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The development of a prophylactic/therapeutic HIV-1 vaccine based on recombinant proteins is needed for the con-
trol of the worldwide AIDS epidemic. Subunit protein and peptide vaccines are generally very safe, with well-defined
components. However, these antigens are often poorly immunogenic, and thus require the use of adjuvants to induce
adequate immunity. Particulate adjuvants (e.g. micro/nanoparticles, emulsions, ISCOMS, liposomes, virosomes, and
virus-like particles) have been widely investigated as HIV-1 vaccine delivery systems. Antigen uptake by antigen-present-
ing cells (APC) is enhanced by the association of the antigens with polymeric micro/nanoparticles. The adjuvant effect
of micro/nanoparticles appears to largely be a consequence of their uptake into APC. More importantly, particulate an-
tigens have been shown to be more efficient than soluble antigens for the induction of immune responses. Over the past
two decades, we have studied the synthesis and clinical applications of core-corona polymeric nanospheres composed of
hydrophobic polystyrene and hydrophilic macromonomers. Core-corona type polymeric nanospheres have applications
in various technological and biomedical fields, because their chemical structures and particle size can be easily con-
trolled. In this study, we focused on the development of a HIV-1 vaccine using polymeric nanoparticles. We evaluated
the immunization strategies for HIV-1-capturing core-corona type polystyrene nanospheres that would efficiently induce
HIV-1-specific IgA responses in female mice and the macaque genital tract. Moreover, based on this research, we at-
tempted to develop novel biodegradable nanoparticles composed of poly (y-glutamic acid) (y-PGA) for protein-based
vaccine delivery. These HIV-1-capturing nanospheres and protein-loaded y-PGA nanoparticles have shown unique
potential as vaccine carriers.
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Fig. 1. Uptake of Antigen by Antigen-presenting Cells and Immune Response
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Fig. 3. (a) Structure of Core-corona Type Polymeric Nanospheres, (b) TEM Images of Nanospheres
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Fig. 6. (a) Effect of the Particle Size on the Capture Efficiency of HIV-1 with Con A-NS, (b) SEM Image and Illustration of HIV-1-

capturing Nanospheres (HIV-NS)
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Fig. 7. Uptake of Nanospheres by Dendritic Cells (DC)

DC were cultured in the presence of 500ug/ml FITC-labeled
nanospheres (FITC-NS) for 1 h at 4°C or 37°C and stained with PE-conju-
gated anti-mouse CD11c. Intracellular localization of NS was determined by
confocal fluorescence microscopy.
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Fig. 8. Anti-HIV-1 gp120 IgA Antibody Levels in Vaginal
Washes Following Intravaginal Immunization
Con A-immobilized nanospheres (Con A-NS), inactivated HIV-1 alone
(HIV), HIV-1 mixed with Con A (HIV+Con A), or HIV-1-capturing
nanospheres (HIV-NS) were administered intravaginally to female mice.
Vaginal washes were collected after the fourth administration. The gp120
V3-specific IgA antibody was measured by ELISA.
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Fig. 10. Cytolytic Activity of Spleen Cells against the gp120
V3 Peptide-pulsed Target Cells in HIV-NS-immunized Mice
Mice were intranasally immunized four times with HIV-NS. The spleen
cells were examined for their cytolytic activity against the V3 peptide-pulsed
or unpulsed target cells (P815) at various effector/target (E/T) ratio.
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Fig. 9. Anti-HIV-1 gp120 IgA Antibody Levels in Vaginal Washes Following Intravaginal, Oral, Intranasal, or Intraperitoneal Im-

munization with HIV-NS

Results of four individual mice per group are shown. Arrows indicate the time of immunization.
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Fig. 11. Plasma Viral RNA Loads in Peripheral Blood of the
Macaques Unimmunized (Control) and Intranasally Im-
munized with Con A-NS (NS) or SHIV-NS after Intravagi-
nal SHIV KU-2 Challenge
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Fig. 12. (a) Plasma Viral RNA Loads in Peripheral Blood and (b) Anti-HIV-1 gp120 IgG Antibody Levels in Plasma of SHIV KU-2-

infected Macaques after Intravenous Challenge
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U ZREEBRICHB W TS TENZ E RS R
BRI ENHERINTNS., ZOANZZLKN
BRRMREL & O EAEHA O & & BITT JRiT D
HELE{TWY, LhOUAIVAT I F RoNAT I F
CAQIGHERZEHEL TWS. Buk(k y-PGA F
JRITFIIE ORI T 2 VB THD, BnLe

PEERNRRFE NS, 4O

0 NH,— R o o
~{NH-CH-CHyCH,-C};  ——»  +{NH-CH-CH,-CH,-C }—{ NH-CH-CH,-CH,-C };
| I I
COOH wsC COOH c=0
Poly(y-glutamic acid) (y-PGA) Hydrophobically- NH
modified y-PGA IIR
Hydrophobic amino acid (HAA) /
T 0 7 I
— CH-C-0O-CH,4 — CH-C-0-C,H; — CH-C-O-CH,4 — CH-C-0O-C,H;4
I I I I
C|IH2 CH, CH, CH,
CH
7\ NH
OH
L-leucine L-phenylalanine L-tryptopan L-tyrosine
methylester ethylester methylester ethylester
(L-Lue) (L-Phe) (L-Trp) (L-Tyr)

Fig. 13. Synthesis of y-PGA Hydrophobic Derivatives
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(humoral immunity) (cellular immunity )
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. Vaccine Delivery System Using Antigen-immobilized Biodegradable Nanoparticles
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10. &HYIC

ARTIX, a7-a0F8&ES T kT 26
L7HIV-1 D F U RFBICOWTHENLE. 7
FrUT = ATLICEKDT 7 F BFIL, HIV-1
T TIE7R <, A DERE DS AT S B R R 7
REREICORBMNDBTHAS. F/RTICL D%
EHEAL AN Z X LZRINTINZ, KT OMEIR 254
WHIEIL, PURF Y 7 —E U THREIE Y D2
NELUTHREZR NG5 T 52 &T, HEEOEm\WT »
FoFUNY =P AT LAOEENAEINS. &5
T KT ERWET ) AT 0 2 CBFIE, T
2 EZOMAGHEBTHD, 50BN
FINCHFZEIRBAS 2 2 & T, T J EgENFEH
TE2b0LMiFINS.

BE AHRIIKRRKR R AL IR O H
NIBEBEE, FERFE T A IV AWFZERT O 3K EE
%, ZHETEERE, BIIMRO & & & IZRE
R BB RS RIS P B JEHE ¥ (CREST) DX
BIZEX0fTbNTWEHDTHS.
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