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Aminoglycoside antibiotics, such as gentamicin and amikacin, are a class of clinically important antibiotics used
worldwide in the treatment of infections caused by Gram-positive and Gram-negative bacteria. However, nephrotoxicity
and ototoxicity are serious problems in the use of aminoglycosides and are the major dose-limiting side effects. Most of
the intravenously administered dose is excreted into the urine, whereas some of the aminoglycoside injected (about 10%
of the dose) is selectively accumulated in the renal cortex, leading to renal injury. Aminoglycosides are taken up into the
epithelial cells of the renal proximal tubules by an endocytic pathway. Acidic phospholipids, broadly distributed in the
plasma membranes in various tissues, were considered to be the binding site of aminoglycosides. Recently, megalin, a gi-
ant endocytic receptor abundantly expressed in renal proximal tubules, has been reported to bind aminoglycosides.
Therefore we first examined whether megalin plays an important role in the renal accumulation of aminoglycosides un-
der in vivo and in vitro conditions. We then attempted to develop new strategies for preventing the nephrotoxicity of
aminoglycosides based on the molecular mechanisms of aminoglycoside accumulation in the kidney. This review sum-
marizes our recent findings ol the role of megalin in the renal accumulation of aminoglycosides and our approach to de-
velop nonnephrotoxic aminoglycoside therapy.
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Fig. 1. Schematic Representation and Characteristics of Megalin, an Endocytic Receptor
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Fig. 2. Western Blot Analysis of Rat Tissue Homogenates
with Anti-megalin Antiserum (A) and Tissue Distribution of
Amikacin after Intravenous Administration to Rats (B)
(from Ref. 5)

Values are expressed as mean=+S.E. of results from three to five rats.
N.D.: not detected.
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Fig. 3. Time Profile of Megalin Level and Amikacin Ac-
cumulation in Rat Renal Cortex after Maleate Injection
(from Ref. 5)

Open circle: normal rats, closed circle: maleate-treated rats. Values are
expressed as mean=+S.E. of results from three to five rats.
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Fig. 4. Effect of Gentamicin on Urinary Excretion of En-
dogenous Vitamin D Binding Protein (DBP) (A) and In-
travenously Injected FITC-lysozyme (B) (from Refs. 5 and
6)

(A) Values are expressed as optical density determined for each DBP
band using NIH image software. (B) Open circle: saline-infused group,
closed circle: gentamicin-infused group. Values are expressed as mean+S.E.
of results from four or five rats. *p<(0.05, significantly different compared
with the value for the saline-infused group.
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Fig. 5. A Scheme for Megalin-targeted Prevention of Renal Accumulation of Aminoglycosides by Coadministration of Megalin
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Fig. 6. Effects of Coadministration of Various Megalin
Ligands (A) and Dose-dependent Effect of Cytochrome ¢
(B) on [3*H]Gentamicin Accumulation in Rat Renal Cortex
(from Ref. 10)

Values are expressed as mean=+S.E. of results from three rats. *p<(0.05,
significantly different compared with the value for control.
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Cyto79—88 on [*H]Gentamicin Uptake in OK Kidney
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lation in Mice (B) (from Ref. 10)

(A) Values are expressed as mean+S.E. of results from three monolay-
ers. (B) Values are expressed as mean+S.E. of results from three mice. *p<C

0.05, significantly different compared with the value for control.
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Table 1. Sequences, Net Charges, ICs, Values for [3H] Gentamicin Binding to Rat Renal Brush-border Membrane and Ellipticities at
222 nm of N-WASP181—200 and Its Mutant Peptides (from Ref. 12)

Peptide Sequence Net charge Iczfn\;?)l ue E(l(l;:;cclgz a;nzlﬁ_ril;l
N-WASP181—200 NISHTKEKKKGKAKKKRLTK +10 0.041-£0.0001 4.34X103
N-W (K9G, K15G) NISHTKEKGKGKAKGKRLTK +8 0.078£0.009 1.77X103
N-W (K9E, K15E) NISHTKEKEKGKAKEKRLTK +6 0.043+£0.009 3.47X103
N-W (E7K) NISHTKKKKKGKAKKKRLTK +12 0.034+0.003 4.74X103
(A) F—TI2L > TR S NHEEMEEEN U T > RO
HEES EOHABERICEETHL EEZ LN TV
% sof 3 %. N-WASPI181—200 ® 7 X / Bl 5HICIE, 1
ég b HMWT 2 RN 3 E LA LER T HEHN 2 4 P FTE
ss ol T2, 2IT, EESIIOEENET I I EBASE
5 = 20 FAY—=HANY 2D SDE £F—7 LOMHE
58 fEf, DWTIE AGs DBBITHLE IC E B H %
ig g 40r REELTWHOTRABRWNEEZ AL, ZOMIZDN
2e THET S/, Table 1 ITRT 3HEOHEXRTF
e a0} KZ&FH4 2 L N-W (K9G, KI5G) 137 &H &
3. 15 % HOHHMY I /8 Lys 2917 3 /B Gly
0 | | | | WCEHL =5 O, N-W (K9E, KI5E) X[FEML % i
Control 0.01 0.1 1 Y JBTHDGCuICEBRLZHDOTHD, X
Concn. of N-WASP181-200 512 N-WASP181—200 It R I DR 25D 5
i Wiz, BAINIE—ORIET I JBTH5 T EEO
(B) Glu % Lys IZ&#i L 7= N-W (E7K) Z&HEL 7=,
= [*H]GM O &l A 512 T 9 3 MoK E X
é 15l TFROEEBIZONWT, BHRXTFRTH S N-
Q WASP181—200 & L7z & 25, WFNDKE
5 RTF FIZE o THMER 72 R ER) R Bl S
N N Nz, Hill XAV THEELEZERTF KO ICy
£ % ) fli % Table 1 IZ/RT. ZO#E, Gly B#tL 7= N-
2 2 R W (K9G, K15G) @ ICs, fElZ N-WASP181—200 iZ
§-§05 . WARTERL, HENEOEFABRINE 7,
=0T N-W (E7K) @ ICs, fifild N-WASP181—200 12}t~
£ TIKTFL, RTFROEEEEZFGDD I LITLST
5 PH]GM f &1/ B MM RTRE 5 2 &8
i 0L ' ' : ' RINF. TO—HT, 2O0EEMT IV BER
x Control 0.1 1 10 100

Dose of N-WASP181-200
(mg/kg)

Fig. 8. Effect of N-WASP181—200 on [*H] Gentamicin Up-
take in OK Cells (A) and Renal Accumulation in Mice (B)
(from Ref. 10)

(A) Values are expressed as mean £ S.E. of results from three monolay-
ers. *p<0.05, significantly different compared with the value for control.
(B) Values are expressed as mean+S.E. of results from three mice. *p<<
0.05, significantly different compared with the value for control.

MY I ) EBICERL /- N-W (K9E, KI5E) T, T
BIZK LT, ICs fEDAEIFIZEAEBRINE
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NHEEMNY X BEUE 2 L5\ /= net charge D& N
ZW T, IC EOALIIFHHTERNDHD EE
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GM FEAHEMRICEG L TWD O TId AW &4
EL, EXTF ROERBEEIZDNWTHETZHED
2. £F, BEXRTF RIZOWT, RS FHIY—
)N (PredictProtein server) 7% F W\ THEE T3 2 1T
ol A, AT F RTHS N-WASP181—200,
N-W (K9E, K15E), N-W (E7K) Tlid o- U w7 X
WiEZEZET LN, HEDROETZRL 2 N-W
(K9G, K15G) OB o- N w7 A2 LN
HOEHTFING. T T, ERICEXRTF RO
KRG T ONWTOE®RZGFD 20, Ml (CD)
AR NVEBIELE., ZO8E, N-WASP181—
200 D CD A X7 b)LIZ, 222 nm F3T 12 F/NME 2
R a- N w7 ARy — 2 ERL
7. BRTFRIZDNVWT, a-\U w7 2AGBDHE
mLIND222mm BT LMEME (0] 2HHL
7k & Table 1 IT/RT. ZOfER, [PHIGM #E&
FHEZN R T L7z N-W (K9G, K15G) @D o- N\
W AERIE, O 3FEOXRTF RICHRTHERNS
EMREINTZ. £, EXRTF RO 222mm ITBIT
LHigH# [6] & ICs il & DHHBEARAfRZFR~N/= & 2
A, AEICHEOD 2 EHEMEENESNE (=
0.96, p<0.05). ZHNHDHERNS, XDEHK
AGs BEBRITHEM R ZRESE S DITE, T
FRPBa- Ny I AEZHET DI ENARRT
HDIENRBIN, H%RHD I LI, AHTY >
UHRTHH27RVRTOT41 > E (apo-E)
ELDL L& 7% —LDFEEITHBNT, apo-E DIff
Ho% 12 & 5 receptor binding domain 7% a- \NU v 77
ARG ZERT 2 2 &N, MEFDOHAEMEMRICEET
HBIENRBINTND. W ZDXDIZ, XTF
ROZREEDEETSH I ET, LD AGs BT
BHEFEEDOEHWRTF RERFTEL2DDEERS
n5.

5. &HYIC

®HD AGs THHANLT AT ONFHEHRS
VTLAK 60 ELL ERED D, BIETH AGs (S
JERICA T RIZPIEETH S, LirL, Axhifnd
BEESOENRLS, BKRIZHNWT TDM (therapeu-
tic drug monitoring) OMRERBRLIEYTHSH. Z
NETITHE < BRINTEZ AGs OHIEEH K
NEHREICEE T 201200 5, AGs @ 1 H 1 [a[#% 5.1k
(once-daily dosing) 7%, 7#I#&GIRITHN, AF)
P, ZEMRREEREICBVWTERTWS X

NTWs, —%, AGs DEHMEZ LD [P
T 5H0IT1F, AGs OBEBITEERICHET S Z
ENERODHENRTETHHIHDEZEZASND. K
78 TlE, AGs OBEBITD 57 FHERIZD W TRTZ
D, TOHTHRICHE D E AGs DBEBITRUE
HBUHEEZHT 27200 R Ty 7FUNY =2 AT L
DORFICIOMATEZ., £, AFFORREICHE
D&, AGs BHEMEEHFE L TOHMAENRET
&% N-WASP181—200 BH# X 7' F RiZ DWW T
fbZED TS (KBY 2003—261459, H;FE 2005—
016132). L/ L, Z5L7=WFEmEEEMRALICE
TREI® L7202, TN6XTF ROZLMER
E, MATREFENBEL <IN TNVS, KT,
B EBRNS THT D E, AGs OBBITHED R
ERETLZDICE MCBWTREEINDHHA
ODHER, INHXTFRTHHEIVIZ ILUL
LRED SN, TOHEZEMIES-0DEI 5K
LWRMAURTH S, 51, XTF ROKNERE
ZHlIET S ZETHEEMEEZSO TN ZERhEE
Hi)&E Uk invivo 78 & & HIZ, KDKBET
AGs BEBITHEN R ZRHET LT F RE2FEHL
TWL 720D invitro MR ZHED, WEHEDINT > X
WENZXRTF RHDNIZTOHEERZREFEL T
ElNWEZEZTNS,

BE AWMRIEBRARFEGE G LR AT
FRHEEER AR, SFBRAZIROTHED T
THOEHDTHD, ZOHZEMED TOM S KHH
LEFEd. £/, HELRIHEZHOELELS
EIBR RS, W ERKBIRICES BILHE L BT
£9. IBI, BRAEITMNETHEE LLILAEGRY
KEEBEE th 3 A B R E RS R A E 5T B
FHELZIICD, FEEROIEEE O ERRITHEH
LET.
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