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Summary The effect of simulated hyperglycaemia on 
bovine retinal pericytes was studied following culture 
of these cells for 10 days under normal (5 mmol/1) and 
elevated (25 mmol/1) glucose conditions in the absence 
of endothelial cells. Pericytes cultured under high am- 
bient glucose exhibited both a delayed and reduced 
contractile response following stimulation with endo- 
thelin-1. Stimulation with 10 7 mol/1 endothelin-1 for 
30 s caused significant contraction in cells grown in 
both 5 mmol/1 and 25 mmol/1 glucose. The former also 
contracted significantly with 10 -8 mol/1 endothelin-1. 
Further, at all concentrations tested, statistical com- 
parison of the time course of contraction showed a sig- 
nificant difference (p < 0.02) in the reduction of pla- 
nimetric surface area between the two cell groups. 
Since neither binding of endothelin-1 nor the number 
of receptors for this peptide were significantly different 
(p > 0.1) between bovine retinal pericytes grown for 
10 days under normo- or hyperglycaemic conditions, it 

became apparent that the altered contractility in bo- 
vine retinal pericytes following culture in high glucose 
must be due to post-binding intracellular distur- 
bance(s). Indeed, both basal and 15 s post-stimulation 
with 10-8 mol/1 endothelin-1, levels of inositol trisphos- 
phate were significantly reduced (p < 0.05 andp < 0.02, 
respectively) in pericytes cultured for 10days in 
25 mmol/1 glucose. These results show that endothelial- 
independent alterations in contractility of pericytes 
occur when they are grown in conditions which simu- 
late hyperglycaemia. The results also suggest that the 
observed attenuation in response to endothelin-1 
stimulation evident in pericytes grown under simulated 
hyperglycaemic conditions is not due to alterations in 
peptide binding. [Diabetologia (1994) 37: 36-42] 
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The retinal microcirculation is devoid of extrinsic in- 
nervation and there is evidence that under normal con- 
ditions retinal blood flow may be regulated by changes 
in smooth muscle and pericyte tone mediated by endo- 
thelium-derived autacoids acting in paracrine fashion 
[1]. Recent work has shown that retinal capillary endo-  
thelial cells secrete endothelin-1 (ET-1), a potent vaso- 
constrictor, and that corresponding pericytes bear re- 
ceptors to this peptide, suggesting the presence of a 
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specific interactive system for the control of retinal 
blood flow [2]. ET-1 was first characterized and se- 
quenced from the supernatant of cultured porcine aor- 
tic endothelial cells by Yanagisawa et al. [3]. It is the 
most potent vasoconstrictor known, causing contrac- 
tion of vascular strips from humans and experimental 
animals in vitro [4], and is highly effective at the micro- 
circulatory level [5]. We have previously demonstrated 
that ET-1 induces rapid increases in intracellular inosi- 
tol (1,4,5) trisphosphate [Ins(1,4,5)P3] levels in cul- 
tured retinal pericytes and causes a sustained contrac- 
tion response in these cells [6]. ET-1 also acts as a co-mi- 
togen in pericytes in the presence of low levels of fetal 
calf serum [6]. These findings underline the importance 
of ET-1 as a paracrine modulator of pericyte function 
and replication. 
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Maintenance of normal vascular tone and the con- 
trol of blood flow within tissues is a result of finely- 
tuned responses of the effector cells (which are the 
smooth muscle or its analogue in the microvascula- 
ture, the pericyte) to neural and humoral stimuli and 
endothelium-derived factors. The presence of an in- 
tact endothelium in vascular preparations has been 
shown to be a prerequisite for the induction of the va- 
sodilator response to substances such as acetylcholine 
[7] which cause a release of endothelium-derived re- 
laxing factor (EDRF)  from endothelial cells [8]. In 
contrast, a variety of vasoactive agents, both dilator 
and constrictor, can also act on the effector cells inde- 
pendently of the endothelium [7, 9]. Vascular tissues 
derived from animal models of diabetes [10] and blood 
vessels incubated in vitro in a milieu containing high 
glucose concentrations [11] show reduced relaxation 
with acetylcholine. However, no abnormality of relax- 
ation was seen with the calcium ionophore A23187 
which is also endothelium-dependent [11, 12] nor with 
sodium nitroprusside which is endothelium-inde- 
pendent in its action [12]. McVeigh et al. [13] have pro- 
vided evidence for reduced relaxation to both endo- 
thelium-dependent and endothelium-independent 
stimuli in Type2  (non-insulin-dependent) diabetic 
subjects. In Type 1 (insulin-dependent) diabetic pa- 
tients Halkin et al. [14] found no difference in the re- 
laxation caused by an analogue of acetylcholine or so- 
dium nitroprusside in forearm vessels when compared 
to control subjects. By contrast, in short-term diabetes 
in an animal model others have provided evidence 
consistent with increased production of E D R F  and in- 
creased vascular relaxation [15]. Thus, the relative 
roles of the endothelial and muscle cells in vascular 
dysfunction in diabetes are unclear. 

In diabetes changes in retinal microcirculatory 
haemodynamics can occur early in the disease [16] 
preceding structural abnormalities [17] suggesting that 
functional abnormalities of either endothelial or con- 
tractile effector cells or both may be implicated in the 
early stages of diabetic microangiopathy. It is also 
known that the hyperglycaemia of diabetes causes gly- 
cation of membrane proteins which may result in the 
modification of receptor density and structure, there- 
by interfering with the binding of agonists and so im- 
pairing transmembrane signalling [18]. In view of the 
above the aim of the present study was to investigate 
the effect of high glucose concentrations on the con- 
tractility of cultured retinal microvascular pericytes in 
the absence of endothelial cells. ET-1 induced contrac- 
tion, the binding of 12SI-ET-1 to cell-surface recep- 
tors, and subsequent second messenger generation 
have been measured in microvascular pericytes pro- 
pagated in conditions simulating normo- and hyper- 
glycaemia. 
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Fig.1. (a,b)Photographs representing cells incubated in 
5 mmol/1 glucose before (a) and 5 rain post (b) endothelin-1 
(10 -8 tool/l) addition 

Materials and methods 

Cell culture 

Bovine eyes were obtained from the abattoir, and the retinae iso- 
lated and homogenised. The microvascular fragments were sub- 
jected to microscopically controlled enzyme digestion and col- 
lected on a 53 gm mesh as described by Gitlin and D'Amore [19]. 
The fragments were propagated in 25 cm 2 flasks (Falcon, Becton 
Dickinson UK Ltd, Cowley, UK) in Dulbecco's modified Eagles 
medium (DMEM, Gibco, Paisley, UK) containing 15 % fetal calf 
serum (FCS; Gibco, Paisley, UK), and antibiotics as previously 
described in detail [6]. Bovine retinal pericytes (BRP) formed a 
confluent layer within 14 days, and were stained for muscle-spe- 
cific actins using immunocytochemical techniques to confirm 
their identity. The lack of staining to monoclonal anti-factor VIII 
and polyclonal anti-endothelin in such cultures was used to con- 
firm the absence of endothelial cells which are the only likely 
contaminants. 

Passage 2 to 5 BRP were used for all experiments. The cells 
were maintained in medium containing normal glucose 
(5 mmol/1) or high glucose (25 mmol/1) and growth curves dem- 
onstrated that cells propagated in the high glucose medium suf- 
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Fig.2. (a,b) The effect of endothelin-1 (ET-1) on planimetric 
surface area of pericytes incubated in (a) 5 mmol/1 or (b) 
25 retool/1 glucose for 10 days. This shows the response in a typical 
experiment to ET-1 at appropriate concentrations compared to 
controls 0 ,  control; �9 10 .9 mol/1; A ,  10 -8 mol/1 and A,  10 .7 
tool/1. Results are expressed as % of basal planimetric area 
(time 0). Statistical analyses were made using Spearman rank 
correlation coefficient and the Wilcoxon test for matched pairs. 
Significant differences relative to control are noted (*p < 0.05) 
and the differences in response at t = 5 rain between 5 mmol/1 and 
25 mmol/1 incubated cells are also marked ( # p  < 0.05). Each 
point represents a minimum of five observations 

Iodination o f  ET-1 

Radiolabelled ET-1 was prepared using the Iodogen reagent. 
Briefly, ET-1 was incubated with Iodogen (Pierce & Warriner, 
[UK] Ltd., Chester, UK) and Na125I (Amersham, Little Chal- 
font, UK) for 20 min at room temperature i'n 50 retool/1 phos- 
phate buffer (pH 7.2). The reaction mixture was then purified by 
reverse phase HPLC on a Waters C18 uBondapak HPLC 
system. Suitable fractions were stored in an equal volume of 
1% (volume/volume) acidified ethanol at - 20~ The specific 
activity of stored aliquots was determined by the method of 
Morris [22]. 

fered inhibition of growth on a par with that reported by others 
[20, 21]. Adjustment of the osmolality of the medium containing 
5 mmol/1 glucose to that of medium containing 25 mmol/1 glu- 
cose with mannitol did not influence cell growth. 

Studies on planimetric surface area measurements 

Pericytes were seeded on to 35 mm petri dishes at 2 x 10 4 cells 
per dish in DMEM 10% FCS and maintained in 5 mmol/1 or 
25 mmol/1 glucose for 10 days. Cells were maintained in serum- 
free medium for 24 h prior to stimulation. The plates were 
placed on a Nikon phase microscope fitted with a warming stage 
which was maintained at 37 ~ The cultures were washed with 
Hank's balanced salt solution (HBSS). At  zero time fresh 
D M E M  containing the desired concentration of ET-1 (Cam- 
bridge Research Biochemicals, Cambridge, UK) was added. 
The cultures were subjected to continuous time-lapse video rec- 
ording for 5 rain from the beginning of stimulation with ET-1. All  
video tapes were coded and given to the observer in blinded 
fashion. Using a frame grabber, recordings generated at 0, 0.5, 1, 
2, 3 and 5 min were analysed on a Kontron Vidas image analyser. 
Planimetric cell surface area was measured by means of a hand- 
held cursor which was used to outline the perimeter of each cell. 
In some experiments cells were pre-relaxed with forskolin 
10 5 mol/1 (Sigma Chemical Co., Poole, UK) (an elevator of in- 
tracellular cyclic adenosine monophosphate) for 10 min before 
stimulation with ET-1. 

Binding experiments 

Pericytes were seeded at an initial density of 2 x 10 4 cells per  well 
in 24-well plates in DMEM containing 5 or 25 mmol/1 glucose for 
10 days. Cells were serum starved for 24 h prior to carrying out 
binding studies. All incubations were performed in the following 
medium: 140 mmol/1 NaC1, 4 mmol/l KC1, i mmol/1 Na2HPO4, 
I mmol/1MgCt2, 1.25 mmol/1 CaC12, 11 mmol/1 glucose, 5 mmol/1 
Hepes (pH 7.2), and 0.2 % BSA. The wells were washed with 

r - 1 2 5  binding buffer and incubated in va ious concentrations of I-la- 
belled ET-1 either for 16-24 h at 4~ or 90 min at 37 ~ in the 
presence or absence of an excess of cold peptide. Replicates 
numbered 2-6 in different experiments. Cells were washed twice 
with ice cold medium and then lysed using 0.1 tool/1 NaOH. 
Radioactivity associated with lysed cells was counted on an 
NE 1600 gamma counter. Specific binding was calculated as total 
binding minus non-specific binding in the presence of 10- 7 mol/1 
unlabelled ET-1. The binding of labelled ET-1 to BRP was anal- 
ysed by the method of Woolf [23]. 

Inositol (1,4,5) trisphosphate measurements 

BRP from a common cell pool were seeded at 
2.5 x 10 6 cells/75 cm 2 (Falcon) flasks and maintained until con- 
fluence in 5 mmol/1 or 25 mmol/1 glucose for 10 days. The cul- 
tures were serum starved for 48 h, washed several times with 
Krebs solution at 37~ and stimulated with 10-8 mol/1 ET-1. At  
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Fig.3. (a,b) The effect of endothelin-1 (ET-1) on planimetric 
surface area of pericytes incubated in (a) 5 mmol/1 glucose and 
(b) 25 mmol/1 glucose after pre-relaxation of cells with forskolin 
(10 5 mol/1) for a period of I0 min. Changes in planimetric area 
are calculated and analysed as in Figure 2 with 100 % defined as 
the cell size prior to relaxation with forskolin. Symbols are as for 
Figure 2. Statistical comparisons were made between results at 
t = -10 min and all other times (*p < 0.05) and between data at 
t = 5 min for 5 mmol/1 and 25 mmol/1 glucose ( #p < 0.05). Each 
point represents a minimum of 20 observations 

appropriate time points, the reaction was stopped by the addi- 
tion of ice-cold trichloroacetic acid, final concentration 10 %. 
The flasks were maintained on ice for 30 min and the cells har- 
vested and pelleted by centrifugation at 2000 x g for 30 mh~. The 
supernatants were decanted and stored at - 200C prior to assay 
for Ins(1,4,5)P3. The pellet was extracted for DNA measure- 
ments according to Tsanev and Markov [24]. Ins(1,4,5)P3 mea- 
surements were performed using a commercial radioreceptor 
assay kit (Dupont UK Ltd., Stevenage, UK). 

Statistical analysis 

Statistical analysis was performed using Spearman's Rank corre- 
lation coefficient, Wilcoxon test for matched pairs and the paired 
t-test as appropriate. 

Results 

Planimetric surface area 

We have previously shown a dose and t ime-dependent  
reduct ion in planimetric surface area in pericytes fol- 
lowing stimulation with ET-1 [6]. Sequential  phase 
micrographs showing the change in planimetric surface 
area following exposure to agonists are shown in Fig- 

ure 1. The response to ET-1 in pericytes cultured under  
conditions simulating hyperglycaemia for 10 days was 
reduced when compared with cells cultured in 5 mmol/1 
glucose (Fig. 2). Thus,  at the earliest t ime point of 30 s 
with 25 mmol/1 glucose, there was a significant reduc- 
t ion in surface area of cells only with 10 -7 tool/1 ET-1, 
while with 5mmol/1 glucose both 10-+mol/1 and 
10 .7 mol/1 ET-1 caused significant contraction at the 
30 s t ime point (p < 0.02). Fur thermore ,  if the complete 
t ime courses of contraction are analysed, at concentra- 
tions of 10 -8 mol/1 and 10 .7 mol/1 ET-1 there were sig- 
nificantly reduced responses in high glucose- as op- 
posed to normal  glucose-cultured cells (p < 0.01 for 
both  concentrations, Spearman's rank correlation coef- 
ficient). In addition, if the response at the single t ime 
point of 5 min is analysed, the results show that  at all 
concentrations of ET-1 tested the reductions in pla- 
nimetric surface area were less for cells grown in 
25 mmol/1 compared with 5 mmol/1 glucose (p < 0.05 
for all three concentrations,  Wilcoxons test for 
matched pairs). In a second series of experiments peri- 
cytes were pre-relaxed with forskolin in case cells 
grown in 25 mmol/1 glucose were more  contracted 
under  basal conditions than those grown under  
5 mmol/1 glucose. Pre-relaxation of cells with forskolin 
enhanced the intensity of response to ET-1 in cells 
grown in both  normal  and high glucose (Fig. 3). For  
example, 5 min after st imulation with 10 -7 mol/1 ET-1 
cell surface area was reduced by 65 % vs 28 % (normal 
vs high glucose) post-forskolin and 37 % vs 23 % (nor- 
mal vs high glucose) without  pre-relaxation. However,  
under  pre-relaxed conditions, ET-1 still elicited a 
greater change in surface area of cells grown in 
5 mmol/1 than  those in 25 mmol/1 glucose (p < 0.02 for 
each concentrat ion of ET-1, Spearman's  correlation 
coefficient). 
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1.42 + 0.29 x 10L Cells cultured in 25 mmol/1 glucose had a Kd of 
19.7 _+ 15.4 x 10 -I~ mol/1 and 1.07 + 0.13 x 10 ~ binding sites per 
cell. There was no significant difference in Kd or number of bind- 
ing sites per cell when 5 retool/1 and 25 mmol/1 glucose were com- 
pared (p > 0.05). Results are given as mean + SD of Kd and bind- 
ing site numbers for three independent experiments 

Table 1. Effect of 10-8mol/1 endothelin-1 on generation of 
Ins(1,4,5)P3 in bovine retinal microvascular pericytes cultured in 
the presence of 5 mmol/1 or 25 mmol/1 glucose for 10 days 

Ins(1,4,5)P3 pg/DNA gg 

Basal 15 s 30 s 

5 mmol/1 glucose 0.30 + 0.18 0.69 + 0.29 ~ 0.65 + 0.15 a 
25mmol/lglucose 0.21_+0.11 b 0.48+0.14 a,: 0.52+0.16 a 

ap < 0.05 compared to basal; bp < 0.05, Cp < 0.02 compared to 
5 mmol/1 glucose 
Ins(1,4,5)P3 was measured in triplicate flasks in each experi- 
ment. Results are shown as mean + SEM from eight inde- 
pendent experiments. In each experiment pericytes from the 
same cell pool were incubated in either 5 mmol/1 or 25 mmol/1 
glucose. Statistical comparisons were made using the Wilcoxon 
test for paired samples 

Binding oflZSl-ET-1 to cultured BRP 

Nei ther  at 4 ~ nor  37 ~ did the concent ra t ion  of  glu- 
cose (5 vs 25 mmol/1) cause a significant a l terat ion in 
the apparen t  dissociation constant  (Kd) or  recep tor  
numbe r  for  ET-1. The  results for  4 ~ are shown in Fig- 
ure 4 (37 ~ results not  shown). 

Inositol U,4,5) trisphosphate measurements 

ET-1 (10 -8 mol/1) caused a significant genera t ion  of  
Ins(1,4,5)P3 in pericytes  grown in bo th  5 and 25 mmol/1 
glucose as de te rmined  by compar ing  basal levels for  
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each cell group with their  levels 15 s and 30 s post- 
st imulation (Table1) .  However ,  basal levels of 
Ins(1,4,5)P3 were  significantly r educed  in cells cul tured 
in 25 mmol/1 glucose when compared  with 5 mmol/1 
glucose (p < 0.05). Fi f teen seconds following stimu- 
lation with 10-8mol/1 ET-1, Ins(1,4,5)P3 levels were  
lower in cells cul tured in 25 mmol/1 glucose when  com- 
pa red  with cells grown in 5 mmol/1 glucose (p < 0102); at 
30 s Ins(1,4,5)P3 levels were  lower in the fo rmer  but  the 
dif ference was not  significant (Table 1). 

Discussion 

The  results of  this s tudy demons t ra te  clearly that  con- 
tractility of B R P  can be affected by high ambient  glu- 
cose concentra t ions  independen t ly  of any effect  of glu- 
cose on endothel ia l  cell function.  Exposure  of ret inal  
pericytes to 25 mmol/1 glucose for  10 days caused an at- 
t enua t ion  of cont rac t ion  to  ET-1 and significantly 
higher  concentra t ions  of the pept ide  were  requi red  to 
elicit a demons t rab le  response  when  compared  with 
cells mainta ined in 5 mmol/1 glucose. Forskolin,  which 
stimulates adenylate  cyclase can dilate constr ic ted ar- 
teries under  certain condit ions [25] and was used in par t  
of the present  s tudy to relax pericytes  pr ior  to stimula- 
t ion with ET-1. This was in an a t tempt  to rule out  a pre- 
cont rac ted  state in cells mainta ined in high glucose con- 
centrat ions as a reason  for their  reduced  response  to 
ET-1. A n  enhanced  intensi ty of  response to ET-1 fol- 
lowing exposure  to forskolin was seen in cells propa-  
gated in bo th  normal  and high concentra t ions  of  glu- 
cose. However ,  the differential  in the response  was un- 
al tered,  ruling out  a pre-contracted state or increased 
cell tension as the major  reason  for the reduced  con- 
t ract ion seen in cells exposed  during cul ture to high glu- 
cose concentrat ions.  To our  knowledge  the  present  
work represents  the first direct demons t ra t ion  of re- 
duced contracti l i ty to the po ten t  endothe l ium-der ived  
vasoconstr ic tor  ET-1 in microvascular  pericytes. 

It has been  suggested that  the regulat ion of vascular 
tone  by  the endothe l ium is a l tered in diabetes. How-  
ever. such evidence is controversial  as some investiga- 
tors have shown reduced  [13], unal tered [14] or en- 
hanced  [15] endo the l ium-dependen t  relaxation.  Our  
study, al though examining the effect  of  a vasoconstric- 
tor  der ived f rom the endothe l ium in vivo, was carried 
out in an in vi tro mode l  independen t  of  the endothe-  
lium. The  results p rovided  by the present  exper iments  
show that  wha tever  the effect on the endothel ium,  
hyperglycaemia  may  have a direct  effect  on  the func- 
t ion of  the effector  ceils of the ret inal  microvessels.  

The  next  ques t ion was whe the r  the al tered contrac-  
tility to ET-1 at high glucose concentra t ions  was due to 
changes at the receptor  binding or postbinding level or  
both. A fairly pro longed  exposure  to high concentra-  
tions of glucose may  result  in glycation and crosslinking 
of cell surface proteins and cause non-specific reduc- 
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tion in receptor expression for a number of peptides 
[26]. However, in the present experiments where peri- 
cytes were exposed to 25 mmol/1 glucose for relatively 
short periods of time, there was no reduction in either 
the Kd or the number of binding sites for ET-1 com- 
pared to cells grown in 5 mmol/1 glucose: it was also the 
case for pericytes grown for up to 21 days in high glu- 
cose (unpublished observations). This suggested that 
the altered responsiveness of pericytes grown in 
25 mmol/1 glucose to ET-1 was due to changes in post- 
binding phenomena. 

Following binding to its receptor ET-1 stimulates 
the production of Ins(1,4,5)P3 and diacylglycerol 
(DAG)  through phospholipase C induced hydrolysis 
of PIP2. Previous work has shown that sodium-depen- 
dent, ouabain-sensitive myoinositol uptake in B R P  is 
inhibited by elevated glucose concentrations [27]. This 
results in a decrease in their myoinositol content and is 
associated with a reduction of both their basal PIP2 
levels and phospholipase C activity [28]. In view of the 
presumed reduction of both the substrate (PIP2) pool 
and phospholipase C activity it was not surprising that 
basal Ins(1,4,5)P3 and Ins(1,4,5)P3 levels at the earliest 
time point after ET-1 stimulation (15 s) were lower in 
cells cultured in 25 mmol/1 glucose than in those cul- 
tured in 5 mmol/l glucose. At  30 s post-stimulation 
Ins(1,4,5)P3 levels in cells cultured in 25 retool/1 glucose 
were also lower than those in 5 mmol/1 glucose but  
the difference was not significant. A mass Ins(1,4,5)P3 
radioreceptor assay was used instead of tracer labelling 
with 3H myoinositol to avoid the problems associated 
with different sized substrate pools. In another report 
which appeared while this paper was in preparation, 
ET-1 10-7 mol/1 had no significant effect on Ins(1,4,5)P3 
levels in pericytes which had been cultured for 6-8 days 
in medium containing 25 mmoi/1 glucose while causing 
a marked increase in cells grown in 5.5 mmol/1 glucose 
[29]. These authors did not quote absolute values for 
Ins(1,4,5)P3 nor state whether basal values for cells 
grown at 5.5 mmol/1 and 25 mmol/1 glucose differed 
from each other. However, their results and ours would 
both be consistent with the proposition that reduced 
contractility in response to ET-1 of pericytes grown in 
25 mmol/1 glucose is related to events which occur fol- 
lowing binding of ET-1 to its receptor and not to altered 
binding itself. 

In this study we have analysed only the very early 
biochemical steps following PIP2 hydrolysis which pro- 
duce equal amounts of Ins(1,4,5)P3 and DAG.  High 
glucose concentrations have been shown to cause acti- 
vation of protein kinase C (PKC) in mesangial cells [30] 
(which resemble pericytes morphologically) and in vas- 
cular smooth muscle cells [31]. Activation of PKC 
under these circumstances is at least in part due to de 
novo synthesis of D A G  [32, 33] from glucose which is 
independent of agonist-induced PIP2 hydrolysis. The 
only report of D A G  and PKC measurements in peri- 
cytes under these conditions are a little difficult to in- 
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terpret in that under basal conditions total D A G  mea- 
surements did not differ between cells grown at 
5.5 mmol/1 and 25 mmol/1 glucose but the PKC acti- 
vities of the latter group of cells were approximately 
double the level of those grown at 5.5 mmol/1 glucose 
[29]. Further work is clearly indicated to unravel the 
later sequence of events in these cells following ET-1 
stimulation. 

The present work has shown that exposure of micro- 
vascular pericytes grown in culture under conditions of 
high glucose concentrations have a reduced contractile 
response to ET-1. Since the pericytes are grown in the 
absence of endothelial cells the effect is not secondary 
to endothelial cell dysfunction. Future studies will be 
aimed at clarifying endothelial cell-mediated pericyte 
responses in co-cultures maintained under conditions 
of simulated hyperglycaemia. 
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