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An immunosurveillance system for tumor-associated antigens (TAAs) plays an important role in the elimination of
cancer cells during the initial stage. Although cancer immunotherapy targeting TAAs has progressed steadily with the
development of various vaccine strategies, excellent therapeutic efficacy, as evidenced by marked tumor regression and
complete response, has not been reported in a clinical setting to date. To improve the therapeutic effects of cancer im-
munotherapy, we are attempting to establish an innovative concept, the ‘‘cell delivery system,’’ capable of better con-
trolling the trafficking and biodistribution of immune cells by applying chemokine-chemokine receptor coupling, which
regulates leukocytic migration and infiltration of local sites in the living body. This review introduces our approaches
that employ an Arg-Gly-Asp (RGD) fiber-mutant adenovirus vector encoding the chemokine or chemokine receptor

gene in cancer immunotherapy.
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Fig. 1. Schematic Representation of Chemokine Functions in Tissue Infiltration of Lymphocyte



No. 2

329

L, MEINTWDH20EEOTrENI L
F—HZA—N—T7 I —ZHELTNE.7 75t
HA NEEY), FhERCHEERZEESE LY M
1>O—RFELTHRRIN, FEITRIETOXREHNH
RHEINTE. INSREMETENA ITHLUT,
1990 FRBERD, NMFA2THRT AV X%
BEfE L CTEST F— A RN— 2 2METDHEND Tk
WE>THLWTENA VN RL EFREIN, U
INERS DC 72 EZEmfiieE T2 RERTENA >
DEENHSMNER D7 (Tablel)., ZHiTk->
T, MO ERNTOBE RFIE D Sl
BT 2B ROEICERT D EEDIT, FEHNAT >
—TE®NA LTy —#HEE TSI LIk

THRIZFMILDIRNERE - RN 2 i L 1G58 72
IR BB ORI E MO N TE.

3. RGD 77 AN—=32a—9>b7F/74)L
ZX (AdRGD) R %4 —

TENA TN LT Y —HEEEERIH L
7= Cell Delivery System Z £ 9 5 7/=DITi%, AR
WNIETT® 5 W AEERICER G 2 MifdERIC T A
SRTENA LTI - B E N DRI HEEL
SHDZMBEND D, BLEFEBAFRNIENS ZHE
TRENBFETHD. V7 /1A (Ad) N
75 —d, BEITIEETBEANIY—OHTHRD
BWERTEAMEEZHD, DOENBONT 5 —
FENEGTH D ENS in vivo BIEERGNDJK

Table 1. Chemokine-Chemokine Receptor Coupling in Immune Cell Trafficking

Imgﬁgztcell C?:cr::lgtlg? ) Corresponding chemokines Imlzllggztcell C?:crggtl;lrn ¢ Corresponding chemokines

expression expression

Naive T cell CCR7 CCL19, 21 NK cell CCR1 CCL3, 5,7
CXCR4 CXCL12 CCR2 CCL2, 7, 13

Thl CCR2 CCL2, 7, 13 CCR4 CCL17, 22
CCRS CCL3, 4,5 CCRS5 CCL3, 4,5
CXCR3 CXCL9, 10, 11 CCR7 CCL19, 21
CXCR6 CXCL16 CCR8 CCL1
CX;CR1 CX;CL1 CXCR1 CXCL6, 8

Th2 CCR2 CCL2, 7, 13 CXCR2 CXCL1, 2,3,5,6,7,8
CCR3 CCL5, 7, 8, 11, 13, 24, 26 CXCR3 CXCL9, 10, 11
CCR4 CCL17, 22 CXCR4 CXCL12
CCRS8 CCL1 CXCR6 CXCL16

CTL CCRS CCL3, 4,5 XCRI1 XCL1
CXCR1 CXCL6, 8 CX;CR1 CX;CL1
CXCR2 CXCL1, 2,3,5,6,7,8 Monocyte CCR1 CCL3, 5,7
CXCR3 CXCL9, 10, 11 CCR2 CCL2, 7,13
CXCR6 CXCL16 CCRS5 CCL3, 4, 5
CX;CR1 CX;CL1 CCR8 CCL1

Memory T cell CCRI1 CCL3, 5,7 CXCR2 CXCL1, 2,3,5,6,7,8
CCR2 CCL2, 7, 13 CXCR4 CXCL12
CCR4 CCL17, 22 CX;CR1 CX;CL1
CCR6 CCL20 Immature DC CCRI1 CCL3, 5,7
CCR7 CCL19, 21 CCR2 CCL2, 7, 13
CCRI10 CCL27 CCR3 CCL5, 7, 8, 11, 13, 24, 26
CXCRI1 CXCL6, 8 CCRS5 CCL3, 4, 5
CXCR2 CXCL1, 2,3,5,6,7,8 CCR6 CCL20
CXCR4 CXCL12 CCRY CCL25

B cell CCR6 CCL20 CXCR4 CXCL12
CCR7 CCL19, 21 Mature DC CCR7 CCL19, 21
CXCR3 CXCL9, 10, 11 CCRY CCL25

CXCR4 CXCL12
CXCRS CXCL15

CXCR4 CXCL12
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Fig. 2. Construct and Tropism of RGD Fiber-mutant Adenovirus (AdRGD) Vector

ITR: inverted terminal repeat, Prom: promoter, P (A) : polyadenylation signal, CAR: coxsackievirus-adenovirus receptor.
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Ad-EGFP AdRGD-EGFP
Non-treatment
10 MOI 50 MOI 10 MOI 50 MOI
B16BL6
0.1% 3.2% 17.5%
Ad-EGFP AdRGD-EGFP
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25 MOl 50 MOI 25 MOl 50 MOI
DC
0.1% 10.3% 15.3%

Fig. 3.

EGFP Expression in Murine B16BL6 Cells and DCs Transduced with EGFP ¢cDNA by AdRGD or Conventional Ad Vector

B16BL6 cells and DCs were transfected for 2 h with Ad-EGFP or AARGD-EGFP at the indicated MOI (multiplicity of infection) . Two days later, EGFP ex-
pression in cells was evaluated by flow cytometric analysis. The % value expresses the percentage of EGFP-positive cells.
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BrU7z. Figure 6 (A) IZ/R9 K DIZ, BI6BL6 [
L -~ A2 gpl00/DC 2R N5 L, %
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%5 U= TRV R g R IR0 s g, Z
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O AdRGD-CCL17
@ AJRGD-CCL19

2000

1000

0 5 10 15
Days after intratumoral injection

T Cell Infiltration (A) and Growth Suppression (B) in B16BL6 Tumors Injected with AUORGD-CCL17 or AARGD-CCL19

B16BL6 cells were intradermally inoculated into the right flank of C57BL/6 mice at 4 X 10° cells/mouse. One week later, tumors (5—7 mm in diameter) were
injected with AARGD-CCL17, AARGD-CCL19, or AARGD-Luc (control vector) at 3X108 PFU (plaque-forming unit) . PBS was administered to control tumors.
(A): On day 2 after intratumoral injection, immunohistochemical staining against CD3 (pan-T marker), CD4 (helper T marker), and CD8 (CTL marker) was per-
formed using frozen tumor sections. Then, the number of positive cells in tumor parenchyma was assessed by counting six fields per specimen under X400 magnifi-
cation. (B): The tumor sizes were assessed using microcalipers, and the tumor volume was calculated using the following formula: (tumor volume [mm3]) = (major

axis [mm]) X (minor axis [mm])2X0.5236.
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Fig. 6. Growth Suppression (A) and T Cell Infiltration (B) in B16BL6 Tumors of Mice Treated with the Combination of gp100/DC-
immunization and Intratumoral Injection of Chemokine-expressing AARGD Vector

B16BL6 cells were intradermally inoculated into the right flank of C57BL/6 mice at 4 X 105 cells/mouse. One day later, the mice were intradermally immunized

in the left flank with 106 DCs transduced with AARGD-gp100 at 25 MOI. Then, the tumors (5—7 mm in diameter) were injected with AARGD-CCL17, AARGD-

CCL19, or AdRGD-Luc (control vector) at 3X108 PFU. PBS was administered to control tumors of mice immunized with gp100/DCs or PBS. (A): The tumor

volume was assessed as described in the legend to Fig. 5. (B) : In mice immunized with gp100/DCs, immunohistochemical staining against CD3 to determine T cells

was performed with frozen tumor sections on day 2 after intratumoral injection with each AdRGD vector or PBS. The number of CD3-positive cells in tumor paren-

chyma was assessed by counting six fields per specimen under X400 magnification.
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Schematic Representation of DC-based Cancer Immunotherapy
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YANMEFSNTND. 73 Ln->T, HiEAL
EBHITCCRT Z2 T ICHBEIEEDC T F >
X, BRI Lzd SICHEmBIIZY > NHLREA &
BITL TRERZNREIEMILTES Z &<
THIEN, 2O U 2NHBSEREDCT EHnD
RERLEBRTIFOREFEREL TDCAD
CCR7 Bz FEAMNET 515 (Fig.8). £IZTX
¥, CCR7 E{ZF## AJRGD X7 ¥ — (AdRGD-
CCR7) ZHWTEETEAL K DC (CCR7/DC)
2B D CCRT F B L X)L % flow cytometry 12 &
DFEFTL7=&E 25, 90% LA D DC THilliE K mIC &
BI% CCRT & >N BHE DR SNz (Fig. 9
(A)). E7=, invitro chemotaxis assay I35\ T
CCR7/DC I CCL21 DIREITKFFE L I iE G D
ERZERLEZENS, BLETFEAICK S THIRE
iR EIFEE &8/~ CCR7 ¥ > /53713, CCL21 &
J& 2 A U T DC T ERNMR 216 A % AR D EYTE
HERELEZTENN LT Y —ThHEHZ EBY
AL 7= (Fig. 9(B)). X512, CCR7/DC &< X
DREER R 5 L, 48 BERIBICHRGEA 0 5
AT iE ) > NE (R > NH) N &ilEdE L7z DC
¥BEmiL-&2%, 22 hOo—)LDC &kl T
5—15 fEEn U 2NEINOEENEO 57z (Fig.

9(C)). N5 DHERIZ, AJRGD N7 ¥ — %t
L7ZDCANDTENA > LT H—#IRTDEAIZ
£o T, DCOFEHNA VIREMEM T ARICHES
L7-BOARNEEF 2 WA TESL I EE2RT EEDBIT,
CCR7/DC 7%, DC ERIEITBIT DR DOI R
BLT x5 —HMlaDiEElE 2O T T
77 —MlOHE WS BENS, JEFICEN
TOFHKREL THRET S Z a2 RBTEHHDT
b5,

% Z T, CCR7/DC OENTY ) HLMREREM &
DC %L DA Mk E & QR EME &2 MEEd 5 7=
WIZ, AT/ —<BEPE (gpl00) Bz T &
CCR7 #fz T & 23L& A L 7z DC (gpl00+ CCR7/
DC) ZFBL, Y7 A BI6BL6 A5 J —<EF)L
BT 2T F U HaEZ Mt U7z (Fig. 10(A)).
Mock DC & % W Z CCR7/DC Z#%5 L 7= #f & Fhi
LT, gplo0 ERmTFDH%EEAL L DC (gpl00/
DC) #2770 F G5 LEITRICBWTII W ERE
f& U 7= B16BL6 [ifi J5 O Wi 3 73 ¥4 il i 1 7V i 4% &
N, 512 gplo0+CCR7/DC ZHFE L ZHICB N
T & 0@ e fE G I H R RGO bz, £
7, TNSDOERTEADCUIF L EHELEY
T AZBT S CTLiEWR 2K L-E T A, gplo0
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Fig. 8. Conceptual Representation of ‘‘Lymphoid Tissue-directivity DC’’ Vaccine Created by CCR7 Gene-transduction

The migration of DCs from administration site to regional lymph nodes is critical for the priming of T cells in DC-based immunotherapy. However, the poor
migratory ability of antigen-delivered DCs limits the induction of a potent immune response. On the other hand, DCs transduced efficiently with the CCR7 gene may
adequately respond to CCL21, which is constitutively released from lymphoid tissue, and acquire migratory ability to lymph nodes. Consequently, antigen-delivered
DCs with CCR7 transduction can enhance the initiation and amplification of the T cell-dependent immune response.
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Fig. 9. Analysis for CCR7 Expression Levels (A), In vitro Chemotaxis (B), and In vivo Migration (C) of CCR7/DCs

DCs were transduced with AARGD-CCR7 or AARGD-Luc at 50 MOI. These transduced cells (CCR7/DC and Luc/DC), LPS/DCs stimulated with 1 ug/ml
lipopolysaccharide, and mock DCs were cultured for 24 h. (A): Flow cytometric analysis was performed by using anti-mouse CCR7 antibody. Negative control
(dotted line) represents mock DCs stained by second antibody alone. The % value and the numerical value indicated in the upper part of each panel express % of
gated cells and mean fluorescence intensity (MFI), respectively. (B): In vitro chemotaxis assay was performed by a Chemotaxicell-24 installed on 24-well culture
plate. CCL21 solution was added in the lower compartment at the indicated concentration, and DCs were placed in the upper chamber at 10° cells. After 4 h-incuba-
tion, the number of cells that migrated to the lower compartment was counted. The chemotactic activity was expressed in terms of the percentage of the input cells
calculated by the following formula: (% of input cells) = (the number of migrated cells) / (the number of cells placed in Chemotaxicell-24 [106 cells]) X 100. (C):
DCs derived from EGFP-transgenic mice were transduced with AARGD-CCR7 or AARGD-Luc at 50 MOI, and then were intradermally injected into the left flank
of C57BL/6 mice at 2 X 106 cells/50 ul. Two days later, the draining inguinal lymph nodes were collected from these mice, and a single cell suspension was prepared.
The abundance of EGFP-positive DCs was assessed by flow cytometric analysis acquiring 500000 events. The number of DCs that had migrated into draining lymph
nodes was calculated by multiplying the EGFP-positive DC-frequency by the total number of isolated lymph node cells.

+ CCR7/DC ## 5 L /7=~ 7 2 O A I3 tem) 7%, MMIEIREL TODC U Y F > DEYE
gpl00/DC ¢ 58t % L[] % B16BL6 45 Al a5 & MFAEZM LS 22 E2E%LTHD, DCH%
EMEDSREE N (Fig. 10(B)). 25 OkEHIT, FERE R DR RIS RN H BT 24 878 G i &
CCR7-CCL21 #FZFIH L /7= DC 77 F > \NDfE RETEZ2HDEEZATND,
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Fig. 10. Anti-B16BL6 Tumor Efficacy (A) and CTL Activity (B) in Mice Immunized with DCs Cotransduced with CCR7 and gp100

Gene by AARGD

CCR7/DCs, gp100/DCs, and gp100+CCR7/DCs were prepared using corresponding AARGD vectors at 25 MOI, and then cultured for 24 h. C57BL/6 mice
were immunized by intradermal injection of 5 X 105 transduced DCs or mock DCs into the left flank. (A): One week later, 4 X 105 B16BL6 cells were inoculated into
the right flank of the mice, and then the tumor volume was assessed as described in the legend to Fig. 5. (B): At 1 week after immunization, non-adherent spleno-
cytes were prepared from these mice, and then were re-stimulated in vitro for 5 days with IFN-y-stimulated and mitomycin C-inactivated BI6BL6 cells. A cytolytic
assay using the re-stimulated splenocytes (effector cells) was performed against IFN-y-stimulated BI6BL6 (closed column) or EL4 cells (open column) at effector/

target ratio at 25. N.D.: not detectable.
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