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Preface

Studies incorporating cell—cell interactions remain an exciting and ever-evolving
discipline within the broader areas of biology. Although recent advances in genetics
have provided much insight into gene- and disease-specific mechanisms, such models
are often limited by tissue/organ complexity. The use of directed cell modelsto study
the manner by which two or more cells interact has revolutionized our understanding
of protein—protein interactions in a complex milieu and have provided an invaluable
platform for the identification of new molecules.

The aim of Cell-Cell Interactions: Methods and Protocolsisto provide acollection
of diverse protocols, incorporating methods-based approachesboth invitro and in vivo.
The authors of the various chapters are highly skilled experts in the development and
utilization of cell—cell interaction assays. Their extensive expertise provides adetailed,
step-by-step map of a reproducible protocol. Importantly, these protocols are readily
adaptable for nearly any cell type and any organ system, and for this reason, | have
tried to compile a diverse set of chapters incorporating numerous individual types of
cells. It ismy hope that this book will be both insightful to the beginner and inspiring
to the experienced.

Sean P. Colgan
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Fig. 1, Chapter 2: Bacterial floraattached to theileal mucosa
in a patient with Crohn's disease (at a magnification of
%x1000). Thetriangle of lumen isat the bottom right. Bacteria
aretightly attached to theintact mucosal surface. (See complete
caption on p. 20.)

Fig. 2, Chapter 3: JAM-C localization at interendothelial
borders and colocalization with ZO-1. Representive immuno-
fluorescence of HUVECs showing JAM-C distribution
(incubation with MAb Gi11 followed by secondary
rhodamine-coupled anti-mouse 1gG) together with ZO-1
distribution (incubation with rabbit anti-ZO-1 followed by
fluorescein isothiocyanate-coupled anti-rabbit 1gG.
(See complete caption on p. 44.)

Fig. 1, Chapter 4: Models of nhoncontact substrate grown co-
cultures. (A) Cell type 1 (e.g., epithelia) and cell type 2 (e.g.,
endothelia) are plated on opposing surfaces of membrane per-

meabl e supports (0.4-um pores). (See complete caption on p. 54.)

Fig. 2, Chapter 4: Modelsof contact substrate grown co-cultures.
(A) Cdl type 1 (eg., epithelia) and cell type 2 (e.g., endothelia)
areplated on opposing surfaces of membrane permeabl e supports
(5-um pores).(See complete caption on p. 56.)

Fig. 1, Chapter 9: Photographs representing normal and
increased vascular permeability in mice. C57B16 male mice
were injected with 2 mL of Evan's blue viatail vein. (See
complete caption on p. 113.)

Fig. 2, Chapter 10: Use of confocal microscopy to analyze

EPS elaboration. The intercellular adhesin (ica) locus in
S aureusencodesthe proteins necessary for PNAG synthesis so
ica-positive and ica-negative mutants were used as positive
and negative controls. (See complete caption on p. 124.)
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Blood-Brain Barrier and Cell-Cell Interactions

Methods for Establishing In Vitro Models of the Blood-Brain
Barrier and Transport Measurements

Michael Aschner, Vanessa A. Fitsanakis, Ana Paula Marreilha dos Santos,
Luisa Olivi, and Joseph P. Bressler

Summary

This chapter describes in vitro methods for studying the blood-brain barrier. These methods
include a cell line and isolated brain microvessels. The rat brain endothelia cell line 4 (RBE4)
express many properties that are expressed by brain endothelia cells in vivo. Tissue culture
methods allow the investigator to design experiments for studying transporters and permeability
that would be much more difficult in vivo. A method for making preparations of isolated brain
microvessels aso is described. These preparations are highly enriched and also can be used for
studying transport in vitro, but their short life span is a limitation. Two methods are discussed for
measuring transport in cell culture. In one method, permeability is measured across a cell mono-
layer. This method is useful for measuring luminal and abluminal transport. The second method
is especially designed for measuring the families of efflux transporters. These in vitro methods
will complement many of the in vivo techniques, and they may be used as screening for more
timely and expensive experiments, and also reducing the need for experimental animals.

Key Words: Blood—brain barrier; RBE4 cells; brain microvessels; transporters; permeability;
multidrug resistance.

1. Introduction

The blood-brain barrier (BBB) is a speciaized capillary bed separating the
blood from the central nervous system parenchyma. It regulates amino acid,
peptide, and protein transport, allowing for tight control of the composition of
the brain’s interstitial fluid composition. It aso assures that changes in blood
metabolite and ion composition (e.g., nutrients) are not reflected within the
brain’s milieu by preventing charged and large molecules from entering the brain.

From: Methods in Molecular Biology, vol. 341: Cell-Cell Interactions: Methods and Protocols
Edited by: S. P. Colgan © Humana Press Inc., Totowa, NJ
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Two main factors contribute to the BBB's restrictive nature, and they include a
physical barrier comprised of tight junctions between the endothelial cells (1,2)
and a plethora of proteins on the endothelium, which play a key role in regu-
lating influx and efflux of nutrients, ions, and other materials between the two
(blood and brain) compartments (3,4). Brain capillary endothelial cells are
polarized into luminal (blood-facing) and abluminal (brain-facing) plasma
membrane domains. Nutrients are transported from the luminal side to the ablu-
minal side by transporters. Additionally, the BBB expresses efflux pumps
belonging to the superfamily of adensoine-5'-triphosphate (ATP)-binding cas-
sette (ABC) proteins that prevent a broad range of amphiphatic chemicals from
entering the brain. Efflux pumps that have been discovered thus far in the BBB
include multidrug resistance glycoprotein, also referred to as P-glycoprotein
(and most recently referred to as ABCB1), and breast cancer resistance pro-
tein (and most recently referred to as ABCG2 [5]). ABCB1 and ABCG2 are
expressed on the luminal surface of brain endothelial cells in the BBB. The
expression of members of the family of multidrug resistance-associated pro-
teins (ABCC family) has been reported in cultures of bovine brain endothelial
cells (6) but not in isolated human (7) or rat microvessels (8) ABCB1 and
ABCG2 transport lipophilic and cationic compounds with overlap (9,10),
whereas multidrug resistance proteins transport organic anions, glutathione, or
glucuronide-conjugated compounds, as well as various nucleosides (11).

In vitro and in vivo methods have been described for studying permeability of
the BBB. Obvioudly, the advantage of in vivo methods is that the integrity of the
BBB is maintained, but these methods have distinct disadvantages when com-
pared with in vitro methods, including cost and sensitivity. Also, the experimental
design is more difficult when the experiments involve inhibitors and inducers of
transporters. In an in vitro method, such as cell culture, it is relatively easy to
modify the activity of transporters. Nonetheless, a distinct disadvantage of cul-
tures of brain endothelia cellsis that they do not fully mimic the properties of the
BBB in situ. The most notable property that is not fully mimicked when using in
vitro models of the BBB is the expression of atight barrier (commonly measured
as the éectrica resistance [12]). Accordingly, a combination of both in vivo and
in vitro methods is needed.

This chapter discusses two in vitro models for studying permeability and
transport; these include cultures of the rat brain endothelial cell line (RBE4)
and isolated brain microvessels. We also describe methods for examining trans-
port permeability. In addition to RBE4 cell line, other cell culture models
are available. Primary cultures of brain endothelial cells, for example, commonly
are used. Monolayer cultures of porcine and bovine brain endothelial cells have
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been reported to display higher electrica resistance than most cell lines (13-15).
Nonetheless, a wide variation in electrical resistance has been observed in dif-
ferent preparations of primary cultures of endothelial cells from bovine and
porcine brain from the same laboratory (13,14). Also, a practica issue in prepar-
ing primary cultures is the laboratory’s proximity to the slaughterhouse. Poor
cell yield will be obtained when brains are kept on ice for longer than 1 h. We
refer the reader to manuscripts describing methods for preparing primary cul-
tures of brain endothelia cells (14,15).

2. Materials

1.

Minimal Essential Media (MEM), with Earle's salts (Gibco-BRL, Grand Island,
NY; cat. no. 11095-080). MEM was modified to contain no Ca?*, which can pro-
duce cell clumping as the result of interactions of extracellular matrix proteins.
Heat-inactivated horse serum (Gibco-BRL; cat. no. 26050-088). Repeated
freeze—thaw cycles of serum should be avoided. To thaw frozen serum, place the
bottle in arefrigerator for approx 24—48 h. If rapid thawing is needed, placein a
water bath no warmer than 40°C. Once thawed, serum can be stored at 4°C for
approx 1 wk; however, we suggest aliquoting into 50-mL tubes and storing
a —20°C. These 50-mL tubes can then be thawed as needed at room temperature
over afew hours.

Penicillin G (10,000 U/mL)-streptomycin sulfate (10,000 ng/mL; Gibco-BRL;
cat. no. 15140-122). Storing penicillin/streptomycin in 10-mL aliquots at —20°C is
suggested to avoid repeated freeze-thaw cycles and because it provides the correct
amount for 1 L of media

Fungizone® (Amphotericin B, 250 pug/mL; Gibco-BRL; cat. no. 15290-018): its
use if optional to prevent fungal or yeast contaminations.

Trypan blue 0.4%. Trypan blue is used determine cell viability. Intact cells are
able to exclude trypan blue, whereas dead or damaged cells retain the dye. Thisis
a useful method when determining plating density needed for the experiments.

. Cell Culture

RBE4 cells: Neurotech SA (Evry, France) graciously provided the RBE4 cells.
MEM, apha medium, F-10 nutrient mixture, glutamine, penicillin, streptomycin,
heat-inactivated fetal bovine serum, and geneticin (G418).

T-75 flasks, which must be collagen coated and are obtained from BD Bioscience
(Bedford, MA). Experiments are routinely conducted after microscopic and visual
confirmation of confluence and are performed in HEPES buffer of the following
composition: 25 mM HEPES/NaOH, 122 mM NaCl, 3.3 mM KClI, 0.4 mM MgSO,,
1.3 CaCl,, 1.2 mM KH,PO,, 10 mM glucose, adjusted to pH 7.4, and at 25°C unless
otherwise desired (for example, as in studies examining the effect of temperature-
dependence on transport Kinetics).



4 Aschner et al.

2.2. Efflux Transporters

1. Hank’s Balanced Salt Solutions (HBSS; with Ca, Mg, and glucose) without
phenoal red. Verapamil is kept at 1 mM in HBSS in small aiquots at —20°C. Work-
ing dilution is 20 uM in HBSS, and the final concentration is 10 uM.

2. Calcein AM ismade at 1 mM in dimethyl sulfoxide and kept in small aiquotsin
the freezer at —20°C. It is light sensitive. The final concentration is2 uM in HBSS.

3. MicroFluor 96-well black plates.

4. Phosphate-buffered saline with 1% Triton X-100 or an equivalent nonionic deter-
gent. Store the buffer at room temperature.

. Isolated Microvessels

Media 199.

Nytex nylon mesh (www.sefar.com).

Dextran.

Dounce homogenizer with a Teflon pestle (0.25-mm clearance). The homogenizer
is purchased from a supply company and shaved by a machine shop.
Motorized homogenizer.

Dissecting tools, such as scissors and forceps.

Kim wipes.

250-mL flat-bottom centrifuge tubes with lid.

Buchner funnel and fitting flask.

10. 3-mL syringe.

11. 0.25-mm glass beads.

bowNE
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3. Methods
3.1. Cell Culture

Our focus is on RBE4 cells in describing a cell culture method for studying
the BBB. These cells were derived from rat brain microvascular endothelial
cells immortalized with the plasmid pE1A-neo containing the E1A region of
adenovirus 2 and a neomycin resistance gene (16-18). The RBE4 cell line has
been used in our laboratory for a number of years with great success, and
these cells have proven to be a useful tool for probing the characteristics of the
BBB in vitro. RBE4 cells have been used extensively by others as well, rep-
resenting a wide range of transporter studies, including multidrug transporters
(19) serotonin (5-HT [20]; L-3,4-dihydroxyphenylalanine or L-DOPA [21]),
organic cation transporter/carnitine transporter OCTNZ2 (22), and glucose trans-
porter 1 (23) RBE4 cells also express the specific brain endothelial enzymes
v-glutamyltranspeptidase and alkaline phosphatase (16,24).

The RBE4 cell cultures are maintained in T-75 flasks coated with rat tail
collagen | and subcultured into transparent six-well plates with porous nitrocel-
lulose and collagen |-coated inserts (both from BD Biosciences, Bedford, MA)
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for transport studies. The flasks and/or plates are routinely monitored by inverse
microscopy before their doubling rate, approximately every 20 to 24 h, and the
media are replaced after each doubling. In redlity, the mediais replaced approx-
imately every 48 h to prevent the unnecessary disruption of the RBE4 cell
monolayers (see Note 1). RBE4 monolayers in the flasks are subcultured
every 3to 4 d just as each flask’s monolayer becomes confluent at approx 1.5 x
10° cell/cm?. During this fractional splitting, these newly confluent monolayers
are washed with 3 mL of 0.125% trypsin, detached with 1 mL 0.25% trypsin,
centrifuged at very low speed (~1000g for 1 min), and fractionated 1:3 or 1:4,
depending on the quality of the monolayer and the time frame in which they are
needed. This procedure is routinely conducted for each flask and for each type
of media (either astrocyte-conditioned media [ACM] or normal alpha medium)
at approx 10° cell/cm?.

This method is a gentler way of manipulating the eukaryotic RBE4 cells
and their collagen adherent proteins. Trituration, after the addition of trypsin,
is accomplished more easily and with less shearing. The result is a more uni-
form and disbursed initial cell layer over the hydrated nitrocellulose collagen
filters and a faster growing, uniformly confluent monolayer in the model
chambers (see Notes 24).

The media specifications are largely dependent on the experimental design
and the parameters that are to be tested. We have traditionally used two differ-
ent types of medium for RBE4 growth. These include the traditional alpha-
type media (16,18) and ACM, which is known to decrease transendothelial
permeability by physically tightening the barrier and reducing transluminal dif-
fusion (25) and thus representing a more amenable model system for probing
issues related to transport properties of the BBB (see Note 5).

ACM is made just before use. It consists of equal parts (1:1, v/v) of fresh
astrocyte growth media (MEM with Earl’s salts containing 10% heat-inactivated
horse serum, 100 U/mL penicillin, 100 pg/mL streptomycin, and 0.25 pg/mL
Fungizone) and used astrocyte growth media siphoned from stock primary astro-
cyte colonies maintained in the laboratory.

3.2. Transcellular Transport

The RBE4 cells are grown to confluent monolayers on porous, collagen
I-coated, nitrocellulose filters and transferred to six-well plates. Each well hasthe
porous filters attached to the base acrylic-walled inserts. Each insert sits securely
suspended in its respective well, creating a top well above the cell monolayer and
a bottom layer below each filter. Permeability and flux derivations are based on a
one-dimensional permeability mathematical model derived from Fick’s law:

Jr (x,t) =D (8C (x,t)/0x)
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where D is the gross coefficient of diffusion, and C is the chemical expression

of concentration of distributed mass. The minus sign insures a stable, thermo-

dynamically sound system with a downhill concentration gradient.
Unidirectional flux (J) is calculated using the following equation:

J = AQ/IAtA

where Q isthe fraction of the original radioisotope on the basolateral side of the
culture model to the origina activity applied to the apical side of the system.
This value, Q (nanomoles), is divided by time of the experiment (t; minutes),
and area (A; cn?) of the filter.

Concentration apparent permeability (concP,,,) is calculated by dividing flux
(J) by the initia concentration (C,) used on the apical side of the model BBB
system (26,27):

CONCP 0= J/Ca

Results are presented as both concP,,, relative to percent control and as
equivalent nanomoles over the time course of the assay.

The permeability or flux of *Mn?* across confluent monolayers of RBE4 cells
is quantified by liquid scintillation counting. The asymmetric timepoints chosen
for measurement were 1, 5, 10, 30, 60, and 120 min. They proved to be spaced
well enough apart for practical considerat