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The clinical utility of anticancer drugs is seriously limited by the development of adverse effects and acquisition of
resistance to these drugs by tumor cells. The mechanism underlying the toxicity of anticancer drugs is still not fully un-
derstood. To elucidate the mechanisms underlying the toxicity of anticancer drugs in greater detail, we performed a

screen for determinants of sensitivity to adriamycin, an anthracycline antitumor antibiotic, using budding yeast as a

model eukaryote. We found that overexpression of Akll, a protein kinase of uncertain function, confers resistance to
adriamycin. We investigated the function of Akll in adriamycin resistance and found that downregulation of the inter-
nalization step in endocytosis by Akll might be closely involved in the mechanism of adriamycin resistance. In human
cells, overexpression of AAK1 and a human homologue of Akll, also decreased adriamycin toxicity, suggesting that
downregulation of endocytosis via phosphorylaiotn might be involved in the acquisition of adriamycin resistance not
only in yeast cells but also in human cells. Further detailed investigation of the relationship between the endocytosis
pathway and adriamycin toxicity might contribute further information for the improvement of chemotherapy with

adriamycin.
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Fig. 1. Schematic Representation of the Kinase Domain of the Ark/Prk Kinase Family
All members of the Ark/Prk kinase family have a kinase domain in the NH,-terminal half of the amino acid sequence. Aspartic acid 181 (Asp181) in kinase
domain of Akl is essential for kinase activity. S.c., Saccharomyces cerevisiae; H.s., Homo sapiens.
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bhbhoBmatickn, Akl AFF—YiEH2
BLTHY, ¥ZoFFH—BiEHICIIMmD Ark/
Prk kinase family O FF—tY R X1 > H THHEE
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AKll 13 Ark/Prk kinase family iZ /@9 % Arkl &
O Prkl EHFEMEOEWFF—ERAT > 2HLT
W23 ZEMm5 (Fig. 1), 9 Arkl KO8 Prkl & Akll
LRMEOHRERZFT 5 &I NS LaL, Prkl
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ZRL7EAS, Akl XU Prkl 2 /RIBL-ERIZEL
SEWEZMEZRLEZ.Y LENST, BRICBT
527 RUT7RA T >EEOFEBIC AKIL & Prkl 28
BHICHEG L TWSA, Arkl O 530w EE
ABN5S.
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HAlehole. ¥ U EORRIZ, Akl &HEBITED
7 RU TR Ui ERIC Panl O U LD {E
HEMNLY RYA = XD TNEEGTHZ &
ZRBL TNV,

I AL B W0l i Tl Ark/Prk kinase family & L C
adaptor-associated kinase 1 (AAK1) X cyclin-G-
associated kinase (GAK) 2141531 TWw % (Fig.
1), 1518 F 7~ AAKI1 @ 5 F 13 transferrin recep-
tor %° low-density lipoprotein (LDL) -receptor relat-
ed protein IR EDEY INVEDIT RY A b—3
AZEFSHEHILEHBMEINTND. D £ T,
t hICB T2 BUTY XA > 2 #HEMEE Ark/
Prk kinase family O B {% % 3§ X % /=%, HEK293
i fi B OF HeLa i1 2 €4 AAKL z & FEE S
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A s/ (Fig. 2). 4 AAKI i3 adaptor protein T
H%APu DY CEALENLT, T2 RYA b—
DADOYMBEREEREL THWSEEZLSNTY
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Fig. 2. Effects of Overexpression of AAK1, a Human Homo-
logue of Akll, on the Sensitivity of HeLa Cells to Adriamy-
cin

HeLa cells expressing HA-tagged AAK1 were cultured for 60 h in the
presence of various concentrations of adriamycin. Each point and bar
represents the mean value and S.D. of results from three cultures.
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BETD1DTHS AKILE, T2 RYA =2
R IZ %3 5 Slal/Panl/End3 complex H1 @ Panl
DU CEBEEN L TZOEBRDREEZIEL, Z0
BRELTTYRUYRA v oEEEZRE T &%
MLz (Fig. 3). T 6ibnbnid, T2 kY
1 h=320WHNCE DT RU 7 <A > Uitk #S
BRI, INEERNS TN PERKO T RY —L%fE
HLU TR E T >\ 8 7 8 5N i £ R 1K A3 B
HELTWBZEBHLNILTWD (REET —
%), T, /INKE E R D B DRk & TR Y A D
ML AL EEE P IR 5T 5 Z &GS N T
B, 202 NAEBEOENEL TIHEHIN TV S,
L7=0io T, AMFEICE > TESNHRE, #Hil
WY RUT7XA 2 Uit EEHERS O FEE2 RET 5
T TIRR <, /NERERR I BRENGED 5NN
AITHTT 2L FRE DRI LICOEMTZE 250
EEZBNS.
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