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Abstract

Background: Based on the exploratory analysis of our previous studies of peptide vaccine, we concluded that the combination of adjuvants 

hLAG-3Ig + Poly-ICLC is essential for controlling negative immune checkpoints and enhancing the induction of CTLs to overcome the 

traditional peptide studies. Another issue with peptide vaccines is human leukocyte antigen (HLA) restriction. Hence, we developed novel 

multi-HLA-binding peptides derived from the tumor antigens, HSP70 and GPC3, and confirmed the high expression in many types of 

cancer. 

Methods: For the identification of peptides, HSP70- and GPC3-derived peptides that have high binding affinity to each of HLA-A2402, 

0201, and 0206 were selected as candidate peptides by a binding prediction system (NEC Corporation). We then identified priority candidate 

peptides by using a peptide-binding assay. Using peripheral mononuclear blood cells from cancer patients, CD8+ T lymphocytes were 

stimulated with the candidate peptides, and an enzyme-linked immunospotassay was performed. Finally, we identified HSP70- and GPC3-

peptide. In this phase I study of a novel peptide cancer vaccine for metastatic solid cancer, primary objective was to evaluate its safety and 

toxicity. Secondary objective was to examine the immune and clinical response, and also to determine the recommendable dose. This study 

used a three-tiered dose-escalation strategy with 3 patients’ cohorts. In addition to the 3 scheduled cases, 3 more cases were added and 6 

cases were enrolled at the recommended dose. 

Results: Twelve HLA-A*24:02-, 02:01-, and 02:06-matched patients (esophagus, 3; colon, 4; liver, 3; pancreas, 1; stomach, 1) were treated 

in this study. No severe adverse effects related to the treatment were encountered. Peptide-specific CTL induction with HSP70 and GPC3 

was observed in 10 and 11 patients, respectively. We observed decreased tumor marker expression in 6 cases, and disease control was 

observed in 5 patients (4, 3, 8, 2, 2 months, respectively). 

Conclusions: The combination cancer vaccine therapy using multi-HLA-restricted peptides and hLAG-3Ig + Poly-ICLC was safe and 

effective for treating solid tumors; it therefore warrants further clinical studies. Clinical trial information: UMIN000020440.

A phase I study of novel multi-HLA binding peptides and new combination of immune adjuvants against solid tumors (Abstract No 3086)

Background

Although the induction of peptide specific CTLs has been detected in traditional peptide studies, few 

significant improvement on survival rate was observed. Based on the retrospective analysis of our clinical 

studies and exploratory studies, we concluded that the combination of adjuvanthLAG-3Ig + Poly-ICLC is 

essential to control the negative immune checkpoint and enhance the induction of CTLs . 
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Poly ICactivates DC to produce type I IFN and IL-12, both of which mediate stimulatory effects on antitumor T 

cell responses. Poly IC also enhances cross-presentation of exogenous Ag by DC, which is necessary for 

priming CTL specific to TAA epitope in the context of MHC class I. In addition, a potential role of Poly IC on 

natural killer cells and tumor cells have been reported.

LAG-3Ig interferes with inhibitory LAG-3 signal in T cells and prevents them from undergoing exhausted status.

In addition, LAG- 3Ig binds MHC class II with a higher affinity than CD4, and induces maturation and activation 

of DC, which leads to upregulated expressions of CD80, CD83, and CD86.
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Kano Y, Tamada K et.al Cancer Sciece, 2016, 107: 398-406 

The use of Poly IC or LAG-3Ig as a signal adjuvant induced a enhancement of P1A vaccine effects compared to 

incomplete Freund’s adjuvant, surprisingly combined treatment with Poly IC plus LAG-3Ig

remarkably potentiated antitumor effects, leading to complete rejection of preestablishedtumor and long-term 

survival of mice.
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The combined adjuvant of Poly IC plus LAG-3Ig downregulated expressions of PD-1, LAG-3, and TIGIT on 

P1A-specific T cells, indicating prevention of T cell exhaustion.

Expression of HSP70 in various solid tumors.

SP P B N total positivity

HCC 42 11 12 23 88 74%

Esophageal cancer 7 0 1 0 8 100%

gastric cancer 4 2 0 2 8 75%

CRC 3 3 0 3 9 66%

pancreatic cancer 6 2 6 2 16 88%

breast cancer 5 0 0 0 5 100%

SP; strong positive, P; positive, B; borderline, N; negative

HCC; hepatocellular carcinoma, CRC; colorectal cancer

Expression of GPC3 in various solid tumors.

SP P B N total positivity

HCC 21 2 3 9 35 74%

Esophageal cancer 4 0 4 5 13 62%

gastric cancer 2 2 0 12 16 25%

CRC 1 0 0 19 20 5%

pancreatic cancer 0 2 1 11 14 21%

breast cancer 2 0 2 9 13 31%

SP; strong positive, P; positive, B; borderline, N; negative

HCC; hepatocellular carcinoma, CRC; colorectal cancer

GPC3 is expressed complementarily to HSP70.
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Active learning has made it possible to search for peptides with high binding capacity for multiple HLA molecules.

Selection of candidate peptides

MashibaT, UdakaK et. al Immunogenetics, 2007

Identification of therapeutic peptide

Candidates of epitope peptide derived from HSP70

peptide
A*24:02 A*02:01 A*02:06

log Kd log Kd log Kd

Y44 -6.451225173 > -3 -5.130417023

Y45 -6.238032253 > -3 > -3

Y46 -7.66350091 > -3 > -3

Y47 > -3 -4.958921074 -5.268061867

Y48 -6.172930121 -4.860260368 -5.069659334

Y49 -5.818975521 -4.58642391 -5.532894759

Y50 -5.502072835 -4.904317969 -5.37221634

Y51 > -3 > -3 > -3

Y52 > -3 -6.059683064 -6.171355699

Y68 -5.492398754 -5.559823762 -4.275867751

Y69 -5.206187958 -4.325522946 -5.579932749

Y70 > -3 -4.559640805 -5.175394643

Y71 > -3 -6.147821579 -6.44597639

Y72 > -3 -4.65808 -4.05850695

Y73 > -3 -5.09069 -5.020701151

Y74 > -3 -5.909585202 -6.417158659

Y75 -4.370281453 -4.76157 -5.594226356

Peptides with Log Kd <-4 in all HLA was selected as candidate peptide.

(b) Peptide binding assay
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PBMCs were isolated from 14 HCC patients.

(c) IFN-γ ELIspotassay

1:1
5:1

10:120:1

HepG2

Effector cell: peptide-pulsed CD8+ T cells Y50 peptide/ HIV derived peptide(negative control)

Target cells: HepG2 (HSP70 high expression cell line HLA 2402/0201)

(d) Cytotoxicity assay( xCELLigencekilling assay)
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peptide specific spot was increased in adjuvant+peptidegroup.

No side effect was observed.

Weekly vaccine administration 8 times in total.

(e) Peptide vaccine administration to HLA-24 Tg mouse

Study design of this phase I study (UMIN000020440)

N=3

N=3

N=6

Jan. 2016

Level age sex
Cancer

type
HLA -A

Unresectable

sight

TR events

Grade3>

Number

of doses

RECIST

assessment

CTL response

HSP70 GPC3

1-1 60 M EC 24:02 Intrapleural none 15 SD 4+ 2+

1-2 63 F EC 24:02 Lung none 9 PD 4+ 3+

1-3 47 F PDAC 24:02 Liver none 8 PD - -

2-1 78 F EC 02:06 LN none 10 SD 3+ 3+

2-2 78 F HCC 24:02 LN none 13 PD 1+ 2+

2-3 60 M HCC 02:01 Lung none 18 SD 3+ 5+

3-1 66 M CRC 24:02 Liver none 13 SD 5+ 4+

3-2 66 M CRC 24:02/ 02:06 Lung,pelvis none 11 PD 3+ 4+

3-3 62 F CRC 02:01 Lung none 10 PD 3+ 4+

3-4 63 M HCC 24:02 Lung none 9 PD 3+ 3+

3-5 71 M CRC 02:01 LN, liver none 9 PD 4+ 4+

3-6 74 M GC 24:02/ 02:06 LN, liver none 11 SD 5+ 5+

EC, Esophagealcancer; PDAC, Pancreatic ductal adenocarcinoma; HCC, hepatocellular carcinoma; CRC, colorectal cancer

GC, Gastric cancer; LN, Lymph node; SD, stable disease;PD, progression disease; TR, treatment-related

(c) Characteristics of and clinical results in enrolled patients

Supplemental figure: Modified evaluation tree algorithm of ELIspotassay Tumor marker was decreased in 7 of  12 cases.

(e) Trends of tumor marker Spider plot

We identified multi-epitope peptides derived from HSP70 and GPC3 for the 

development of novel immunotherapy.

The combination cancer vaccine therapy using multi-HLA restricted 

peptides and hLAG-3Ig + Poly-ICLC was safety and effective for solid 

tumors and therefore warrants further clinical studies. (UMIN000020440)

Conclusions

(a) Vaccination enhancing effect  of  LAG-3Ig + Poly IC

(b) Prevention of T cell exhaustion by LAG-3Ig + Poly IC

(d) LAG-3Ig (2)

(c) Poly ICLC (1)

HSP70 and GPC3 expression of various cancers

The binding of peptides to the HLA-A*2402, 0201, 0206 moleculewas measured by acid stripping and a reconstitution assay.

The affinity of a peptide was calculated as previously described (Udakaet al. Immunogenetics, 2000 51:816-828).

(a) Binding prediction system (©NEC corporation)

Cytotoxicity was evaluated based on electrical impedance measurements (using the xCELLigencesystem).

The co-culture of peptide-specific T-cell with HSP70 expression target cells led to a decrease in impedance

due to induced apoptosis and detachment of target cells. -100
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Treatment-related events Total(%) Treatment non-related events Total(%) Grade Cause of Adverse events

Drug fever 0(0) Appetite loss 1(8.3) 3 Cancer progression

Rash or flushing 0(0) Appendicitis 1(8.3) 3
Inflammation caused 

by infection

Injection site reaction 0(0) Ascites 1(8.3) 3 Cancer progression

Pruritus 0(0)
Bronchial stenosis

and bleeding
1(8.3) 3 Cancer progression

Hypercalcemia 1(8.3) 3 Cancer progression

Hypokalemia 1(8.3) 3 Cancer progression

Hyponatremia 1(8.3) 3 Cancer progression

Nausea 1(8.3) 3 Opioid for pain cotrol

Small bowel obstruction 2(16.6)
3 Cancer progression

3 Abdominal adhesion

Tumor thrombus of IVC 1(8.3) 3 Cancer progression

IVC, Inferor vena cava

EC, Esophageal cancer; PDAC, Pancreatic ductal adenocarcinoma; HCC, Hepatocellular carcinoma

CRC, Colorectal cancer; GC, Gastric cancer

(d) The incidence of adverse events (>Grade3 )

HSP70 was highly expressed in various cancer. GPC3 was also highly expressed in HCC and esophageal cancer.

In CRC and gastric cancer, GPC3 was not highly expressed, but expressed complementary to HSP70.

So we found HSP70 and GPC3 could be a target molecule for immunotherapy against various cancers.

In Y50, peptide specific spot was not only increased in HLA2402 but also in 0201, 0206. 

(1) Poly ICLC  (Hiltonol ® ; Oncovir, Inc.)

(2) LAG-3Ig  (IMP321 ; Prima Biomed)

(PATEL, Mira A., et al. World J Immunol, 2015, 5.1: 1-15.)

(a) Inclusion criteria

(b) treatment schedule

Unresectable/ recurrent solid tumor  refractory to standard  therapy
(including esophageal cancer, pancreatic cancer, hepatocellular carcinoma, colorectal cancer, gastric cancer, breast cancer)

HLA-A 24:02/ 02:01/02:06

lymphocyte % > 15%   


