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The present study attempted to identify T helper epitope long peptides capable

of inducing cytotoxic T lymphocytes (CTL) from Lck antigen (p56Lck), the src family

tyrosine kinase, which is known to be aberrantly expressed in metastatic cancers

cells, in order to develop a long peptide-based cancer vaccine for HLA-A2+ cancer

patients. Based on the biding motif to the HLA-DR and HLA-A2 alleles, 94 pep-

tides were prepared from the Lck antigen. These peptides were screened for their

reactivity to immunoglobulin G (IgG) from plasma of cancer patients, followed by

testing of their ability to induce both CD4+ and CD8+ T lymphocytes showing not

only peptide-specific IFN-c production but cytotoxicity against HLA-A2+ cancer

cells from peripheral blood mononuclear cells (PBMC) of HLA-A2+ cancer patients.

Among 94 peptides tested, the three T helper epitope long peptides and their

inner CTL epitope short peptides with HLA-A2 binding motifs were frequently

recognized by IgG of cancer patients, and efficiently induced both CD4+ IFN-c+

and CD8+ IFN-c+ T lymphocytes. Patients’ PBMC stimulated with these long pep-

tides showed cytotoxicity against HLA-A2+ Lck+ cancer cells in HLA-class I and

HLA-class II dependent manners. These three peptides might be useful for long

peptide-based vaccines for HLA-A2+cancer patients with Lck+ tumor cells.

R ecent advances in cancer immunotherapy revealed that
immune checkpoint inhibitors induced durable clinical

responses for at least one-fifth of various types of advanced
cancer patients.(1–3) However, the clinical activity of immune
checkpoint inhibitors was dependent on the presence of T lym-
phocytes at tumor sites. Therefore, clinical benefits could not
be expected in cancer patients whose tumors had no or fewer
tumor infiltrating lymphocytes. We previously reported that
personalized peptide vaccination (PPV) rapidly induced
CD45RO+ activated lymphocytes into tumor sites, and had
clinical benefits in advanced prostate cancer patients and blad-
der cancer patients.(4–6) These results suggest that sequential
cancer therapy involving PPV followed by immune checkpoint
inhibitors could be more efficacious than the monotherapy.
Although a large number of clinical trials have identified

CTL epitope short peptides capable of inducing CD8+ cyto-
toxic T lymphocytes (CTL) in the past two decades, these vac-
cines have not yet been approved as cancer vaccines.(7,8) One
of the reasons for this failure could be that these CTL-directed
short peptides rarely induce tumor-specific T helper (Th)
immunity,(9) which is pivotal for the efficient eradication of

solid tumors.(9–14) CD4+ Th lymphocytes facilitate the activa-
tion of TAA-specific CTL, and are essential for the generation
and maintenance of long-lasting CD8+ T lymphocyte
responses.(10–12) Furthermore, CD4+ Th lymphocytes by them-
selves can eliminate both HLA-Class II expressing tumor cells
and non-expressing tumor cells.(13,14) These results suggest that
the cancer vaccine with the peptides capable of both tumor-
specific Th and CTL activity could be clinically effective as
therapeutic cancer vaccines. However, the Th epitope peptides
capable of inducing CTL activity have rarely been identi-
fied.(15,16)

One of the appropriate TAA for this purpose could be the
Lck antigen (p56Lck), the src family tyrosine kinase essential
for T-cell development and function, because it is aberrantly
expressed in metastatic and invasive cancer cells, and con-
tributes not only to the process of neoplastic transformation,
but to the anchorage-independent growth of TGF-b-initiated
tumor cells through transcription of p56Lck with a type I pro-
moter.(17–19) Consequently, we tried herein to identify
Lck-derived Th epitope long peptides applicable for HLA-A2+

cancer patients as a cancer vaccine.
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Materials and Methods

Samples, cell lines and peptides. Peripheral blood mononu-
clear cells (PBMC; n = 21) and plasma samples (n = 32) were
collected from patients with advanced cancer of various histo-
logical types using the method reported previously.(6,20,21) The
present study was approved by the Kurume University Ethical
Committees: informed consent was obtained from all subjects
prior to sample collection. The HLA-A02:01 ⁄24:02 SW620
colorectal carcinoma, HLA-A01:01 ⁄02:01 LNCaP and HLA-
A11:01 ⁄ 24:02 SQ-1 lung squamous cell carcinoma cell lines
were used in the present study.
To predict HLA class II (DR) binding of human Lck-derived

peptides, the amino acid sequence of the human Lck protein
was analyzed by computer algorithm (MULTIPRED), as
reported previously.(22) For selection of CTL epitope short
peptides included in these Lck-derived HLA-class II (DR)
binding peptides, we also utilized the information of computer
algorithm of Lck-derived CTL epitope sequences presented by
JLA-A02:01. Information on the sequences presented by HLA-
A02:06 and HLA-A02:07, which are found with relatively high
frequency in the Japanese population, was also included. As a
result, 94 peptides, consisting of the 44 Th epitope long pep-
tides with HLA class II-binding motifs and their 50 CTL epi-
tope short peptides with HLA-A02:01 binding motifs, were
prepared (Table S1). These short peptides also possessed
A02:06 and A02:07 binding motifs. These peptides had more
than 90% purity and were purchased from Eurofins Operon
(Tokyo, Japan).

IFN-c production, IFN-c ELISPOT, cytotoxicity and immunoglob-

ulin assays. Lck-derived peptides were directly used to stimu-
late PBMC in vitro for IFN-c production and IFN-c producing
T-cells induction assays. Purified antigen-presenting cells were
not added in this assay because we have previously reported
this IFN-c producing T-cell induction method, which was
patented as a new technology.(23) Monocytes and B lympho-
cytes in PBMC were considered to work as antigen-presenting
cells in this assay.
If it is possible to postulated that IFN-c production by CD4+

or CD8+ T lymphocytes was considered to be Lck peptide-spe-
cific T lymphocytes capable of producing IFN-c after stimula-
tion with the corresponding Lck peptide, the percentage of
IFN-c producing CD4+ lymphocytes or IFN-c producing CD8+

T lymphocytes within the CD4+ or CD8+ T lymphocyte popu-
lation was at least twice as high as that without peptide stimu-
lation by means of flow cytometory. For the present study,
FITC-CD4 antibody, PE-CD8 antibody and PE-Cy7-anti-hu-
man IFN-c antibody were purchased from BD Pharmingen
(San Diego, CA, USA).
Detection of the activity of long peptides to induce the rele-

vant short peptide-specific CTL was carried out according to a
previously reported method with several modifications.(23)

PBMC (1 9 105 cells per well) were incubated with 10 lg
⁄mL of each long peptide in quadruplicate in a U-bottomed-
type 96-well microculture plate (Nunc, Roskilde, Denmark) in
200 lL of culture medium. The culture medium consisted of
45% RPMI 1640, 45% AIM-V medium (Life Technologies,
Gaithersburg, MD, USA), 10% FCS, 20 units ⁄mL of inter-
leukin-2 and 0.1 mmol ⁄L MEM nonessential amino acid solu-
tion (Life Technologies). Every 3 or 4 days, half the culture
medium was removed and replaced with new medium contain-
ing the corresponding peptide (20 lg ⁄mL) and 20 units ⁄mL
interleukin-2. On the 15th day of culture, the cultured cells
were separated into four wells. Two wells were used for the

culture with the corresponding peptide-pulsed T2 cells, and the
other two were used for the culture with HIV peptide-pulsed
T2 cells. After an 18-h incubation, the supernatant was col-
lected and the level of IFN-c was determined by ELISA.
An IFN- c ELISPOT assay optimized to measure Lck-specific

CTL responses was performed according to the manufacturer’s
instructions as reported previously.(14–16) Briefly, 0.5 million
PBMC were stimulated with ⁄without the indicated peptide
(10 lg ⁄mL) and cultured in OpTmizer T Cell Expansion SFM
(Invitrogen, Carlsbad, CA, USA) containing 10% FBS (MP Bio-
logicals, Solon, OH, USA) and IL-2 (20 IU ⁄mL; AbD Serotec,
Kidlington, UK) for 4 days. After 4 days incubation at 37°C,
PBMC were harvested, washed and seeded in four replicate
wells at a density of 100 000 cells per well in a Multiscreen 96-
well plate (Millipore, Frankfurter Strabe, Germany) coated with
an IFN-c capture antibody (Mabtech, Nacka Strand, Sweden,
mAb-1-D1K). Further antibody incubations and development of
the ELISPOT was done according to the manufacturer’s instruc-
tions (Mabtech, mAb-7-B6-1-Biotin). Spots were counted by an
ELISPOT reader (CTL-ImmunoSpot S5 Series; Cellular Tech-
nology, Shaker Heights, OH, USA). Anti-Human HLA-ABC
(eBiosciences, San Diego, CA, USA), Anti-Human HLA-DR,
DP and DQ (BD Biosciences), and mouse IgG2a isotype control
(eBiosciences) were used to determine the HLA molecules
involved in antigen presentation.(22,24)

Peptide-stimulated PBMC were tested for their cytotoxicity
against SW620, LNCaP or SQ-1 tumor cells using a standard
6-h 51Cr release assay as reported previously.(6,20,21) Ten lg
⁄mL of either anti-HLA-class I (W6 ⁄32: mouse IgG2a), anti-
HLA-DR (L243: mouse IgG2a) or anti-CD14 (H14: mouse
IgG2a) monoclonal antibody (mAb), as an irrelevant control,
was added into the wells at the initiation of the culture to
determine the molecules involved in the cytotoxicity.
The levels of peptide-specific IgG levels in plasma were

measured by multiplex bead suspension array using the Lumi-
nex system (Luminex, Austin, TX, USA), as reported previ-
ously.(25) In brief, 100 times diluted plasma was incubated
with 100 lL of peptide-coupled color-coded beads for 1.5 h at
30°C. To detect IgG, after washing, the beads were incubated
with 100 lL of biotinylated goat anti-human IgG (gamma
chain-specific; Vector Laboratories, Burlingame, CA, USA)
Ab for 1 h at 30°C. After washing, the beads were incubated
with 100 lL of streptavidin-PE (Life Technologies, Carlsbad,
CA, USA) for 30 min at 30°C, followed by washing and
detection of fluorescence intensity unit (FIU) on the beads
using the Luminex system.

Statistical analysis. The statistical significance of the data
was determined using a two-tailed Student’s t-test. P-values of
less than 0.05 were considered to be statistically significant.

Results

Identification of long peptides capable of inducing both CD4+

IFN- c+ and CD8+ IFN- c+ lymphocytes. Ninety-four Lck-derived
peptides selected on their binding motifs to the HLA-DR and
HLA-A2 molecules were examined for their reactivity to IgG
of plasma samples from advanced cancer patients (n = 32).
IgG reactive to the Lck-derived peptide was judged positive
when the FIU in 1:100-diluted plasma exceeded 50 FIU. The
17 peptides were more frequently reactive to the patients’ IgG
than the other 77 Lck-derived peptides. Results for the 17 pep-
tides are shown in Table 1.
The PBMC of the HLA-A2+ cancer patients were then stim-

ulated in vitro with each of these 17 peptides followed by
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examination of their IFN-c secretion. The IFN-c production
was judged as positive when the percentage of CD4+ IFN-c+

or CD8+ IFN-c+ lymphocytes stimulated with the peptide
exceeded that for the non-peptide control sample. The Lck33–47
long peptide induced CD4+ IFN-c+ and CD8+ IFN-c+ lympho-
cytes from 2 and 3 of 4 patients tested, respectively (Table 1).
Representative profiles of CD4+ IFN-c+ and CD8+ IFN-c+ lym-
phocytes are shown in the Figure 1. The inner Lck37–47 short
peptide with HLA-A2 binding motifs also induced CD4+ IFN-
c+ and CD8+ IFN-c+ lymphocytes from 3 and 1 of 4 patients,
respectively. Similarly, the Lck374–388 long peptide induced
CD4+ IFN-c+ and CD8+ IFN-c+ lymphocytes from 1 and 2 of
4 patients, respectively. The two inner Lck375–383 and Lck377–
384 short peptides induced CD4+ IFN-c+ and CD8+ IFN-c+

lymphocytes with higher frequencies (2 or 3 of 4 patients),
respectively. Furthermore, the Lck487–501 long peptide induced
CD4+ IFN-c+ and CD8+ IFN-c+ lymphocytes from 3 and 2 of
4 patients, respectively. The inner Lck489–497 short peptide also
induced CD4+ IFN-c+ and CD8+ IFN-c+ lymphocytes from 2
and 3 of 4 patients, respectively. The other four long peptides
could also induce CD4+ IFN-c+ and CD8+ IFN-c+ lympho-
cytes, but their positive percentages did not exceed any of the
three Th epitope peptides shown above from the viewpoint of
their own activity and the activity of the inner peptides with
HLA-A2 binding motifs.
The mean and SD of CD4+ IFN-c+ cells induced with

Lck33–47 and Lck487–501 peptide in PBMC from four cancer
patients were 3.2 � 3.5 and 2.2 � 2.1, respectively. There
was only one positive response compared to the control in the
case of Lck374–388, peptide stimulation. The mean and SD of
CD8+ IFN-c+ cells induced with Lck33–47, Lck374–388 and
Lck487–501 peptide were 10.2 � 2.7, 6.5 � 1.6 and 11.4 � 7.0,
respectively. Relatively large deviations were due to individual
variations among patients.

Induction of peptide-specific cytotoxic T lymphocytes to HLA-

A2+ cancer cells. The three long peptides were then tested for
their ability to induce peptide-specific CTL from the PBMC of

HLA-A2+ advanced cancer patients (n = 18). Peptide-specific
CTL were judged to have been successfully induced when
P < 0.05 or there was a twofold difference in IFN-c spot
counts as compared with the control. As a result, Lck33–47,
Lck374–388 and Lck487–501 were found to have induced peptide-
reactive IFN-c producing T-cells from the PBMC of 3 of 9
(33%), 7 of 14 (50%), and 7 of 9 (78%) of the HLA-A2+ can-
cer patients tested, respectively (Table 2). In contrast, the pep-
tide-specific IFN-c producing T-cells were not induced from
the PBMC of either of the two HLA-A2+ healthy donors tested
(data not shown).
The A2 genotypes of these patients were 02:01 (n = 10),

02:03 (n = 1), 02:06 (n = 9), 02:07 (n = 2) and 02:10 (n = 1),
respectively. All three of the long peptides exhibited the activ-
ity to induce IFN-c producing T-cells in both A02:01 and
A02:06 cancer patients. In addition, Lck487–501 had the activity
in both A02:07 and A02:10 cancer patients, while Lck374–388
had the activity in an A02:07 patient.
We then tested the ability of the long peptide to induce the

relevant short peptide-specific CTL from the PBMC of HLA-
A2+ advanced cancer patients using the peptide-pulsed T2 cells
as an indicator cell (n = 4). The successful induction of pep-
tide-specific CTL was judged to be positive when a significant
value of P < 0.05 was reached by a two-tailed Student’s t-test
or when the ratio of IFN-c spots with the relevant peptide to
those with the HIV peptide was more than 1.5. As a result,
Lck33–47, Lck374–388 and Lck487–501 induced the relevant short
peptide-reactive IFN-c producing T-cells from the PBMC of 3
of 4, 3 of 4 on Lck375–383 and 1 of 4 on Lck377–384, and 2 of 4
of the HLA-A2+ cancer patients tested, respectively (Table 3).

Table 1. IgG responses and induction of CD4+IFN-c+ and CD8+IFN-c+

lymphocytes

Peptide HLA
IgG†

CD4+INF-c+‡ CD8+INF-c+‡

Positive (%)

Lck33–47 DR 34 50 75

Lck37–47 A2 6 75 25

Lck175–189 DR 44 25 75

Lck177–186 A2 38 50 75

Lck190–204 DR 50 25 75

Lck194–204 A2 59 25 75

Lck242–256 DR 44 50 25

Lck246–254 A2 50 25 75

Lck289–303 DR 47 50 50

Lck290–298 A2 22 25 75

Lck374–388 DR 34 25 50

Lck375–383 A2 34 50 75

Lck377–384 A2 16 75 50

Lck414–428 DR 63 50 50

Lck415–423 A2 16 50 75

Lck487–501 DR 47 75 50

Lck489–497 A2 63 50 75

†Positive percentages among the 32 patients are shown. ‡Positive per-
centages among four patients are shown.

Fig. 1. Induction of IFN-c producing T lymphocytes. For induction of
IFN-c producing T cells, peripheral blood mononuclear cells (PBMC) of
HLA-A2+ cancer patients (n = 4) were stimulated in vitro with each of
Lck-derived peptides followed by staining with anti- CD4, CD8 and
IFN-c antibodies. Representative profiles of CD4+ IFN-c+ and CD8+ IFN-
c+ T lymphocytes are shown in this figure. Detailed results are given
in the Results section.
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The expression of Lck antigen in these three cell lines was
confirmed by RT-PCR (data not shown). We then determined
whether or not HLA-A2+ PBMC stimulated with each of these
long peptides could show cytotoxicity against HLA-A2+ Lck+

cancer cells (SW620). HLA-A2� Lck+ SQ-1 cells were used
as a negative control. The PBMC from the three patients
exhibited significantly higher levels of cytotoxicity against
SW620 than against SQ-1 after the stimulation with each of
the corresponding peptides, respectively (Fig. 2a).
We further investigated whether or not the recognition of

SW620 cells by these Lck peptide-specific T lymphocytes
proceeded in an HLA-class I or HLA-II dependent manner.
The representative results are shown in Figure 2(b). The cyto-
toxicity was significantly inhibited by the addition of anti-
HLA-class I mAb and anti-HLA-class II mAb, but not by the
addition of an isotype matched irrelevant mAb, respectively.
We lastly confirmed the Lck specific cytotoxicity of long

peptide-induced CTL with HLA-A2+ Lck� cancer cells
(LNCaP), HLA-A2+ Lck+ cancer cells (SW620) and HLA-A2�

Lck+ cells (SQ-1) as target cells. As a result, HLA-A2+ PBMC
from patient 2 stimulated with Lck374–388 or Lck487–501 showed
significantly high levels of cytotoxicity against HLA-A2+ Lck+

cancer cells (SW620) as compared to those against the others
(Fig. 3). Those of patient 5 stimulated with Lck33–47 showed
higher levels of cytotoxicity to SW620 cells as compared to
that to LNCaP cells, and showed no cytotoxicity to SQ-1 cells.

Discussion

We newly identified the three Lck-derived Th epitope peptides
capable of inducing both CD4+ and CD8+ T lymphocytes,
which showed not only peptide-specific IFN-c production but
cytotoxicity against HLA-A2+ cancer cells from PBMC of
HLA-A2+ cancer patients. In addition, their inner short pep-
tides with HLA-A2 binding motifs also had the same ability.
Their cytotoxicity against cancer cells was inhibited by the
addition of anti-HLA-class I mAb and anti-HLA-class II mAb,
suggesting the involvement of both molecules. Therefore, these
long peptides might be more potent for induction of anti-tumor
immunity as compared to the conventional short peptides.
To better understand the involvement of HLA-class II mole-

cules in the cytotoxicity, we have examined both HLA-class I
and HLA-class II expression on SW620 cells used for the
study after incubation with or without 10 lg of IFN-c because
the HLA class II expression was reported as negative.(25,26) It
was undetectable in culture without IFN-c, but became detect-
able in SW620 cells when cultured in the presence of IFN-c,
although the expression level was minimal (data not shown).
Therefore, the blocking effects of anti-HLA-DR antibody on
cytotoxicity mediated by the induced T cells might be
explained in part by the assumption that the stimulated T cells
(both CD8+ and CD4+ T cells) responded to naturally-pro-
cessed CTL epitope short peptides that shared the homology
with the inner peptides of Lck-derived long peptides in a
HLA-A2-restricted manner, and then produced IFN-c in cul-
ture, which in turn induced the HLA-class II expression on
SW620 cells. The other more likely explanation could be that
anti-DR antibody bound to DR molecules on the stimulated
CD4+ Th1 lymphocytes, which recognized naturally processed
CTL epitope short peptides sharing the homology with the
inner peptides of Lck-derived long peptides in a HLA-A2-re-
stricted manner, which in turn inhibited both the CD4+ Th1-
mediated cytotoxicity against SW620 tumor cells and their
IFN-c production. Although this issue shall be clarified by fur-
ther investigation in the near future, these results are consistent
with the recent reports of CD4+ Th lymphocytes-mediated
direct cytotoxicity against both HLA-Class II expressing tumor
cells and non-expressing tumor cells.(13,14)

It is also important to investigate the percentages of peptide-
induced CD4+ T and CD8+ T lymphocytes used in the

Table 2. Induction of peptide-specific IFN-c producing T-cells†

ID HLA Genotype Lck33–47 Lck374–388 Lck487–501

Pt#12 A2 ⁄A11 02:10 ⁄ 11:01 N ⁄A 0 589 (41)

Pt#13 A2 ⁄A33 02:06 ⁄ 33:03 N ⁄A 15 (4) 198 (4)

Pt#15 A2 ⁄A24 02:07 ⁄ 24:02 N ⁄A 378 (14) 574 (14)

Pt#17 A2 ⁄A24 02:01 ⁄ 24:02 N ⁄A 0 0

Pt#18 A2 ⁄A24 02:06 ⁄ 24:02 429 (298) 342 (298) N ⁄A
Pt#19 A2 ⁄A24 02:06 ⁄ 24:02 20 (7) 52 (7) N ⁄A
Pt#20 A2 ⁄A2 02:01 ⁄ 02:06 N ⁄A 291 (2) 105 (2)

Pt#22 A2 ⁄A26 02:01 ⁄ 26:01 0 N ⁄A N ⁄A
Pt#23 A2 ⁄A31 02:06 ⁄ 31:01 0 N ⁄A N ⁄A
Pt#24 A2 ⁄A26 02:01 ⁄ 26:01 73 (12) 0 N ⁄A
Pt#26 A2 ⁄A2 02:01 ⁄ 02:06 0 0 N ⁄A
Pt#27 A2 ⁄A2 02:01 ⁄ 02:06 0 N ⁄A N ⁄A
Pt#28 A2 ⁄A2 02:01 ⁄ 02:03 0 102 (40) N ⁄A
Pt#29 A2 ⁄A24 02:01 ⁄ 24:02 0 N ⁄A N ⁄A
Pt#32 A2 ⁄A24 02:06 ⁄ 24:02 N ⁄A 0 0

Pt#33 A2 ⁄A24 02:06 ⁄ 24:02 N ⁄A 0 523 (9)

Pt#34 A2 ⁄A2 02:01 ⁄ 02:07 N ⁄A 171 (3) 25 (2)

Pt#35 A2 ⁄A24 02:01 ⁄ 24:02 N ⁄A 0 489 (1)

CTL induction (%) 3 ⁄ 9 (33%) 7 ⁄ 14 (50%) 7 ⁄ 9 (78%)

†Cell number showing IFN-c spots per 105 peripheral blood mononu-
clear cells (PBMC) are given in the table. Non-specific cell number was
put in parentheses. N ⁄A, not available.

Table 3. Induction of peptide-specific IFN-c producing T-cells†

Stimulated peptide Lck33–47 Lck374–388 Lck487–501

T2 loaded peptide Lck37–47 Lck375–383 Lck377–384 Lck489–497

ID HLA IFN-c (pg ⁄mL)

Pt#3 A2 224 (152) 0 0 0

Pt#2 A2 ⁄A33 23 (51) 52 (32) 0 14 (6)

Pt#5 A2 0 82 (63) 0 43 (27)

Pt#6 A2 ⁄A24 95 (59) 69 (45) 84 (54) 0

†PBMC from HLA-A2+ cancer patients were stimulated in vitro with the indicated peptide as described in the Materials and Methods. On day 15,
the cultured peripheral blood mononuclear cells (PBMC) were tested for their reactivity to T2 cells which were pre-pulsed with the relevant short
peptides. The HIV peptide was used as a control.
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cytotoxic assay. However, we could not run a flow cytometry
primarily because of limited numbers of available effector
cells. To better understand the relative contribution level of
CD8+ T lymphocytes in this cytotoxicity, we tested the cyto-
toxicity against the peptide loaded T2 cells that expressed
HLA-A2, but not HLA-class II antigen. As a result, the per-
cent cytotoxicity at an effector to target ratio of 10 to 1 was
around 10% in PBMC stimulated with Lck374–388 and also
10% in PBMC stimulated with Lck487–501 peptide (data not
shown), which are lower percentages than those shown in the
Figure 2(a). These results suggest that the contribution level of
CD8+ T lymphocytes in the cytotoxicity was almost equal to
that of CD4+ T lymphocytes, which is mostly consistent with
the results for the inhibition levels by anti-class I or anti-class
II antibody shown in Figure 2(b).
Referring to HLA-class II prediction (EpiTOP SYFPEIT and

NIH), Lck33–47, Lck374–388 and Lck487–501 peptide epitopes
cover DRB1*01, DRB1*03, DRB1*04, DRB1*07, DRB1*08,
DRB1*09, DRB1*11, DRB1*12, DRB1*13, DRB1*14,
DRB1*15 and DRB1*16. The frequencies of these HLA-DR
in the Japanese population are 5.84, 0.15, 23.9, 0.34, 12.58,
14.28, 2.55, 5.58, 6.55, 8.47, 18.44 and 0.9% based on the
results of the Allele Frequencies in Worldwide Populations
website (http://www.allelefrequencies.net/default.asp). There-
fore, each of these long peptides could be applicable as HLA-
class II-directed peptide vaccines for the vast majority (95%)

of the Japanese population. These peptides could also be appli-
cable for the majority of Asians and White people based on
information from the same prediction studies.
All the three long peptides exhibited the activity to induce

CTL in both A02:01 and A02:06 cancer patients. In addition,
Lck387–501 had the activity in both A02:07 and A02:10 cancer
patients, while Lck374–388 had the activity in an A02:07
patient. These results suggest that each of these long peptides
had the activity to induce CTL activity in HLA-A2 cancer
patients irrespective of their genotypes, although detailed stud-
ies with more samples are needed. The reactivity of these long
peptides for different HLA-A2 genotypes could be in part due
to the inner short peptides with binding motifs to different
HLA-A2 genotypes (data not shown).
We found three Lck-derived long peptides with both Th and

CTL activities. These peptides might be useful for long pep-
tide-based vaccines for HLA-A2+ metastatic cancer patients.
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(a)

(b)

Fig. 2. Cytotoxicity of peptide-stimulated peripheral
blood mononuclear cells (PBMC). (a) PBMC from the
three HLA-A2+ cancer patients were stimulated
in vitro with each of the Lck33–47, Lck374–388 and
Lck487–501 peptides followed by testing of their
cytotoxicity against HLA-A2+ Lck+ SW620 and HLA-
A2� Lck+ SQ-1 cells by a 6-h 51Cr release assay at three
different effector to target cell ratios. Representative
results are shown in the figure. *P < 0.05 (statistically
significant). (b) To determine the HLA class I-restricted
or class II-restricted manner, 10 lg ⁄mL of either anti-
HLA-class I (W6 ⁄ 32: mouse IgG2a), anti-HLA-DR (L243:
mouse IgG2a) or anti-CD14 (H14: mouse IgG2a) mAb,
as an irrelevant control, were added into wells at
the initiation of the culture. Representative results
are shown in the figure. *P < 0.05 (statistically
significant). The genotypes of Pt.2, Pt.5 and Pt.7 were
HLA-DR04:05 ⁄ 13:02 and HLA-A02:06 ⁄ 33:03, HLA-
DR04:03 ⁄ 09:01 and HLA-A02:01 ⁄ 02:06, and HLA-
DR09:01 ⁄ 14:05 and HLA-A02:01 ⁄ 31:01, respectively.

Fig. 3. Lck-specific cytotoxicity of peptide-stimulated
peripheral blood mononuclear cells (PBMC). PBMC
from the three HLA-A2+ cancer patients were
stimulated vitro with each of the Lck33–47, Lck374–388
and Lck487–501 peptides followed by testing of their
cytotoxicity against HLA-A2+ Lck+ SW620, HLA-A2+

Lck� LNCaP, and HLA-A2� Lck+ SQ-1 cells by a 6-h 51Cr
release assay at the 15:1, 10:1 and 5:1 of effector to
target cell ratios, respectively. Representative results at
the 10:1 ratio are shown in the figure. *P < 0.05
(statistically significant).
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