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Abstract

Background Lymphocyte antigen 6 complex locus K

(LY6K) has been identified as a tumor-associated antigen

in lung cancers and esophageal squamous cell carcinomas.

The immunogenicity of LY6K-177 peptide vaccine therapy

has been demonstrated in patients with advanced esopha-

geal cancer. This study extends this treatment to gastric

cancer.

Methods LY6K expression in clinical samples obtained

from gastric cancer patients was examined by immuno-

chemistry. As a phase I clinical trial, the safety and

immunogenicity of LY6K-177 peptide vaccine emulsified

with Montanide ISA 51 was evaluated in six patients with

unresectable advanced gastric cancer. LY6K-177 peptide

(1 mg in 1 ml sterile saline) was emulsified with incom-

plete Freund’s adjuvant (1 ml) and intracutaneously

administered to the inguinal region or axilla. One treatment

course comprised four vaccinations, performed weekly for

the first and second treatment courses and biweekly for the

third treatment course.

Results LY6K expression was confirmed in 85 % of

gastric cancer tissues. Induration and redness at the vac-

cination site (grade I), possibly a delayed-type hypersen-

sitivity reaction, was observed in all patients; however,

no systemic toxicology was identified in any patient

throughout the observation period. Three of the six patients

had stable disease, and a tumor contraction effect was

observed in one patient.

Conclusions LY6K was expressed in 85 % of observed

gastric cancers. Vaccination with LY6K-177 peptide/

Montanide ISA 51 appeared to be tolerated by advanced

gastric cancer patients, and moreover anticancer efficacy

was suggested. This trial was registered with ClinicalTri-

al.gov (no. NCT00845611).

Keywords LY6K � Gastric cancer � Peptide vaccine �
Immunotherapy

Introduction

Gastric cancer is the second leading cause of death from

malignant disease worldwide [1], although the incidence

and mortality rate have decreased significantly in recent

years [2]. The cumulative 5-year survival rate is 68.2 %

(89.9 % for stage I, 69.1 % for stage II, 43.5 % for stage

III, 9.9 % for stage IV patients) [3]. Although resection is

the most common therapy, surgery alone is insufficient for

advanced gastric cancer. Use of the chemotherapeutic drug

S-1 together with other agents has improved treatment

results for advanced gastric cancer, with the mean survival

time exceeding 1 year, although it remains in a range of

12.6–14.4 months [4–6]. New therapies for the treatment

of advanced gastric cancer are therefore required.

Systematic cDNA microarray analysis of the expression

levels of thousands of genes in lung cancer and esophageal

squamous cell carcinoma (ESCC) tissues compared with

normal human tissues [7–11] revealed that lymphocyte

antigen 6 complex locus K (LY6K) expresses a tumor-

associated antigen (TAA). LY6K is a typical cancer/testis

antigen, highly expressed in 88.2 % of surgically resected

non-small cell lung carcinomas (NSCLC) and 95.1 % of

ESCCs [12]. Suppression of LY6K expression with siRNA
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effectively inhibits the growth of LY6K-expressing lung

and esophageal cancer cells, indicating that it might be

associated with a highly malignant phenotype [12]. Fur-

thermore, human leukocyte antigen (HLA)-A*2402-posi-

tive dendritic cells pulsed with a LY6K-derived epitope

peptide, LY6K peptide (RYCNLEGPPI), was shown to

induce CD8? cytotoxic T lymphocytes (CTL) to exert

specific cytotoxicity against HLA-A*2402-positive LY6K-

expressing lung and esophageal carcinoma cell lines [12].

Thus, LY6K-177 could be useful for inducing specific

immune responses in the treatment of NSCLC and ESCC.

The immunogenicity of LY6K-177 peptide vaccine

therapy in patients with unresectable advanced esophageal

cancer has also been demonstrated [13, 14]. We obtained

similar results in an esophageal cancer patient, raising hopes

for a new treatment option using this peptide. If LY6K is also

expressed at a high level in gastric cancers, a vaccine therapy

similar to that for esophageal cancer might be possible. Since

confirming LY6K expression in gastric cancer, we have also

treated stomach cancer patients using an HLA-A*2402-

restricted LY6K-derived epitope peptide vaccine.

Materials and methods

Analysis of LY6K expression in gastric cancer

Clinical samples were obtained from gastric cancer patients

who underwent surgery from 2001 to 2007 and were subse-

quently diagnosed as stage IIIa or IIIb based on the Japanese

Classification of Gastric Carcinoma (13th edition, June 1999).

To determine the status of LY6K protein in clinical gastric

cancer samples embedded in paraffin blocks, we performed

immunohistochemistry as described previously [12, 15, 16].

Briefly, rabbit polyclonal antihuman LY6K antibodies

(TM38) were applied to the sections after blocking endoge-

nous peroxidases and proteins. The samples were then incu-

bated with HRP-labeled anti-rabbit IgG (secondary antibody),

and substrate chromogen was added. The specimens were

counterstained with hematoxylin. LY6K positivity was

assessed semiquantitatively without prior knowledge of

clinicopathological data. The intensity of LY6K staining was

evaluated using the following criteria: dark brown staining

that completely obscured the cytoplasm in[50 % of tumor

cells, strong positive (2?); any lesser degree of brown stain-

ing, weak positive (1?); and no appreciable staining, absent

(0). Clinical samples of patients included in the trial also were

evaluated for LY6K expression in the same way.

Study design

This phase I clinical study was approved by the Kinki

University Institutional Review Board and is open to the

public at ClinicalTrial.gov (NCT00845611). The primary

endpoint was safety, and the secondary endpoints were

therapeutic efficacy and estimation of immunological

responses. The LY6K-177 peptide (1 mg in 1 ml sterile

saline) was emulsified with 1 ml incomplete Freund’s

adjuvant (Montanide ISA 51 VG; Seppic, France), and then

intracutaneously administered to the inguen or axilla. One

treatment course consisted of four vaccinations, performed

weekly for the first and second treatment courses and

biweekly for the third. Patients who completed at least one

treatment course were included in the evaluation of safety

and efficacy. A total of six patients were included.

Patient selection

Inclusion criteria:

1. Patients with advanced or recurrent gastric cancer for

whom treatment had failed, who were in a situation

where effective therapy was not available, or for whom

treatment was not possible because of severe adverse

effects of chemotherapy

2. A World Health Organization performance status of

0–2

3. Age C20 years and B80 years

4. Patients with disease for which a treatment effect was

judged possible, even if the disease was not

measurable

5. More than 2 weeks since previous treatment

6. Expected survival of at least 3 months

7. WBC C 1,500/mm3; WBC B 15,000/mm3; platelet

count C50,000/mm3; total bilirubin B39 the institu-

tional normal upper limit; AST, ALT B39 the

institutional normal upper limit; creatinine B39 the

institutional normal upper limit

8. HLA-A*2402 positive

9. Able and willing to give valid written informed

consent.

Exclusion criteria:

1. Pregnancy, possible pregnancy, and breastfeeding

2. Serious infection requiring antibiotics

3. Concurrent treatment with steroids or immunosuppres-

sive agents

4. Deemed unsuitable by the principal investigator or

physician in charge.

Characteristics of the six patients are shown in Table 1.

Safety assessment

Adverse events were assessed after each treatment course

for the duration of vaccine treatment and graded according

to NCI CTCAE version 3.
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IFN-c ELISPOT assay

Before treatment and at the end of each treatment course,

peripheral blood mononuclear cells (PBMCs) were

obtained and immediately frozen. For immune monitor-

ing, all frozen PBMCs from each patient were thawed at

the same time. Cells (5 9 105/ml) were stimulated with

10 lg/ml LY6K-177 peptide and 20 IU/ml of interleukin-

2 (Chiron, Emeryville, CA, USA) at 37 �C under 5 %

CO2 for 2 weeks. After depletion of CD4? cells, as

determined using a Dynal CD4 Positive Isolation Kit

(Invitrogen, Carlsbad, CA, USA), cells were assayed by

interferon-gamma (IFN-c) enzyme-linked immunospot

(ELISPOT) according to the manufacturer’s instructions

(BD Biosciences, San Jose, CA, USA). Briefly, HLA-

A*2402-positive B-lymphoblast TISI cells (IHWG Cell

and Gene Bank, Seattle, WA, USA) were incubated

overnight with 20 lg/ml LY6K-177 peptide or HIV-Env

peptide. Peptides that did not bind to HLA-A*2402 on

TISI cells were washed away before the ELISPOT assay.

Respective peptide-pulsed TISI cells (2 9 104 cells/well)

were used to stimulate prepared CD4-cells (1 9 104

cells/well) in 96-well plates (Millipore, Bedford, MA,

USA) at 37 �C under 5 % CO2 overnight. The plates

were then analyzed using an ImmunoSpot S4 Analyzer

and ImmunoSpot image analyzer software version 5.0

(Cellular Technology, Cleveland, OH, USA). The num-

ber of LY6K peptide-specific spots was calculated by

subtracting the number of spots observed after HIV-Env

peptide stimulation from that after LY6K-177 peptide

stimulation. All ELISPOT assays were performed using

triplicate wells.

Clinical monitoring

Antitumor effects were evaluated after each treatment

course based on the RECIST guidelines in patients in

whom one vaccine course was completed.

Results

LY6K expression in gastric cancers

Primary tumor samples from 60 gastric cancer patients

were evaluated for LY6K expression by immunohisto-

chemistry. LY6K expression was confirmed in 85 % of the

samples, with only 9 showing no expression. In the LY6K-

positive cancer tissues, positive and negative cells coex-

isted at various ratios (Fig. 1). Associations between the

intensity of LY6K staining and the clinical data were

subsequently evaluated. The intensity of LY6K stain-

ing had no apparent correlation with patient sex, age,T
a
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histological type of gastric cancer, or prognosis. However,

the fact that 85 % of the gastric cancer tissue was positive

for LY6K was taken as a justification for initiating the

clinical trial.

Patient characteristics

All six patients included in the trial had unresectable gas-

tric cancer, had undergone surgery for excision of the

primary lesion, and had previously received chemotherapy

(Table 1). Lesions were detected by computed tomography

in all patients except patient 3, in whom peritoneal dis-

semination was found during surgery, suggesting that the

tumor marker arose because of recurrence of peritoneal

dissemination. After ending treatment, the patient died as a

result of the peritoneal dissemination.

The tissue samples of gastric cancer obtained from

patients 1, 2, 5, and 6 had LY6K expression. In patients 3

and 4, the amount of tissue required for immunohisto-

chemistry was not obtained for neoadjuvant chemotherapy.

One of the inclusion criteria in the present study was no

response to chemotherapy. In standard practice, chemotherapy

is discontinued or the agent is changed when chemotherapy

proves ineffective. Therefore, it would have been both uncon-

ventional and meaningless to continue chemotherapy in the

trial. However, two patients hoped to continue chemotherapy

despite its failure, so we combined the treatment with vaccine

instead of denying the patients’ requests. Trastuzumab was

administered concurrently to patient 2, and docetaxel was

administered concurrently to patient 3 (Table 1).

Toxicity

Patients were vaccinated with LY6K-177 peptide/Monta-

nide ISA 51 6–12 times, with an average vaccination fre-

quency of 9.5 (Table 2). Induration and redness at the

vaccination site (grade I), possibly a delayed-type hyper-

sensitivity (DTH) reaction, were observed in all patients

(Table 2); however, no systemic toxicology was identified in

any patient throughout the observation period. Thus, vacci-

nation with LY6K-177 peptide/Montanide ISA 51 appeared

to be tolerated by the advanced gastric cancer patients.

IFN-c ELISPOT assay

LY6K-177-specific CTL responses were determined by

IFN-c ELISPOT assay. The grade of immunity was indi-

cated by specific spots, the average number of spots after

stimulation with HIV-Env peptide minus that after stimu-

lation with the LY6K-177 peptide; the R/S ratio of each

patient. In each patient, the timing of appearance of the

largest spots was adopted, and in all patients, specific spots

increased after vaccination. The most remarkable reactions

were observed in patients 1, 3, 4, and 5 (Fig. 2). Reliability

of this assay was thought to be high because specific spots

were clearly correlated with the R/S ratio in all patients.

Clinical outcomes and immunological responses

The median overall survival (MOS) in this study was

7.9 months. In three of the six patients, the best overall

Fig. 1 Gastric cancer tissue

samples from 60 gastric cancer

patients were evaluated by

immunohistochemistry for

LY6K expression. LY6K

expression was confirmed in

85 % of the samples

Table 2 Summary of vaccine effects

Patient

number

Antitumor

effect

Frequency of

administration

DTH ELISPOT

assay

(R/S ratio

1)

Overall

survival

(days)

1 SD 12 ? 129.3 263

3 SD 8 ? 135.0 302

4 SD 12 ? 129.3 362

5 None 12 ? 687.0 260

2 None 6 ? 26.6 157

6 None 7 ? 17.6 78

DTH delayed-type hypersensitivity
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response was stable disease after two treatment courses,

and remarkable reactions in the ELISPOT assay were

noted, despite DTH reactions in all patients. Median sur-

vival of patients who had C100 and B99 specific spots in

the ELISPOT assay was 296.6 ± 41 days and

117.5 ± 40.0 days, respectively. Thus, the presence of

more specific spots was correlated with increased survival

(Table 2).

Fig. 2 Number of LY6K peptide-specific spots in IFN-c ELISPOT assay. A significantly higher number of spots was observed in patients 1, 3, 4,

and 5. Reliability of this assay was thought to be high because specific spots were clearly correlated with the R/S ratio in all patients

Fig. 3 Computed tomography

showed that evaluated tumors

(1–4) were diminished and

tumor (5) was enlarged after the

first treatment course

Immunotherapy of advanced gastric cancer 177
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In patient 1, a significant antitumor effect was observed

after one treatment course (Fig. 3). Figure 3 shows that

evaluated tumors 1–4 decreased in size while tumor 5

became larger after the first treatment course. The sum of

the largest cross-sectional diameter of the evaluated liver

metastases decreased to 80.2 % after one course compared

with the pretreatment size and then increased to 91.3 %

the pretreatment size after two courses (Fig. 4). Unfortu-

nately, the sum total of the tumor diameter continued to

increase thereafter. The vaccine effect was therefore

deemed not significant. However, the carcinoembryonic

antigen (CEA) value at pretreatment and after the first,

second courses was 335, 209, and 184 ng/ml, respectively

(Fig. 4). The CTL response in this patient after two

courses is shown in Fig. 5. A significantly higher number

of spots was observed after stimulation with LY6K-177

peptide-pulsed TISI cells than HIV-Env peptide-pulsed

TISI cells.

Discussion

LY6K overexpression has been confirmed in several

malignancies including head and neck squamous cell car-

cinomas as well as breast, lung, bladder, and esophageal

cancers [12, 13, 15–19]. LY6K overexpression is associ-

ated with a poorer prognosis in patients with non-small cell

lung carcinomas as well as those with esophageal squa-

mous cell carcinomas [12]. Although the detailed function

of LY6K is not known, its expression in normal tissue has

been confirmed only in the testis [12]. This finding iden-

tifies LY6K as a promising target for immunotherapy. A

clinical trial of vaccine therapy with LY6K as the target

was previously reported [13, 14]; however, expression in

gastric cancer has not yet been reported. We expected

vaccine therapy with LY6K as the target tobe effective

because immunohistochemistry confirmed expression in

85 % of gastric cancers.

100

200

300

400

500
CEA

0

50

100

Sum of  the largest cross-sectional diameter of the evaluated liver metastases

(ng/ml)

(mm)

1st course 2nd course 3rd course

Fig. 4 Changes in evaluation of

metastasis and

carcinoembryonic antigen

(CEA) in patient 1. Although

CEA and the sum of the largest

cross-sectional diameter of the

evaluated liver metastases

decreased initially, they

increased thereafter

Fig. 5 In patient 1, the number of specific spots correlated with the R/S ratio and increased after vaccination
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In this protocol, the only adverse events were redness

and induration of the skin. It was therefore concluded that

therapy with LY6K-177 peptide/Montanide ISA 51 was

well tolerated, as reported for other peptide vaccines with

Montanide ISA 51 that revealed no more than three grades

of adverse events [20–22].

The MOS in this study was 7.9 months. The survival

time for gastric cancer patients receiving the best sup-

portive care is 3–5 months. In addition, although tumor

reduction was observed in only one patient, these results

are not inferior compared with those of reports of second-

line chemotherapy for advanced gastric cancer [23–25].

The CTL response was significantly stronger in four

patients, with the resulting prognosis also being longer than

in the remaining two patients. Considering this, we can

assume that the cellular immunity resulting from the vac-

cine demonstrated an antitumor effect. It is therefore

believed that this clinical trial should advance to phase 2.

Patient 1 received the peptide vaccine therapy without

any concomitant treatment during the clinical trial. Vaccine

treatment subsequently resulted in tumor shrinkage and

reduced CEA values. However, despite these findings, some

of the tumors continued to grow, and moreover, tumors that

were initially reduced subsequently regrew. The reason for

this continued growth may be that the cancer was hetero-

geneous and thus not all tumor cells presented the LY6K-

derived peptide. In immunostaining, no tumors consisted of

cells stained only by the antibody against LY6K. Therefore,

use of multiple peptides in this peptide vaccine therapy may

be advantageous. Such research was recently conducted

[14]; however, a future multipeptide vaccine requires fur-

ther research into the oncoantigens of gastric cancer. With

regard to tumor regrowth, the dosing interval in this study

was 1 week during the first and second treatment courses

and 2 weeks for the third. In patient 1, the tumors showed

regrowth during the third course, perhaps because of

extension of the dosing interval. The frequency of peptide

vaccine doses should therefore be examined, even though it

has not been an issue to date.

In conclusion, we identified LY6K in 85 % of gastric

cancer tissues. Subsequent treatment with the HLA-A2402-

restricted LY6K-derived peptide, LY6K-177 peptide

(RYCNLEGPPI)/Montanide ISA 51, in patients with pro-

gressing advanced gastric cancer was well tolerated and

safe. Induction of an antigen-specific cellular immune

response was observed in some patients, with a clear vac-

cine effect on tumor reduction in one patient. The findings

suggest that this research should be advanced to phase 2 for

the development of a treatment option for advanced gastric

cancer.
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