gene gi No. HuH6 HB611
hox transcript antisense
10939596 235.7 0.7
RNA
EST* 5863388 1128.8 14
plastin 3 7549808 1398.5 21
transmembrane channel
13417048 3166.5 4.8
like 5
kelch-like 9511250 1970.7 9.2
Wntless homolog 2835015 10967.0 55.9

Table 1. Genes extremely highly expressed in HuH6.

* is a transcript identified as an expression sequence tag (EST). Gene name and its gi number are shown on

the left two columns. The values represent signal intensity detected in this analysis.



gene gi No. HuHé HB611
CD24 180167 77.5 7083.8
gremlin-1 10863087 2.0 1136.2
steroid sulfatase (micro-
3538520 3.7 42297
somal) isozyme S
steroid sulfatase (micro-
13162281 7.7 1179.1
somal) isozyme S*
microsomal triglyceride
4648246 6.3 1855.5
transfer protein
fatty acid binding protein 4557584 414 22460.8
lysyl oxidase 4505008 7.3 1696.3
PDGFR- « 5453869 7.7 1297.9
myc (N-myc related) 12803748 6.8 1495.5

Table 2. Genes extremely highly expresvsed in HB611.

* is another gene of steroid sulfatase (microsomal) isozyme S.  Gene name and its gi number are shown on the

left two columns. The values represent signal intensity detected in this analysis.
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Fig. 1. HB611 system. In HB611 cells three tandemly arranged HBV genomes are integrated in the host chromosome. Viral genes including
pregenome RNA (pgRNA) are transcribed from the genome. The viral genome is synthesized through reverse transcription pathway while

packaging into core particle.



egress

Fig. 2. Natural HBV life cycle. In the natural infection course of HBV, the viral genome is not integrated into the host genome. The partially
double stranded DNA genome is converted to covalently closed circular DNA, which is maintained in the infected cell nucleus and produces viral
related transcripts including pgRNA. The pathway after this is the same as shown in Fig. 1.
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Fig. 3. Gene expression profile of HB611 and its parental HuH6 cells. A. Scatter plot analysis of expressed genes in HB611 and HuH®6 cells. Orange
dotted lines shows the boundary of extreme difference in expression level more than one hundred. Arrows represent picked-up genes that show extreme

difference in expression. B. Pie chart of the gene expression profile. The light blue zone represents highly expressed genes in HB611 more than eight
times and light red section represents highly expressed genes in HutH6 more than eight times.
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Fig. 4. Expression level of cell cycle control genes. The values represent signal strength in the DNA microarray analysis. Orange figures
shown on the right of the marker represent the value for HB611 cells and the blue ones on the left for HuH6.
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Fig. 5. Expression level of cyclin dependent kinases (CDKs) (left) and cyclin dependent kinase inhibitors (CKIs) (right). Orange figures
shown on the right of the marker represent the value for HB611 cells and the blue ones on the left for HuH6.
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Fig. 6. Expression level of liver specific genes. Orange figures shown on the right of the marker represent the
value for HB611 cells and the blue ones on the left for HuH6.
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Fig. 7. Expression level of NTCPs and typical growth related genes. Orange figures shown on the right of the marker represent the
value for HB611 cells and the blue ones on the left for HuH6.
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Fig. 8. RT-PCR of RNA extracted from several hepatocellular carcinoma cells. Typical genes which showed much difference in the
expression leve] were tested with RT-PCR, including GAPDH as a control for RNA preparation and expression.
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Fig. 9. Non-coding viral RNA could be expressed from the HBV genome and affects cellular gene expression program as well as the viral one.



BOH DDSF/F 5 UT « NAFF/ HTRINELBNAFA A =T

{gCoic

PR EL BT B30T T 0—T7 1, ERNTIRBNC) TIVAA LTTa—70F0O%HRES T &
MTELDT, FEPLORNZ BERIEDE CHECIBRTE S Y-V TH b, COXSRGFTu—T7D—D2icy
AW ABH L 7o rhZe S kT (vitosome) 5% V. Virosome 1377 4 VALY N0 — 7 R 28T KV — LS
HDAFENTMGER 2D, EEA TR Z A LSOV THRINTE, DY A VAT ) WG E R WEZindihss
T A7 I (drug delivery system; DDS) 7/ 3+ U 7 D5 & UTIREE hiz, BAOMIET 2IEY )L A DDS +
JEx VT, NAAF S HT b (BNC bio-nanocapsule) &7, & b BRIFSY A VA (HBV: hepatitis B virus) A
535HAER T virosome O—FETH Y, EERABRDPIRS AT Lemhicd b, MERICERmIcERETE, &
BT HEOA 3 % BERETE IS X 0 BIRACHIIARANE A TE 2RO T/ B Z X2 5 DDS + / F+ ) 7iC
BHAREMA G E > TETWV5B, ABTIE, BNC MW DDS REZM U T, ERNBICHIENA A=Y F0%k
REFHA U, SHBOBER - BIRONA A A A—C VU TPBICE 2 54 2730 MEDWTELRT S,

1. HBV & BNC

A MNEIFT B BNC DAL HBY UV 4 EESELL TV 3D, BNC a2 TH 5 T b b B4 IR SRR
I ATES, RAEETIE HBY & BNC DR LRI DV TR S,

1.1 458

HBV (3448 (58 2 ST > _u—T a2 8) Wil (a7 2283 28) ZHL, S48 DNA &7
JLELUTEDMERE 42 namBONSEFUANVAROBIKT AWVATHS (B 1D, Z#DRIL 787 (HBV surface
antigen : HBsAg) &, N7 X /Kii» 5 pre-S1 I (108 aa (M¥EER ), pre-S2 iR (55 aa), BLT S
(226 aa) M54 L 2VINVH, pre-S2 BLU STHE N S2E M A NRVHE, STHOBNLIRE S 7HD 3
DOhSHEENS Y. BNCIE, Y VF— LB FF VRN T 2RI U e L & 208 &7 8% HEERER
THRLUTEBOND AT X UNRIBABICYAINVAY /7 ) —0OEE 70 nm BORZE) JRiTTHH, IR
FKTOT 7RI L B REINT 2727077 — OB T 2 /BTHB L 2SO H 156 BEHOTVFZY
EBETF THHFRICLORELTHS P, BNC 1 HiFIZH 110 E0 L 2 >3 7 8 & BRpMafEnR ) 2 — L
B E N B, Y] BNC Slilif(LEED S B BIFR Y 7 F > & LTHEI MR ™, 2O RERC K- mitis
FREATEZC LMD, FRMAEE MNP DDS 7/ F v U 7 L LTED THWEREN R I MY, tok
1< BNC OWZIFRZ#ED S, DDS ./ F v U 7 & LTO BNC BRFEERO S DRERMER K T2 08N D -z,
—7, CHMETIKEZEI N HBV Oflcid b FARERERVED, BRIFLY 7F Y OMBEFHENREL Ay —7

BNC N
Bre S1 (1-108 aa)
%ﬁ?? > BRATEEEE (1-20 aa)
a7 b NIFRRIES SR (21-47 aa)
I . & "/ PreS2 (109-163 aa)
A Y N RUT VT S UL (120129 aa)
‘ %*\\mﬁzmﬁ//>@%%}“ R AT (119160 20
VANRT S b IEPAYE| e
DNA AV A S—4 e
o
EVE VN /7 $(164-389 aa) S
HBsAg (L, M, S& V374D R ETEEHUK (164-179 aa)
B1 HBV & BNC



ERENBBZC LICHEBL, TNSBEFEINOTSA VAV ML RBEINAHEERT I /BN 2 #FICAZE
BoaemA U7 E5E Y BNC (stealth BNC) ZBETRIERLTVS 7,

1.2 HRE

HBV i Mifids 2V I E T LT e MORIRL, £ARICBOWTEME (107 / L38—L[TF) T UL &
&, FEAEAEIcRAR, BYIMAMRAICBRL CBEFREREERTT, TOVAINVAR, 1) FRkEF2il
BUTRET B 4EENORYPIGSR (IHEMER, reticuloendothelial system : RES) ® El#d 2885, 2) ERzE
BT BEES), 3) RERES - AR - MRS B BEBIAARRILEES], 4) MIREAINOTURIREARES, 5) HMlRME
WHBRTH BTV RY— LD EORMT B, 6) & BIKANBIBRNICBITT AENZELTHEY, Thbofk
FEDDS F/ F % U P ICHETHS. BIR, BNCII6) BABTERLTOEAZELTED Y, Thoxr%x 3%
BNC OO TSI 2T LA TV B, BRMICIE, BNC OFFERILAEIR L 2 /87 E D pre-S1 fAIKD N K
il 21-47 73 /@FEHICHY 'O (R D, FTFAREMOEEMESAELHEERL, SHRMESAERANY L—
NTHRBEINDLFHEINTVS ™M?, COBERZTREBE G N R 20 ag; KILAS, #FH), pre-S2 ®
C AR, 38 X T S FAMD N ARIBHNCHFET 2 MREE M2 A U TEHIRAICRAT 5 ', & BiC pre-S2 fillid,
RYTIVT I EHEETBEMNL (poly-albumin receptor ; PAR) ZF L ¥, Ml TrNV T I VEAKLEAL, fih
ZURIBELOEE CFF VA RIHILT RES RENEY 2%EIRES LEXENTWD (BARD, BEH).

2. BNCOXRE

L 2 VOB HEBEBNTRET % L, RZ 2SI Bi/uERE T SHEEMOS FRZRMII & b B2l
ANEERV— A IZ BNC & LTI E N B, COX S ICBRATERKENS BNC &, ARFEABEFESBI R
Bl BRI Y 7 L EAMCR USRS B, GMP (good manufacturing practice) HMlOERER L UTKE
EEETES MY, BRARHERZZAVTBNC ZHEAL THS LMET>TVWES, MEOLTHEER SV HAD
A0%LLENL 2RV ETHY, BEERE1 LM SHUBNC ZBHMHR< 10 mg UL TE T3, BNCIH
CEBRICH UTIERICRETH D, 70°CT | RMIMA L THERERIERDNT, BEERICID 4°CT 14 7 BLLER
ETE, REKEZFENT S LKL DBEZITKM U CTROMIRN L BT E S, BNC O J CHFEZRN 5O
HIRZOTFHNERFRERE, WIhOHA LR FELN 70 nm, { ENM # —20 mV, PDI (polydispersity index, %
BIKDORBRATHEEHT BI85T 0 IDEVEBE—SHT THH T LETT) 01 ~02 2L, HFRLAOEEE
3T RES ZELBT 2B R L, TOH—HHSE DDS Fr U T LTELSFTu—T L UTHERYMEL
FEZbNB, BNCRBICHERENEZL RV ECR 3IBHROV P VERENZENTBY, WINBRFOIMUE
ETZEFMENE, > TBNCOD 1T I VRIGHED NHS (V-hydroxysuccinimidyl ester) {L&¥5% Fv: 5 284651%
L&D, BtERITFELERIERT R LNTES,

3. BNCZRUV2REBNEAREE ERRA A —D 2T

FHRARFTO—Te LTTH/Fy U TERIERTBDOMEEELUT, 1) BE2ESTHBECR VIR TERE
TE, 2) MOYYFILERL, 3) MAHEEAECBHMRETE, ) SOBRICHRICERETE, 5) HHH
MLAMCRITN T, 6) REUNBNC LENETENS, BNCR ERDEY, ChBEORMEDH, 1BXT3~6
ZRUCIZULTEY, £7221cD0TH, NHSZEEFIMATNIE BNCL RiFic R 272 < &% 100 BFLLE
U KFHID LAV IE 10T, LEYRIE 1 5FHIED 3 D00V VEE) OBLaERSFEFRNMTES
TEMD, MOV FNVEBENMEENSE LEIBNS, o TBNC EHF7/O—7BXUDDS ./ Fv U TITRkD5
NEZBEHRIZEHETEHELRT /HTFLELLNS,



3.1 BNC PSR 5 5EH 5 A

BNC BB~ OB AL 44, BRELEIC I DT> Tz (M2) “, GFP (green fluorescence protein) FEIHE
LT RMNEHED T A Vi ERFEIC XD BNCPICEA L, in vitro 35 & U in vivo CHFHIIRHRER R AYIC
BIRFHAOIHEANTE T, TNB BNC @ in vivo B AEEMEEH <, 1 BORET 1 7 Blcbiz 28 AR
FHEMEETE P, EIPUEAIADDS 7 /3 ¥ V7 L LTORNEE L, BV RAY A VA I BOFI VY
FF—t HSV-tk) EHARAFAIC DNA R4 277 v 78 b (GCV) #WIHEE 7 VEETE, & MIF
HRAERE~ D 22T o HSV-tk HBUEHE T2 AT 5 BNC ZREIRIREG L TiE, FOHBD GOV DR FREIE XD 5
ATV 3y g 7E 2 S UY

PEVEFA BNC PEI

. o
mis L HIEIRE

2 BNCEBADEER) - MEEHAE

32 BNC &YRY—~LOBME

WAL IARARMIC GMP BEETORAEREOBAN SR TH Y, KM CAEEMOBOIEE NENBE L
EXDB Xz, 7, BREAGHELEF /RTFE LT RY—LAH D, ZhEAICEEMRRER V00, 3
PEREHATE TRKIEENES THS, LIV RV —LEZOEEAEARCREGTS &, RES PHiAETFICXD
BEICHRRE NG, EETRT =4 Y RY — LEH % PEG (poly-ethylene glycol) TEFIL T, #i{4> RES DFFk
BRI KT BATVAEMTONTNSH ', PEGHiKIZ &% ABC (accelerated blood clearance) ZMRIC & %3
FHRS ORBHLEIERE N TS ¥, 3412 BNC O & DIERIATEIEICEE L, VXY — Lk BNC & OBEERR Tz,
BNC &V RV — LOZER I BHE RS HERL, BHICHER 100 ~ 150 nm O BNC-U RY — LgH
EERFEET 5T AL (92) 20, < O#AAD BNC HKoO RES BHEAEN2HMT 5 LGS NIz T, HikY
B3 - MinFiE (DDS/GDS) EEE{T- 7z,

321 BFFUHIKRY —LEDORE

BIEFERETREENE AFA MY RV — L& BNC Z#EE ¥, BNC-URY — L —BEF# & (BNC-Lipoplex)
ORIERBA1T - 7z *°5 BNC-Lipoplex (3338 BHICHEL, BNC O BY — LERLIED 5%FE T in vitro T
WTIFHIRERE 2 4795 LU, Lipoplex Bz AR TR EFHAR R RR Ui, TOXI I, ToRAIRR %
28 T A 77 2 Lipoplex 12 BNC (G HITATRYLRES K UHIIER B AR 535 C LN TE,

322 TZAUHRURY—-LEORES

FAEOH ATH U727 =4 V) BY—L L BNC L ERE IS 57 U, BIERRERO PEG L7 =4
VY Y — I & LT doxorubicin 2 P % Doxil™ 5% % A%, BNC - 1) Y — L- doxorubicin & (BNC-Lp/Dox)
B UL Uz & © 3, BNC-Lp/Dox DIfHHETE Doxil™ I L L, BNC HisEoD RES ELEBER R L/, 5



iz, Doxil™ &b @ilE» DOERMIEEAICEE D, doxorubicin B&® Lp/Dox & b LAEEHIE (4 mg/kg) THOVHA
REBFETRINEIZN R 2R Ui 2, Doxil™ 13, SRS MEH AR TEMAES - #8 L9 < EPR (enhanced
permeation and retention) ¥ % 2 FMH U7z ZHATERYL DDS F+ V) 7 TH 5H, BNC id Doxil™ fH 4 D IEHIDZ
BIHRREVEITIN A TREDIAVEERILRES X IR B ABER [H 59 5 L E X B hit,

33 BNC &EhFH U HERYT—E0ERE

BEFEESZAT L (GDS) ICWEAFAVERVT—EFEHAINS (M2), ABROBETF L HEREERT S
b, ZHENRGDS F / Fy )7L LUTEEAVLNTVSY, TOMHNEERRK X OEARMCATERD
AR U TR A B ETFSARMRS N2 R L, R 2 Y 7Y ABRO L VS KENH B, RENZLOI
PEI (poly-ethylene imine) % %M, HEHARANOBEKIRS TUEINCERT 52—/, MlaL ERFEMNCEET L
AT EZ—=Fy b GEMERMIUANDZEE) EBEEBETH 2 >0 Fald, BUEHRBNC VYT 25— UBEF
ZWH L PELZREL, HEHK 200 nm & BNC-PEI-DNA #i#&# (BNC-polyplex) B2 L7z& T3, in vitro B
W in vivo BT MFBEBMRICERT 2 C L 2HEL, AN ENTBERTEAGEERRI L RERBLE
(B 3) *. Lk b BNC-PEI A1k, TEk PEI OARMARAL TRV I OBRMILAER 5 L, PRI Olfindi
Rtz H B REMHIU .

545 3045 5 lfﬁi 24 B§H 36 BH

PEI

R
FR e ke
A0 e SRR

BNC-PEI 3873

3 BNC-Polyplex #BU et H BRI RIGEGFRE
¥ A5 —DEIZBIF—V B

4. BNC OBFEHE

b MRS ESRE L BEN{E BNC OBRELED TVWS, Y12 BNC @ pre-S1 FBICE EN S b RIS
BB MOMBCHIICR RS 2 RTEAERS T Gk, 220 H, RTFRE) K@Eigdsevozare”
PO, LRRERT (BCP) ZAKTAENS T L3 5 pre-S1 & pre-S2 §AtHE ECF lc % L 7z EGF #2775 BCN
Z{EBU T P, EGF#27R%! BNC i in vitro \2 35\ T & MAFEHSRMBEAN OIS RMEAEE 250, EGF RAKZZERHR
T BT LK A431 AR OREME R R Uiz, LA LZDEERICBWTIE, HIFERA TO BNC KIFOFR
BENELUSHEEEI NS LHAL, SEEEERT 5L VIMENMELE. 22T, BENEAS T L TRAEDR
WHHRICRHE U 72 BNC, ZZ-BNC Z/EB U7 22, T4Ud BNC @ pre-S1 5 pre-S2 $8I8% Staphylococcus aureus H3
Protein A ® IgG Fe #5&HL (Z ) 2RV FLCHE U ZZ I BB UESRER BNC TH 5 (K 4), W0inH
12, ZZ-BNC W& BNC & h/hNEWERF 40 nm BBOF /HiF & LTHERBR TRMFER I N, BNC ZIZIZRABORER
HETRBEENTEETH >/, Ez ZZ-BNC & HBV Ok FHEHRASAOBABRE TEEZREIZIE S pre-S1 F7IK
OERIATEIEFRE (N R 20 aa) 2RFLTHYD, BNC AV RV —LEORA S TE 5, ZZ-BNC RHFERH



HR Py fi0) ZRTHRECEIULL, TYT 47 4 —2RMMICHD 5 < EAERERTED 0, Fukn 728
b & UTERT 2 BEBAERRYR DDS 7/ 4 ) 7 O TR ZEM T 28/ H T 5.

L#2Roi l pre S1 l pre S2 383 aa

72 D207 o e 408 aa
| S
IgG At

B4 ZZ-BNC O Z BRI L 22308

4.1 ZZ-BNC Z O SIERNEER DA A —D v T

31 EGER HiAH/R A ZZ-BNC % 7)) A —< OEFTBAIC 7V AR5 T 5 L, 7V A—< DA ZZ-BNC D
BRSNS, Fh, TEOBS D, ) a—vF (BMED, D (OB BRTERIEETIVIY A
~, SESAIO M I BN E NS B L 7 F Y OfiEESERT B 72-BNC ZBIRIRSE. L, in vivo 4 X—
PN LI T A, BIIEMAND Z2-BNC OEFAHE SN (85, BT, ¥ 512, ZZ-BNCRIMEIC 727
RO ) Y U 13 ARHVRLTWA T A D, NHS 21T U THUIKADEEERS T (LAY, 2280H,
R— RV TRTF g E) ORWREBERCITA S, HI2E, BRI EBHE TR S N A HEHED p1-6GlcNac &7
W95 PHA-LA LY F 2R LI ZZ-BNC W&, in vitro ¥ in vivo OW/5 TEMEIEEHIN-DMHRAHR & CEHL 2,
REPERO)  SERER RIS 5 O 72 /O R~ IV FRTF R (Lyp-1 XTFR) 0 BHERUI ZZBNC i, ¢
LI ERAGER OB Y A BT, BOEIER CFP HELRE TR %E U,

4.2 ZZ-BNC Iz &k B89 DA A =T T

ZZ-BNC RSO F 2R T2 & LI X D IRAWROMSAARAME TE S T LM gh o 1o, E56I1,
RN THIIE L~V TREBIHNC IR ERGET 5 3 AT WMTHEE Ul BRI fos@ R SR © b % BRI
B (dendritic cells ; DC) ~ORPRIHIFREE S X T LOMIETH %, DC HIRF RAZETIHUR CD11c 28T 541
ARHER Uz ZZ-BNC i in vivo IZBWWT DCIC B TSR L (K 5), iz 1 filiitic kb DCRAMICHESL
THIRPERC B AT B LB L I Y, &2, AFA Y RY — L& BARIY 4 VA (Japanese encephalitis virus;

Control Control CD11lc fifhHitmny
(BNC) __ (ZZBNO) 22.BNC

P CDI1lc Hifk$R%Y Z2Z-BNC

-CyE

3

& IO A CD1 Le itk

5 CDllcHid$RRE Z7Z-BNC DORBERICH I 5996 & RN AT
¥ A5 —DRITEF— DB



JEV) oFEO—H D3 FE), H5TICH CDI1 Le FilARRE ZZBNC & O AR ERIRIRE LIz ABWVT,
JEVIZHS 3 IgC DFELWELENHERTE /=,

Bbylc

CNETOHRFTO—TIDOVTE, EHEE (R70) LNV THRETZHMBERNRETHD, B0 A~
TUURETE, BRUCSWE, THEREEIE, RS 2B EICRNT ALK, EROJMEE L VTS
THILEMRDOENDDH B, FFIC DDS F+v ) FHHEOMA TR, AT 2HERICGCTHE, ek Mg
IYRY—L, BN I/ahbY T30l NV THIlBREIEE BT 320 EELRE - TE WS, TOXIES
o0« Y720V TEMRSEIHREINC, DOV TV EA LT 5L UTEENA A=YV FHNEL
TVWBTHE5, EEARERT 2NN F7O—TEZRHT B0, HEWTHEEREOE VEE (700 nm {HE
HBNRTILE) 2BRTE2REDNHZ—HT, EENCRTOFEERRTEMEFONLCHKRT BRIV T2 Y
B0 EHFEY N H B M, REHEENEEEICE 318, MR (h X S0R b)) ORTFHEMEL 22 ERICH 5, o
THfE » MAHROENEROME, YCIKEREORUCH L TEFHROFVRILSBEZ BT ELEND . BL
ABHFET 2 BNC (3 EAEN OB ZRSEICHRII U, SMRAAZIRMICER, BEF, EFSR2EATES
Tehh, EERAEEEHED X CERNTRBERENEETNE, BRI, DDSFr Y7 L LTOBNCH, &£
FERATEDL S IERT ZH, EOXL 3 CHBENZBAT 2NIERBEMIC DY TIVEA LTHRETE S HhE LIVEWY,
7T DT &3 HBV DAERABIEOBIC L IRAD, VA NVADBRITOWTL D FMAMANMEb N2 LT h
3,
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15.1 Introduction

Drug delivery systems (DDSs) represent an emerging technology for targeting necessary
and sufficient amounts of therapeutic materials (small molecules or genes) to specific sites
in a time-controlled manner. Recent developments in nanotechnology have led to the gen-
eration of new nanoparticles that can function as nanocarriers, ranging in size from 50 to
150 nm in diameter. Composed of biocompatible materials, these nanoparticles have been
formulated into nanomedicines by incorporating therapeutic materials. Conventional
nanocarriers have been classified into four groups (Kasuya and Kuroda, 2009): (i) lipo-
somes, nanocapsules consisting of a lipid bilayer; (ii) nanomicelles, nanoparticles consist-
ing of an amphiphilic diblock copolymer; (iii) polymers; and (iv) viruses.

Liposomes and nanomicelles are approximately 100-nm hollow nanocapsules that can
incorporate and carry drugs and genes. As DDS nanocarriers, they can be further catego-
rized as “passive” or “active” targeting particles. “Passive-targeting DDS nanocarriers”
accumulate spontaneously at the sites of inflammation or in angiogenic tumors where
the endothelium is hyperpermeable to >100-nm nanoparticles; this has been described as
the enhanced permeability and retention effect (Maeda et al., 2000). On the other hand,
“active-targeting DDS nanocarriers” display tissue-specific molecules (e.g., transferrin and
folic acid as tumor-specific molecules; Kolhatkar et al., 2011) and accumulate in the tissues
of interest. Both passive- and active-targeting DDS nanocarriers show comparable rates of
accumulation at sites of inflammation and angiogenic tumors (Torchilin, 2010). Presently,
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tumors remain the primary target of passive-targeting DDS nanocarriers, whereas non-
tumor tissues are increasingly becoming the targets of active-targeting DDS nanocarriers.

Typical polymer-based DDS nanocarriers are composed of a cationic polymer that spon-
taneously forms a stable complex with anionic nucleic acids by ionic interactions. These
complexes, called polyplexes, are net positively charged, potentially cytotoxic, and rela-
tively large (>100 nm in diameter) (Neu et al,, 2005); thus, polyplexes may not be suitable
for in vivo delivery. Viruses can efficiently infect a wide variety of cells in vitro and in vivo;
as a DDS nanocarrier, they can only deliver genes that have been incorporated along with
their own genomes. The specificity of a virus for a particular target cell varies; some are
highly specific, while others are less selective. However, the application of virus-mediated
gene therapy in the clinic has been limited after a highly publicized case of a death associ-
ated with gene therapy (Savulescu, 2001). Thus, viruses have been used as nanocarriers in
a carefully controlled way (i.e., replication-deficient viruses).

15.2 Attributes Required for Future Nanocarriers

Figure 15.1 lists the essential characteristics that nanocarriers are required to have to maxi-
mize their therapeutic efficacy in treating a wide variety of diseases; these are in addition
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FIGURE 15.1
Essential characteristics required for nanocarriers to maximize their therapeutic efficacy in treating a wide
variety of diseases.



