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Abstract The NY-ESO-1 is one of the most immunogenic tumor antigens and an attractive candidate for
developing cancer immunotherapy. However, trials using NY-ESO-1 peptide and protein vaccines so far have gen-
erated insufficient clinical outcomes, and improvement in antigen design is therefore needed for efficient cancer
immunotherapy. In this study we designed different genetic vaccines (plasmids) encoding NY-ESO-1 fusion with

various proteins that affect antigen processing, trafficking or presentation with the aim to identify an improved
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genetic adjuvant for this antigen. We studied the vaccines in a mouse model and measured humoral and cellular
immune responses. We found that plasmids encoding NY-ESO-1 alone or linked with HSP70 induced strong NY-
ESO-1-specific IgG1 response. Mice immunized with plasmid encoding ubiquitin-linked NY-ESO-1, however,
induced primarily a NY-ESO-1-specific IgG2a response indicating that this genetic adjuvant drives the immune sys-
tem towards a strong Thl response. Mice immunized with plasmid encoding ubiquitin-linked NY-ESO-1 showed
significant enhanced protection against challenge with a B16F10 melanoma cell line expressing NY-ESO-1 as com-
pared to other chimeric NY-ESO-1 vaccine constructs. It demonstrated the importance of a strong Th1 response in
tumor protection. Depletion of regulatory T (Treg) cells by denileukin diftitox further enhanced the antitumor effect
of the ubiquitin-linked NY-ESO-1 DNA vaccine in a therapeutic study. Finally, combining ubiquitin-linked NY-
ESO-1 construct with plasmids encoding the melanoma antigens gp100 and TRP-2 induced a synergic antitumor
effect against NY-ESO-1 expressing B16F10 tumor. Overall, these data suggested that genetic vaccine encoding

the ubiquitin-linked NY-ESO-1, alone or in combination with other relevant melanoma antigens might be a potent

therapeutic cancer vaccine.
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The fusion genes were cloned into the pcDNA3.1vector under the CMV promoter control. For pli-PADRE, the murine invariant chain molecule with the

CLIP region replaced by PADRE sequence.
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Fig.4 Immunization of chimeric NY-ESO-1 vaccine causes rejection of established B16F10 tumors
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Therapeutic effect of ubiquitin-linked NY-ESO-1 DNA vaccine against BI6F10 melanoma expressing NY-ESO-1. A: the immunization scheme indi-
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with SEM bars of animals of each group (n=7). Curves of the groups were significant different (*P<0.05); B: percentage of survival analysis of mice

immunized with NY-ESO-1 DNA vaccines by electroporation in a therapeutic treatment model (Il vs A, P=0.02).
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Fig.5 Depletion of Treg cells enhanced the therapeutic effect of ubiquitin-linked NY-ESO-1 DNA vaccine
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Fig.6 Effect of combining ubiquitin-linked NY-ESO-1 with melanoma vaccine against established B16F10 expressing

NY-ESO-1 in anticancer immunity

AN JE I 5% 41 Bl (peripheral blood mononuclear cell, 255 T R R S IR 40 9 (dendritic cells, DC). E
PBMC). FAI K R DN AZwAS i) fiRg e S5 A LA, M £ it R0 BR A% 40 M 1 6 T b, T A 2 BAN g 5 T4
A HL ikt TG B B BB v, A B A flo NY-ESO-14%5 nJ LIAE My 4 /) 78 Ja i 78 38 %
JR R IEFETHI00~1 000/, B16F 102 — % FINY-ESO-12 ik 1] 75 5 ¥ 44 35 R T 40 i 3 25 36 1,
Jipe, Az R, O RE TR, MR NBIOF1040 M0 %A AR AT S RN SR, EERT NY-ESO-1
(/N BB B e — AN HASET. WA R GAS ORISR T Th2(A S ) 5 LA ) S %
i AFIB16F10/NY-ESO-1/N UL, nfLAEAITHIE A, AR A HINY-ESO- 1414 [FB16F 1041
il BYNY-ESO- 1t A% 42 7] 1 I 1] - J 75 45 H 2D & (1) J ARG, TS A AR B I A Y R R b ) A
DNA TR o] LLIA £ H (1 AHRE S/ o AEFRATAS FH 1R R R I o, 32 3 0INY-

AR FURI, 4560 A Rls AL 7 FIFINY-ESO-1 ESO-13K 1A [FIB16F 1041 fid (¥ #4115 FH $5e 5% . BB 4h,
R AN B g% S W o /)N B AR FIINY-ESO-1 T 5K 2 A (1 pUb-NY-ESO-12 117 2 3L H B 5 1)
At JTORL AR AL LABENS 5| R AV S % B B ANGEIRNY- Th1Z0 a2, 328 Wk T30 b oig A= K f b, 4
ESO-1&IEM BIGF10ME A K. TR, NY- S0 S5 N2 EUARIR S 3 N 24 T BB, ]
ESO-1# [l 1 45 ¥ £ 4 (calreticulin, CRT)f] 32 44013 CLZRESE, LIRS N 3 ) JE 1A 35 2 BAY 55 pUb-



AALTT 4 A NY-ESO-1 DNAJ 1% 5 5 B (0 F0R /) BB R S i 1511

NY-ESO-1/¥/DNA¥E B 15U RE 808 . 2 Ji A W5
FESE BB B R, FJE E A 35 TRAL 1 AT DL 3 g %
5 ST N 2R /0519, LEIRATIAR R ) X6t
B16F10/NY-ESO-1, Hupl H #i )& 141 3% e % 1 s i
R R, R B16F 1058 AR 41 MU R R A | Je 1
A E T HERR 25 T RNY-ESO-1 %55 J5 % (1 40 s 46 1,
K ANY-ESO-14< 5 A7 58 (1) S g Pk o X T 26 4
92 SR8 2 (1) R 2R AH OGP IR (Wigp100), A £ Refig
EB16F 1040 g b 32k, 15 PETAI I 1) 25 bR A g i
RIXBCHT R AT BT R . DR, TR
2 i BB 25 IR T )5 (gp 100, TRP-2F1Ti-PADRE)HITZ 2%
2 (FINY-ESO- 171677 i #5584 b EL A Bl () 400 461
JsRg IR o dE I B 1) 2 R DR, nT DLE I A
VRS b AR E AU VAN A DO 27 & iE 7N WE B
IS TS0 AR FAE B2, REME A i <8 X S AL
R 193 P, AR R P s R IR,

F T B FUREAE A — Tl R P Al AS [ 2 A
AR T2 3 1 B 5 TR B 11 S J ek TP SR o ik
A 1 T AE FH R T REDRUAS [ B s iy e, ZEFRATT )
SEBOAE AL TR AN A R S R A A, e R
HOE AR E PR AR IR A B0 o 1 SI0 T IR
T R A 4 H AT NY-ESO-122 ik 5 25 11 9 2% 14 I R
AR I SRR, et AN 3 T BATh2 ) B oy 3=
(P Vo A 2545 5 NY-ESO-1 DNAJE i 1]
B2 DB A I Th S S B, Nz A P fE Rk o iR 4
H, JE— 0150 T B R DNAK W G758
(][R

S &3k (References)

1 Litzinger MT, Fernando R, Curiel TJ, Grosenbach DW, Schlom
J, Palena C. IL-2 immunotoxin denileukin diftitox reduces regu-
latory T cells and enhances vaccine-mediated T-cell immunity.
Blood 2007; 110(9): 3192-201.

2 Yoshimura K, Laird LS, Chia CY, Meckel KF, Slansky JE,
Thompson JM, et al. Live attenuated Listeria monocytogenes
effectively treats hepatic colorectal cancer metastases and is
strongly enhanced by depletion of regulatory T cells. Cancer Res
2007; 67(20): 10058-66.

3 Le Gal FA, Ayyoub M, Dutoit V, Widmer V, Jager E, Cerottini JC,
et al. Distinct structural TCR repertoires in naturally occurring ver-
sus vaccine-induced CD8" T-cell responses to the tumor-specific
antigen NY-ESO-1. J Immunother 2005; 28(3): 252-7.

4 Hung CF, Tsai YC, He L, Wu TC. DNA vaccines encoding [i-
PADRE generates potent PADRE-specific CD4" T-cell immune
responses and enhances vaccine potency. Mol Ther 2007; 15(6):
1211-9.

10

12

13

14

18

Jager E, Stockert E, Zidianakis Z, Chen YT, Karbach J, Jager
D, et al. Humoral immune responses of cancer patients against
“Cancer-Testis” antigen NY-ESO-1: Correlation with clinical
events. Int J Gynecol Cancer 1999; 84(5): 506-10.

Kurashige T, Noguchi Y, Saika T, Ono T, Nagata Y, Jungbluth A,
et al. NY-ESO-1 expression and immunogenicity associated with
transitional cell carcinoma: Correlation with tumor grade. Cancer
Res 2001; 61(12): 4671-4.

Nakada T, Noguchi Y, Satoh S. NY-ESO-1 mRNA expression
and immunogenicity in advanced prostate cancer. Cancer Immun
2003; 3: 10.

XNHEE, SKFILE, PhEETE, Steve Kay, % A0, S5 B 5 3509
DNAJE i 45 4 1L-12F1T-PADREHL L 28 (4 308 (5. +h 40
M A4 2% % 4R (Liu Xianglei, Zhang Lihong, SunYunchun, Steve
Kay, Wu Jiong. Improved anti-tumor immunity using xenogenic
melanoma DNA vaccines combined with IL-12 and Ii-PADRE in
murine melanoma. Chinese Journal of Coll Biology) 2014; 36(9):
1262-8.

Jager E, Nagata Y, Gnjatic S, Wada H, Stockert E, Karbach J, et
al. Monitoring CD8 T cell responses to NY-ESO-1: Correlation
of humoral and cellular immune responses. Proc Natl Acad Sci
USA 2000; 97(9): 4760-5.

Jager E, Gnjatic S, Nagata Y, Stockert E, Jager D, Karbach
J, et al. Induction of primary NY-ESO-1 immunity: CD8" T
lymphocyte and antibody responses in peptide-vaccinated
patients with NY-ESO-1" cancers. Proc Natl Acad Sci USA 2000;
97(22): 12198-203.

Zeng G, Aldridge ME, Tian X, Seiler D, Zhang X, Jin Y, et al.
Dendritic cell surface calreticulin is a receptor for NY-ESO-1:
Direct interactions between tumor-associated antigen and the
innate immune system. J Immunol 2006; 177(6): 3582-9.

Odunsi K, Qian F, Matsuzaki J, Mhawech-Fauceglia P, Andrews
C, Hoffman EW, et al. Vaccination with an NY-ESO-1 peptide
of HLA class I/II specificities induces integrated humoral and T
cell responses in ovarian cancer. Proc Natl Acad Sci USA 2007,
104(31): 12837-42.

Dannull J, Su Z, Rizzieri D, Yang BK, Coleman D, Yancey D,
et al. Enhancement of vaccine-mediated antitumor immunity in
cancer patients after depletion of regulatory T cells. J Clin Invest
2005; 115(12): 3623-33.

Mahnke K, Schonfeld K, Fondel S, Ring S, Karakhanova
S, Wiedemeyer K, et al. Depletion of CD4+CD25+ human
regulatory T cells in vivo: Kinetics of Treg depletion and
alterations in immune functions in vivo and in vitro. Int J Cancer
2007; 120(12): 2723-33.

Gilboa E. How tumors escape immune destruction and what
we can do about it. Cancer Immunol Immunother 1999; 48(7):
382-5.

Hershko A, Ciechanover A. The ubiquitin system. Annu Rev
Biochem 1998; 67: 425-79.

Dantuma NP, Lindsten K, Glas R, Jellne M, Masucci MG.
Short-lived green fluorescent proteins for quantifying ubiquitin/
proteasome-dependent proteolysis in living cells. Nat Biotechnol
2000; 18(5): 538-43.

Varshavsky A. The N-end rule: Functions, mysteries, uses. Proc
Natl Acad Sci USA 1996; 93(22): 12142-9.





