| maging and manipulating cortical blood flow with light:

New insightsinto neurovascular coupling and stroke

Prof. David Kleinfeld

(Department of Physics, University of Californiaat San Diego)

The surface vasculature of the cerebral cortex forms a highly interconnected 2-D
network that supplies, via penetrating arterioles, blood to the 3-D networks of
subsurface microvessels. What is the function of these different topologies, and how
resilient are they to single-point blockages to flow? | will discuss the dynamics of
flow throughout the cortical vasculature and demonstrate that the penetrating arterioles
act as asingular bottleneck to flow. The impact of this and related data on the control
of blood flow in the normal and diseased brain will be discussed, along with progress
toward a genera relationship between flow and vascular topology. An underlying
technical theme of this work is the use of ultra-short laser pulses as a tool to image as

well as perturb femtoliter-volumes for neurovascular studies.
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Blebbistatin was reported to selectively inhibit the ATPase activity of class Il myosin
(Straight AF et al, Science. 299(5613):1743-7. 2003). The ATPase activities of skeletal
muscle myosin 1l and no-muscle myosin I were inhibited at very low concentration.
However, the effect was only dight on the activity of smooth muscle myosin 11
(Limouze J et a, J Muscle Res Cell Motil. 25(4-5):337-41. 2004). We eventually
observed that blebbistatin inhibited the migration of vascular smooth muscle cells at
very concentration as follows. We allowed cultured vascular smooth muscle cells to
migrate toward sphingosylphosphorylcholine (SPC) and toward platelet-derived
growth factor-BB (PDGF-BB). We chose them as chemoattractants, because the
migration toward SPC was associated with the elevation of myosin light chain
phosphorylation but that toward PDGF-BB was not. Both kinds of migration were
inhibited by blebbistatin to the same extent; with 1C50=34.4+1.26 uM for SPC and
34.2+0.56 pM for PDGF-BB. To examine if blebbistatin inhibits the migration
through smooth muscle myosin I, we purified smooth muscle myosin Il based upon
Prof. Ebashi’s method (Ebashi. J Biochem (Tokyo). 79(1):229-31.1976) and found
that the ATPase activity was inhibited with 1C50=12.6+£1.6 uM for unphosphorylated
myosin and 15.0+0.6 pM for phosphorylated myosin. We interpreted that these figures
can explain the inhibitory effect in terms of the inhibition of myosin motor activity.
We confirmed that ATPase activities of myosin fragments, i.e. heavy meromyosin
(HMM) and subfragment 1 (S1) were also inhibited by the low concentration of
blebbistatin with 1C50=14.5+0.8 uM for HMM and 5.15+0.19 uM for S1. Next, we
alowed actin-filaments on the surface coated by phosphorylated smooth muscle
myosin, the movement was also inhibited by blebbistatin. When the same surface was
washed by the buffer for the movement assay to remove the blebbistatin, the
movement was recovered, indicating the effect of blebbistatin was reversible. We
mixed smooth muscle myosin with blebbistatin followed by the observation with an
electron microscope after the rotary shadow of the myosin, finding the swelling of
myosin heads. This shape change conforms with the idea that the site of blebbistatinis
within the heavy chain that composes myosin heads.
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Intrarenal renin-angiotensin system in developing kidneys of
type 2 diabetic rats
o Yu-YanFan  YukikoNagai  Shoji Kimura  Youichi Abe
AOl AkiraNishiyama
Dept. Pharmacol., Life Sci. Res. Center, Kagawa Univ. Med. Sch.

Objective: We previously demonstrated that intrarenal angiotensin 11 (Angll) levels
are augmented long before diabetes becomes apparent in type 2 diabetic
(Otsuka-Long-Evans-Tokushima-Fatty: OLETF) rats. Here, we amed to
characterize the pattern of intrarena renin-angiotensin system (RAS) activity in
developing kidneys of OLETF rats.

Design and Methods: Using radioimmunoassay, we measured Angll contents in
kidneys of newborn (1, 5, 15 and 30 days postnatal) or young (7 and 11-weeks-old)
OLETF and control Long-Evans Tokushima Otsuka (LETO) rats (n=7-11 for each).
Gene expression of angiotensinogen, rennin, angiotensin converting enzyme (ACE) or
ATla, AT1b and AT2 receptors in rena cortical tissue were aso determined by
real-time PCR.

Results: In both LETO and OLETF rats, kidney Ang Il levels peaked at postnatal day
1 or 5 and decreased age-dependently during the pre- and post-weaning periods (from
15 days- to 7-weeks); periods during which Ang Il levels were not different between
the animals. Angiotensinogen rennin, ACE or ATla, AT1b and AT2 receptor
expression were also similar.  In LETO rats, kidney Angll levels further decreased at
puberty (from 7- to 11-weeks), whereas an age-dependent decline of kidney Angll
levels was not observed in OLETF rats. At 11weeks of age, kidney Angll levels and
MRNA levels of angiotensinogen and renin were higher in OLETF than LETO rats.
Conclusions: The data here suggest that intrarenal RAS is inappropriately regulated
in pubescent type 2 diabetic kidneys, and that later in life this may play arole in the
development of diabetic nephropathy.



I TGF-B

PDGF
A02
Il
Il
190
mmHg oil red O
real-time PCR /n situ hybridization
dihydroethidium
Il TGF-B PDGF-B PDGF-D mRNA
1.5 2.0 2.5 AT1
I
SREBP-1 TGF-p3 PDGF-B
PDGF-D mRNA
Il
-1
(MDA) PCNA
TUNEL
FAS LOX-1
DMT-1 ferroportin MRNA I

co-localization



AO03

ET,R

C-tail

p27Kip1

Jabl
ERK

(GPCR)

C-tail
C-tail cDNA

A (ETAR)
GPCR

two-hybrid

Jabl (Jun activation domain-binding protein 1) ET,.R

Jabl

CDK (cyclin dependent kinase)

Jabl

Jabl PAR-2

(protease-activated receptor-2) LHR (lutropin/choriogonadotropin receptor)

ET,R
interaction assay
ET,R Jabl
ET-1

ERK1/2
ERK1/2

ET,R ET-1

ET,R

ERK1/2

Jabl
Jabl LHR
C-tail Jabl
GST pull-down assay
MAP Jabl
Jabl
Jabl
ET-1 ET.R
Jabl
internalize
ET.R

PAR-2 signaling
two-hybrid
full-length

ET-1
Jabl
ET.R

Jabl ET,R

ET-1



A04

(HUVEC) High glucose: HG
Advanced glycation endproducts: AGEs Glyoxal
GO; 24
HG(26 mM) AGEs (100-500 pM)

vascular cell adhesion
molecule (VCAM)-1 cyclooxygenase (COX)-2

GO (50 uM - 5 mM) (4 - 24 hr)
GO (500 pM) COX-2 VCAM-1
GO (5 mM) GO
COX-2 MEK PD98059 p38MAPK SB203580
PKC calphostin C nuclear factor (NF)-«B

pyrrolidine dithiocarbamate Nitric Oxide (NO)

Glyoxal
NF-xB



ATP

A05
ATP P2X4
P2X4 P2X4~/-
Ca* NO
Indo-1 DAF-2 Ca*
NO P2X4 +/+
105 mmHg P2X4-1- 125 mmHg
50%
P2X4 +/+ 45% P2X4 /- 21%
2/3
P2X4 /-
P2X4
P2X4
ATP
ATP
ATP
ATP
ATP
P2X4 or:

ATP



ca®'

AO6
Cca*
605 nm
mm
Ca*
Ca2+

alternans
Di(4)ANEPPS Rhod 2
Di(4)ANEPPS 488 nm Rhod 2 568 nm
8 40 ms/frame
Ca2+
200 ms
Ca*
Di(4)ANEPPS
Di(4)ANEPPS
150
Ca*
200 ms

0.3



Na’/Ca* exchanger inhibitor

AOQ7

Na'/H" exchanger Na* Na" overload

Na'/Ca* exchanger (NCX)
Ca* Ca* overload
NCX inhibitor Ca* overload

NCX inhibitor KB-R7943 (KBR)
Wistar rat 20 60
KBR 10 ( 3
10 30 uM) (LVDP)
/ (LVDP) 550%
Na* 1.8
Ca* (Ca* overload) ATP
40%
55% 50% KBR
LVDP 85% KBR Na*
Ca* overload KBR
75%

KBR

KBR Na* Ca*
NCX inhibitor KBR Ca* overload
Na* NCX reverse mode
Ca2+
KBR
KBR

KBR



ca®'

A08
1
1 Univ. Masachusetts
RyR Ca*
5000 4
1  RyR RyR1 RyR RyR2
MacLennan RyR1
RyR
M5 M6 M7a M7b M8 M10 6 M8
M10 M9
M7b M8
M7b-M8 10
2 Thr4825lle Leu4837Val
RyR1 RyR2  M7b-M8
RyR1 cDNA M7b-M8
cDNA  Flp-In T-Rex HEK
Ca2+
fura-2 AM [*H]
HEK
RyR1 5-80%
Ca2+
2 Leud827Ala Asn4833Ala
Leud827Ala Ca*
<107 M Ca*
Ca* leaky
RyR2
M7b-M8 RyR



ca*

A09

Ca*
Ca* eNOS
NO
FRET
Ca* wave
1P,
Ca*
Gq
FRET Ca*
60 nM
Ca* ca*
Ca* Ca*
ca* Ca*

Ca* NO

NO

Ca*

Ca*
Ca*

Ca*

10

NO

Ca*

ATP

Ca*



blebbistatin

o
Al10
blebbistatin
blebbistatin
B Ca ionophore A23187
10 uM blebbistatin ~ Ca*
Cca*
25
blebbistatin Mg
ATP
nM ATP
blebbistatin ~ Ca*
blebbistatin myosin ATPase

blebbistatin



