YAKUGAKU ZASSHI 130(11) 1519—1526 (2010) © 2010 The Pharmaceutical Society of Japan 1519

—Review—

AR R ED AR AR LD 7O DERRKIMBAFE
BRI A K BEERMFARE 74 74 LR D RERBEE

J5 H

i, oK i & R

New Technologies for Inmunotherapy against Cancer:
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Dendritic cells (DCs) play a crucial role in maintaining the immune system. Although DC-based cancer im-

munotherapy has been suggested as a potential treatment for various kinds of malignancies, clinical efficacies have been
still unsatisfactory. To improve the clinical outcome of DC-based cancer immunotherapy, we are now focusing on 1) in-
crease of numbers of therapeutic immune cells, i.e., DCs, and 2) the development of new methods for stimulating them.
We have recently established a possible breakthrough, a simple cytokine-based culture method to realize a log-scale or-
der of functional myeloid-type murine/human DCs. Moreover, we demonstrated that DCs activated by replication-
deficient recombinant Sendai virus (rSeV) were highly effective than that seen in the use of current DC vaccine stimulat-
ed by conventional cytokines efc., for immunotherapy against malignancies. Therefore, our study strongly suggests that
these improvements could overcome the current limitations of DC-based immunotherapy for malignancies.
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Antigen Loading
+ Peptides (MHC I-restricted, MHC [l-restricted)
* Proteins

« Ag-Ab complexes, receptor targeting, Hsp-peptide complexes (cross-presentation)
- RNA, DNA (single gene or whole tumor-derived, lysosomal targeting sequences,
genes encoding cytokines, chemokines, co-stimulatory molecules or survival factors)

« Viral vectors

« Killed tumor cells, cell lysates J\
« Stimulators of NKT cells (aGal-Cer) E/ P

-
%\\/

» Non-tumor Ags (VEGF, VEGFR)

Sz
- el
w2 Y

DC Maturation //\‘ [

- CD40L %

» Cytokines

» TLR agonists

- Addition of DC
survival factors
(TRANCE)

DC Generation
* Monocytes, GM-CSF, IL-4/IL-13 (MDCs)

- CD34* HPCs, GM-CSF, TNFa, TGFB (MDCs + LCs)
« FIt-3L, direct purification from blood (PDCs + MDCs)

Clinical Issues

Vaccination

+ Dose

* Route (i.d., s.c., i.v,
intranodal, intratumoral)

- Frequency, boosters

* Pre-condition site (Imiquimod, TNFa)

« In situ vaccines (including CpG DNA,
Hsp-peptide complexes, DNA vaccines
that express DC survival factors)

L=

Immune Monitoring
+ Blood vs tissue

+ Optimal assays?

+ Clinical correlation?

+ Standardized response criteria (WHO, RECIST)

» Clinical setting (metastatic disease, minimal residual
disease, adjuvant therapy, maintenance, prophylaxis)

» Combination therapies

Fig. 1. Approach for the Preparation and Use of DC Vaccines to Treat Cancer

DCs may be prepared ex vivo following 3 general methods (lower left), each of which results in a different mixture of cells. DCs may be matured and loaded
with antigens using a variety of techniques. Some of these techniques include the addition of DC survival factors, the use of substances that induce cross-presenta-
tion, or the use of stimulators of other innate immune cells such as NKT cells. DCs loaded with RNA or DNA can take advantage of sequences encoding cytokines,
chemokines, or DC survival factors. Numerous variables such as antigen dose, cell dose, and route of administration also need to be optimized. In addition, less
costly and labor-intensive approaches that stimulate and load DCs with antigen in situ are being explored. There are many unresolved issues regarding the monitor-
ing of immune responses and in correlating these responses with clinical outcome. DC vaccines may prove to be most effective in the adjuvant setting or in combina-

tion with other treatments. This figure is adapted from Ref. 1.
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Fig. 2. Dose-dependent Efficacy of DCs for Therapeutic Vaccination

A: Three days after intradermal inoculation of BI6F10 melanoma, various amounts of ts-rSeV/dF-DCs were injected weekly via an intratumoral route. There-
after, the tumor volume was measured. Lines on the panels indicate time courses of tumor volume in individual animals. Apparent dose-efficacy response was seen in
the tumor volume, and 4 of 8 animals that received 10° DCs per dose showed complete tumor elimination. The + indicates animals that died during observation.
This figure is adapted from Ref. 6. B: Log-scale expansion of murine DCs; bar graph indicating relative increase of CD11b*CD11c* DCs yielded after 1-week culti-
vation under GM/IL-4 in use of expanded hematopoietic progenitors at each time point. The data include three independent experiments. Note that 3-weeks’ expan-
sion was optimal, over 3 logs, for efficient production of CD11b*CD11c* DCs. This figure is adopted from Ref. 7. C: Log-scale expansion of human DCs; kinetics
of the number of CD11c-positive cells from 1X 105 cord blood CD34-positive cells under GM-CSF and SCF (black line) and under GM-CSF and IL-4 (gray line).

The figure is under preparation.
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Fig. 3. Timing of Administration of DC is Critical to Optimize the Prevention of Lung Metastasis and Determination of Effector Cell
Subsets for Preventing Lung Metastasis

A: Treatment regimen. DCs, 106 cells of immature DC (iDC) or rSeV/dF-GFP/DC, were i.v. administered via the tail vein at day -28, -14, -7, or -2. On day 0,
105 RM-9 tumor cells were inoculated i.v. Twenty-one days later, the animals were sacrificed and the numbers of metastatic nodules on the pleural surface of bilater-
al lungs were evaluated macroscopically. B: Timing of administration of DC-rSeV/dF-therapy is critical to optimize the prevention of lung metastasis of RM-9
prostate cancer. The number of metastatic nodules of each group is given. C: Effects of effector cell depletion (for NK cells: rabbit anti-asialoGM1 polyclonal Ab=
anti-AGM1, for CD4+ T-lymphocytes: anti-CD4 mAb from hybridoma GK1.5=anti-CD4, and for CD8* T-lymphocytes: anti-CD8 mAb from hybridoma TIB105
=anti-CD8) for the prevention of lung metastasis of RM-9. Anti-asialo GM1 was given i.p. (100 ug/dose) for NK cell depletion on days -8, -6, -4, 0, and 3 after
tumor inoculation. CD4* or CD8" cells in the mice were eliminated by i.p. injection of mAbs on days -8, -6, -4, 0, and every 3 or 4 days until sacrifice after tumor in-
oculation. FACS analyses confirmed >>98% depletion of the target cells in peripheral blood from the tail vein for at least 7 days after injection in animals. Treatment
with tAGM1 dramatically increased the number of metastatic nodules. Note that both mAbs, anti-CD4 and anti-CD8, significantly impaired the preventive effect of
DC-rSeV/dF-mediated antimetastatic activity, and anti-CD4 showed a more pronounced effect (p<{0.01) than that seen with anti-CD8 (p<(0.05). D: Another set
from the same experiment as ¢ assessing long-term survival. The survival curve was determined using the Kaplan-Meier method, and the log-rank test was used to
compare curves among groups. Treatment with anti-AGM1 on days -8, -6, -4, 0, and 3 significantly accelerated death, even though DC-rSeV/dF was given 28 days
before tumor inoculation (p<{0.01) . Administration of anti-CD8 did not impair the survival of DC-rSeV/dF-treated mice; in contrast, injection of anti-CD4 almost
completely abolished the effect of DC-rSeV/dF (p< 0.01). These A-D figures are adopted from Ref. 12.
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Fig. 4.

Combination Therapy of Irradiation and rSeV/dF-mIFN_-DC Induces Long-lasting and Tumor-specific Protective Immunity

Seven days after subcutaneous ¢1300 tumor inoculation into the left thigh, the tumors were irradiated 3 times daily at 4 Gy/day. At day 10, 106 cells of ts-rSeV/
dF-DCs with exogenous mIFN-f expression were injected weekly via the intratumoral route. Four animals with completely eliminated tumors via overdose irradia-
tion (34 Gy X3 for 3 days) were also included. On day 184, live animals without primary tumor formation were subjected to a second challenge, simultaneous tumor
inoculation with ¢1300 and MuSS (third party) on the abdominal wall. Fifteen days later, tumor formation was determined. The figure is adopted from Ref. 6.
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Fig. 5. A New Paradigm of DC-based Immunotherapy for
Cancer

L7 /7% —%CTL EHEL, MROEI WK
THETHO, EREEMELIETIC DC 28%55 5705
HNITEENNS W TORGTHo7=. Ll
BERICPWTIIERIL DC #5URICREL, £0
£ <I3E FTIRBESHNRICEELTVWD, ZTOED
B PR ) 7R 712 mimic U 72 53 T O FEfli A% 046 812 72
5EEZEZONTER. bNbNOMAZREIZTN
W, BEICHEIET B EEICHT 2 DCEEOL T =7
Z—ELTIZCD8 M THIlME O BT L A CD4
Btk T Ml %O NK MR EETH D, HHE T
I3 CTL VEE TH 5 (Tanaka &, #ERaHEEH), 610
£/, MEBNHTETIVICBI 2 ERTI T 75—
V& NK fiifid %O CD4 % T fifd TH D, CTL O &
BRI H D TH B EEZ 5N D (Fig.
5)' 13)

5. BHYIC
HNOIUTEICIR = DCEEICB W TRELT
NELM DC O, DC OiEMHLHE, &5
DC 0¥, PFIRRIEDHE 5L —, &5
BERE R OIBRICHBNT, A MhA > FIick
% DC DK EIEIEHM OB FE & SaZfl A ™ 1 )L X
#1ED DC EIEAN DI HBEAN OFFEIC LD, &ML
KO 5 DC 8O EZ Rk $ 5 Z LTI L 7z,
INSOHEANITKD, HEREDM L, Y7ol —
> AR EIEIC K B {RREEAL, 2 U Cil i #iBH O 9L
KIZHIrEEI N5,

X7z, AT RIT LR, 201044 A 29 HITIE
KE FDA 12 X U KE Dendreon DRI IED ATE
#MHD 75> TPROVENGE)] O#LEIRTEN KGR S

Nr=. ZHUE, 2A DC T 7 F RiED B ES I
K HEENERICEDSNZRHTEETHD,
MAT D F EENGEE 4 DIGEIE LTS TR
ER1SHEERAD. 5O SRDHHERICHET T
FHEEDTNE 2,
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