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I have developed novel ternary complexes of various vaccines with cationic materials and anionic polymers. Plas-
mid DNA (pDNA) encoding firefly luciferase was used as a model drug to form adequate ternary complexes. Cationic
binary complexes were constructed using pDNA and polyethylenimine, and these binary complexes were coated with
various anionic polymers to form ternary complexes. These ternary complexes significantly improved cytotoxicity and
aggregation with erythrocytes in comparison to the binary complexes. On the other hand, most of those ternary com-
plexes showed little in vitro transgene efficiency because of their anionic surface charge. y-Polyglutamic acid (y-PGA) -
ternary complexes, however, demonstrated high in vitro transgene efficiency. After the intravenous administration of
y-PGA-ternary complexes to mice, extremely high gene expression was detected in the marginal zone of the spleen,
which is rich in antigen-presenting cells. This spleen-specific phenomenon of y-PGA-ternary complexes appeared to be
suited to DNA vaccines against cancer. I therefore examined the preventive effect of y-PGA-ternary complexes contain-
ing pUb-M, a pDNA encoding melanoma surface antigen, against melanoma-bearing mice. Vaccinations of y-PGA-ter-
nary complexes into mice significantly suppressed the tumor growth of B16-F10 melanoma cells subcutaneously injected
into the mice. In the same manner, vaccinations of y-PGA-ternary complexes containing ovalbumin (OVA) completely
suppressed the growth of E.G7-OVA cells expressing OVA. These results strongly suggest that y-PGA-ternary complex-
es are useful in the manufacture of specific tumor vaccines.
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KRR Z1T> TE/=. 25 D ternary complexes
VIR ERFEMIVEZ G U, e R P o iR 7 1 3 R D
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T TRl tBEAENRERD 01T, PR
FZ T+ BOFURSY >NV BEFRB S 20END
%. ZODkw, DNATYF > OEKIGHD 01T
1%, DNA 77 F > Z Hils 2/~ il ~Rh 2 12 3%
2 FBBIESEL I ENNEERELRETF YU Y DR
MARRTH 5.9 ZTNETIZ, 7T/ IAINAR
LVFIANREDOTAIN A ZEHNTEETFEEA
TLHEMP T T ADE TR R —LFEDIE
TANAEDF v U T ZHNTEIETEEAT S5
WDVEEAITIFZE SN TN S, T BRITIET A1 L A D
F v U VIR A <, BEEIOFHR G0
AETT, DNA U2 F > OEAMLITIEE WA ATEAH
BFTES.

FETANAEERTFF YU TDOFTH, poly-
ethylenimine (PEI) & plasmid DNA (pDNA) 7n
SRS N D 1 F 4 > D pDNA/PEI complexes
(binary complexes) EWEBLETHRERZRT I &
MA SN TWS, ZiiL, binary complexes 73
pDNA # N4 L, DNase IZ K5 fRAZHEL, #
BRI ICESEL, T2 RY1 b= X1
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Fig. 1. Construction of Ternary Complexes

B % 7@ T pDNA & PEI, 7 =F > 1EE4)
FEHCMBEL, RENY A4 PEICHEL, ki
FEEHI 100 nm D ternary complexes 2 REEE L /=,
Binary complexes & heparin sulfate iI2ft£ XN 5 —
o7 = A & T2EST 5 &, binary com-
plexes 72 5 pDNA 7379 2 C L@ SN T
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% R E B D T ORI E M 2 7R U 7273, terna-
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WIZ, FRIMEREEEIEH 23X/~ (Fig. 2). Binary
complexes Z JRIMER EIEA T 5 &, FRIMERAVEELE
U, RELBEEWRMNERINZ. LirLarns, fE
#1 7= ternary complexes | /RIMEREGEEZE RS T,
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ERPEE L7 2 LITRERT 5 &HEREnD. —F
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es DRI EL D A B 038 5 18 AR F 2 Kig I K
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CGE%R) BhBUCHET. BIEIIUZE & 3
KIEi B 2T VWDOD, EEEHEEE
BLTWD,



Vol. 140, No. 3 (2020)

YAKUGAKU ZASSHI 365

PolyA-ternary complexes PolyIC-ternary complexes

Binary complexes

o-PAA-ternary complexes a-PGA-ternary complexes vy-PGA-ternary complexes

Fig. 2. Erythrocyte Aggregation by Various Complexes

Erythrocytes from mice were mixed with each complex and aggregations were observed by phase contrast microscopy (400 X magnification) .
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Fig. 3. In Vitro Transgene Efficiencies of Various Complexes

Various complexes containing pCMV-luciferase were added to B16-F10 cells. Twenty-four h after transfection, luciferase gene expression was evaluated. Each

bar represents the mean + S.E. (n=6). **p <0.01 vs. binary complexes.

TERLAREMENH S, T T, KT in vitro 1TH
FAEETFEADRICOVW KR ZIT> 2. IFF
> % @ binary complexes 13 /& V) I8 {5 T8 A %) H %
RUZD, 1E & A ED ternary complexes 13 binary
complexes & [L#E L T, BEETFFHIA 1/1000 LIF
WETHETFLE L2L, p»-PGA ZHWTHEEL
7= y-PGA-ternary complexes |3, ki FEHEMN T =
FIHITHBEL TWBIZHANDST, MDD THN
BIEZTHEHEZRLEZ (Fig. 3). ZOEWELETH
W2 AT U 7= k5%, y-PGA-ternary complexes |3
y-PGA \ZR BRINIS ZRAKRZ S U T2 1 XA T A 1EME
DI RYA b= 2K > THHEMITHIE I
DIAEFNTWAEZEZRWH LA, BlfE, 20
P-PGA IZR B2 2B R DRE 217> T 5.

3. y-PGA-ternary complexes O i 23154 D 5F
&

FARN TR G S 7= b 7 B8 D i ds ~\ DERE,
RiFREeRMEM, MR & DHEEMRICK> T
RELHEINS. Binary complexes & y-PGA-
ternary complexes % <X ™ A NB#IRNEK G L, 6,
12, 24 e[RRI IR, XMk, MR, O, BB
F5ERTHRBEEZAE L~ (Fig. 4). #oki 78
ANTEIT, TR 7S & ORI R R LRk &R
NDIEERICEET DM, HF 4 MEOMk FIdimik
HC/RIMERRIME Y VT 2 > EREL, MCZEIC
BT IENASNTWNS, 19 EFRIZ binary
complexes {3 4 ik & fifi lc BT 1 X 106 RLU/ g tis-
sue A D WELETHEZRL /2. y-PGA-ter-
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Fig. 4. Transgene Efficiencies of Binary Complexes and y-PGA-ternary Complexes in Mice
Those complexes containing pCM V-luciferase were intravenously administered into mice. At 6, 12, and 24 h after administration, luciferase activities in various
organs were quantified. Each value represents the mean = S.E. (n=3-5). *p <0.05 vs. binary complexes. @: binary complexes, 4: y-PGA-ternary complexes.

nary complexes |3 binary complexes & H#g L T,
fiZ BT 2 BEFRIFAENT X TOR R THERITH
DU, g CREMICEVWERTREEZRLE. &
512, fluorescein isothiocyanate (FITC) % W\ T
HOERER, U 7z FITC-PEI & #%.4 > /N7 & tdToma-
to ZJEH 9 % pDNA Z W TEELL /= y-PGA-ter-
nary complexes < ARG L, MIERETICHBIT
% y-PGA-ternary complexes DEE L& TR %
A L7z, ZOkEE, FITC-PELII gD T &K
U RMICE A 72T ICER L, tdToma-
to DFEBE WM THESI N, ZORRNS,
y-PGA-ternary complexes 73 iigd & \ICTEIES 5
PURR RIS RIICER TFZEALTVWS Z &
MRIEB X, y-PGA-ternary complexes O DNA 7
JFFrUTELTOERENEIRINS.

4. y-PGA-ternary complexes # A\ 7o A5 / —
~ DNA 77 F > D%

Glycoprotein 100 (gpl00) & tyrosinase-related
protein-2 (TRP-2) IIA T /—<HiHEL THIGN

TW% MEIZT, AEFF LI N/ gploo &
TRP-2 DLE b —7 %3819 % pDNA (pUb-M)
% W y-PGA-ternary complexes Z{E#L L /=,

X7 AT 5% BEHR (control) X pUb-M Hijf,
pCMV-luciferase % £ y-PGA-ternary complexes
(empty complexes) , pUb-M N 1@ y-PGA-ternary
complexes ¢ 5L, EEFEL -, WEEFHE
L7 ADE N BI6-FI0 A 5/ —<#illlz
L, FEEEEZGEML /2 (Fig. 5). pUb-M Hijlt
X% empty complexes Z#¢5- L 727 A TIE, [EE
HFEIC control # & OF B/RARIIFEO SN o
7=. LU, pUb-M N y-PGA-ternary complexes
G- U o< 0 A TS 58 O A B/ Ml
I N7z, KIZ, pUb-M NE p-PGA-ternary complexes
DRI RN R 2 5 L 7=, pUb-M N y-PGA-
ternary complexes % W THE L /=< ™7 A1 con-
trol # & iz LT, BI6-F10 X 5/ — < HlfE D fifidiz
BOAERIENL, AEHHPEELE. 50
FEH1Z, y-PGA-ternary complexes 734 i O bi JH 2
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Fig. 5. Tumor Growth Inhibition by y-PGA-ternary Com-

plexes Containing Melanoma DNA Vaccines
Vaccines were administered into mice biweekly a total of four times.
Two weeks after the last immunization, B16-F10 cells were administered to
mice intradermally and tumor growth was monitored. Data are the mean +
S.E. **p<0.01 vs. control.
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Fig. 6. Evaluation of OVA-specific IgG Subtypes
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EEHELE. ZOE, OVA N y-PGA-terna-
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Mice were administered 5% glucose (control), OVA, and y-PGA-ternary complexes containing OVA weekly a total of four times. Two weeks after the last im-
munization, serum was obtained from those mice and OVA-specific IgG subtypes such as IgG1, 1gG2a, IgG2b, and IgG3 were determined by enzyme-linked im-

munosorbent assay. Each bar represents the mean of 4-5 experiments.

*¥p <0.01, *p<0.05 vs. control.



368 YAKUGAKU ZASSHI

Vol. 140, No. 3 (2020)

(Fig. 6). OVA zHM#KHEL U Xida> b
O—)L & LT 1gGl OFER EANED SN
N, ZOMD 1gG BT 5 A 7 DHEER LAITEED
Bhf Th2 i % A U 7= i1 638 D D B 73l
WaN/=. —hH T, OVA NG y-PGA-ternary com-
plexes Z#H 5 L7 T AICBNVTIETNTO IgG
BT TOREREREANEDSNTHD, Thl
ISt U7 M 6y & Th2 B2 U 7=t 6
BOMAENFZEINTWE I ENHERTER. T2
T, FERICHREL ST R OVA 2FHBT 50
etk Td % E.GT-OVA filfig 2 iz FIZHHE L 7=,
OVA a5 L /=~ X TG M =
N o 7=h, OVA NEL y-PGA-ternary complex-
es 2G5 L 72X AIZBNWTIE E.G7-OVA fliflg®
BERETE IR S 7z,
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Arlal, FEFIIEIRIEIEE AT 2 H SRR LR
Y1 v ) 7 & D TR O FE R R A N O RER b
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mD, MRS OB ARG 5 Z &I L
7‘:. _ODHﬁﬂifJ\hWﬁ?/tw"CtK YLy

WHINHAREETHD, TIVFCHFEOT T v

T+ —LEE L TERWERENFTE .
SRITH B EIEYF v U Y ZRA LB A
T F > DEEKEFEEZED TNE N,

BEE AWIRICER U TRIGTIERE 72 2 i,
WHHEZ B 0 XU o KRR B AR 124 R
HERITEA TR E#HOBEZR LY. £k, £
B —#CHEG TR E £ U 2 RIRRZERERLEE th 5

e T IFTRHE REEA EITE B — I L X
)
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