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ABSTRACT

Purpose: BCRP (Breast Cancer Resistant Protein) is one of the major drug efflux
transporters involved in drug disposition in the liver and at the blood brain barrier.
Therefore, characterization of compounds as potential BCRP substrates or
inhibitors is recommended by regulatory agencies for all clinical-stage drugs.
Traditionally, BCRP activity has been measured using bidirectional transport assays
in polarized cells overexpressing BCRP or in uptake assays with BCRP
overexpressing membrane vesicles. However, false negatives were observed for
some drugs tested in different systems. To elucidate the mechanism for such
inconsistency, membrane vesicles and MDCK cells transfected with BCRP along
with relevant uptake transporters were compared to evaluate BCRP-mediated
drug disposition.

Methods: Radioisotope-labeled BCRP substrates were incubated with BCRP
vesicles +/- ATP. MDCK monolayers cultured on transmembrane inserts were
transiently-transfected with plasmids encoding BCRP alone, a combination of
OATP1B1 and OATP1B3 transporters, or a combination of OATP1B1, OATP1B3, and
BCRP. Uptake rates were measured for vesicle assays, and transcellular flux and
intracellular accumulation were measured for the B->A transcellular assays.

Results: Some compounds (e.g., CCK-8) were substrates in vesicle assays, but did
not appear to be substrates in cell-based assays transfected with only BCRP (cell
transport rate <0.2 pmole/min/cm?). Others (e.g., genistein) appeared to be
substrates in cell-based assays, but not in vesicle assays due to high membrane
permeability (~*7 pmole/min/cm2). The most consistent results were obtained by
comparing transport rates of cells with OATP1B1+OATP1B3 vs.
OATP1B1+OATP1B3+BCRP, in which the true BCRP activity could be determined by
introducing sufficient intracellular accumulation (>5 pmole/cm?) to allow
measurement of BCRP-dependent transcellular flux.

Conclusion: BCRP vesicle assays work well only for poorly permeable compounds,
while cells transfected with only BCRP are most useful for highly permeable
compounds, as these compounds do not depend on uptake transporters to gain
entry to BCRP. Importantly, to avoid false negative results, BCRP-transfected cells
should be co-transfected with basolateral uptake transporters, allowing drugs with
low permeability to sufficiently accumulate in the intracellular space.
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BCRP overexpressing vesicles are not suitable for screening highly permeable compounds
BCRP-only overexpressing cells may not be suitable for screening compounds with low
permeability as they may not reach sufficient cellular concentration to allow BCRP efflux

METHODS

BCRP-overexpressed or control membrane vesicles were purchased (Genomembrane).

MDCK cells were seeded at 60K cells/well and cultured on PCF porous membrane
inserts (0.4 um pore size, Millipore) using standard culture conditions.

Cells were transiently transfected by proprietary OPTI-Expression™ using cDNAs
encoding BCRP alone, a combination of OATP1B1 and OATP1B3 transporters, or a
combination of OATP1B1, OATP1B3, and BCRP (triple model).

Radioisotope-labeled BCRP substrates were applied to the basal side of the cell
membrane for the cell based assays. For the vesicle assays, substrates were incubated
in the presence of ATP or AMP.

Uptake rates were measured for vesicle assays, and transcellular flux and intracellular
accumulation were measured for the B->A transcellular assays.

RESULT 1: VESICLE ASSAY

BCRP multiple substrates_others

10000 .
T [ +ATP 3 +ATP °

BCRP multiple substrates

Using membrane vesicle
assays, CCK-8, MTX, E3S

B AMP 1000 B -AMP

é jzz . é 100 | and E17BG were identified
. S - ' as BCRP substrates.
= ﬂ = lﬂl * Digoxin, DHEAS, genistein,
0 HI_ e ||W o I_ 0.1 - 8 1y 11 1g [ taurocholate, quinidine,
%@?‘ P CR R RS Q}i&ﬁyix\ﬁ}iwfw\%\i}i;ﬁw\%@ and BSP did not appear to
o & ¢ SSRGS S be BCRP substrates.
& & FOF S (o

(pmole/min/cm?)

Transport rate

Cellular retention

(pmole/cm?)

Estrone 3-sulfate (E3S)

10- —_ 15-
o & T —A
é N Ew- ns
E o
s 4 g. 1 s - -
E. 2 p___EE___4 S :fgﬁf-
lom e L1 L
Estradlol 17-B-glucuronide (E17BG)
o —_ S
N _— A
g 34 ‘g 10- .
S E 5l
S 0 s
[l e
Genistein
20- o -
— = e s
£ 151 01 E
';\:’ G —_ T
E 101 3 e oLl
S E B B
E ‘ \ ol i
........... e
0 0 el
Methotrexate (MTX)
0.8 3- —ns
ns ns
ns — A
E% 0.6 A -T- .E 24 - o
ié 0.4 éé :gga;ﬁ
% ----- e §_1- """"" ﬂﬂ
g_ 024 | b . = = il | B :':::':‘:':
............ e T
0.0- - 0- :
> % o e %
o Q Yo < R Q
& &K&W < S &K W
(,00 &« ,&.\'\ (PQ & '&,»\

2.0

-
o
>
w

ek

1

pmole/min/cm2

4

ns

[

| ns

——

pmole/min/cm?2

o

pmole/min/cm2

* %k

)
: e

QO

Q¥
& Q,é" PES

pmole/cm2

pmole/cm2

pmole/cm2

200+

-
(=]
T

o
<

ns

Cellular retention

(pmole/cm?)

Bromosulfophthalein (BSP)

Foe

o

15-

-
o
1

o
1

Ch.olecystokinin (CCK-8)

ns

ns

0l =

1
n-mq

10+

Déhydroepiandrosterone (DHEAS)

d* %
8
ns
64 |_| ——
- [ ?:?
: e
al W
e - e ....:..-.
> e %)
S & & S
& &
(IO D ) &'\'\

DISCUSSION

MTX not OATP1B substrate?

With OAT3 transporting MTX
into the cells, BCRP efflux

activity was detected!

BCRP Substrate Vesicle Assay BCRP- onIy Tr|pIe model
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RESULT 2: CeLL-BASED BCRP-ONLY VS. TRIPLE TRANSPORTER MODEL
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E3S, BSP, E17fG,
and DHEAS did not
appear to be BCRP
substrates using
the BCRP-only
model, but were
shown to be
substrates in the
triple model.

e (CCK-8 and MTX did
not appear to be
substrates in either
cell-based model.

* @Genistein was
shown to be a
BCRP substrate in
both cell-based
models.
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The triple transporter (OATP1B1/1B3/BCRP) model was
the most effective model for identifying BCRP substrates.
This model identified BCRP substrates giving false negative
results in vesicle assays and in BCRP-only cell-based

assays.

CCK-8 was identified as an ATP-dependent BCRP substrate
using the vesicle assay, but not with cell models, possibly
due to subcellular sequestration or metabolism.

E17BG appeared negative in the BCRP-only model due to
poor permeability, preventing uptake into the cytosolic

space.

4. Importantly, as MTX shows, the correct combination of uptake transporter(s) is crucial for assessing efflux activity
and avoiding false negatives.
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