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Abstract

Angiotensin Il (Angll) and Angll type-1 receptors (AT1r) have been implicated in the
pathogenesis of hypertension and ischemic stroke. The objectives of this study was to determine
if/how chronic Angll administration affects blood-brain barrier (BBB) function and blood cell
adhesion in the cerebral microvasculature. Angll-loaded osmotic pumps were implanted in wild
type (WT) and mutant mice. Leukocyte and platelet adhesion were monitored in cerebral venules
by intravital microscopy and BBB permeability detected by Evans blue leakage. Angll(2 wk)
infusion increased blood pressure in WT mice. This was accompanied by an increased BBB
permeability and a high density of adherent leukocytes and platelets. AT1r (on the vessel wall, but
not on blood cells) was largely responsible for the microvascular responses to Angll.
Immunodeficient(Rag-1~/") mice exhibited blunted blood cell recruitment responses without a
change in BBB permeability. A similar protection pattern was noted in RANTES ™/~ and P-
selectin™/~ mice, with bone marrow chimeras (blood cell deficiency only) yielding responses
comparable to the respective knockouts. These findings implicate AT1r in the microvascular
dysfunction associated with Angll-induced hypertension and suggest that immune cells and blood
cell-associated RANTES and P-selectin contribute to the blood cell recruitment, but not the BBB
failure, elicited by Angll.
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Introduction

Hypertension is a major risk factor for ischemic stroke and other cardiovascular diseases.
Animal studies and clinical trials have revealed a role for angiotensin Il and the AT1
receptor (AT1r) in the pathogenesis of ischemic stroke.1™4 Some studies suggest that the
deleterious effects of Angll-mediated activation of AT1r extend beyond vasoconstriction
and blood pressure elevation to include oxidative stress, activation of the immune system,
and altered hemostasis.5'6 It has been recently demonstrated that T-lymphocytes, cytokines
(TNF-a), and chemokines (RANTES) contribute to the hypertension and vasomotor
dysfunction that results from chronic Angll infusion in mice.5 A similar involvement of T-
cells and cytokines has been demonstrated in murine models of ischemic stroke.7 The
involvement of Angll and AT1r in ischemic stroke is supported by studies describing
exaggerated brain injury and inflammatory responses to ischemia/reperfusion (I/R)in mutant
mice that overexpress renin and angiotensinogen1+8, and in studies that demonstrate an
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attenuated ischemic brain injury response in WT mice treated with an AT1r antagonist and
in AT1r-deficient mice2:4.6:8, Collectively, the literature suggests that elevated Angll levels
render the brain susceptible to ischemic tissue injury via a mechanism that is dependent on
AT1r and immune system activation.

While the large body of evidence implicating Angll and AT1r in stroke pathogenesis
suggests that the cerebral microvasculature may be particularly vulnerable to the
hypertensive and immune consequences of Angll/AT1r system activation, relatively little is
known about the direct actions of Angll on the brain microcirculation and whether immune
system activation contributes to the cerebral microvascular dysfunction that accompanies the
hypertension elicited by chronic infusion of Angll. Previous studies on the brain and other
vascular beds have shown that acute exposure (< 24 hrs) to elevated Angll levels promotes
the adhesion of leukocytes and platelets in postcapillary venules via an AT1r-dependent, P-
selectin mediated mechanism8: 9: 10 14. Rapid increases in blood pressure induced by
Angll administration are also associated with blood brain barrier failure and brain edema,
which can be prevented by prior treatment with an AT1r antagonist12: 13. While the AngllI-
induced barrier failure is often attributed to mechanical stresses on the endothelial cells
resulting from the increased pressure, studies on monolayers of cultured cerebral
microvascular endothelial cells suggest that acute (< 6 hrs) Angll exposure increases BBB
permeability via a direct, AT1r-dependent action on endothelial cells.!1 Whether a slower,
more prolonged elevation in blood pressure induced by chronic Angll administration
produces similar changes in BBB permeability and if the resultant barrier failure is
dependent on immune system activation remain unclear. Hence, the overall objectives of
this study were to determine if/how chronic Angll administration affects blood-brain barrier
(BBB) function and the recruitment leukocytes and platelets in cerebral microvasculature,
and to assess the contribution of immune cells (T-lymphocytes) and different inflammatory
mechanisms to the Angll-induced cerebral microvascular dysfunction. The relative
contributions of blood cell- vs endothelial cell-associated AT1r, RANTES, and P-selectin to
the Angll responses were assessed using mutant mice and bone marrow chimeras generated
from these mutants. Our findings implicate blood cell-associated AT1r in the leukocyte and
platelet recruitment and vessel wall-associated AT1r in the BBB failure elicited by chronic
Angll administration. T-lymphocytes, RANTES, and P-selectin are also implicated in the
blood cell recruitment, but not the BBB dysfunction, associated with prolonged AnglI
infusion.

Wild type mice (WT), lymphocyte-deficient Rag-1~/~ mice, angiotensin Il type la-deficient
(AT1r'7) mice, P-selectin deficient (P-sel/~) mice, and RANTES (CCLS5)-deficient
(RANTES ™) mice, all on a C57BI/6 background, were obtained from Jackson Laboratories
(Bar Harbor, Me). A breeding colony was established for production of AT1r~/~ and
RANTES ™~ mice in the animal resource facility of the Louisiana State University Health
Sciences Center, Shreveport. The experimental procedures employed in this study were
reviewed and approved by the Institutional Animal Care and Use Committee (IACUC), and
were in compliance with the guidelines of the National Institutes of Health.

Bone marrow chimeras

Bone marrow (BM) cells, collected from the femurs and tibias of donor mice (WT, P-sel™/—,
RANTES™~, or AT1r /"), were injected (2 x 10° BM cells) via the femoral vein into
recipient mice (congenic WT with same phenotype as C57BL/6J mice; B6.SJLPtprcPep3°/
BoylJ), following total-body irradiation sufficient to eliminate the recipient’s blood cells. The
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BM chimeras were housed in autoclaved cages, with 0.2% neomycin added to drinking
water for the first 2 weeks. After 6~8weeks, reconstitution of BM cells was verified using
flow cytometry by testing for the % blood leukocytes positive for CD45.1 (recipient isoform
of CD45) versus CD45.2 (donor isoform of CD45). Successful BM reconstitution was set as
>90% of the CD45.2-positive population in total leukocytes as previously described. Three
BM chimeras were produced, i.e., WT recipients receiving BM from either RANTES ™/~
(RANTES™~ — WT), P-sel ™/~ (P-sel /=~ — WT) or AT1r/~ (AT1r /=~ — WT) donor mice,
as previously described.15717 These chimeras yielded mice with circulating blood cells that
are deficient in the targeted protein (either RANTES, AT1r, or P-sel) and vascular and
extravascular cells with a wild type phenotype, i.e., that express normal levels of the same
proteins.

Angiotensin Il infusion

Saline or Angll was infused over 14 days using micro-osmatic pumps (Alzet, Cupertino,
CA, model 1002) which were implanted subcutaneously in the intrascapular region of
isofluorane anesthetized mice. Sterile procedures were used and a topical antibiotic
(Neosporin) was applied to prevent post-operative infection at the site of implantation. The
pumps in the control group were loaded with only the saline vehicle, while the experimental
groups received Angll loaded pumps that delivered the peptide at a rate of 2 ug/kg/min.
While most mice were placed on normal chow, a limited number of animals were placed on
a high salt diet (4.0% NaCl, Harlan Teklad) to produce a larger increase in blood pressure.
Blood pressure determinations were obtained in conscious mice via a tapered femoral artery
catheter implanted (under isofluorane anesthesia) 3 hrs prior to data collection via a pressure
transducer coupled to a computer system.

Intravital video microscopy

After obtaining blood pressure measurements in conscience mice implanted with either an
Angll- or saline-loaded pump, the mice were prepared for intravital microscopic
examination of the cerebral microvasculature. The mice were anesthetized with
intraperitonealketamine (100mg/kg) and xylazine (10mg/kg), a tracheotomy was performed,
and the animals were placed on a ventilator. The femoral vein was cannulated for
administration of platelets and rhodamine-6G. Core temperature was maintained at 36°C
using a thermistor-controlled heating pad and lamp. As previously described, a craniectomy
(1 mm posterior, 4 mm lateral from the bregma) was performed, the exposed brain tissue
was soaked with artificial cerebrospinal fluid, and a glass coverslip placed over the cranial
window. An upright fluorescent microscope with a 3CCD video camera system was used to
randomly select 200 um segments of pialvenules (2070 pm diameter) for study. 100 x 108
platelets from donor mice were labeled ex vivo with
carboxyfluoresceindiacetatesuccinimudylester.8 Thegreen fluorescent platelets were
administered to recipient mice followed by continuous infusion of 0.02% rhodamine 6G,
which labeled leukocytes red. Adherent leukocytes and platelets were defined as cells
remaining stationary in venules for 30 and 2 seconds, respectively. Cell adhesion data was
expressed as number of cells per mm? of venular surface, calculated from venular diameter
and length, assuming cylindrical geometry.

Blood-brain barrier (BBB) dysfunction

A 2% solution of Evans blue (EB; Sigma-Aldrich, MO) was injected (4ml/kg)
intravenously. 24 hours later, the blood was obtained for plasma collection and the brain was
sampled after transcardial perfusion with 0.9% normal saline (PBS; 100mmHg, 5 minutes).
The brain and plasma samples were homogenized, sonicated and centrifuged in 50%
trichloroacetic acid (Sigma-Aldrich, MO). The brain supernatant was diluted with ethanol
and the concentrations of EB in brain tissue and plasma were measured using a fluorescence
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spectrophotometer (FLUOstar Optima, BMG LABTECH, Inc., NC). BBB permeability was
determined by dividing tissue EB concentration (mg/g brain weight) by the plasma
concentration (mg/g).16

The cerebral microvascular responses to chronic Angll infusion were evaluated using the
following experimental groups placed on a normal diet: 1) WT mice implanted with a
saline-loaded pump (n=43), 2) WT mice with an Angll-loaded pump (n=32), 3) WT mice
with Angll pump treated with the AT1r antagonist losartan (25 mg/kg/day) in drinking water
for 7 days prior to the experiment (n=13), 4) AT1r~/~ mice with an Angll pump (n=10), 5)
AT1r/~— WT chimeras with an Angll pump (n=22), 6) Rag-1~/~ mice with an Angl|
pump (n=23), 7) RANTES ™~ mice with an Angll pump (n=12), 8) RANTES ™/~ — WT
chimeras with an Angll pump (n=15), 9) P-sel~/~ mice with an Angll pump (n=17), and 10)
P-sel/~ — WT chimeras with an Angll pump (n=16). An additional series of experiments
was performed on mice placed on a high salt diet beginning 4 days prior to pump
implantation and continued for the entire 2 wk pump implantation period. These include: 11)
WT mice with a saline pump (n=18), 12) WT mice with an Angll pump (n=32), 13)
losartan-treated WT mice with an Angll pump (n=14), 14) AT1r~/~ with an Angll pump
(n=12), and 15) AT1r/~ — WT chimeras with an Angll pump (n=26). The number of mice
indicated for each group reflects the animals used to collect blood pressure and blood cell
adhesion data, which was typically collected in the same animals, and BBB permeability
measurements, which were performed in a separate set of animals.

Statistical analyses

Results

All data are expressed as mean + SE. Statistical difference between groups was determined
by ANOVA, using the Fisher’s post-hoc test. Statistical significance was set as p<0.05.

Cerebral microvascular responses to chronic Angll infusion

Chronic implantation of an Angll-loaded pump yielded values for blood cell adhesion, BBB
permeability, and mean arterial blood pressure that were significantly different than those
detected in mice with saline-loaded pumps (Figure 1). In mice with saline-loaded pumps,
16.5 + 5.3 adherent leukocytes per mm?2 were detected in cerebral venules. This value
increased (p<.0001) to 182.5 + 19.2 in mice with Angll-loaded pumps (panel A). A similar
highly significant (p<.0001) difference was noted for the platelet adhesion response (panel
B), with saline-loaded pumps yielding 14.9 + 3.8 cells/mm?2, compared to 211.8 + 21.7 cells/
mm? in mice receiving Angll. Of the total number of platelets adhering in cerebral venules
of mice with Angll pumps, only 14.1 + 2.3% were directly bound to endothelial cells and
the remaining 85.9% were attached to adherent leukocytes (data not shown). Neither
leukocytes nor platelets were observed to adhere in cerebral arterioles of mice with a saline-
or Angll-loaded pump. BBB permeability (panel C) in control (saline pump) mice was 0.045
+ 0.002 and this was also significantly (p<.001) increased by Ang Il (0.066 £ 0.007). Mean
arterial pressure in the mice with saline-loaded pumps was 110.7 £ 2.6 mmHg, and this was
increased (p<.001) to 126.0 £ 2.3 mmHg by chronic Angll infusion (panel D).

Role of AT1-receptors in Angll-mediated cerebral microvascular responses

The contribution of AT1r to the Angll-mediated responses was assessed using WT mice
treated with losartan (AT1r antagonist), AT1r~~ mice, and AT1r/~ — WT chimeras
(Figure 1). Although WT mice treated with losartan did not exhibit a significantly reduced
(118.1 £ 5.2 mmHg, p=0.12) blood pressure response (compared to WT-Angll mice), the
Angll response was significantly reduced in AT1r~~ mice (110.8 + 1.8 mmHg, p< 0.001).
The AT1r/= — WT chimeras exhibited reductions in blood cell adhesion and arterial
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pressure (104.8 + 2.9 mmHg, p<0.001) during Angll infusion that were comparable to the
responses seen in AT1r~/~ mice, suggesting that blood cell-associated AT1r contribute to
these responses. However, the AT1r/~ — WT chimeras did not show a protective response
for the Angll-induced BBB failure, suggesting that vessel wall-, rather than blood cell-,
associated AT1r activation mediates this response.

We also evaluated the cerebral microvascular responses to chronic Angll infusion in mice
that were placed on a high salt diet (HSD) in order to produce a larger elevation in arterial
blood pressure (Figure 2). Compared to the responses noted in WT mice placed on a normal
diet (Figure 1), Angll produced a significantly larger increase in arterial blood pressure
(148.0 + 3.9 mmHg, p<0.001), leukocyte adhesion (304.2 + 50.1 cells/mm?, p=0.026), and
platelet adhesion (350.6 + 61.8 cells/mm?2, p=0.035), while not altering the BBB
permeability response (0.07 £ .007, p=0.72) in WT mice on HSD. The contributions of AT1r
to the Angll-induced responses in HSD mice were similar to those noted in mice on a
normal diet with some exceptions. Most notably, the protection against BBB barrier failure
(seen in mice on a normal diet) was not detected in AT1r/~ mice on HSD. Furthermore,
losartan-treated WT mice, AT1r~/~ mice, and AT1r~ — WT chimeras on HSD all
exhibited more dramatic protection against Angll hypertension than their normal diet
counterparts.

Contribution of lymphocytes to Angll-induced microvascular dysfunction

T-lymphocytes have been recently implicated in the genesis of Angll-induced hypertension.
5 Our findings on the blood pressure responses of lymphocyte-deficient Rag-1~/~ mice (on a
normal diet) to chronic Angll infusion support a role for T-cells (Figure 3, panel D) since
blood pressure was reduced to 114.9 + 2.7 mmHg (p<0.01). The Rag-1~/~ mice with AnglI
pumps also exhibited significantly reduced numbers of adherent leukocytes (panel A) and
platelets (panel B) in cerebral venules, compared to WT mice with Angll pumps. The BBB
response to Angll in Rag-1~/~ was not reduced. Instead, a higher BBB permeability (0.096 +
0.02) was detected in Rag-1~/-, but this did not achieve statistical significance (p=0.07).

Role of RANTES in the Angll mediated microvascular responses

RANTES-deficient and RANTES ™~ — WT were used to assess the contribution of this
chemokine to the Angll-induced responses (Figure 3). RANTES ™/~ mice were protected
against the leukocyte (panel A) and platelet (panel B) recruitment responses normally
elicited by chronic Angll infusion. However, these mice also exhibited highly exaggerated
BBB permeability (191 + 0.05, p<0.01) and arterial blood pressure (147.4 £ 7.0 mmHg,
p=0.002) responses to Angll. RANTES ™~ mice not exposed to Angll exhibited a basal
BBB permeability and arterial pressure that was no different than WT-saline mice.
However, RANTES ™/~ mice do exhibit significant alterations in blood leukocyte and
platelet counts. Blood lymphocyte counts were increased in RANTES ™~ from 3158 + 181
(WT) to 6141 + 389 per uL blood (RANTES 7). Similar increases were noted for
neutrophils (741 + 66 vs 4167 + 270 per uL) and platelets (545,000 £ 17,842 vs 959,167 +
46,177).

While the blood cell adhesion responses to Angll in RANTES ™~ — WT chimeras were
comparable to those noted in RANTES ™~ mice, the BBB permeability and blood pressure
changes in RANTES™~ — WT mice did not parallel those of RANTES ™~ mice. BBB
permeability in RANTES ™/~ — WT mice was significantly higher (0.111 + 0.011, p<0.01)
than the response detected in WT mice with an Angll pump, but lower than that measured in
RANTES™~. Blood pressure in RANTES ™~ — WT mice with an Angll pump (107.3 + 2.9
mmHg, p=0.42) did not differ from the pressure detected in WT mice with a saline pump.
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P-selectin mediated responses during chronic Angll infusion

Figure 4 summarizes the responses to chronic Angll infusion in P-selectin deficient and P-
sel "~ — WT chimeras. Compared to WT mice with an Angll pump, both P-sel~/~ and P-
sel /=~ — WT mice exhibited attenuated leukocyte and platelet adhesion responses. The
BBB permeability response to Angll was not altered in either P-sel™/~ or P-sel "~ — WT
mice. Although the blood pressure response to Angll was not significantly attenuated in P-
sel™~ mice, a significant reduction (110.3 + 3.9 mmHg, p<0.002) was noted in P-sel '~ —
WT chimeras.

Discussion

Although the renin-angiotensin system (RAS) has been implicated in the inflammatory and
thrombogenic responses associated with cardiovascular diseases and risk factors, relatively
little is known about the direct actions and consequences of chronically elevated Angll
levels in different regional vascular beds. Given the well-established role of the RAS in
ischemic strokel~4, we examined the actions of chronic Angll infusion on the cerebral
microvasculature. The results of our study demonstrate that Angll induces an inflammatory
and prothrombogenic phenotype in the cerebral microcirculation that is accompanied by
impaired BBB function. Our findings support the involvement of AT1r receptors in the
Angll-mediated microvascular responses and implicate a role for immune cells, RANTES
and P-selectin in the blood cell recruitment responses. These findings may explain why
angiotensin Il mediated hypertension appears to be associated with an increased incidence
and severity of ischemic stroke3:20.

As expected from the literature, chronic Angll infusion in WT mice produced significant
hypertension that is mediated by AT1r and this AT1r-dependent blood pressure response
was exacerbated by placing the animals on a high salt diet?. Our observation that
lymphocyte deficient Rag-1~/~ mice exhibit a blunted blood pressure response to Angll is
consistent with a recent report by Guzik et al that described a similar attenuation in Angll-
induced hypertension in Rag-1~/~ mice®. They also demonstrated, in adoptive transfer
experiments, that AT1r on T-cells plays a critical role in mediating the blood pressure
response. Our observation that AT1r/~ — WT chimeras also exhibit a blunted AnglI-
induced hypertension response is consistent with a role for lymphocyte-associated AT1r.
However, our results with the AT1r~/~ chimeras do not agree with the recent results of
Crowley et al?2 who observed a slightly augmented hypertensive response to Angll infusion
over 21 days in similar bone marrow chimeras. An explanation for the discrepancy between
the two studies is not readily apparent but it may relate to the differences in Angll dose
administered and/or the uninephrectomy that accompanied the Angll infusion in the
Crowley study. A novel finding in our study is that Angll-induced hypertension is greatly
exaggerated in RANTES ™~ mice while RANTES™~ — WT chimeras are somewhat
protected against the Angll-induced blood pressure response. Several studies have
implicated RANTES in Angll-mediated actions on the vasculature.5' 18 19 Acute
administration of Angll has been shown to produce a significant elevation in plasma
RANTES concentration.23 Angiotensin 11 has also been shown to increase the expression of
RANTES (CCL5) in rat glomerular endothelial cells and the renal cortex.1® Furthermore, it
has been recently proposed that RANTES downregulates Ang Il-induced hypertensive
activity via an action on vascular smooth muscle.19

Acute administration (either i.p. or topical) of Angll elicits the adhesion of leukocytes in rat
mesenteric venules.10: 23 A combination of AT1- (losartan) and AT2-(PD123, 319)
receptor antagonists, while neither agent alone, completely blocked this acute response to
Angll, as did a P-selectin blocking antibody.10 In our study, WT mice treated with losartan
as well as AT1r-deficient mice were completely protected against the leukocyte adhesion
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response elicited by Angll. Our observation that AT1r~/~ — WT chimeras exhibited the
same level of protection as AT1r~/~ mice suggests that engagement of Angll with AT1r
expressed on circulating cells, rather than on the vessel wall, underlies the leukocyte
response in cerebral venules during chronic Angll administration. This is consistent with the
involvement of blood cell-associated AT1r in mediating the enhanced recruitment of
leukocytes in postcapillary venules of hypercholesterolemic mice.1® As reported for acute
Angll exposurel®, we also observed that P-selectin deficiency largely abolished the
recruitment of adherent leukocytes induced by Angll. However, we noted a similar level of
protection in P-sel/~ — WT mice, suggesting that platelet-associated P-selectin contributes
to the leukocyte recruitment. An involvement of platelet P-selectinin Angll-induced
leukocyte adhesion is consistent with human studies demonstrating that infusion of Angll
results in an increased expression of P-selectin on platelets.24 Platelet are also a major
source of RANTES, a chemokine that is known to promote leukocyte-endothelial cell
adhesion.16: 23: 25 Oyr study implicates RANTES in the Angll-induced leukocyte
recruitment response. The observation that RANTES ™~ — WT chimeras offer similar
protection against leukocyte adhesion as RANTES ™~ mice supports the view that platelets
are the likely source of the RANTES in our model.

The pattern of platelet adhesion responses to chronic Angll infusion closely parallels the
changes noted for leukocyte adhesion in all experimental groups. This likely reflects the fact
that most (>85%) of the platelets that accumulated on the walls of cerebral microvessels
were attached to adherent leukocytes. The pathophysiological relevance of the platelet-
leukocyte adhesion in inflamed microvessels remains unclear. However, there is evidence
indicating that the attachment of platelets to leukocytes can enhance the inflammatory
potential of the latter. For example, arachidonic acid released by platelets can be used by
neutrophils via transcellular metabolic reactions to produce increased quantities of
inflammatory leukotrienes.2® The attachment of activated platelets to neutrophils also
enables the latter to produce larger quantities of superoxide and PAF than either cell is
capable of producing alone., 27: 28 The dependency of both leukocyte and platelet adhesion
on platelet-associated P-selectin during chronic Angll administration may reflect the fact
that platelet-leukocyte adhesion often involves an interaction between platelet P-selectin
with PSGL-1 on leukocytes. Alternatively, it may suggest that the small percentage of
platelets that directly attach to cerebral venules create a P-selectin-rich platform onto which
leukocytes can bind via constitutively expressed PSGL-1.29: 30

Acute changes in blood pressure can lead to blood-brain barrier dysfunction and a condition
known as hypertensive encephalopathy.11=13 The mechanisms that underlie the BBB failure
that accompanies hypertension remain undefined and controversial, with some studies
supporting a role for mechanical stresses related to the increased pressure while others
attribute the response to receptor-mediated signaling pathways1:31. Our study reveals that
chronic Angll infusion leads to a significant increase in BBB permeability that is abolished
in AT1r~~ mice, but not in AT1r~ — WT chimeras, suggesting that engagement of AnglI
with endothelial cell AT1r largely accounts for the BBB failure. This observation is
consistent with a recent in vitro study that examined the responses of cerebral microvascular
endothelial cell (MEC) monolayers to Angll.11 It was noted that Angll elicits increases in
both paracellular and transcellular permeability, and that the increased monolayer
permeability was prevented by AT1r, but not AT2r, blockade. Our in vivo studies also tend
to rule out a major role for leukocyte and platelet adhesion in the Angll-induced BBB
dysfunction, since inhibition of P-selectin mediated blood cell recruitment did not alter the
BBB permeability response to Angll. Furthermore, we did not detect a clear correlation
between the blood pressure response to Angll and BBB permeability in the different
experimental groups. For example, placing the Angll pump mice on a high salt diet
produced a more profound increase in blood pressure but this was not associated with a
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larger increase in BBB permeability. Moreover, while the AT1r~ — WT chimeras had a
lower blood pressure during Angll infusion, BBB permeability remained at the level
detected in WT mice with an Angll pump.

In conclusion, the results of this study indicate that the chronic Angll infusion affects the
cerebral microcirculation by promoting the recruitment of leukocytes and platelets in
postcapillary venules, and by increasing blood-brain barrier permeability. The blood cell
recruitment response and increased blood pressure elicited by Angll involves blood cell-
associated AT1r, while vessel wall-associated AT1r accounts for the BBB failure. A clear
link between the BBB permeability response and either blood pressure or blood cell
recruitment could not be demonstrated. These findings may bear on the higher incidence and
greater severity of ischemic stroke in human hypertension.
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Figure 1.

Effects of chronic angiotensin Il administration (2.0ug/kg/min, 14 days) on the adhesion of
leukocytes (panel A) and platelets (panel B) in cerebral venules, blood brain barrier (BBB)
permeability, and mean arterial pressure in wild type (WT) and AT 1r-deficient mice, and
AT1r~~ bone marrow chimeras (ATIR™/~ — WT). Saline = WT mice with implanted
saline pump;Angll + Los = losartan-treated WT mice with Angll pump. * denotes
significance relative to WT mice with saline pumps, # denotes significance relative to WT
mice with Angll pumps.
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EERERN

Figure 2.

Responses to chronic Angll infusion in mice placed on a high salt diet (HSD). The effects of
Angll on the adhesion of leukocytes (panel A) and platelets (panel B) in cerebral venules,
blood brain barrier (BBB) permeability, and mean arterial pressure are shown for wild type
(WT) and AT1r-deficient mice, and AT1r~/~ bone marrow chimeras (ATIR™/~ — WT)
implanted with an Angll-loaded pump. Saline = WT mice with implanted saline
pump;Angll + Los = losartan-treated WT mice with Angll pump. * denotes significance
relative to WT mice with saline pumps, # denotes significance relative to WT mice with
Angll pumps.
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Figure 3.

Angll

Role of lymphocytes and RANTES in the cerebral microvascular responses to chronic Angll
infusion. The effects of Angll on the adhesion of leukocytes (panel A) and platelets (panel
B) in cerebral venules, blood brain barrier (BBB) permeability, and mean arterial pressure
are shown for wild type (WT), lymphocyte-deficient (Rag-1~/~) and RANTES-deficient
mice, and RANTES ™~ bone marrow chimeras (RANTES™~ — WT) implanted with an
Angll-loaded pump. Data are also shown for BBB permeability and arterial pressure in
RANTES ™~ mice not exposed to Angll. Saline = WT mice with implanted saline pump. *
denotes significance relative to WT mice with saline pumps, # denotes significance relative
to WT mice with Angll pumps. o indicates significance relative to RANTES ™~ (control)
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Figure 4.

Role of P-selectin in Angll-mediated cerebral microvascular responses. The effects of Angll
on the adhesion of leukocytes (panel A) and platelets (panel B) in cerebral venules, blood
brain barrier (BBB) permeability, and mean arterial pressure are shown for wild type (WT),
and P-selectin-deficient (P-sel /=) mice, and P-sel~ bone marrow chimeras (P-sel '~ —
WT) implanted with an Angll-loaded pump. Saline = WT mice with implanted saline pump.
* denotes significance relative to WT mice with saline pumps, # denotes significance
relative to WT mice with Angll pumps.
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