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Drug delivery system (DDS) research has contributed greatly toward improving chemotherapy efficacy and reduc-
ing its adverse effects through the development of approaches to optimize pharmacokinetics, such as controlled release
and targeting. On the other hand, the remarkable progress of this latest life science research has altered the concept of
what constitutes medical supplies. A change in this concept would allow for the consideration of medical materials that
use not only conventional low molecular-weight organic compounds, but also biomacromolecules, including nucleic
acids and proteins, that constitute living organisms. Although these biomacromolecular drugs are expected to demon-
strate excellent efficacy based on their intrinsic bioactivity, they quickly degrade when administered in vivo and only a
limited number have therefore been developed into medicines. In addition, most biomacromolecular drugs are ineffec-
tive until they are delivered to particular cells within a tissue or to particular organelles within a cell. To develop effective
biomacromolecular medicines, it is necessary to introduce a DDS that is capable of ensuring internal stability as well as
precise control of internal and intracellular dynamics, and to establish a new fundamental technology for DDS that can
accommodate the material properties and mechanisms of action of the biomacromolecular drugs. In this context, this
review introduces our approach to the design and creation of ‘‘Intracellular DDS’’ using fusogenic liposomes for appli-
cation to gene therapy and tumor peptide vaccines. We suggest that this technology is very important for controlling the
intracellular pharmacokinetics of biomacromolecular drugs.
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Fig. 1. Schematic Illustration of Intracellular DDS Using FL
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Fig. 2. TEM Observation of Nanoparticle Encapsulating FL
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NP-encapsulating liposomes (Lipo/NP) were purified by stepwise fractionation through sucrose-density centrifugation. NP-encapsulating FL (FL/NP) was
prepared by fusing ultraviolet-inactivated Sendai virus with purified Lipo/NP. The resultant was purified by stepwise sucrose-density centrifugation, and visualized

by Cryo-TEM. Bar is identical to 100 nm.
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Fig. 3. LLCMK2 Cells Were Cultured with FL/FITC-PS-NP for 30 min and Observed by Cryo-TEM

Mitochondrion and nucleus are marked with ‘Mt’ and ‘NC’, respectively, and arrowheads indicate introduced NPs. Bars are 1 um at X20000 magnification.
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UL U7anis, SL8 CGREfAM) i NT FL-SL8 %
ERSEBTIE, X7 F BMEH 40—60 REf £
S BB TURER O TR sz, £D—HT

FL-ML26 Z2{Effl S &/~ /07 v — 2 Tld 140 ¥
b O, mWIIREERL VRS T,

N5 OREHRILZ, FL ZH W T Eriss ff i1 k—
TRTF R 2GR R ORI NITEET S Z
k> T, MHCclass /T N —FXRTF K#E
HBROI R ZBIICIERETESZ L E2RTHD
THD. 517, FL-ML26 2 & 2 HFEIE R IR D
HERINT 7 F RTINS N ENZRETT %
0T, HHRET AT L THEEREL 2 OVA
JeEL R (E.G7-OVA JEEHIAL) o 14 5E #0155
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FThad70A4 > MELT7Pa/N> s (CFA) 1T
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ML26 & % W3 SL8 DR AR E X T F R&Es L

Table 1. Synthetic Peptide Constructs

Designation Peptide sequence

OVA,s57—24 (SL8)® SIINFEKL
Eriss?-SL8 (ML26) MRYMILGLLALAAVCSAASIINFEKL
SL8-Eriss (AL26) ASIINFEKLMRYMILGLLALAAVCSA

a) The immunodominant H-2Kb-restricted CTL-epitope of OVA,
b) The endoplasmic reticulum insertion signal sequences: underlined: SL8
antigenic peptide, bold: Eriss.
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100 Non SL8+CFA
3 E % sk 1000 = 1000 =
g 80 - 800 300
[= 9 - -
3 £ 604 @ FL-ML26 600 600
o - -
- o O Soluble ML26 400 400
-2 200 - 200
L, 404 M FL-SL8
8 ~ J 0= " 0=
> 204 O Soluble SL8 0 10 20 30 60 0 10 20 30 60
[a]
© ) ML26+CFA SL8+eFL
04 1000 = 1000 =
T L L] T T 1
20 40 60 80 100 120 14 800 = 800 =
Hours after pulsing 600 600
Fig. 4. Combination of Eriss Attached to the N Terminus of <"g 400+ 4004
CTL Epitope Peptides and Delivery of the Fusion Peptide £ 200 200
Using FLs Prolongs MHC Class I Presentation of the CTL - 0 0
i o —T—TT 7 —T—T—T7/
Eplt.ope . ) ) £ 0 10 20 30 60 0 10 20 30 60
Thioglycollate-induced peritoneal macrophages were pulsed with 10 ug =
pept%de/ml of FIT—ML26, solub‘le ML26 peptides, FL—‘SLS, or sol{xble SL8 g ML26+eFL FL-SL8 (2.5 ug)
peptides for 15 min. After washing, cells were cultured in fresh media for the . 1000 1000
indicated time. These cells were washed and subsequently cultured at 37°C [o]
for 35 to 135 h after antigen pulse. The cells were fixed with 0.05% glutaral- € 800 = 800 =
dehyde and washed three times, and 10° CD8-OVAL1.3 cells were added to E 600 = 600
each well. The response of stimulated CD8-OVAL1.3 cells, i.e., their IL-2
secretion levels, was determined using a CTLL-2 proliferation assay. Each 400 - 400 -
point represents the mean +S.D. of three independent cultures. Significant 200 200 4
differences between FL-ML26 and soluble SL8 peptides at the indicated point
*p<C0.001. B e N 9
0 10 20 30 60 0 10 20 30 60
FL-ML26 (2.5 ug) FL-SL8 (25 ng)
T 25 ug HIE L 7=~ A TIIE S Al sh 3 2 1000+ 1000
{BOLNIRMoTz. Fiz, CFA Zi#EH L T 25 ug 8007 800
600 = 600 =
DSL8 ZHFELZITRITBNTH 8 HIDH 2 L o o
400 = 400 -
B W TS D52 2 AR 5N T H 5 oo roo
0 10 20 30 60 0 10 20 30 60

56, 2.5ug 5T 10 filH 6 FlICHNT, 25 ug %
BT 10 fil b 2 E12 B W T HEE O A eIl
M. TO—HT, BT »n2.5ug D ML26 %
FLIZE AL THRZEL B TII2H THE D EEDN
fHiENTHO, MKy =TT 1 2T AT L
M, DARTF RT U F R FEOFEHERIC DR
MBENTZ AT LTHBEIENHSNETRD T,
DL B, SRS 0T 2 MR B N N B v RE 7S
FL &, /NMaENDOBIT 2T % Eriss Z /A H
DREEARIZATLICE ST, WD TEHEE MHC
class I #2875 &, in vivo IZ BT 28 I FiEEs) R
DFEBENAIEICR D I EEFHIELE EESIEIIO
SATLEINHT S EICE ST, FiEEOENW
RERWEHETHo TORRMBRT 7 F RN
AHEICR D H D EHI/HL T 5.

5. &HYIC

EH S DHEET S HIEN DDS ITBI 9 25813,
BEE L THREG L LBERTFCEHEOEMERN (§

Days after tumor inoculation

Fig. 5. In vivo Immunization with FL-ML26 Elicits Protec-
tive Immunity against OVA-expressing Tumors

C57BL/6 (n=6—13 per group) mice were subcutaneously immunized
with or without (non) ML26+CFA, ML26+empty FL, FL-ML26, SL8+
CFA, SL8+empty FL, or FL-SL8 at 2.5 or 25 ug peptide/mouse. Seven days
after the immunization, 2X10° OVA-expressing E.G7-OVA cells were in-
tradermally injected into the abdomen. Six to 13 mice were used for each ex-
perimental group and tumor growth was monitored by calculating the tumor
volume and individually plotted. The tumor volume was calculated as fol-
lows: (tumor volume; mm3) = (major axis; mm) X (minor axis; mm)2X0.5.
Tumor volumes were determined until they exceeded 1000 mm? and the in-
dividual tumor volume was graphed. All 13 mice immunized with 2.5 ug FL-
ML26, 10 of 10 mice with 25 ug FL-SL8, 6 of 10 mice with 2.5 ug FL-SL8,
and 2 of 8 mice with 25 ug SL8+ CFA rejected the E.G7-OVA tumor within
60 d and survived afterwards.

k) DR ERMER O ZBIRL T, kKD
BAIITON TEREEKL X)) TODDS 22X 51
FE - LS E, MlENEVWDXDIZOBEMT
EHLEDETEHDTHSD. NARNT J LR ZE
WAEAHTI, /I - 7057437 A5
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