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Abstract. Drugs acting in the central nervous system (CNS) have to cross the blood-brain barrier
(BBS) anoVor blood-cerebrospinal fluid barrier (BCSFB). These two barriers are formed by brain
capillary endothelial cells and choroid plexus epithelial cells. P-glycoprotein (P-gp) was initially
identified as an efflux transporter at the BBS. It extrudes its substrate drugs into the blood, and
acts as one of barrier functions against invasion of xenobiotics into the central nervous system.
Thus, recognition by P-gp as a substrate is a major disadvantage for drugs used to treat CNS
disease. In addition to P-gp, accumulating evidence has revealed the presence of efflux transport
systems for anionic drugs. The transporters involved in the efflux transport of organic anions from
the CNS are being identified in the BBB and BCSFB, and include the members of organic anion
transporting polypeptides (Oatpla4 and OatplaS) and organic anion transporter (Oat3) which are
involved in the efflux of amphipathic and hydrophilic organic anions, respectively. The
transporters located on the membranes facing the blood still remain to be identified although
several candidate primary active transporters, such as MRP and BCRP, have already been
proposed. Further clarification of influx and efflux transporters in the barriers will enable us to
deliver drugs efficiently into the brain and to understand the mechanisms of drug-drag interactions
and interindividual differences in the therapeutic CNS effects and/or adverse effects caused by
drugs. The present manuscript summarizes the recent advance in the characterization of efflux
transport systems at the BBB and BCSFB from our laboratory and others. © 2005 Elsevier B.V.
All rights reserved.
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1. Introduction

Brain capillary endothelial cells (BCEC) are characterized by the paucity of fenestra
and pinocytotic vesicles and the highly developed tight junctions between adjacent
endothelial cells [1]. These anatomical properties allow the BCEC to act as a static wall
between the brain and circulating blood, and thus, the brain capillaries are referred to as
the blood-brain barrier (BBB). The blood-cerebrospinal fluid barrier (BCSFB) is another
barrier between the cerebrospinal fluid (CSF) and blood formed by a tight monolayer of
choroid plexus epithelial cells [2]. In addition, it is well accepted that active efflux
mechanisms at the BBB restrict the brain penetration of xenobiotics. Drugs have to
overcome such efflux mechanisms to achieve clinically significant concentrations in the
central nervous system.

P-glycoprotein (P-gp) is a well-known transporter acting as a gate-keeper protein for
xenobiotics at the BBB [3,4]. P-gp is a primary active transporter, and extrudes a variety of
hydrophobic neutral and cationic compounds, and certain kinds of organic anions to the
blood side. Apart from lipophilic compounds, transporters are involved both in uptake and
efflux to enable efficient vectorial transport across the endo- and epithelial cells. The
members of the SLCO/SLC21 and SLC22 family play an important role in the elimination
of xenobiotics from the liver and kidney, respectively. Cumulative studies have
demonstrated that these members also play important roles in the efflux transport of

(A) blood-brain barrier
Brain side

PAH-and benzyl penicillin*
inhibitable

taucocholate-lnhibitabli
hydrophilic organic ^

'digoxin-inhibitableanions

S?±mimoU.™W arnohioathlcoroanlcanlon,

'E^^A
Es3S-sn,E2i7pG,

(B) blood-CSF barrier

CSF-side

amphipathic
organic anio

E217pG
estrone sulfate
taurocholate

.r/V\ V V V
ic'o.-|?> Glutarate T

HC03-(?)

Blood side
hydrophobic
neutral and
cationic compound

Blood-Side

Fig. 1. Schematic diagram of the efflux transport mechanisms at the BBB and BCSFB. (A) The efflux mechanism
for hydrophilic organic anions is accounted for by Oat3, and that for amphipathic organic anions is accounted for
partly by Oatpla4 (taurocholate- and digoxin-inhibitable pathway) and partly by an, as yet, unknown transporter.
It has been suggested that the unknown transporter is involved in the efflux of ESS, E217pG and BQ-123. On the
luminal membrane, Oatpla4 andOatplcl are involved in the uptake of amphipathic organic anions andpeptides,
and T4. ABC transporters, such as MRP1, MRP4 and BCRP, have been identified as candidate. (B) The uptake of
hydrophilic organic anions is accounted for by Oat3, and that of amphipathic organic anions is accounted for by
OatplaS. A peptide transporter (PEPT2) has been identified as an uptake mechanism for di- or tripeptide and
peptide mimetic drugs. On the basolateral membrane, Oatpla4 and Oatplcl are involved in the uptake of
amphipathic organic anions and peptides, and T4. ABC transporters, such as MKP1 and MRP4, have been
identified as being involved in the efflux of organic anions.
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organic compounds, especially organic anions, across the BBB and BCSFB. In addition,
several ABC transporters, such as MRPs and BCRP, have been identified, and they may
play a role in preventing the brain uptake of anionic drugs on the plasma membrane facing
the circulating blood. The present manuscript summarizes the recent progress involving
the efflux transport mechanisms at the BBB and BCSFB illustrated in Fig. 1.

2. Kinetic analysis of the efflux transport of organic anions across the blood-brain
barrier

The Brain Efflux Index method has been applied to functional characterization of
the efflux transport of organic anions across the BBB; in this method a test and a
reference compound (generally, carboxyl-inulin) are simultaneously injected into the
cerebral cortex followed by measurement of amount of drug remaining in the cerebral
cortex after a designed time corrected by a recovery of reference compound [5,6]. The
efflux rate of the following compounds has been determined; /?-ammohippurate (PAH)
[7,8], bile acid (taurocholate) [9], steroid conjugates (estrone sulfate, dehydroepian-
drosterone sulfate, estradiol 17p glucuronide (E217fiG) [10—12]), a (5-lactam antibiotic
(benzylpenicillm) [8], and HMG-CoA reductase inhibitors (pravastatin and pitavastatin)
[13]. Multispecific organic anion transporters such as Oatpla4 and Oat3 have been
identified on the abluminal membrane of the brain capillaries [8,14], and both of these
have been candidate transporters which account for the efflux of organic anions across
the BBB.

Inhibition studies have revealed an involvement of multiple transporters in the efflux
transport of E217|3G across the BBB [10]. Simultaneous injection of digoxin, a high
affinity substrate of Oatpla4, caused a 40% inhibition of the elimination of E217pG
from the brain whereas probenecid and taurocholate inhibited almost completely [10].
The effect of PAH, a typical substrate/inhibitor of Oat/OAT (see below), was much less,
but significant (-20% inhibition) [10]. Therefore, the efflux of E217pG across the BBB
is accounted for partly by digoxin-and PAH-sensitive efflux mechanisms, which are,
presumably, accounted for by Oatpla4 and Oat3, respectively, but another taurocholate-
sensitive transporter makes a relatively similar contribution to Oatpla4 (approximately
40%). Unknown taurocholate-sensitive transporter has been also suggested to be
involved in an efflux of estrone-3-sulfate and a cyclic peptide, BQ-123, across the BBB
[9,12]. A typical hydrophilic organic anions, PAH, was found to undergo saturable
elimination from the brain [7,8]. A mutual inhibition study was performed with PAH
and another Oat3 substrate, benzylpenicillin which is eliminated from the brain by a
saturable mechanism as well [8]. The Km value of PAH was comparable with its KI
value for the efflux transport of benzylpenicillin, and vice versa. In addition, cimetidine
and pravastatin, inhibitors of Oat3, significantly inhibited the efflux of the both
compounds [8]. These data suggest that the efflux of PAH and benzylpenicillin is
mediated by the same transporter, presumably by Oat3. In addition, it has been reported
that Oat3 accounts for the efflux of homovanillic acid and indoxyl sulfate across the
BBB [15,16].

Kikuchi et al. investigated the efflux of HMG-CoA reductase inhibitors, pravastatin and
pitavastatin, and found that the contribution of individual transporters is different [13]. The
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Fig. 2. Concentration-dependence of the inhibitory effect of PAH, TCA, and digoxin on the efflux of
[3H]pravastatin or [3H]pitavastatin from the cerebrum. PAH (A and D), TCA (B and E), and digoxin (C and F)
were simultaneously microinjected into Par2 of the rat cerebrum at the concentration indicated, and the
elimination rate constants (kel) of [3H]pravastatin (A to C) or [3H]pitavastatin (D to F) were determined. Each
value of the expected concentration was estimated by considering the 46.2-fold dilution in the cerebrum after
microinjection [5]. Results are given as a ratio with respect to the elimination rate constant determined in the
absence of inhibitors. Each point represents the mean+S.E. (n=3). Taken from Ref. [13].

efflux clearance of pitavastatin across the BBB was greater than that of pravastatin (364
versus 59 |j,l/min/g brain, respectively). The efflux of both statins across the BBB was
inhibited partly by PAH (50%) (Fig. 2). Taurocholate and digoxin showed partial effect
(approximately 50%) on the efflux of pravastatin, whereas they completely inhibited the
efflux of pitavastatin (Fig. 2). In vitro transport studies demonstrated that the transport
activity of pitavastatin by Oatpla4 was greater than that of pravastatin, while they were
similar in Oat3. Taken together, it has been speculated that Oatpla4 plays a major role hi
the efflux of pitavastatin, but both Oatpla4 and Oat3 make equal contributions to the
efflux of pravastatin. Although the efflux transporters at the BBB have not yet been fully
elucidated, inhibition studies give us some insight into the contribution of the transporters
involved.

3. ABC transporters expressed in the BBB

As observed in other tissues, a coordination of uptake and efflux transporters has
been hypothesized for the efficient removal of organic compounds from the brain to the
blood-side. ABC transporters such as MRP1, MRP4 and BCRP have been identified as
candidate [17-19]. The efflux rate of E217(3G from the brain was significantly reduced
in Mrpl knockout mice (50% of the control value) [17]. Recently, two other ABC
transporters, MRP4 and BCRP, have been shown to be localized on the luminal
membrane of the brain capillaries [18,19]. BCRP accepts anticancer drugs and organic
anions, especially sulfate conjugates as substrates [20,21]. We found that the uptake of
dehydroepiandrosterone sulfate and mitoxantrone was increased when mice were treated
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Fig. 3. Effect of GF120918 on the brain uptake of DHEAS in mice. The brain uptake is expressed as the brain
distribution volume, Ft,rain and uptake clearances were calculated from the slope of the plot of the Fbrain vs. time
profile. 9 Control, 0^=18.0 ul/min/g brain, O +GF120918, 10 mg/kg, CL,,p=38.6 ul/min/g brain, V
+GF120918, 20 mg/kg, CLup=54.0 ul/min/g brain. (n=3~10 per point, * statistically different from the control,
p<0.05). GF120918 did not affect the vascular volume determined by [14C]sucrose. Taken from Ref. [18].

with GF120918, a dual inhibitor of P-gp and BCRP (Fig. 3) [18]. However, knockout of
BCRP did not affect their brain uptake, and a similar effect by GF120918 was also
observed in BCRP knockout mice. Although they are substrates of BCRP, it is likely
that BCRP plays a limited role. The elimination rate of topotecan from the brain was
significantly delayed in Mrp4 knockout mice. It may account for the GF120918-
sensitive efflux of dehydroepiandrosterone sulfate and mitoxantrone at the BBB. Further
studies are necessary to identify the ABC transporter playing an essential role as gate-
keeper at the BBB together with P-gp.

4. Uptake at the luminal membrane of the brain capillaries

In addition to the abluminal membrane, SLCO/SLC21 members (Oatpla4 and
Oatplcl) have been identified on the luminal membrane of the brain capillaries, and
they may be involved in the uptake from the circulating blood. Dagenais et al.
demonstrated that the brain uptake of [D-penicillamine(2,5)]-enkephalin, a Oatpla4
substrate, was greater in Mdrla-Pgp knockout mice, and this was saturable and inhibited
by Oatpla4 substrates, E217pG and digoxin [22]. Another isoform, Oatplcl (previously,
referred to as BSAT1 or Oatpl4), has been characterized as thyroid hormone, especially,
thyroxine, transporter [23]. In situ study in mice has demonstrated thyroxin uptake by the
brain was saturable, and inhibited by taurocholate completely, but estrone sulfate, an
inhibitor of Oatplcl, had a partial effect, suggesting a partial contribution of Oatplcl [24].
No effect by digoxin and neutral amino acids excludes an involvement of Oatpla4 and
neutral amino acid transporter, and the transporter involved in thyroxine uptake together
with Oatplcl remains unknown [24].

5. Efflux transport of organic anions across the blood-CSF barrier

There are three elimination pathways from the CSF, convective flow associated with
CSF turnover, diffusion to the brain parenchymal cells followed by efflux across the BBB,
and active efflux across the choroid plexus. A series of studies have revealed that the
uptake mechanisms through the brush border surface of the choroid plexus are
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characterized by hepatic and renal type organic anion transport systems; one is for
amphipathic organic anions such as E217(5G, and the other is for hydrophilic organic
anions such as benzylpenicillin and PAH (Fig. 1) [25]. The uptake of E217|5G by freshly
isolated rat choroid plexus was saturable, and inhibited by amphipathic organic anions, but
not by PAH [26,27]. The absence of an inhibitory effect of PAH suggests that the uptake of
amphipathic organic anions is accounted for by transporter(s) distinct from those for
hydrophilic organic anions. Oatp3 has been proposed as candidate transporter [27]. The
contribution of Oat3 to the uptake of amphipathic organic anions is limited although they
are substrates of Oat3.

The active efflux of benzylpenicillin across the choroid plexus has been proposed as the
reason for its poor therapeutic efficacy in the treatment of bacterial meningitis [28,29].
Mutual inhibition studies showed that the Km value of PAH was comparable with its Ki
value for the uptake of benzylpenicillin, and vice versa, and, furthermore, the inhibition
constants of Oat3 inhibitors were similar for the uptake of PAH and benzylpenicillin [30].
These results suggest that the uptake of PAH and benzylpenicillin occurs via the same
transporter, presumably Oat3. Functional expression of Oat3 in the choroid plexus was
also supported by examining the uptake of fluorescein by freshly isolated mouse choroid
plexus from Oat3 knockout mice: this was markedly decreased compared with that from
wild-type mice [31]. In addition, the uptake of 2,4-dichlorophenoxyacetate by freshly
isolated rat choroid plexus was competitively inhibited by benzylpenicillin, suggesting an
involvement of Oat3 [32].

The transporters involved in the elimination of Ha-receptor antagonists are tissue-
dependent. Suzuki et al. previously reported that cimetidine uptake by freshly isolated rat
choroid plexus is inhibited by organic anions [33], whereas its renal uptake is accounted
for by organic cation transporters [34]. As shown in Fig. 4, the uptake of cimetidine by the
choroid plexus was much greater than that of tetraethylammonium, a typical substrate of

4 6 8 10 12

Time (min)
1 10 100 1000

K| or Km for the uptake of
benzylpenicillin by isolated

choroid plexus

Fig. 4. Time-profiles of the uptake of cimetidine and tetraethylammonium by freshly isolated rat choroid plexus
(A) and comparison of kinetic parameters (B). (A) The rat choroid plexus was isolated from the lateral ventricles.
The uptake of [3H]cimetidine (9) and [14C]tetraemylammonium (4) by freshly isolated rat choroid plexus was
determined by the centrifugal filtration method. The tissue-to-medium concentration ratio of [3H]cimetidine and
[I4C] tetraethylammonium was calculated with [14C]urea and [3H]water as cell water space markers, respectively,
and corrected for the adherent water space. (B) The Km and Kl values were determined for the uptake of
benzylpenicillin and cimetidine by freshly isolated rat choroid plexus. The solid line represents 1:1 correlation.
Taken from Ref. [35].



H. Kusuhara, Y. Sugiyama /International Congress Series 1277 (2005) 111-122 111

organic cation transporter. Oat3 accepts H2 receptor antagonists, such as cimetidine,
ranitidine and famotidine [35,36]. The Km values of cimetidine and ranitidine for Oat3
were comparable with those for the uptake by the freshly isolated rat choroid plexus, and,
furthermore, the inhibition constants were comparable for the uptake of benzylpenicillin
and cimetidine by the freshly isolated rat choroid plexus (Fig. 4). It is very likely that Oat3
accounts for the uptake of H2 receptor antagonists as well as hydrophilic organic anions.
Probenecid-treatment gave a significant increase in the CSF concentrations of H2 receptor
antagonists after intravenous administration without affecting the their plasma concen-
trations. Since the CSF concentration of probenecid was sufficient to inhibit Oat3, it is
likely that this interaction is accounted for by an inhibition of uptake process. Probenecid-
treatment caused a significant increase in the plasma concentration of famotidine in human
[37], and ranitidine in dogs [38]. These are ascribed to an inhibition of tubular secretion of
H2 receptor antagonists by probenecid. Therefore, probenecid-treatment will cause an
increase in CSF concentration of H2y receptor antagonists, such as famotidine and
ranitidine, by inhibiting the tubular secretion as well as the efflux at the choroid plexus.
This interaction may increase incidence of adverse effect, or will improve therapeutic
efficacy of drugs as previously reported for the treatment of (J-lactam to bacterial
meningitis [39,40].

Although we have obtained an insight into the uptake mechanisms at the brush border
surface of choroid plexus epithelial cells, the information regarding the efflux mechanism
at the basal side remains unknown. Mrpl and Mrp4 have been identified on the basal
membrane [19]. Knockout of Mrpl did not affect the CSF concentration-time curve of, at
least, E217£G and DNP-SG, after their intracerebroventricular administration [41],
although it increased the CSF concentration of etoposide [42]. Mrp4 is another candidate
transporter mediating the basolateral efflux of organic anions. In addition, Breen et al.
demonstrated the presence of membrane-potential efflux system of fluorescein at the
basolateral membrane [43]. Further studies are necessary to identify the efflux mechanism
at the basolateral membrane.

6. Concluding remarks

The present manuscript summarizes the recent progress in our understanding of the
efflux transport systems operating at the BBB and BCSFB. Accumulating evidence has
demonstrated the role of Oatp and Oat families in the efflux transport across the BBB and
BCSFB. They are primarily responsible for the uptake of organic anions at the abluminal
membrane. The transporters responsible for efflux at the luminal membrane of the brain
capillaries, and basolateral membrane of the choroid plexus epithelial cells are likely to be
identified in the near future. Recently, vectorial transport has been reconstituted in a
polarized cell line by introducing cDNAs encoding uptake and efflux transporters. In
MDCK II cells expressing OATP IB 1 and MRP2 on the basal and apical membrane,
respectively, efficient transfer of their common substrate was observed in the basal-to-
apical direction. This kind of expression system expressing brain-type organic anion
transporters will soon be available as an in vitro model of the BBB and BCSFB. It can then
be applied to the high throughput screening of drugs with a sufficient degree of brain
uptake, making possible an examination of potential drug-drug interactions.
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Discussion

Galla
What puzzles me all the time is a very basic question. We have a broad variety of

transporters, a broad variety of substrates and a broad variety of inhibitors. So in evolution,
what was the original task of nature when it invented all of those transporters? Nature
couldn't know what kind of substrates and inhibitors would be synthesized by chemists?
So what do you think was the original task of those transporters?
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Sugiyama
That is a very basic and important question. Of course, I don't know the correct

answer, but I always answer this way. That is very similar to cytochrome P450.
Cytochrome P450 consists of many families, then quite a lot of isoforms, more maybe
than the number of transporters. As you know, of course some cytochrome P450 is
responsible for the metabolism of steroid hormones and other endogenous compounds,
but nowadays, after the evolution, I think that cytochrome P450 is most important for
the detoxification of xenobiotics. I think the same is true for the transporters, for
example if you look at the some OATP families, OATP2 (OATP-C) is responsible for
transporting bilirubin glucoronide and some bile acids, that is endogenous compounds.
So we can say that this transporter may have originated from the bilirubin or bile acid
transporter. Now it is most important for xenobiotics detoxification. The same is true for
some other MRP, MDR or whatever. That is my answer. But it's a very philosophical
question, so nobody knows the exact answer.

£•777?
You have shown that there are many different efflux transporters and some of them

can be at least up or down regulated in these states. Is the expression of all these
transporters the same in newly born animals as in old animals, as in old age? Does the
expression change? Could there be modulation by, let's say, external agents in the
blood?

Sugiyama
As far as I know, there are not so many transporters of which their changing

development has been clarified, but there are some transporters like OAT or OCT or
some other transporters in which if you look at the expression level in newborns, infants
or in the fetus and then compare that expression level as a function of age. There is a
difference. This may depend upon the transporters, but these types of systemic studies
should be done in the future. In my group we have studied the gender differences of
some transporters. We found very big gender differences in rats, in rodents, but if we try
to find out the gender differences in humans actually the difference is very small. The
same is true for cytochrome P450; people already know there is a great gender
difference in rodents, but it's not in humans. So, therefore, that's a very difficult area to
study.

Baeyens
You have shown beautiful data about up and down regulation of OATP 14 in hypo

and hyper-thyroidism. Does this mean that an excess of substrate is able to down-
regulate the transporter? Is this a general rule? Statins, for instance, are used chronically
to treat hyper-cholesteronemia and other down regulations of OATP3 in animals
chronically treated with statins?

Sugiyama
The answer is yes and no because we already have quite a lot studies in the P450 field.

Of course, some of the substrates are good up-regulators of the cytochrome P450, but
agents that are not substrates can also act as up-regulators. Some of the statins are up-
regulators of some of the transporters, but not necessarily all. So, therefore, it's very
difficult. On the other hand, people have already found out that bilirrubin and bile acids are
very good regulators of many transporters through FXR, a nuclear receptor.



H. Kiisuhara, Y. Sugiyama /International Congress Series 1277 (2005) 111-122 121

Baeyens
Steroid levels change a lot during pregnancy. Are they also up and down regulatory

mechanisms at transporters during pregnancy?
Sugiyama
Yes, there are some differences in pregnancy conditions, may be due to the effect of sex

hormones. These effects of sex hormones are particular to rodents. So, the findings in
rodents are not necessarily reproducible in humans.

Du Souich
Many patients will take together thyroxine and statins. Before they start with the

thyroxine, they should, as you have shown, up-regulate some of these transporters, but
what happens with the other transporters? Once one of the transporters is up-regulated, are
the other transporters also modulated?

Sugiyama
Of course, a very good example is provided by knock-outs of one transporter. In my

group we have examined the up-and-down regulation of other transporters using DNA
gene chips, using knock-out animals and we have found some changes of the expression
of other transporters. But this change is not so common. Many people say that if you
down-regulate or if you knock-out this transporter, there should be many compensation
mechanisms by up-regulating some other transporters. That is, of course, conceptually
true and actually it is true for some examples. But don't believe that it is always true.
According to my experience, such kind of compensation does not take place so much.
We have to be very careful when considering these possibilities. In the case of our
OATP14 knock-out mice, we considered that kind of possibility, and we examined the
expression level of other OATP transporters of the family. And then, one of the OATP
transporters is very much up-regulated. So, this could happen but that's not necessarily
always the case.

Du Souich
That's very relevant clinically, because we have many patients who become resistant

to statins, and we do not know why. Obviously, we will accuse the patients of not
following their diet. But something else is probably occurring and I think that's a very
important point.

Sugiyama
Regarding the resistance to statins, we recently published two papers in which we

demonstrated the contribution of one genetic polymorphism of OATP2 (OATP-C) in the
pharmaco-kinetics resistance to statin treatment. Of course, there are some other factors,
but, transporters in the liver cells is one of the important factors.

Du Souich
Flavonoids are able to inhibit transporters at least in vitro. Actually, in vivo we believe

that it is essentially the gut which will be affected. In your experience, do you believe liver
and brain transporters can also be affected by flavonoids?

Sugiyama
I don't remember exactly, but there are some papers showing that the MDR1 is

modulated by some flavonoids. Flavonoids are included hi many kinds of herbal
medicines and one of the compounds included in some herbal medicine has been known
for quite a long time to exert a choleretic effect. We found that this compound changes the
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equilibrium of MRP2 between the intracellular compartment and the external membrane.
Usually the MRP2 is in equilibrium between the external membrane and the intracellular
compartment, but by treatment by herbal medicine, the intracellular pool moves to the
external pool, that is the reason why MRP2 function is enhanced very much by herbal
medicine. It's not the up-regulation of the transporter; it is a change of the intracellular
pool. That's a very interesting thing.

Gabathuler
I'm just curious to know about the intracellular localization of these receptors. Are

some of these receptors mainly expressed hi intracellular compartments like nuclei or
endoplasmic reticulum, and what is the quantification? If you have all these families of
receptors you can assume that some maybe have more functions for intracellular
compartments and so on?

Sugiyama
There are several possibilities, mainly two. I believe that the intracellular pool maybe

exists for some kind of rescue, a relatively rapid rescue purpose. If for some reasons the
plasma membrane transporter disappears, then the intracellular pool may be used to supply
the transporter to the plasma membrane. That's one of the possibilities. And the second
possibility is that the transporters in the endoplasmic reticulum, or the mitochondria or
whatever, may function just in the intracellular organelles. Some of the ligands should be
transported from the site of the compartment into the ER or vice versa. However, people
don't know this kind of organelle transporters so well.

Gabathuler
Are there differences between these transporters that are mostly expressed intra-

cellularly and the others?
Sugiyama
I think that in terms of the amino acid sequence there are no differences. I remember

that some of the studies show that the glycosylation or phosphorylation of the transporter
may change depending upon the localization.

Fricker
I would like to know if the MRP4 is located in the blood-brain barrier and if it is, on

which side?
Sugiyama
Yes, MAP4 is located in the blood-brain barrier on the blood (luminal) side.




