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New multidrug-resistance-reversing drugs, MS-209 and SDZ PSC 833

Abstract The emergence of multidrug resistance (MD
is a major problem in cancer chemotherapy. Many co
pounds have been developed to reverse MDR, and som
them are undergoing clinical trials. Among them, MS-20

itroduction

of . . .
ngug resistance is a major obstacle to successful cancer

a novel quinoline derivative, is one of the most poterq;hemotherapy. When_tumor cells acquire resistance agair)st
MDR-reversing agents: MS-209 at @ effectively re- ON€ chemotherapeutic drug, they often show cross-resis-
verses MDR in various cell lines in vitro. MS-209 directl)}a ) ; ;
interacts with P-glycoprotein (Pgp) and inhibits IDgF;_nultldrug resistance (MDR) has been well stud|ed_, and P-
mediated drug transport. Oral administration of MS-ZC@VCOpQOte'n (thpg, an erl:flux pumlp for khydrolph.oblc anti-
combined with anticancer drugs significantly increases t T rigs’ alf eefn shown todp ay ah ey rolein MD.IR2[6’
life span of mice bearing MDR tumor cells without causing4: 9]. A number o _compounds, such as verapami [20,
serious side effects. SDZ PSC 833, a non-immunosuppr %] and the cyc_losporms [16.' 17! 23], have been_reportt_ad to
sive analogue of cyclosporin A (CsA), is another potefVErs€ MDR in vitro and in vivo when combined with
MDR-reversing drug. Interestingly, the MDR-reversin?ﬂt'tumOr drugs. Although these drugs have MDR-revers-
activity of SDZ PSC 833 is enhanced in vitro and in vivi'd effects in patients with MDR tumors [5, 9, 18], their
by MRK-16, a monoclonal antibody that recognizes de effects .I|m|t their clln'lcal appllc'atlon. Therefore, new
extracellular epitope of Pgp. Since MRK-16 promote DR-reversing _drugs without serious S'de. effects are
immune responses to MDR tumor cells expressing Pdlgeded for clinical reversal of MDR. In this paper we
the combined use of MRK-16, SDZ PSC 833, and an lescribe two potent MDR-reversing agents, MS-209 [2,
tumor drugs could be an effective therapeutic modality # and SDZ PSC 833 (Fig. 1) 1, 3, 4, 7, 8, 11, 24, 25].
reverse MDR.
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Materials and methods

Cell culture and drug treatment

Tumor cells were cultured in growth medium (RPMI 1640 medium
containing 5% fetal bovine serum and kanamycin at ug0ml) in a
Work presented at the 12th Bristol-Myers Squibb Nagoya Internatiorf@#midified atmosphere comprising 5% g@nd 95% air. For the drug
Cancer Treatment Symposium, “New therapeutic strategies for higligatment experiments,x4L0* cells were cultured at 37C for 5 hin 2

cure rates: High-dose therapy and new therapeutic modalities,” ~ ml of growth medium. Different drug concentrations were then
4-5 October 1996, Nagoya, Japan applied, and the cells were reincubated for 72 h in the presence of
the drugs and then counted using a model ZBI Coulter counter (Coulter
Electronics, Hialeah, Fla., USA), as described previously [20]. Three

Institute of Molecular and Cellular Biosciences, University of Tokyotsjr?:grlizl\l’\sler?eyvseeg I)Cgeﬁﬁgn déﬂﬁncotr;f: mrcitiggl Olnn cec;inot(rjol cultures,
Yayoi, Bunkyo-ku, Tokyo 113, Japan 9 P y g p ]

Tel. +81 3-3812-2111 (ext. 7864); Fax +81 3-3816-3592 When the effect of MDR-reversing drugs was examined, the test
- : ; ; . drug was added to the culture before the antitumor agents and the cells
e-mail: mnaito@imcbns.iam.u-tokyo.ac.jp h h
were counted as described above. The drug concentration necessary to
T. Tsuruo inhibit tumor cell growth by 50% (I6s) was determined by plotting the
Cancer Chemotherapy Center, Japanese Foundation for Cancer logarithm of the drug concentration against the growth rate (percentage
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P388/ADM cells (16 cells/mouse) were transplanted into the perito-
. neum of CD2F1 mice. Various doxorubicin (ADM) doses were injected
Fig. 1A, B Structure ofA MS-209 andB SDZ PSC 833 intraperitoneally for 5 consecutive days, starting on the day following
tumor inoculation, and MS-209 was given orally once daily. Six mice
were used in each experimental group. Antitumor activity was eval-
--0-- 0uM(K562) uated based on the median survival time of the experimental group and
—— 0uM(K562/ADM) was expressed as the treated/control (T/C) value.

—h— 1uM(K562/ADM)

—®—  3uM(K562/ADM)

—— 10uM(K562/ADM)
120

100 Results and discussion

MS-209
80 -
MS-209 is a newly synthesized quinoline derivative. Figure
2 shows the MDR-reversal activity of MS-209 on the ADM
resistance of K562/ADM cells in vitro; the resistance of
K562/ADM cells to ADM is approximately 300-fold that of
parental K562 cells. When 1, 3, or 1M MS-209 was
added to the culture the sensitivity of the K562/ADM cells
to ADM was enhanced, and complete reversal of resistance
was attained with 1M MS-209.
Fig. 2 Enhancement of ADM cytotoxicity for K562/ADM cells by MS-ZOQ was also effective in reversing resistance -to
M3-209. K562 cells ©) or K562/ADM cells (1, W, 4, @) were Various MDR-related drug_s. I?3§38/VCR cells show resis-
cultured for 4 days in the presence of the indicated concentrationstdnce to drugs such as vincristine (VCR), ADM, dauno-
ADM in the absence®, @) or presence of UM (a), 3uM (M), or rubicin, and epirubicin. Combined treatment withpBA
10 uM (0) MS-209 MS-209 reduced the Kg values of the drugs in P388/VCR
cells to values lower than those obtained in parental P388
cells not treated with MS-209, indicating that MS-209 is a
Drug accumulation and efflux potent MDR-reversing agent in vitro. MS-209 also en-
hanced the sensitivity of parental P388 cells to some
K562/ADM cells were incubated with isotope-labeled drugs for 2 h Qirugs by several orders of magnitude, and the increase in

37°C. Cells were then washed with ice-cold phosphate-buffered sali . . . -
and intracellular drug accumulation was determined as describelf, CYtOtOXICity of VCR and ADM in the various cell lines

previously [21, 22]. Drug efflux was examined essentially as describt@Sted depended on the amount of Pgp expressed. Figure 3
previously [22]. shows that the more Pgp expressed by the cells, the more
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F 204 20 Table 1 Effect of MS-209 on the antitumor activity of ADM in P388/
3 A B ADM cell-bearing mice
E 3K75 §(2:’ '3(75‘3%/ ADM, Treatment Number  Median TIC (%)
g 157 15 of mice survival (days)
Q.
- Control 12 9.0 100
2 10d 104 2 mg/kg ADM 6 11.0 122
I + 200 mg/kg MS-209 6 135 150
g + 300 mg/kg MS-209 6 175 194
=g 5 - + 450 mg/kg MS-209 6 155 172
3 Q
§ o odf Table 2 Potentiation of VCR cytotoxicity for K562/ADM cells by
E o 1 2 3 4 0 1 2 3 a MRK-162
Time (h) Time (h)
Modifier Concentration 16 of VCR (nM)
—O— Control (M)
—8— + 3uM MS-209 No MRK-16 Plus MRK-16
—2A— + 3uM Verapamil
PSC 833 0 735 (1.0) 509 (1.4)
Fig. 4A, B Effect of MS-209 on the accumulation of ADM in K562/ 1 271 (2.7) 24 (3
ADM cells. A K562 andB K562/ADM cells were incubated with 50 3 7.4 (99) 2.0 (368)
nM ADM alone (O) or in the presence of @M MS-209 (@) or 3 uM 10 1.7 (432) 1.8 (408)
verapamil (\) CsA 0 639 (1.0) 440 (1.5)
1 460 (1.4) 99 (6.5)
3 155 (4.1) 7.7 (83)
MS-209 sensitized the cells to VCR and ADM. This result 10 5.2 (123) 1.9 (336)

suggests that MS-209 interacts with Pgp. a Cells were treated with different concentrations of VCR in the

We next carried out a mechanistic analysis of MS-208esence or absence of the indicated concentrations of SDZ PSC 833
K562/ADM cells accumulated small amounts of ADMand CsA with or without MRK-16 at 10 mg/ml. The s€values of
whereas parental K562 cells accumulated a large amoyﬁl\lﬁuxﬁreersth?: d(ztferr?:maiis indicate the order of magnitude of
Ina tme-dependent manner. When KSGZ/ADM cells Wel&creases in theplﬁvalues as compared to the values ogtained in
treated with 3uM MS-209, ADM accumulation was in- the absence of modifier and MRK-16
creased to amounts comparable to that seen in parenta@ynergistic as determined by the effect multiplication method
K562 cells (Fig. 4). MS-209 also showed efficient inhibi-

tion of active ADM efflux from K562/ADM cells. Most

MDR-reversing drugs, such as verapamil and cyclosporins,\ye also investigated the effect of MS-209 on the
directly interact with Pgp [26]. MS-209 also directly inter‘myelotoxicity of ADM. ADM at 10 or 20 mg/kg reduced
acts with Pgp as indicated by its effective inhibition ofe number of marrow cells seen at 3 days after adminis-
azidopine photoaffinity labeling of Pgp [14]. _tration. MS-209 slightly reduced the cell number at day 3
_ We subsequently examined the resistance-reversing g had a negligible effect on the recovery of marrow cells.
tivity of MS-209 in vivo. Table 1 shows a representativg, 4qgition, the blood MS-209 concentration required for
result obtained using _P388/ADM—bear|ng mice. P388/ADMﬁective MDR reversal was attained for more than 12 h
cells are strongly resistant to ADM; therefore, most resiggiinout producing serious symptoms that might have lim-

_tance-revers_ing agents have not shown satisfacFory eﬁ%?é%l the dose delivered. Thus, MS-209 is an orally active
in therapeutic experiments with P388/ADM-bearing micqpR_reversing drug without serious toxicity. MS-209 is
However, oral administration of 300 mg/kg MS-209 comg,, undergoing clinical trials in Japan.

bined with 2 mg/kg ADM produced a T/C value of 194%.

This result indicates that MS-209 is an orally active and

very potent MDR-reversing drug.

We also assessed the therapeutic effect of MS-209 irsBZ PSC 833

solid tumor model. Colon 26 cells were inoculated sub-

cutaneously into mice on day 0 and intravenous ADM ar@DZ PSC 833 is another potent MDR-reversing drug and is

oral MS-209 were given on days 1, 5, and 9. When mie analogue of CsA that has no immunosuppressive activ-

were not treated, the tumors developed in a time-dependigpt Both SDZ PSC 833 and CsA reverse MDR efficiently.

manner. Treatment with 8 mg/kg ADM significantly re-As shown in Table 2, in K562/ADM cells, 99- and 432-fold

duced tumor development, but when this ADM dose waensitizations were attained using 3 and ™ SDZ PSC

given in combination with MS-209 tumor volume was33, respectively, and 123-fold sensitization was obtained

significantly reduced. Moreover, two or three of six mic&ising 10 uM CsA. Therefore, SDZ PSC 833 is more

were cured by this treatment. When ADM was combinesffective than CsA at a lower concentration.

with verapamil, suppression of tumor volume and some Interestingly, the resistance-reversing activity of CsA

cures were observed, but 1 or 3 of 6 mice died due to thad SDZ PSC 833 was enhanced when MRK-16, a mono-

cardiotoxic effect of verapamil. clonal antibody that recognizes the external epitope of Pgp,
was also used, whereas MRK-16 alone showed only a
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Fig. 5A, B Effect of MRK-16 on the intracellular accumulation of 6.
SDZ PSC 833 and CsA. Cells were incubated witti3H]-CsA or B
[14C]-SDz PSC 833 in the presence of the indicated concentrations @f.
MRK-16

minimal effect. MRK-16 enhances cellular accumulation of
antitumor drugs given in combination with suboptimal8.
doses of SDZ PSC 833 and CsA [10, 11].

CsA is a good substrate for Pgp-mediated transport [13,
15]; therefore, CsA accumulation in resistant cells was very
low compared to that observed in parental cells (Fig. 59.
although MRK-16 increased CsA accumulation in resistant
cells. This may account for the potentiation of the resis-
tance-reversing activity of CsA by MRK-16. However, thgg
accumulation of SDZ PSC 833 in resistant cells was
comparable to that seen in parental cells, and MRK-16
did not affect this (Fig. 5). These results suggest that MRK-
16 potentiates the MDR-reversing activity of SDZ PSC 833
by a different mechanism. We hypothesize that molecular
interactions between Pgp and SDZ PSC 833 may be
modulated by MRK-16. Such ternary molecular interacl-2
tions are now under investigation. '

The potentiation of the MDR-reversing effect of SDZ 3,
PSC 833 and CsA by MRK-16 was also observed in vivo in
mice bearing drug-resistant HCT-15 human colon cancer
cells. Since MRK-16 promotes an immune response 63
MDR tumor cells, immunological therapeutic effects
could be involved in combination therapy. Therefore, the
ternary combination of antitumor drugs, SDZ PSC 833, anid-
MRK-16 may provide a more effective modality to over-
come MDR in vivo.
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