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Antigen delivery to antigen-presenting cells (APCs) is a key issue in developing effective cancer vaccines. Controll-
ing the tissue distribution of antigens, which are administered in a peptide/protein or DNA form, can increase antigen-
specific immune responses, including the induction of cytotoxic T lymphocytes. Heat-shock protein 70 (Hsp70) , a mem-
ber of a highly conserved family of molecular chaperones, forms complexes with a variety of tumor-related antigens via
its polypeptide binding domain. Because Hsp70 is taken up by APCs through the recognition by Hsp receptors, such as
CD91 and LOX-1, its application to antigen delivery systems has been examined both in experimental and clinical set-
tings. A tissue distribution study revealed that Hsp70 is mainly taken up by the liver, especially by hepatocytes, after in-
travenous injection in mice. A significant amount of Hsp70 was also delivered to regional lymph nodes when it was in-
jected subcutaneously, supporting the hypothesis that Hsp70 is a natural targeting system to APCs. Model antigens were
complexed with or conjugated to Hsp70, by which greater antigen-specific immune responses were achieved. Cytoplas-
mic delivery of Hsp70-antigen further increased the efficacy of the Hsp70-based vaccines. These findings indicate that
effective cancer therapy can be achieved by developing Hsp70-based anticancer vaccines when their tissue and intracellu-

lar distribution is properly controlled.
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72 EEFIA U BEEE i U TRIFER Ofai@ ok
WZENFHEIND., TDO—HT, HEITHER
LX)V CTL 255892 ZENRBETHL &N
L SN, THRIBESIRPESNTHRHNON
HIRTHB., TOERFEKELT, D FUES 2N
78 - HUENXTF RO APC NOBITENDIE N,
2) APCIZBTROPIURY >INV E - JiEXTF R
OFHRNE W, 3) APC @ CTL FEAEM KL,
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APCIZHVIAEN/=H & DML N ENRE % FHIH T 5
T & TGN VEETH 5.
EFESIFINETIT, WATIVT 2> (ovalbu-
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AD OVAFUNY = AT LDOFEZET> TE.
APCIZHBTHZAINNR v —L Ty —0a%E
fimn FEBRRNIGERT ZENS, ZoLtT
¥ —% L TAPCIZF YN —nJfglt 7 > =)
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fil7s ED APC IZFEBIT % CDI1 % LOX-1 72 ED
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Fig. 1. Roles of Hsp70 in Immune Response

Hsp70 is recognized by signaling receptors, such as CD40 and Toll-like receptor (TLR)-2 and TLR-4, on APCs, activates nuclear factor-«B (NF-xB), then up-
regulates the expression of costimulatory molecules and MHC class II and induces the secretion of cytokines/chemokines. In addition, Hsp70 is recognized by Hsp
receptors, such as LOX-1 and CD91, and internalized. When antigen peptides are bound or conjugated to Hsp70, the internalized peptides can be processed and

presented on MHC molecules.
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Fig. 2.

BNBE THELZENHSN RS, 20—
T, @WFE DR Hsp70 ZFi& 59 2 Z & T
AR DI S QLM ICIFI D ABITHEIC
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Tissue Distribution of ''In-radioactivity after Intravenous Injection of ''In-Hsp70 in Mice

(A, B) After injection of !''In-Hsp70 at a dose of 10 ug/mouse, the radioactivity in plasma (A) and organs (B) was measured and expressed as % of dose/ml
(A) or % of dose (B). Keys: (A): liver, (@): kidney, () : urine, (@) : spleen, (A): heart, (X): lung. (C, D) After injection of !!!In-Hsp70 at a dose of 2, 10 or
100 ug/mouse, the radioactivity in plasma (C) and liver (D) was measured and expressed as % of dose/ml (C) or % of dose (D). Keys: (O): 2 ug/mouse, ([1): 10
ug/mouse, (<): 100 ug/mouse. Results are expressed as mean +S.D. of three mice. Cited from Pharm. Res., 22 (3), 419-426 (2005).
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BITDZENMENTNS, ZIT, ZhoRYY
G EEHBRELEEZ A, Hsp70 O g~ D E
DIAATIERICHEZI N (Fig. 3). LEN-o>T,
Hsp70 O fFl&EL DA A IZIE LOX-1 T ED A IR >
Pr—Lt T Y —-DEENEZ SN D,

—7, LOX-1 3D Hsp LT % —Th 5
CDI11X, ¥ 707 v —IkMerfie, Hius
EICHHTHWVCDII DUH 2 RTHD a7
orno7yy (M) Zii#E5LEBEICH,
Hsp70 O FIREL D A AZBEZF ICHZE X N /- (Fig.
3). T UL7HRIE, Hsp70 NERIRNEZ 5% LOX-1
P CDI 2 EDHsp LTy -z, EIC
FIICE D IAEND T EZRBRTEHHDTHS. O
75— EFUREREH#ERT 5 Z & THEHE K
fifE 2 AR AL &, Kupffer il e < %8510 P R Ml i 2 2
DIEEEMBEITHEEL /=& 25, Hsp70 I3
JAICZ<EODAEND ZENBHGMERSTZ, T
A5 B Uil 2 W2 Ehc s n T,
o-M & % WidHi CDI HiikDH£EFIZ K D, Hsp70
ORI D AAPHFI SN, Lin> T, ERIM
WHIC T U7z Hsp70 1%, FICHFF2E M A iz 8 B
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Fig. 3. Effects of Pre-administration of Various Compounds
on the Plasma Clearance, Hepatic and Splenic Uptake of
In-Hsp70

Each compound (200 ug/mouse) was injected into the tail vein of mice

10 min prior to the injection of ''In-Hsp70 at a dose of 2 ug/mouse. At 10

min after injection of ''In-Hsp70, the radioactivity in plasma, liver and

spleen was measured. Keys: (closed bar) plasma, (hatched bar) liver, (open
bar) spleen. Results are expressed as mean +S.D. of three mice. Statistically
significant differences were assessed using Student’s ¢ test compared with con-

trols. Cited from Pharm. Res., 22 (3), 419-426 (2005).

95 CDILIZEBF#k I N, T DL DI, R
JLICEDIAEND Z EMNRBEINTZ.

222, RT&E PUEESRZEMELETY
F 2 OFEGHAME L TEECHRNRENRFSNT
W5, —RIZ, BIRSRRE, KRG SN
T, BEHAICEEIN, mESLY 2 NVEA
WINE N5, U2 )NEITIE APC DN EEICHEEL,
PRI R EDREINEICEE 21 X2 Mhfrbh
5. XTADRHICK TR, Hsp70 13 556
LM BIRZITIHR L, BE5% 224 I ORF R T
HEEOK20%DPHRICERELLE. 20L&, g
U 2NEIAND IEFITEWBIT (3%) 580 51,
BB IR IEIRE T, BB GRENEGRITH % 0]
RetEvREI Nz,

3. Bl avw iy N7EENRALIET7F R
®

INETIRA avw Iy NIEEFHLEZT Y
FUBRORADREINT NS, Fikomy, =
Tav 7y NI EIIENMITH S APCITXD
MRELLBH N ENnG, TNEHIY—T T
12T DD DEHAETFVHEHIN TS Z &I
5, LEEN-T, Boavry o N\08zRHALE
TOFUEARBIIBNTIE, EO0X5RPIFEEZEDL
DBBETE a w75 NI EITRHE - fEASE
57, THIITMICERDAEN DS ORIENE)
B2 WNICTHITET 2 E &7 5. TNETITH
Tav Iy NNIEORTF REEGREZFIH L TH
JRalkE I8 25iA s, ViRZILAEKGLZMES
NN BEMATZHRAMREF TN TS, @Es
SNV EOBETTERTEL TREIRETHS Z
EMS, DNADIZF AL THMRFEIN TN S,

3. B a w77 N7EREES - HEK
(C&BREFE A av Iy N\VHEEPEE
DEERDIERRIZDONTIZIN DNOMENDH 5.
FERLRE 2 S - BN X 3172 Hsp70 (2 PR X
TFRBFEELTHBO, APCICHIDIAENS Z &
TIOXRTF RPEBHEEFIHEELT7O0X T LY
PF—variInbd IHLEEAKRENHTSZ
ET, XRTF REMEHEL T APC OREIREN
BIRICHERINDS ZENMEINTNS. 12 Ll
M5, XTF R&E Hsp70 & OFESEHMMERIART
F REFNKET 2 Z M5, 1D Hsp70 IR E L
TFUNY —nlfeafif OFEEIZRE 5%, Moroi
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51, Hsp70 DR T F RiEH R AL VITE W&
BHIMEEZETH2XTF Raed 5 UDPIRICHES
5 ET, BENRERIZBT 2 BRI O E 2 f ik
LTWwas. Wdiabs, /INaKRIZHEIET % Hsp70
DREOD—2TH5 Bip 1K L TEWEHMMEZR
T R7F K (HWDFAWPW) % OVA ® MHC
class I JiJ (SIINFEKL) iIZ#&9 52 & T, HiE
RTF K& Hsp70 & DEHFRDLREITHEIIL T
W3, YTRITRERDORRN CTL US55 &
L7ZBEHZBNT, BipfaXTF RNEHTD
0, ZHUTKDEEOBRMECHEMENIETH S I &
EHREL TNV,

B av sy NI EEGIRE ZEZES L
B NI EOHAbBmFEINTWS, Udono 5
&, B av sy 2 )N7ED 1 DTdh 5 heat shock
cognate protein 70 IZ, OVA @ MHC class I HiJf %
HEBALZMEY >NV EZERFEL, YTZAAND
BHIZXOPURRREM R CTL FE IR L T
5. 15)

3-2. FRRAAENRERIENC L DRhREAm A,
B TIEI Y RY A b= 22X DHIEANICEL D A
£N%. Hsp70 NI DOHFE#ES () K,
APC il Hsp L& 7% —IZ3E% S 1L CTHIINIC
NTEfbEnd EEZEND. B avw Iy NI E
ZRIALUZHIET UNY —Tix, APC N THIEMN
MHC class I 77 F LIZIRRSNHBEBNDH B0, —
Bic> KA b= R &ZF &0 T, TR
V—LMS T = LANEEI N, £ I THRIC
KO EING., INETORFFITBVWTEEDS
&, (BB E D EFTIVHIE OVA @ APC FLD
ABEERIEDZZIET/ORT LY T—2 3>
PEHE S N, PR RZIRENFENS & &R
HLTWSB.2Y L= >T, Hsp70 2HiEF+ U 7
ETHHAITBNT B HUE T DR fu N B #E 2 il 8
T5%, ThbbBIY RY—ARENSHEE ~FEm
HICHIE T 5 Z & THRIEFAGEE DM SN
% (Fig. 1).

ErFOMas D S E N DO#EL, EiETE
AZHBEL BB TS EHRESINTET-.
I>RY—ATH, KEEOTDOR ATPase 3N
JINNIZTO L2 RHIFANDIETIY RY —A
WO pH 2 FF5. Z0&&E, AHMpHLFTY
O kM 2R E T 2R DMEMNT S BY — A

WIZIFET D E, T RY—AICA>TE/=70Oh0
O E SN, pHORTFAMHENS, T2 K
V= AN F D DR AZES TT O k20
MATDHIETI RY—LDERBIENEAL, K
FENICT > BY —AFEL, NaWh MR E Ik
HaInsdEBELNTWS, ZOFFEIT ITobk>
ZRVHR EMEIN, HEEAEES T THLR
UIFL A2 TEORRNHE SN TLUKR
2 < DILEYNFMORRZFFD 2 EAREN, F
ICEETREOMAZ BT ORANBRET TN T
w5,

EESIE, TOR AR IOUREET ZILEY
ELTRYEBERXFT > (His) 2ERL, Hsp70 &
FIALEFETUNY =28 278D TH
WMl ZNETOEZ A, Hspl0—hiREFEEARIC
I5ICHis 288952 &T, HiEESGAZ APC
DR ~NFEMAIZT U N — [ ThH 5 Z & 2
S5MTL. YTUARNREGICXEDEWN CTL #E
W T TR N I FUEB ) R A F 5, Hsp70 % F| A
L72HURET U N —I2 BT 2 M N EhRE o B i)
RENTNS,

4. B a9 N7EEZFHLI-DNA T/
F > DORAR

YRS T OB TEMAAAIZT T A R DNA
NS R EICERT 2 2T, PR RN RS
FENGOND. TDOHIEILDNA T T F 2 EHRFR
XN, RIRHEGEO A5 TR RE 2 HFE T
EDTEMNSIERBEANDIBANMFINTWS, 7
Z A2 K DNA OEHA & U TR K REH A
WHENDZENEL, BEAEDHEATIAIR
DNA Bt (naked DNA) W51 5. DNA 7
7 F OB, EAINDHURORRMY, Bk
&, P& APC E O AMEMBEICL > TRE
INBEBEZENDZENS, DIFUERETS
BALE P D APC B EETRBE 707 7 1)L
DNA U2V F2ONREZRETDHDEZEA BN
%, BEFREOESN S, FrNREETHEH
DG 5N BRI B S & ik U THET
H BN, 1D APC IV EEICHEET D RENNDOH 5
bEMEEZSND. DNA OFREREIZIZFEAE
D¥E 77 A3 K DNA Bl (naked DNA) T»
D, BREFABDNERZERKTS-OICTL Y bOR
L—2a BB RENFHINS.
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EFESIIINETIT, 77X FDNA ZR)HEEK
SAPCIZFUNY =T B2 EZ2HMICHFA
=S FTH D AFIL BSA (mBSA) & DESKE
PEL, AN L VWIIENEETHZETETI
PURR A 7: CTL OF &N PR EE D KIC
RIHL7Z. 819 27 70 —FTlE, 79XA3IR
DNA % mBSA &KLY 2 Z & THHARMIL A D
BIETHEANMKT D ENARETH >~ (Fig. 4
(A). ZO—hT, YUABANIIEG LS
DEEFIHBIEGERMLITID REITHD L2
(Fig. 4(B)). ZOHHELEL T, HACKEICHKS
LGN APC LB T AN IER TR
<, BELUEEAGKROKRISDHAMES T 25/
A MMV AENDZE, INSHTOEEGT
FENIE SR LD B naked DNA TR TH S Z
EMFEF NS DNAUZF O OREELT, L

WX UIXAPC CEHELRTFEATSIET, NREME
PURICKT % Thl RO GEFENAETHD I &
MET 5NDN, BT EARFO DNA §iiEvER
TREOHENSGEZDE, BELETFIAIER
DNA 2 X D HUEA APC NTHREL, Nz
BB ODRMN B AN ENHEREINS.

Pl Z &S, Hsp70 ZFIF L 7= DNA U U F
CORAITBNTDH, BERTIHEDO KIS APC
DAt ofifa Tl & 2 Al gESENE W, Ldi> T,
APC LIS Ol THIL LU 7= Hsp70—HiE 45 &1k %
APCIZFUNY —L, #ENZI/ORATLE>
F— 3 %EFEEBITHZETHspI0 R AL =
DNA 77 F > O REEMNHFFE N5 (Fig. 5).
bibiI TS5 L7=E A DM, His-Hsp70- §HiJH X
TFROMEGY NIV EEREBTLT I AIR
DNA Z#5EL, v XA RN&EE5#%O CTL iFEil

(A)
5 ue —
Naked pDNA | 10 pg -
20 pg I
5 pg —
mBSA/pDNA (1:1) | 10 pg —
20 pg —
mBSA/pDNA (3:1) 54 [y
mBSA/pDNA (8:1) 20 pg | ND.
102 104 105 106
Gene Expression (RLU / mg tissue)
(B)
Naked pDNA N.D.
mBSA/pDNA (1:1)
mBSA/pDNA (3:1)
mBSA/pDNA (6:1)
mBSA/pDNA (8:1)
102 103 104

Gene Expression (RLU / well)

Fig. 4. Transgene Expression by Naked and Complexed Plasmid DNA in Skeletal Muscle (A) and Mouse Dendritic Cell Line, DC2.4

(B)

(A) Plasmid DNA encoding firefly luciferase was injected into the quadriceps of mice as the naked or complexed form with methylated bovine serum albumin
(mBSA) at indicated doses and weight ratios. At 3 days after injection, the luciferase activity was measured. (B) Naked or complexed plasmid DNA was added to
DC2.4, and the luciferase activity in the cells was measured 18 h after transfection. Results are expressed as mean +S.D. of three mice or three determinations.

Cited from Int. J. Pharmaceut., 293 (1-2), 291-301 (2005).
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Fig. 5. Gene Delivery of Hsp70-antigen Conjugates

Because of the few numbers of APCs in the tissues for administration of
DNA vaccines, it is important to deliver Hsp70-antigen conjugates expressed
in non-APCs to the cytoplasm of APCs.

CIZHUEESIRIC DOV TR ZTT>TW5, MEY
DN BEEHWEREN S HR)TH > - His FJEA
Hsp70 ZHiEF+ U 7 &L THRIHL, S 5I#EE
TREMIENSMEY INIEEZHPBIED 2D
ST T FINERAAD T ET, FEY NI ED
AL A D 7, TN < ™7 A 515 D HifE 5 %) 5
EHERL T35,

5. &bVIC

ARTIE, B av s )N E HspT0 %= F|H
LZHRTUNY =2 27 LB T 5 RO L %
AU, B ayry NN E T
0, ENRIEO APC IS NS 2 &, 361
W ZOfifgEE b T 2 Ems, PilERaEEH
MELEPIRTUNY =2 27 A0 ELTHEEITHEE
Tha. kxBRAHLBENEZSN, BLITEEARAAN
DEGHEN S Lz 3 v 7 & 2N -
TFREGKETVF 2 ELTHREGT DA EN
BEtENTWN5.20 5% (KN - HIFINEIEEDO XD
BB HIEICZ D, APCADOFT U N —HifinN
T@ﬁﬁfmtyyﬁﬁ&®ﬁﬁm%£ﬁﬁé’&
T, R PIEE GRE ZFE R RERYUET UN
U—/XTAﬂ%%éh6%@&% $9 5.
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