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Development of a novel antitumor drug
‘amrubicin’, a completely synthetic anthracycline
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Amrubicin is a completely synthetic anthracycline derivative. In contrast, however, the anthracyclines

used clinically thus far have been produced by fermentation or semisynthesis. Amrubicin is structurally dis-

tinguishable from other anthracyclines by the amino group at the 9-position and its unique sugar moiety. In

April 2002, Amrubicin was approved in Japan for the treatment of non-small cell lung cancer and small cell

lung cancer.
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Chemical structures of amrubicin (left), amrubicinol (center) and doxorubicn (right)

PGEEEM Chemical structures

115 Growth Inhibition of Human Tumor Cells Following 3-Day Continuous Exposure to AMR, Its Metabolites,

and DXR?
Drug ICs0 (UM)D)
CCRF-CEM U-937 PC-8 A-549

Amrubicin (AMR) 0.58 +0.03 0.48 £0.06 0.26 £0.16 0.062 £ 0.008
Amrubicinol (AMR-OH) 0.017 + 0.008 0.0071£ 0.0011 0.021 £0.015 0.0079 £ 0.0022
7-Deoxyamrubicin aglycone 1.1 +01 +0 1.3 +04 080 +0.21
Amrubicinol aglycone 0.79 +0.04 +0.08 0.76 +0.27 0.45 +0.25
7-Deoxyamrubicinol aglycone 0.73 +0.02 +0.00 092 +0.25 0.77 +0.16
9-Deaminoamrubicin 1.2 +£03 +0.2 92 +54 0.70 £0.08
Doxorubicin (DXR) 0.034 + 0.001 0.010 £ 0.001 0.010 £ 0.004 0.0057 £ 0.0000

a) Cells were grown in medium containing various concentrations of the drugs for 3 days.
b) The data are the mean ICso vallue (uM) + standard deviation of two experiments. CCRF-CEM and U-937 are hematopoietec cell lines; A549

and PC-8 are lung cancer cell lines.
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osteosarcoma

Growth-inhibitory activities of AMR (e ), AMR-OH (o ) and DXR
(A) on human tumor cells with a 1-h (lower) or 3-day (upper)
drug exposure. In the 1-h drug exposure test, cells were
incubated for 1 h with drugs, and grown in drug-free medium for
3 days. In the 3-day continuous drug exposure test, cells were
grown in the medium containing drugs for 3 days. Results are
expressed as mean ICso value of two or three experiments.

BEEEE  Growth-inhibitory activities
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CCRF-CEM (e ,0),U-937 (a,0), QG-56 (O, O) or G401 cells
(m , 0 ) were incubated in medium containing various concentra-
tions of AMR (open symbols) or AMR-OH (closed symbols) in tri-
plicate for 1 h, and the intracellular concentrations were meas-
ured by HPLC. Each point represents the mean value + standard
deviation of triplicate wells.

BEEEN Cellular incorporation of AMR and AMR-
OH
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Time-course of the number of bone marrow cells after single i.v.
injection of AMR and DXR. Male BALB/c mice were treated
with AMR (25mg/kg, e , or 12.5mg/kg, o) or DXR (12.5mg/kg,
o, 6.256mg/kg, O). The femurs were removed rapidly at definite
intervals, and then bone marrow cells were flushed with 0.85% Na-
Cl. The number of them was counted with a Coulter counter. Re-
sults are expressed as mean * SD of three or four mice.

PG Myelosuppression of AMR
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Dose-response relationship for CDF1 mouse hind paw inflamma-
tion induced by s.c. injection of AMR and DXR. CDF1 mice were
injected s.c. with the indicated doses of AMR (e ) or DXR(@O).
Each point represents the mean + SD of 9 or 10 mice.

BEEME Dose-response relationship for inflamma-
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The growth of human tumor xenograft 4-1ST and body weight
change in tumor-bearing nude mice after i.v. injection of AMR
and DXR. Groups of 6 nude mice implanted with tumor were un-
treated (o ), given DXR i.v. at a dose of 12.5mg/kg with a single
administration(a ), given AMR i.v. at a dose of 25 mg/kg with a
single administration (e ), or 3 administrations every 10 days

).
BEEEE  1n vivo anti-tumor activity of AMR
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Tissue levels are expressed as the mean concentration of AMR-
OH (m ) after administration of AMR (25mg/kg) and DXR (O ) af-
ter administration of DXR (12.5mg/kg) from two or three mice.
Bars represent SD. At 2, 5 or 24 h after injection of drugs, AMR-
OH and DXR were extracted from tissues and analyzed by HPLC.

Tissue levels of AMR-OH and DXR in tu-
mor-bearing mice.
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AMR and AMR-OH were i.v. administered at 25 or 12.5 mg/kg,
respectively, to mice bearing 4-1ST human tumor xenografts. Af-
ter 2, 5 or 24 h, the plasma, kidney, heart and tumor tissue were
excised and the levels of AMR-OH were determined. The closed
and open columns indicate AMR-OH level after AMR and AMR-
OH administration, respectively. Each point represents the mean
and standard deviation of data for 3 mice per group.

BEEEEN  Tissue levels of AMR-OH after administra-
tion of AMR-OH

oooo 2005-1

000000000000 0D000®0o0000000

coooooooobOOooboooOoobOOoobooon
O000000000o0oOO0(@able2)DO0O00O00O0O
AMROOOOOOOOOOOOOOOOOOOOO
O00000o0oooooooooAMRO AMR-OH
cooOooocobOoooobOOoOoooboOoooon
cooooooboobooobooooboooooo

LI In vitro Metabolizing Activity of AMR to

AMR-OH by Tumor Tissues
Origin Enzymatic activity?

Human tumor

MX-1 Mammary 77+ 0.1
LX-1 Lung 3.1+ 0.0
QG-56 51+ 0.8
SC-6 Stomach 49 + 18
St-15 1.0+ 06
4-1ST 13 £ 1

a) conversion rate (%) from AMR to AMR-OH /h/mg of protein.

Tissue homogenates were incubated with AMR and NADPH. The
concentration of metabolized AMR-OH was determined by
HPLC. The converting rate (%) from AMR to AMR-OH was

calculated.
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In vivo antitumor activity of amrubicin (minimal T/C %)

The AUC values of AMR-OH and AMR were calculated by sum-
ming trapezoids.

The in vivo antitumor activity is expressed as the value of mini-
mal T/C%, from the data of ref.3. R is the correlation coefficient.

BEEEEN Correlation between the in vivo activities
and tumor levels of AMR-OH
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Intracellular localization of AMR (A), AMR-OH (B) and DXR (C)
in P388 cells. Cells were treated with 10 pg/ml of the drugs for
10 min, and were observed by fluorescence microscopy.

IEEELN Intracellular localization

11558 Distribution of AMR, AMR-OH and DXR in

P388 cells.?
concentration nuclei/
drug (umol/105cells)™ whole cell
whole cell nuclei
AMR 0.32+0.02 0.05+0.00 0.16
AMR-OH 2.31+£0.03 0.37+£0.04 0.16
DXR 1.65+0.02 1.30£0.10 0.79

a) Cells were incubated with medium containing 10 ug/ml of the
drugs for 1 h, and the concentrations of whole cells and nuclei
were determined.

b) The data are the mean value + standard deviation of triplicate
drug treatments.
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Acute lymphoblastic leukemia CCRF-CEM cells were treated
with drugs 1 h. The ability of drugs to stabilize DNA-protein com-
plexes was measured by means of the K-SDS precipitation assay.
e AMR, A AMR-OH, o DXR, O etoposide. Results are ex-
pressed as mean + SD of triplicates.

G DNA-protein complex formation in human
tumor cells
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Cells were preincubated with ICRF-193 for 30 min followed by
incubation with both ICRF-193 and drugs. After 1 h, the forma-
tion of DNA-protein complexes was quantitated. ¢ 5 uM AMR,
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