cells (P < 0.01),
but there was no significant difference in the response
between the groups.

Figure 3 shows the relaxation of the arteriole and the
percentage of active perivascular cells after addition of the

highest concentration of PGE2. Figure 3A shows that PGE2

induced a significant relaxation of retinal arterioles alone
(control), in the presence of the adenosine receptor antagonist
8-PSPT (P < 0.01 for both comparisons), and in the presence of
the NO synthesis inhibitor L-NAME (P ¼ 0.02), but not in the
presence of the EP1 receptor antagonist SC19220 (P¼ 0.054).
One-way ANOVA showed a significant difference between the
groups (P < 0.01), which was due to a significantly reduced
relaxation after addition of the NO-synthesis inhibitor L-NAME.
Figure 3B shows that PGE2 significantly increased the
percentage of perivascular cells when added alone (control)
and in the presence of 8-PSPT (P < 0.01 for both comparisons),
but not after the addition of SC19220 (P¼0.065) or L-NAME (P
¼0.053) (Supplementary Movie S1). One-way ANOVA shoved a
significant difference between the change in activity among
the four groups (P < 0.01), which was due to a significantly
lower response after addition of SC19220 and L-NAME than in
the other two groups.

Figure 4 shows the labeling of perivascular cells and
adjoining structures: cells loading Oregon green (Fig. 4A); the
same slide with cells displaying immunoreactivity to the
pericyte marker NG2 (red, Fig. 4B); and superimposition of
the two images showing that the labels for calcium activity and

FIGURE 2. (A) The change in vascular tone after addition of the
highest ATP concentration alone (n¼10), or in the presence of 8-PSPT
(n ¼ 6); SC19220 (n ¼ 4); or L-NAME (n ¼ 4). (B) The corresponding
percentage of active perivascular cells. Column heights and error bars

indicate mean 6 SEM. Asterisk indicates column that deviates
significantly from the others.

FIGURE 3. (A) The change in vascular tone after addition of the highest
PGE2 concentration alone (n¼6), or in the presence of 8-PSPT (n¼5);
SC19220 (n¼6); or L-NAME (n¼5). (B) The corresponding percentage
of active perivascular cells. Column heights and error bars indicate
mean 6 SEM. Asterisks indicate column(s) that deviate significantly
from the others.
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pericytes marked the same structures (yellow, Fig. 4C). The
labeling with Oregon green also coincided with the nucleus
stainings SYTO 82 (yellow, Fig. 4D) and DAPI (not shown). The
layer of perivascular cells contained circular structures
displaying immunoreactivity to the cytoskeleton marker
tubulin (green, Fig. 4E). This circular zone also showed
immunoreactivity to the pericyte marker CD-13 (green) that
encircled the NG2 positive structures (red, Fig. 4F). The NG2
immunoreacting structures were bounded by processes
displaying immunoreactivity to the microfilament desmin
(Fig. 4G). This microfilament extended into the perivascular
retinal tissue beyond the level of penetration of the antibodies
and calcium markers (Fig. 4H). The perivascular cell structures
showed no immunoreactivity to any of the other antibodies
used.

DISCUSSION

The present study has shown that a population of PVCs in
porcine retinal arterioles display increased intracellular calci-
um activity during vasorelaxation induced by ATP and PGE2,
and that this cell type has structural characteristics in common
with vascular pericytes.

The study confirms previous findings that ATP-induced
relaxation of porcine retinal arterioles with preserved perivas-
cular tissue is accompanied by increased calcium activity in the
PVC, that relaxation but not calcium activity is inhibited by
blocking ATP degradation,5 and that the relaxing effect of ATP
can be blocked by the adenosine receptor antagonist 8-PSPT.2

Other studies have shown that the relaxing effect of adenosine
and ATP on retinal arterioles depends on KATP channels,9,10

that are also involved in relaxation induced by lactate and
hypoxia.9–11 Additionally, the present finding that the adeno-
sine antagonist 8-PSPT had no effect on calcium activity in the
PVC is in accordance with evidence that the relaxing effect of
adenosine is independent of the perivascular tissue and is
exerted directly on the vascular smooth muscle cells.2

Conversely, after blocking of the EP1 receptor with the
specific antagonist SC19220 and of NO synthesis using L-
NAME, PGE2 neither had an effect on vascular tone nor on
calcium activity in the PVC. This is consistent with a study
where SC19220 was found to inhibit ATP-induced relaxation at
low but not high ATP concentrations.1 The lack of blocking of
ATP-induced relaxation at high concentrations in the presence
of SC19220 and L-NAME may be due to the fact that the effects
of these antagonists are in the retinal tissue external to the PVC
and the vascular smooth muscle cells, but does not rule out an
indirect effect on the vascular wall. Therefore, the findings do
not point to the origin of the involved NO. This is supported by
the finding that PGE2-induced relaxation of porcine retinal
arterioles and the increased calcium activity in the PVC were
both inhibited by SC19220 and L-NAME, although the
antagonistic effect of SC19220 was a right shift of the
concentrations-response curve so that PGE2-induced vasore-
laxation was antagonized significantly at intermediate but
incompletely at high concentrations as shown previously.1

Assuming that the relaxing effects of ATP and PGE2 involve
separate pathways, the activation of the PVC might represent a
more generalized mechanism for mediating relaxation of retinal
arterioles. It might therefore be interesting to study whether
stimulation of the PVC by different agonists might reveal
different response characteristics in the PVC, such as
differences in intracellular calcium recruitment.5,12 The

FIGURE 4. Morphological characterization of the perivascular cells. Scale bars represent 20 lM. (A) The perivascular cells loaded with Oregon
green (green). (B) Immunoreactivity to the pericyte marker NG2 (red). (C) Superimposition of (A) and (B) to result in a yellowing of the
perivascular cells. (D) The labeling with Oregon green also coincided with nucleus staining using SYTO 82 (yellow), but the two stainings were
separated by procedures that distorted the tissue and an accurate superimposition could not be achieved. (E) Circular structures displayed
immunoreactivity to tubulin (red). (F) These circular structures also displayed immunoreactivity to CD-13 (green) and encircled the NG2-positive
structures (red). (G) The NG2 immunoreacting structures (red) were bounded by processes displaying immunoreactivity to the microfilament
desmin (green). (H) The desmin-positive filaments extended into the perivascular retinal tissue beyond the level of penetration of the used
antibodies and calcium markers.
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complexity of the regulation of retinal vascular tone is
underlined by the finding that purines can increase intracel-
lular Ca2þ in retinal pericytes and induce constriction of retinal
microvessels mediated by both P2X and P2Y receptors.13,14

Other studies have shown that pericytes may be involved in
both contraction and dilatation of retinal capillaries,4,15,16 and
that the diameter of retinal capillaries is regulated by
mechanisms that involve both purines, prostaglandins, and
NO.15,17–20 However, it is unknown whether these findings on
the capillary network can be extrapolated to the larger retinal
arterioles known to have distinctly different response proper-
ties to vasoactive compounds than their smaller counter-
parts.21

The immunohistochemical experiments indicate that the
PVC structure displaying calcium activity to ATP and PGE2 that
precedes relaxation represents the nucleus of a cell with a
shallow rim of cytoplasm and is connected to processes
extending into the retina. The increased intracellular calcium
activity during stimulation with ATP and PGE2 resembled the
response observed by others in glial cells,18,19,22–24 but the
immunoreactions were consistent with previous observations
that the PVC is not a glial cell type.5 Recently, the synantocyte/
NG2-glia has been described as a special cell type displaying
immunoreactivity to NG2, PDGF-aR, and oligodendrocyte
epitopes25–27 and having an irregular shape with fine dendritic
processes located around the nerve fibers. This description
does not fit in with the observed perivascular cell because of
its lack of immunoreactivity to the specific oligodendrocyte
marker (O4) and to the myelin basic protein,24,28 and because
its round structure with morphological characteristics is more
in common with pericytes.29 Generally, pericytes are identified
by the presence of immunoreactivity to a subset of one or
more pericyte markers depending on the tissue and species
involved.29–31 The present observation of immunoreactivity to
NG2 and CD13 antigen in the perivascular cells might
therefore be an example of such a tissue-specific subset of
markers. Pericytes are typically observed on capillary vessels in
a pattern resembling ‘‘bumps on a log,’’32 with a primary role
of regulating the capillary diameter. Therefore, it might be
hypothesized that the perivascular cells characterized in the
present study could be pericytes modified to regulate the tone
of larger retinal arterioles. This might explain why these cells
are lacking some of the normal characteristics of capillary
pericytes such as actin, which is superfluous in larger arterioles
with an abundance of vascular smooth muscle cells specialized
to contract the vessel.

One of the hypotheses for the development of diabetic
retinopathy is that the diabetic metabolic dysregulation leads
to loss of retinal capillary pericytes with consequent occlusion
of the capillaries to result in retinal ischemia.33–39 It is possible
that similar changes can occur in the larger retinal vessels,
where dysfunction of the PVC may contribute to the dilatation
of retinal arterioles and the consequent retinal hyperperfusion
observed clinically in patients with diabetic retinopathy.40,41

Therefore, future studies should investigate the distribution of
PVC in retinal arterioles from animal models of diabetic
retinopathy and in postmortem tissue from patients with
diabetic retinopathy.

In conclusion, the findings of the present study have shown
that the perivascular cell type located in a vimentin-positive
layer external to the smooth muscle cells and internal to glial
cells in retinal arterioles shows calcium activity during
relaxation with ATP and PGE2 and has morphological and
immunohistochemical properties in common with pericytes.
Future studies should focus on the role of this cell type in
retinal vascular physiology by elucidating how different
vasoactive compounds interact on the cell to change vascular
tone, how calcium is recruited in this cell, and how the cell is

connected to the perivascular retina. Additionally, studies
should aim at elucidating the role of the PVC for vascular
pathophysiology, notably diabetic retinopathy where changes
in retinal flow regulation are involved in the disease
pathogenesis.
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