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AAV vector is derived from nonpathogenic virus and has a number of attractive features as a vector for human gene
transfer including safety, broad tissue specificity, and low immunogenicity following gene transfer. Moreover, persistent
transgene expression (for years) was demonstrated in multiple animal experiments. For these reasons, applications to a
wide spectrum of diseases are expected, and several clinical trials have been conducted. Although it is too early to con-
clude the outcome, the efficacy of treatment was not sufficiently substantiated in most of the trials despite confirming the
safety of the vector. These results are primarily due to low levels of transgene expression. One of the approaches to im-
prove this situation is the use of alternative serotypes of AAV. Traditionally, serotype 2 was considered to be a prototype
of AAV, and the majority of studies including human clinical trials have been conducted using this serotype. On the
other hand, there are five ‘‘classical’’ serotypes, and several have been additionally discovered from tissues of primates
including humans. These serotypes are considered to be valuable resources for vector development to overcome the
shortcomings of serotype 2. This review focuses on the difference in expression levels and tissue specificity of various
serotype-derived vectors and summarizes current status in the treatment of candidate diseases.

Key words——AAYV vector; serotype; gene expression; tissue specificity

1. LI

75 JBEET A VA (AAV) N2 & — i3 IENE R
PET AV AR, JREI7 AR B, (W5
JRMER ERETFEANEMEZMEZHA TS Z
EmS, HEIGEWRI Y - AT LEEZLN
%, EEMFP TR TON TS M, BE
WCKREICBW TS DEERZNHEL TE M
KNI BERIEDTHNTEBY, TOREO—ERIZ
BEicHE INT W5, LilOBKRMIEE SO, 1ER
AAV OIFFEIF 2 Bzt L T 5N TEL
Ll iahns, 0EnwWR75—0FEZHIEL T,
2HRIPIADIMERICBE L THHAMIT SN X DI
B0, XY=L TOFERAMNRBINTNS,
AR TIIAMERDONRY & —IZBT WD BT

ERERKZ 0 TREREME L > ¥ — BRI
FEH8 (T329-0498 HHAUR T B i S2AT<F 3311-1)
*e-mail: miz@jichi.ac.jp

ABIUNL, HAEFEKEEE 126 F2S 2RI L ST TH
RHLEBOZPLIHEABRLEZDBDTH 5.

DX, HRTFT—YEREZDOOBRNLZZEET S,
2. AAVHIZDAREN

AAV 131960 FARITT 7/ T A IV A DE T BEM
BEENSHAREIN, 75 /) U1V AITIKEL
THHET 5 2 ENSZDEMNT 5Nz, SN
LWIZ—=7 IV AE L TEL DENBRIN
ZHDD, 1970 F£RITE > TIHEFEMETH % L3538
MENDICES I EMSTAIVAZDMTERRT
1375<720, ZTORIZEDIRNT I —TI1T &> THE
ENTONT W, EZT AN 1990 FFRITAS &,
519 BRAKDORFE OELICEBTFAMHAAEN
LEWHMENFEINLZZIEBHHT, ALRY
AINARNYH—EEZEZE5ND KD, BOWEA
WD fTON D L DI/ o 7z, 1990 FER DY
IR0, HRARIMEROAERENEO s NE L DI
720, SISITIERBMENTTOND XD ITE>TY
%,

3. AAV OEARLBME

31. TALNRFHME T ANXO—-T %Rk
FHEE 20 720 L 30 nm O FE ~HHEAEEDF v



1022

Vol. 126 (2006)

REAELTWVWS, UA )V ANV T A )V
ARF X RUAINVRABIZHESN, 75 /U1
ALFERBRTH D, TR RIAIZADELIHRDR
T BN EOMEEE RE, ERIIY T S U1V
A, NIVRZATA N AT2 EDANIVIN—HEREITIRE S
B, 7T ) IAIVADN)IN—HEREIZ D W TIIEEA
RRANBZEINTHBO, ElA, E1B, E2A, B4, VA ji#
BFRBETHDIENMENT NS, AN)LVN—T
AIVAEGEE T T AAV OF J L3 19 B
REBOEE DA (AAVS] EIFENTNDS) 12
HMAAEN, TOEXELTOMEBEICHEEVLEL THE
HI 5., ZOWEIIHAFE R AASB (site-
specific integration) &I XN, ZLLELRTEA
ICHEATREE TH 20, BB & —12i34HE
Ho Tz,

AAV O ) L% Fig. 11T/, A IVAST
JLIF—EREHTHOEENK 4.7kb T, S"HOK
Foridrep EIFFTN, YAV ZAOERICEEGT S
Rep EHEZI— RI 25 THD, 3IHOKF57
Mecap EMHIN 2D HEEREZ 31— R S HEBICH
I 5, HEEHEL cap BT O R 5 BIATAL
M54EU = VPL, VP2, VP3 O 3 M 57125, &
J LDz Inverted Terminal Repeat (ITR) &I
BENA5A7EHEEZBELTHBD, 20 ITR fHEHE
WETE EMEREARNOMAABICHE L TEEEE X
5N TW5,

bt M9 % AAV OJFFEEIZHI S N TWRWN,
AAV IZHT 2D HURISEEERER A ORI RS h
THD, FEAENHMPUETH 5.V HiRERT

ITR ITR

(A) AAV genome l-| rep | cap 1-.

(replication)  (capsid proteins)
- 4.7kb >

ITR ITR

l( Transgene cassette )i

<+«——uptobkb ——

(B) AAV vector

Fig. 1. AAV Vector Structure

Structure of the AAV genome and vector. (A): Wild type AAV genome
is a single-stranded DNA with the length of 4.7 kb. Two viral genes, rep and
cap, were flanked with inverted terminal repeats at both ends. (B) : To make
an AAV vector, rep and cap genes were replaced by a transgene cassette.
Total length of the vector needs to be similar to wild type for efficient vector
production.
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Fig. 2. AAV Vector Production and Purification Strategies

The most popular method for AAV vector production has been plasmid
transfection using Calcium-phosphate. HEK293 cells are preferred because
of the high efficiency of transfection which leads to outstanding vector
production. After 2—3 days, the cells are harvested and destroyed for
efficient vector release. Then the vectors are purified through density gradient
and/or columns.

Table 1. Clinical Trials Using AAV Vectors

Disease Transgene
Central Leukodystrophy (Canavan disease) Aspartoacylase
nervous Alzheimer’s disease NGF
system Parkinson’s disease GAD, AADC
Lipofuscinosis CLN2
Temporal lobe epilepsy NPY
Muscle Muscular dystrophy Sarcoglycan
Cardiomyopathy SERCA2a
Respiratory Cystic fibrosis CFTR
Alpha-1 anti-trypsin deficiency hAAT
Congenital Hemophilia B Factor IX
Others Prostate cancer GM-CSF

(Modified from OBA home page)
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Fig. 3.

Phenotypic Correction of Central Diabetes Insipidus Following Vector Injection

An AAV vector encoding arginine vasopressin was injected into supraoptic nucleus of hypothalamus stereotaxically (3 X101 vector genomes) . Rats were raised
in individual cages and urine volume and osmolarity were followed up. Modified from Ref. 10).
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Table 2. A History of Clinical Trials of Hemophilia

Type Target Vector Start Stop Phase
A Fibroblast Plasmid 1998 2004 I
B Muscle AAV (type 2) 1999 2005 1
A Liver Retrovirus (MLV) 1999 2002 I
B Liver AAV (type 2) 2000 2005 I
A Liver Adenovirus 2000 2003 I

(helper-dependent)

(Modified from OBA home page)
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(D) AAV-4

Fig. 4. Muscle-mediated LacZ Expression by Serotypes
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(F) Enzyme activity

Expression of LacZ following intramuscular injection of the serotype-derived vectors. Each serotype-derived vector with the CMV promoter (3 X100 vector ge-
nomes per muscle) was injected into the tibialis anterior muscle of mice. Two weeks following vector injection, the muscles were histologically analyzed and X-Gal
staining was performed (A—E). (F): -Galactosidase activity in muscles measured by the ONPG assay was shown. The protein contents were also determined by

the BCA method to adjust the enzyme activity. Modified from Ref. 21).
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Fig. 5. Plasma Epo Concentration Following PV Injection of Serotype-derived Vectors
Vectors encoding murine Epo driven by the CAG promoter were injected intraportally (1X10!! vector genomes) , and plasma Epo concentration was followed

up. Modified from Ref. 21).
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Table 3. Serotypes of AAV
: Vect H 1 ..
Discovery develecfp(r)rient tc?rgcg%gzy Origin Receptor Preferred target

1 1965 1999 High Monkey Unknown Muscle

2 1966 1982 — Human HSPG, Integrin o v 85 FGFr, c-Met CNS

3 1966 1996 Very high Human Unknown CNS

4 1966 1997 Low Monkey Sialic acid o2-3 (O) Ependyme

5 1984 1999 Low Human PDGFr Airway

6 1998 1999 High =1+2 Unknown =AAV—1

7 2002 2002 Intermediate Monkey Unknown Muscle

8 2002 2002 Intermediate Monkey Unknown Liver

9 2004 2004 Intermediate Human Unknown Versatile?
10 2004 2004 Intermediate Monkey Unknown Unknown
11 2004 2004 Low Monkey Unknown Unknown
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