High-Throughput Multiple Drug Resistance (MDR) Assays and Systems.
John J. Naleway?, Ying Jiang?, Paul G. Held?, Fiona K. Harlan?

643/B1027

IMarker Gene Technologies, Inc., University of Oregon Riverfront Research Park, Eugene, OR, USA. 2BioTek Instruments, Inc., Winooski, VT, USA.

140 . . .
Multiple drug resi - G - ; Rhodamine 123 Efflux Calcein-AM Retention after 24
transport proteins ABCG2 and ABCBL1 that induce efflux of anticancer drugs « = 1000 hours “Figure 9. The cells were
and subsequent tumor cell resistance. Overcoming MDR has become a major S 1m0 900 stained with Calcein-AM at
challenge for chemotherapy protocols. We have developed a high-throughput - .Flgu;e GtThedassa{:vLas th 800 0:25uM for 15 minutes. The
assay system based upon measurement of efflux of the fluorescent dye § 2 :er:lzeod‘)v:‘:sre;si;gse‘a;gn © ‘Sr:a‘“'“ug ’“eﬁ': gas "19"“0":“-
rhodamine 123 (R123) that is known to bind to the MDR transporters ABCG2 g every hour for 4 hours. At this 700 ,“Z:,: :\d‘g: ?hj'c‘eufje,e
and ABCBL1 in a manner similar to many chemotherapeutic drugs. A protocol for H time the difference in the 600 then returned to the incubator
monitoring MDR in tumor cell lines has been developed using the MES-SA : 3 ous amount of efflux between the 2 S for 24 hours. The amount of
(control) and MES-SA/DX5 (MDR) human uterine sarcoma cell lines in which o o ?ﬂlwzz?;ﬁ?iﬁﬁjwm & 500 uMES-SA CEANEET D
the cells are loaded with the fluorescent dye (R123) and the active transport of g 1 2hows pumped over 30% more 400 uMES-SAIDXS f:!:‘:’gai;gf::;igeb;!h:;'°m
the dye out of the cells (efflux) is measured. » 8 =3 hours Rhodamine 123 out compared
e cells, R123 (Mtgs42)()50 t0 200 ng/mL) was added to cell media, where “Figure 2. In non-resistant cells the *Figure 3. In resistant cells the 5" i othe MesSAcels. 300 fﬂ"s';'ni',"g: R Biotek
it accumulates in the cytosol and mitochondria. Once cells reached a steady ;‘3052"’0‘::50fﬂ";e“;‘h‘;":a'r:"n"e’elszsse‘:ha‘ ;5:2’:2;";;’xz’r‘i;‘r"ﬁj:z’;"w‘"g 2 w0 200 reader. The difference in the
state level of R123, il or c) in A (known efflux inhibif were is taken up stays in S‘de"he cell Rhodamine 123 (and by extension . ;mOIIIJTl retained b‘ewv;enhm‘e
added, the cells washed, lysed and fluorescence measured using excitation at drugs) to be pumped out of the cell 100 |e§:m::savﬁz|gz:qc1:;:nc:
505 nm and reading emission at 534nm. Cells exhibiting multi-drug resistance %0 0 .
showed rapid loss of R123, while control cells exhibited higher retention of the Mes-SA Mes-SAIDXS 0.25
dye. The rate of loss from individual cells was examined using flow cytometry Cellline [Calcein-AM]
and automated microplate systems suitable for high throughput operation. This
kinetic data was also compared with efflux rates for the calcein AM and Hoechst
33342 probes as well as with data from previous studies using various tumor Structures Measuring the Efflux of Rh 123 over increased tim

cell types available in the literature.

Cells are was
with clean media then 500ul
fresh media is added

Nedia ks replaced with

Cells are plated at
3x10* fmil

M Cells are
# stained for
1 hour a1 37°C

Rhodamine 123

e

Cells are
e

Ahodamine 123
alcein-AM

Doxorubicin

1m0

Rhodamine 123 Efflux

=0:00:00
210000
=200:00

~Figure 7. The experiment was then

repeated but allowed to run for a

longer period, with the measurement
intervals being increased to 2 hours
after 7 hours of reading. The longer

time period shows an even greater
difference between the levels of
efflux of the two cell lines.
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“Figure 10a: Cells were seeded
at differing densities overnight.
The cells were then stained with
Hoechst 33342 for 30 mins. The
graph shows strong linear
correlation between cell number
and RFU although the accuracy
falls off below 50000 cells.
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+Figure 10b: Cells were stained with varying concentrations of
Hoechst 33342 for 1 hour the media was removed, the cells
washed and fresh medai applied. The cells were returned to the
incubator and allowed to efflux for 6 hours. The fluorescence of
unbound Hoechst 33342 in the media was then read using the
BioTek Synergy Mx microplate reader with EX at 504nm and EM
at534nm. The graph shows that there is a greater increase of
Hoescht 33342 efflux in the resistant cells however the levels are
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not very high.

Discussion and Conclusions

In order to develop a high-throughput microliterplate assay for multiple drug resistance (MDR), we developed a protocol for
monitoring MDR in tumor celllines using the MES-SA (parental) and MES-SAIDXS (resistant) human uterine sarcoma cellfines
in which the cells are loaded with the fluorescent dye (R123) and the active transport of the dye out of the cells (efflux) is
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change from the initial read Loading efficiency for the two cell ines, and monitoring cell numbers aftr loading were found to be important parameters for
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difterences in seeding between wells or differences in Rhodamine 123 uptake were removed and a true comparison of the two
=Figure 1. Protocol Outline celllines was possible.

When the efflux of the two cells lines is compared the MES-SA cells show practically no increase in efflux over the course of
the measurement whereas the MES-SAIDXS cells show more than 60% increase in efflux compared to the start of the
experiment. This increase shows that these cels do indeed have an overexpression of membrane transport proteins ABCG2
and ABCB!1 that induce efflux of anticancer drugs and subsequent tumor cell fesistance and that this can be easily determined
by a high throughput assay. The use of Rhodamine as a measure of MDR holds up well when compared with Calcein-AM and
Hoechst 33342
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Determ

g the Effect of Verapamil on Rhodamine 123 efflux into Culture Media

Cell Preparation

+ Mes-SA and Mes-SA/Dx5 cells were cultured in 100mm tissue culture dishes until 80-90%
confluent.

« The cells were harvested using EDTA solution.

« The cells were counted and plated out in a 24 well plate at a density of 1.5 x 105/ well and
returned to the incubator overnight to adhere.
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Effect of Verapamil on Efflux
« Figure 5. To ensure the

resistant cell line was indeed 130

resistant the cells were treated
with the drug Doxorubicin at
varying concentrations

The assay can also be used to measure the effect of compounds as modulators of Muliple drug resistance as shown in the
data from Verapamil treated cells. This is a very useful function as the ability to reduce or even reverse the effects of drug
resistance in cells would have major ciinical impact.

«The staining media was then washed off
and replaced with either normal media or
that containing 10uM Verapamil

This assay has many advantages over assays involving drug treatment as it has a short, labor minimal setup and can be ran

+The Fluorescence was then immediately
overnight, equipment permitting, o allow rapid generation of results in a truly high throughpu forma.

read and the cells allowed to efflux with
regular fluorescence readings being taken
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+The Doxorubicin was applied to
the cells for 2 hours then
removed the cells washed and References
fresh media added.
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+ Staining media was prepared by diluting Img/mi stock solution of Rhodamine 123 in media to
afinal concentration of 8uM

« The media was aspirated from the cells anu replaced with 500uliwell of staining media, with 3
wells per cell line left unstained as bl

« The plates was then returned to the A

« After an hour the staining media was aspirated and the cells washed 3 times with media.
500ul of fresh media was added to the cells.

« The fluorescence of the media was immediately read on a Biotek Synergy MX plate reader at
em 504, ex 538 to give a reading at zero time

+ The plate was then incubated in the reader at 37°C and the fluorescence read at 1-2 hour
intervals for 8-24 hours.

« The percentage increase in efflux was calculated for each timepoint using the formula

+ [(n-time wellin-time blank)/(0-time welli0-time blank)}*10

+ The data was plotted on a bar graph and differenced belween Mes-SA and Mes-SA/Dx5
observed

«The increase in efflux for each was then
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cells although there is still a greater level of
efflux than the MES-SA cells

level of cell death where the
resistant line shows virtually no
effect from the drug.
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