larities or gastrointestinal problems, quinacrine was withdrawn and
readministered only when the condition had returned to nonmal. No
other medicines were given during the period of quinacrine adminis-
tration. The plasma concentration of guinactine in the patients’
blood samples was measured by high-performance liquid chromatog-
raphy.

Results

Quinacrine was well tolerated by all the patients. Yel-
lowish skin pigmentation invariably appeared 10-14 days
after treatment began. Transaminase values were elevated
in 3 of the 4 patients, but never reached 5 times the nor-
mal upper limits. Patients 1 and 2 had quinacrine with-
drawn temporarily because of aspiration pneumonia, uri-
nary tract infection or diarrhea, but both finally com-
pleted the 3-month treatment course.

Clinical Course

A change in cognitive state appeared during the first 2
weeks of treatment (table 1), Patient 1’s unfocused, occa-
sionally roving eyes (fig. 1a) became fixed (fig. 1b) and
sometimes were oriented to the side of auditory stimuli
(fig. 1¢). When stimulated, patients 2 and 3 showed miti-
gation of irritable mood and the return of smiles or Jaugh-
ter. Patient 3, who had been apathetic (fig. Id), made
apparent eye contact with people (fig. 1e), turned her head
from side to side in response to the examiner’s position,
and had purposeful, voluntary movement of the left arm
(fig. 1f). Patient 4 also made eye contact with people and
nonpathological laughter in response to stimull was re-
stored. She alsc nodded or shook her head, apparently
indicating ‘ves’ or ‘no’, in response to simple verbal gues-
tions such as those about pain or thirst.

These changes in mood or cognitive function were
invariably transient, lasting 2-8 weeks during the period
of quinacrine administration, after which cognitive func-
tion gradually decreased to baseline levels. Due to the
associated conditions described previously, guinacrine
was temporarily withdrawn from patient 1 in the 5th and
patient 2 in the 6th week. Both patients’ conditions deteri-
orated to akinetic mutism that remained even after quina-
crine was restarted. After 3-8 weeks of treatment, cogni-
tive function in patients 3 and 4 had regressed with no
predisposing factors.

EEG and MRI Findings

Patient 2 showed changes in both EEG and MRI find-
ings, which may be associated with the clinical changes
that occurred. Typical PSWCs in the severely suppressed
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Fig. 1. Patients’ appearances before (left) and after (right) quinacrine
treatment., a—¢ Patient 1 had an apathetic appearance and unfo-
cused, roving eye movements before treatment (a). After treatment,
there was eve fixation (b) and gaze oriented to auditory stimulus (€).
d—F Patient 3 was listless and apathetic before treatment (d). Afier
treatment, she had a well-oriented facial expression (e) and purpose-
ful limb movement (f).

background before treatment (fig. 2a) had become irregu-
lar slow activities with less periodicity and no suppression
by day 16 of treatment (fig. 2b). Before treatment, DW-
MRI detected high signals bilaterally in the corpus stria-
tum and insular and cingulate gyri, as well as in the tem-
poral and parietal lobes. The signal intensities in the tern-
poral and parietal lobe lesions were higher on the left than
the right (fig. 3a), at which time the patient did not
respond to visual stimuli presented in the right visual
fieid, but did respond to stimuli in the left visual field.
Startle responses to threatening stimuli in the right visual
field, which appeared on day 19 of treatment, lasted 2
weeks, DW-MRI on day 23 showed decreased high signal
intensities in the left temporal and parietal lobes, whereas
intensity remained high in the other regions (fig. 3b).
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Fig. 3. DW-MRI of patient 2. The right side of each image corre-
sponds to the left side of the brain. High signal intensities were
present in the corpus striatum and insular and cingulate gyri on both
sides, and in the parietal and temporal lobes before (a) and afier (b)
quinacrine treatment. In b, the high signal in the left temporoparietal
lobes (arrow) is attenuated, whereas signals in the other regions
remain unchanged.
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Fig. 2. Electroencephalograms for patient 2 before (a) and after (b)
quinacrine treatment, PSWCs with totally suppressed background
activities (a) were replaced by fewer periodic patterns and restored
background activities afier treatment (b).

Before treatment, patient 3 had high DW-MRI signals
in the corpus striatum, cingulate gyrus and left parietal
and temporal cortices. These had not changed by the 4th
week of treatment, but they disappeared during the 12th
week. The other two patients showed diffuse cerebral
atrophy without high signals on DW-MRI, which findings
did not change after treatment. On the EEGs, patient 1
had PSWCs in the suppressed background before treat-

Quinacrine for Creutzfeldt-Jakob Discase

Fig. 4. Plasma concentrations of quinacrine during and after its
administration. The concentration increased with the number of
days of treatment. Quinacrine was still deteciable in the plasma after
drug discontinuation on day 84, indicating that it had accumulated
in tissues.

ment. These disappeared and were replaced by diffuse
slow activities of 3-7 Hz during the 2nd week of treat-
ment, but they returned during the 4th week and disap-
peared thereafter. Patient 3 had PSWCs superimposed on
slow background activities, and patient 4 showed diffuse
slowing with occasional alpha activities. These features
remained unchanged after treatment.
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Plasma Concentration of Quinacrine

The plasma concentration of quinacrine increased
with the length of administration (fig. 4). It reached
300 nAf within 14 days and was as high as 2,500 nA{ near
the end of the treatment period. Moreover, quinacrine
was detectable in the patients’ plasma 6 weeks after its
discontinuation.

Discussion

In their search for potent agents to treat prion diseases,
Doh-ura et al. [4] reported inhibition of PrPSe acecumula-
tion in scrapie-infected neuroblastoma cells by lysosomo-
tropic agents, including quinacrine and cysteine protease
inhibitors. These agents may interfere with the conver-
sion of PrPe to PrP5¢ at the plasma membrane or along an
endocytotic pathway to the lysosomes. Recently, Collins
et al. [10] reported that quinacrine did not prolong surviv-
al in a murine CJD model. Results of animal experiments,
however, depend on the animal species and prion strain.
Subcutaneous quinacrine administration prolonged the
survival of transgenic mice inoculated with 263K scrapie
agents into the brain [Doh-ura, pers. commun.].

We studied four patients, of whom three had clinically
probable sCJD and one possibly iatrogenic CJD. All four
had improved arousal levels after quinacrine treatment.
Other changes in global brain function included decreased
frequencies of reflex or action myoclonus (patients 1 and
2) and startle response (patients 2 and 3), and mitigation
of the hyperkinetic state (patient 4). Focal brain functions
restored were nonpathological laughter (patients 2-4),
visual field (patient 2) and voluntary movement (patient
3). These changes might have been due to factors other
than quinacrine, e.g. encouragement of contact by family
members or caregivers, but this could be excluded for two
reasons. Firstly, in Japan, intensive care is customarily
given to severely disabled patients who have definitely
poor prognoses. As in the case of patient 1, tube feeding is
usually initiated and continued for irreversibly disabled
patients because family members will not accept the ces-
sation of feeding. The contact provided by family mem-
bers and caregivers did not change after quinacrine treat-
ment was begun in the present study. Secondly, the
changes seen after treatment were transient, lasting 2-8
weeks. Thereafter, the patients’ conditions regressed,
even during quinacrine administration.

Of the three patients with clinically probable sCID,
transient improvement occurred not only in patients 2
and 3, who were in the early stage, but also in patient 1,
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who was in the terminal, akinetic muiism stage. This last
patient had an improved arousal level associated with
directed fixation of the eves (fig. 1a—¢) attributable to the
function of the brainstem reticular formation, 2 structure
relatively preserved in the classic, Heidenhain variant of
sCJD [11]. The most marked change, seen in patient 2,
was the restored response 10 objects presented in the right
visual field. This change was accompanied by decreased
DW-MRI signal intensities in the left temporal and pari-
etal lobes. DW-MRI is a2 new technique that noninvasive-
ly images molecular water proton diffusion processes that
occur on a micrometer scale [12]. Mittal et al. [13]
reported that in CID, the high-intensity signal areas seen
in DW-MRI are correlated with a high degree of spongi-
form change. They speculated that these changes are the
result of the microvacuolation of neuritic processes, her-
alding spongiform degeneration. Of our four patients, the
two who were in the early stage of illness had high signals
on DW-MRI that lasted for 2-3 months but which had
disappeared 5 months into the iliness. Aithough the exact
mechanism is unknown, the immature attenuation of the
high signals in the temporal and parietal lobes, which was
correlated with clinical changes in patient 2, suggests that
the high DW-MRI signals in CJD may represent revers-
ible changes. Decreases in the action myoclonus and star-
tle response in patient 2 were accompanied by decreased
PSWCs and increased EEG background activity. These
EEG findings suggest that mitigation of the irritable state,
which produced a calm appearance, was due 1o improved
cortical function and not to deterioration.

Cognitive function was restored temporarily in patient
4, who had an unusually prolonged course. She may have
received contaminated cadaveric dura mater before on-
set, and her incubation period of 66 months compares
with the incubation periods of other Japanese patients
(mean incubation period 89 * 44 months, range 16-193
months) during the CJD outbreak [3]. She had rapidly
progressive dementia during the first 2 years of her total,
prolonged 6-year course. Some Japanese patients with
dura mater-associated CJD may have a clinically variant,
longer duration of iliness, characterized pathologically by
florid-type plaques [14]. The diagnosis in that patient’s
case has had {o be postponed, but quinacrine treatment
appears to be beneficial for patients with rapidly progres-
sive dementia and prolonged survival.

Whether the changes found are due to the antiprion
effect of quinacrine, as reported in in vitro experiments, is
unknown. Therapeutic doses of quinacrine are known to
cause psychomotor hyperactivity. The incidence of quina-
crine psychosis is reported to be .94 per 1,000 persons
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15). Engel et al. [16] administered 2.1-2.8 g of quinacrine
to 5 healthy individuals over a 10-day period, doses suffi-
cient to obtain plasma levels exceeding 250 nA. Their
subiects had various degrees of psychomotor hyperactivi-
ty and increases in EEG frequencies. The EEG changes
occurred at plasma quinacrine levels of 75-100 nd and
continued for up to 8§ days after discontinuation of the
drug. The increased arousal levels in our patients, there-
fore, may be attributable to the cortical stimulation action
of quinacrine, but the mechanism of its direct effect on
the central nervous system has yvet to be determined.

The plasma concentrations of quinacrine in our pa-
tients suggest that a therapeutic dose of 300 mg/day qui-
nacrine may reach the ECsg of PrPSc formation, i1.e. 300-
400 naf, in brain tissues. Quinacrine accumulates pro-
gressively in tissues when administered chronically [7].
The lowest concentrations are in the brain, heart and skel-
etal muscle [7], but tissue to plasma concentration ratios
may be very high, as in dog skeletal muscle [8]. The clini-
cal changes in our patients occurred from the 2nd to 8th

week of administration, and the plasma concentrations
ranged from 300 to 1,000 nM. Those concentrations
would be sufficient for the drug’s accumulation in brain
tissues as well as for its action either as a direct cortical
stimulant or through its antiprion activity. Cognitive state
regression during guinactine treatment may be due to 1ts
toxicity on the brain [6]. We believe that the quinacrine
dose should be decreased after the initial loading dose and
the plasma concentration of the drug monitored. Al-
though its effectiveness is limited in terms of extent and
duration, our findings support undertaking a clinical trial
of quinacrine and the search for other chemicals that pre-
vent the accumulation of, or conformational changes in,
prion proteins.
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Sporadic Creutzieldi-Jakob disease with MMi-type:
prion protein and plaques

To the Editor: Ishida et al report a case of sporadic Creutzfeldt-
Jakob disease (sCJID) characterized by homozygosity for methio-
nine at codon 129 of the prion protein gene (PRNP) and type 1
PrPres associated with focal plague-ike deposits in the brain.
They report that these deposits weze'mainly in the cerebellar
cortex, while the cerchral cortex showed mostly diffuse, synaptic
type PrP immnnoreactivity. The immunoblet analysis was per-
formed only on homogenates from the frontal cortex.

‘We previously found the co-occurrence of focal and gynaptic PrP
immuncreactivity in the same suhject, both in different brain regions
and within the same region.® In each, we demonstrated the presence
of both type 1 end type 2 PrPres in the brain, with a strict relation
betwesn PrPres type snd pattern of PrP immuonoreactivity. In partic-
ular, the synaptic pattern was associated with type
the focal {plague-lke perivacuolar, and perineuronal) deposits were

Jinked to type 2 PrPres, Most of these cases were homozygous for.

methionine at codon, 129 of PRNP. Sample selection for izanpimoblot
analysis was based on the microdisseetion of discreet areas of cere-
bral cortex, subcartical gray structores, and cerchellum from frozen
brain, shices adjacent to the paraffin-embedded section. In this sec-
tion, immunohi i revenled either diffuse or focal Pr? de-
posits or both. Tomoonoblot analysis shonld be extended to other
brain regions, particularly to the cerebellar cortex, where focal PrP
inmmunoreactivity was prevalent.

Gianfranco Puoti, MD, Lueia Limido, PhD,
Roberto Cotrufo, MDD, Giuseppe Di Fede, MD,
Pabrizio Tagliavini, MD, Naples, Ttaly

Reply from the Authors: Dr. Puoti et al? raise the possibility of
co-occurrence of type 1 and type 2 protease-resistant prion protein
(PrP=) in the brain of our patient: with CJD. However, the report
of the distribution of synapiic {granular} and plaque-like prion
protein (PrP} deposits in our patient was clear. We foumd not only
the PrP granular deposits of the synaptic type but also plagne-
type PrP deposits in the cerebral cortex.! In their study, Dr. Puoti
et al. concluded that the synaptic PrP deposits were associated
with type 1 PrP% and that the plagoelike PrP deposits and a
perivacoolar PrP immunoreactivity were related to type 2 PrP™ in
the patients with a homozygosity for methicnine at codon 1292
According to their results, our patient shonld reveal co-occurrence of
type 1 and type 2 PrP% in the frontal cortex yet only type 1 PrPse

was demanstrated. Dr. Puoti et al. veported two patients (Patients 3
and 4) of MM homozygote with focal perivacuolar and plague-like
PrP depesits and foumd the coexistence of both type 1 and type 2
PrP® in those patients. However, the plaque-like deposits detected
in our patient were unicentric plaque type as shown in our report!
and appear m i different from those in Patient 4 shown

-in their study? Our patient had different molecular and ne

ingic featores of PeP than those reported by Dr. Pueti et al.
Recently, we reported that s C-terminal PrP fragment of 11~12
kDa (fPrP11-12) is related to subtypes of dural grafi~associated

. CJD (dCJD) and other prion diseasss.® Thera are two subtypes of

dCJD—4CID with plaque-type PrP deposits (p-dCJD) and dCJD
without PrP plagnes (np-dCJD), and both the subtypes have type
1 PrPSc.f Interestingly, all of the p-dCID cases show no PrP1i-

. 12, while the np-dCJD cases reveal fPrP11-12.4 Our patient

showed absence of fPyP11-12 ag formd in p-dCJID cases (data not
shown). In addition, our patient and p-dCJD paiients shared com-
mon neurapathologic features as described in gur report.!

Taken together, we consider that a prion shrain in our patient
may be similar to that in p-dCJD rather than that in the sporadic
CJD patients of MM homozygote with co-occurzrence of type 1 and
type 2 PrpSe. :

Chijho Ishida, MD, PhD, Tetsuyuki Kitamoto, MD, FhD,
Masahito Yamada, MD, YhD, Kanazawa, Japan

Copyright © 2004 by AAN Enterprices, Inc.
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Brain pericytes contribute to the induction and up-regulation of
blood—brain barrier functions through transforming growth
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Abstract

The blood-brain barrier (BBB) is a highly organized multicellular complex consisting of an endothelium, brain pericytes and astrocytes.
The present study was aimed at evaluating the role of brain pericytes in the induction and maintenance of BBB functions and involvement of
transforming growth factor- {TGF-B) in the functional properties of pericytes, We used an in vitro BBB model established by coculturing
immortalized mouse brain capillary endothelial (MBEC4) cells with a primary culture of rat brain pericytes. The coculture with rat pericytes
significantly decreased the permeability to sodium flucrescein and the accumulation of thodamine 123 in MBEC4 cells, suggesting that brain
pericytes induce and up-regulate the BBB functions. Rat brain pericytes expressed TGF-£1 mRNA. The pericyte-induced enhancement of
BBB functions was significantly inhibited when cells were weated with anti-TGF-R1 antibody (10 pg/mi) or a TGE-B type 1 receptor
antagonist (SB431542) (10 uM) for 12 h. In MBEC4 monolayers, a 12 h exposure to TGF-R1 (1 ng/ml) significantly facilitated the BEB
functions, this facilitation being blocked by SB431542. These findings suggest that brain pericytes contribute to the up-regnlation of BBB
funetions through continuous TGF-p production.
© 2005 Elsevier B.V. All rights reserved.

Theme: Cellular and molecular biclogy
Topic: Blood-brain barrier

Keywords: Blood-brain barrier; Pericyte; Transforming growth factor-f3; P-glycoprotein; Permeability; Mouse brain endothelial cell

1. Introduction

The blood-brain barrier (BBB) is highly restrictive of
the transport of substances between blood and the central
nervous system, The BBB is a complex system of different
cellular components including brain microvascular endo-

* Comresponding author. Fax: +81 92 862 2696.
E-mail address: ykataoka@cis.fukuoka-u.ac.jp (Y. Kataoka).

0006-8993/% - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/f. brainres.2005.01.027

thelial cells, pericytes and astrocytes. Astrocytes induce and
maintain the properties of the BBB including the integra-
tion of tight junctions and expression of P-glycoprotein (P-
gp) through cell-to-cell contact and the secretion of soluble
factors [23]. Brain pericytes are important for control of the
growth and migration of endothelial cells and the integrity
of microvascular capiliaries [22]. Such functions are known
to be mediated by transforming growth factor-p (TGF-B)
{1,21,25], vascular endothelial growth factor (VEGF)
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[14,17] and direct cell-to-cell commmunications. Pericytes
have several apparatuses to directly make contact with
endothelial cells: gap junctions, adhesion plagues and peg-
and-socket junctions [24]. Soluble factors including TGF-B,
VEGF and basic fibroblast growth factor (bFGF) were
produced by and released from pericytes [2,24]. These
growth factors control the permeability of the BBB
[8.26,31]. These evidences indicate that pericytes regulate
the brain’s endothelial barrier by collaborating with
astrocytes.

TGF-B, a family of multifinctional peptide growth
factors, has several isoforms (TGF-Bl, 2, 3, 4 and 5),
shares the same structure (65-80% homology) and dis-
plays similar biological activity in vitro [11]. TGF-g acts
on two highly conserved single transmembrane receptors
with an infracellular serine/threonine kinase domain (TGF-
B type I and type II receptors) to activate an intracellular
signaling system, such as Smad proteins or the p38
mitogen-activated protein kinase (MAPK) and the extra-
cellular signal-regulated kinase pathway [6]. TGF-R is
listed as a potent endogenous substance profecting against
neurodegenerative diseases of the central nervous system
[111.

Recently, brain pericytes were reported to induce
occludin and multidrug resistance-associated protein
(MRP) 6 mRNA expression in brain endothelial cells
[3,15]. As for BBB functions, brain pericytes reduce the
endothelial permeability of the brain [13]. However, littic is
known about the mechanism behind the facilitatory role of
brain pericytes in the induction and maintenance of BBB
functions. The aim of this study was to clarify whether
TGF-p participates in the pericyte-induced regulation of
BBEB functions. We made an in vitro model of the BBB by
coculturing immortalized mouse brain capiflary endothelial
{MBEC4) cells with rat brain pericytes. MBEC4 cells are
known to have the highly specialized characteristics of
brain microvascular endothelial cells including the expres-
sion of P-gp [28,29]. BBB functions were assessed based
on the permeability coefficient of sodium fluorescein (Na-
F) and the cellular accumulation of rhodamine 123 in
MBEC4 cells as the paracellular permeability of brain
endothelial cells and the functional activity of P-gp,
respectively,

2. Materials and methods
2.1. Animals

Wistar rats aged 2 weeks old were housed in a room at a
temperature of 22 + 2 °C under a 12-h light/dark schedule
(lights on at 7:00 h) and given water and food ad libitum.
All the procedures involving experimental animals adhered
to the law (No. 105) and notification (No.6) of the Japanese
Government and were approved by the Laboratory Animal
Care and Use Committee of Fukuoka University.

2.2. MBEC4 cell culture

MBEC4 cells, which were isolated from BALB/c mouse
brajn cortices and immortalized by SV40-transformation
[28], were cultured in Duibecco’s modified Eagle’s medium
(DMEM; Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS), 100 units/m] penicillin
and 100 pg/mi streptomycin at 37 °C with a humidified
atmosphere of 5% CO»/95% air. They were seeded on 12-
well Transwell®-Clear inserts (Costar, MA) and 24-well
culture plates (BD FALCON™, BD Biosciences, N]) at a
density of 42,000 cells/insert and 21,000 cells/well,
respectively.

2.3. Primary culture of rat pericytes

Rat cerebral pericytes were isolated according to the
method of Hayashi et al. {13]. Pure cultures of rat cerebral
pericytes were obtained by prolonged culture of isolated
brain microvessel fragments under selective culture con-
ditions because microvessel fragments contain 23% peri-
cytes [27]. The cerebral cortices from 2-week-old Wistar
rats were cleaned of meninges and minced. The homoge-
nate was digested with collagenase CLS2 (1 mg/ml;
Worthington, Lakewood, NJ) and DNase 1 (37.5 pg/ml;
Sigma, St. Louis, MO) in DMEM (Sigma) containing 100
units/mt penicillin, 100 pg/ml streptomycin, 50 mg/ml
gentamicin and 2 mM glutamine at 37 °C for 1.5 h
Neurons and glial cells were removed by centrifugation in
20% bovine serum albumin (BSA)-DMEM (1000 x g for
20 min). The microvessels obtained in the pellet were
further digested with collagenase/dispase (1 mg/ml; Roche,
Mannheim, Germany) and DNase I (16.7 pug/ml) in DMEM
at 37 °C for 1 h. Microvessel endothelial cell clusters were
separated by 33% Percoll (Amersham Biosciences, Piscat-
away, NJ) gradient centrifugation (1000 x g for 10 min).
The obtained microvessel fragments were washed twice in
DMEM (first 1000 x g for 8 min, then, 700 X g for 5
min) and placed in uncoated culture flasks in DMEM
supplemented with 10% FBS, 100 units/ml penicillin and
100 pg/ml streptomycin at 37 °C with a humidified
atmosphere of 3% CO0,/95% air. After 14 days in culture,
rat pericyies overgrew brain endothelial cells and reached
typically 80-90% confluency. The cells were used at
passages 2-3,

2.4. Preparation of three in vitro BBER models

The preparation of the in vitro BBB models was
previously described [7]. In brief, rat pericytes (40,000
cells/om®) were first cultured on the outside of the collagen-
coated polyester membrane (1.0 cm?, 0.4 pm pore size) of a
Transweli®-Clear insert {12-well type, Costar) directed
upside down in the well. Two days later, MBEC4 cells
(42,000 cells/cm®) were seeded on the inside of the insert
placed in the well of a 12-well culture plate (Costar) (the
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opposite cocuiture system). In the other (bottom coculture)
system, rat pericytes (20,000 cells/cm?) were first cultured
in the wells of the 12-well culture plate. After 2 days,
MBEC4 cells were seeded on the inside of a Transwell ®-
Clear insert placed in the plate containing layers of rat
pericytes. A monolayer system was also made with MBEC4
cells alone (MBEC4 monolayer).

2.5, Paracellular transport of Na-F

To initiate the transport experiments, the medium was
removed and MBEC4 cells were washed three times with
Krebs-Ringer buffer (118 mM NaCl, 4.7 mM KCl, 1.3 mM
CaCl;, 1.2 mM MgCl,, 1.0 mM NaH,PQ,, 25 mM
NaHCO; and 11 mM D-glucose, pH 7.4). Krebs—Ringer
buffer (1.5 ml) was added to the outside of the insert
{abluminal side). Krebs—Ringer buffer (0.5 ml) containing
100 pg/ml of Na-F (MW 376) (Sigma) was loaded on the
luminal side of the insert. Samples (0.5 ml} were removed
from the abluminal chamber at 30, 60, 90 and 120 min and
immediately replaced with fresh Krebs—Ringer buffer.
Aliquots (5 pl) of the abluminal medium were mixed with
200 1l of Krebs—Ringer buffer and then the concentration of
Na-F was determined with a CytoFluor Series 4000
fiuorescence multiwell plate reader (PerSeptive Biosystems,
Framingham, MA) using a fluorescein filter pair (Ex(1)
485 *+ 10 nm; Em(4) 530 + 12.5 nm). The permeability
coefficient and clearance were calculated according to the
method described by Dehouck et al. [5]. Clearance was
expressed as microliters (ul) of tracer diffusing from the
luminal to abluminal chamber and was caleulated from the
initial concentration of tracer in the huminal chamber and
final concentration in the abluminal chamber: Cleatance
() = [Cly X ¥y / [C, where [C]p is the initial luminal
tracer concentration, {Cl, is the abluminal tracer concen-
tration and ¥, is the volume of the abluminal chamber.
During a 120-min period of the experiment, the clearance
volume increased linearly with time. The average volume
cleared was plotted versus time, and the slope was estimated
by linear regression analysis. The slope of clearance curves
for the MBEC4 monolayer or coculture systems was
denoted by PS,;,, where PS is the permeability-surface
area product (in pl/min). The slope of the clearance curve
with a control membrane was denoted by PS, . brane In the
Tat pericyte opposite coculiure system, the control mem-
brane is the rat pericyte-layered membrane. The real PS value
for the MBEC4 monclayer and the coculture system (PS,pns)
was calculated from 1/PS,p = 1/PSmembrane T 1/PSgans. The
PSyans values were divided by the surface area of the
Transwell inserts to generate the permeability coefficient
(Pians, in cxvmin).

2.6. Functional activity of P-gp

The functional activity of P-gp was determined by
measuring the cellular accumulation of rhodamine 123

(Sigma) according to the method of Fontaine et al. [12].
MBEC4 cells were washed three times with assay buffer
(143 mM NaCl, 4.7 mM KCl, 1.3 mM CaCl,, 1.2 mM
MgCl, 1.0 mM NaH,PO,, 10 mM HEPES and 1! mM
D-gluicose, pH 7.4). In rat pericyte coculture systems, rat
pericytes on the outside of the membrane were removed
with a cell scraper. MBEC4 cells were incubated with 0.5
ml of assay buffer containing 5 uM of rhodamine 123 for
60 min. Then, the solution was removed and the cells
were washed three times with ice-cold phosphate-buffered
saline and solubilized in ! M NaOH (0.2 ml). Aliquots (5
nl) of the cell solution were removed for measurement of
cellular protein according to the method of Bradford [4]
using a Bio-Rad protein assay kit (Bio-Rad Labora-
tories, Hercules, CA). The remaining solution was
neutralized with 1 M HCI and the rhodamine 123 content
was determined with a CytoFluor Series 4000 fluores-
cence muitiwell plate reader (PerSeptive Biosystems)
using a fluorescein filter pair (Ex(1) 485 = 10 nm;
Em(1) 530 & 12.5 nm).

2.7. Detection of TGF-B1 mRNA

Total RNA from rat pericytes was extracted using
TRIzol™ reagent (Invittogen). The primer pair used in the
reverse transcription-polymerase chain reaction (RT-PCR)
was designed based on the nucleotide sequence of the
rat TGF-pl and rat GAPDH. The sequences of primers
were as follows: the upper primer 3-ATACGCCTGA-
GTGGCTGTCT-3' and the lower primer 5-TGGGA-
CTGATCCCATTGATT-3' for TGF-B1; the upper primer
¥-CTACCCACGGCAAGTTCAAT-3' and the lower primer
5-GGATGCAGGGATGATGTTCT-3* for GAPDH. The
expected sizes of the RT-PCR products, predicted from the
positions of the primers, were 153 bp for TGF-p1 and 479
bp for GAPDH. A SuperScript One-Step RT-PCR system
(Invitrogen) was used for reverse transcription of RNA, and
TGE-B1 ¢DNA was amplified by PCR. Amplification was
performed in a DNA thermal cycler (PC707; ASTEC,
Fukuoka, Japan) according to the following protocol: cDNA
synthesis for 30 min at 50 °C, pre-denaturation for 5 min at
94 °C; 25 cycles of denaturation for 30 s at 94 °C, primer
annealing for 30 s at 57 °C and polymerization for 30 s at
72 °C; and a final extension for 5 min at 72 °C. Each 10 pl
of PCR product was analyzed by electrophoresis on a 3%
agarose (Sigma) gel with ethidium bromide staining. The
gels were visualized on a UV light transillominator and
photographed using a DC290 Zoom digital camera (Kodak,
Rochester, New York).

2.8. Effects of the modulation of TGF-f1 signaling on BBB
Junctions

A TGF-p type I receptor antagonist, SB431542 (TOC-
RIS, Bristol, UK), and human TGF-p1 (Sigma) were first
dissolved in dimethylsulfoxide (DMSO) and 4 mM HCI



