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Abstract: Cancer vaccine design to effectively eliminate tumors requires triggering strong immune reactions to elicit 
long-lasting humoral and cellular immunity and DNA vaccines have been demonstrated to be an attractive immuno-
therapeutic approach. The tumor-associated antigen L6 (TAL6) is overexpressed on the surface of different cancer 
cells and promotes cancer progression; therefore, it could be a potential target for cancer treatment. We have 
revealed that a synthetic peptide containing HLA-A2-restricted cytotoxic T lymphocyte (CTL) and B cell epitope can 
induce cellular and humoral immunity against TAL6-expressing cancer. To enhance the efficacy of immunotherapy, 
in this report, we designed an endoplasmic reticulum (ER)-targeting sequence (adenovirus E3/19K protein) at the 
N-terminus of TAL6 to facilitate MHC class I antigen presentation to CD8+ T cells. Transfection of mammalian cells 
with the plasmid containing TAL6 fused with the ER-targeting sequence (pEKL6) resulted in higher levels of TAL6 
antigens in the ER than transfection with the full-length TAL6 (pL6). The plasmid pEKL6 induced both TAL6-specific 
CTL responses and antibody titers after intramuscular (IM) immunization with electroporation and it elicited higher 
levels of antigen-specific CTLs in HLA-A2 transgenic mice. Immunization with pEKL6 induced higher levels of protec-
tive antitumor immunity against tumor growth than pL6 immunization in thymoma and melanoma tumor animal 
models. Notably, pEKL6 elicited long-term anti-tumor immunity against the recurrence of cancers. We found that 
CD4+ T, CD8+ T, and NK cells are all important for the effector mechanisms of pEKL6 immunization. Thus, cancer 
therapy using an ER-targeting sequence linked to a tumor antigen holds promise for treating tumors by triggering 
strong immune reactions.
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Introduction

Cancer remains one of the leading causes of 
death worldwide, and standard treatments in 
the clinic, including surgery, radiation, and che-
motherapy, only provide limited success. Cur- 
rently, immunotherapies for cancer treatment, 
such as immune checkpoint blockades, are 
capable of inducing systemic tumor-specific 
immune responses and are promising regi-
mens to eliminate tumors without causing seri-
ous side effects [1, 2]. However, their major 
effect is to reactivate existing cytotoxic T cells 
in the tumor microenvironment, and that effect 
is limited in tumors with low amounts of infil-

trated lymphocytes. Seeking effective strate-
gies to improve immunotherapy for cancer tre- 
atment remains a critical challenge. 

One critical factor for the success of immuno-
therapy is to choose potential cancer-specific 
antigens as targets without affecting normal 
tissues. The tumor-associated antigen L6 (TA- 
L6), also named transmembrane 4 L6 family 
member 1 (TM4SF1), is often overexpressed in 
the plasma membrane of many types of human 
epithelial cancer cells [3-5] and in the vascular 
endothelium of activated human endothelial 
cells in cancers [6]. Since antibodies against 
membrane TAL6 protein for breast cancer treat-
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ment showed limited therapeutic effects in 
clinical studies [7] to enhance immunotherapy, 
several strategies have been developed to tar-
get TAL6 for clinical practice. For example, a 
TAL6 antibody-drug conjugate was used to tre- 
at tumor cells and tumor vasculature [8]. 
Moreover, to elicit CTL responses, synthetic 
HLA-A2-restricted CTL epitopes of TAL6 [9] and 
a chimeric peptide containing both B and T cell 
epitopes of TAL6 formulated with an emulsi- 
on-type adjuvant were designed and revealed 
promising therapeutic effects [10]. 

Cancer vaccine design to effectively eliminate 
tumors requires triggering strong immune reac-
tions to elicit long-lasting humoral and cellular 
immunity [11] and DNA vaccines have been 
demonstrated as an attractive immunothera-
peutic approach against cancer to elicit tumor-
specific immunity due to their simplicity, stabil-
ity, and safety. Importantly, DNA immunization 
is able to induce a CTL response, which is cri- 
tical for anti-tumor effects. CTL induction re- 
quires intracellular antigen processing and lo- 
ading onto major histocompatibility complex 
(MHC) class I molecules on the surface of anti-
gen-presenting cells (APCs) for presenting to 
CD8+ CTL. Peptide loading on the MHC class I 
molecule occurs in the endoplasmic reticulum 
(ER), indicating that the antigen transported 
into the ER is critical. The human adenovirus 
E3/19K protein is a glycoprotein that can tr- 
ansfer to the ER and then abrogate cell surfa- 
ce transport of MHC class I molecules. By tak-
ing advantage of the ER transport ability of  
the adenovirus E3/19K protein, the signal se- 
quence of E3/19K fused with antigenic epit-
opes has been demonstrated to increase epit-
ope-specific CTL responses [12-14]. 

DNA plasmids have several advantages for use 
in clinical practice to induce potent cell-mediat-
ed immune responses, such as easy design, 
manipulation, production, and administration. 
Increasing numbers of preclinical DNA vaccines 
have been developed and have shown promis-
ing results [15]. TAL6 is a potential tumor-spe-
cific target associated with cancer metastasis. 
To enhance vaccine immunogenicity, in this 
study, we generated a DNA vaccine with an 
ER-targeting sequence and delivered it via el- 
ectroporation to efficiently elicit TAL6-specific 
cancer immunity in animals. The protective 
therapeutic effects against cancer cells expre- 

ssing TAL6 tumor antigens were evaluated in 
two tumor mouse models as a preclinical trial.

Materials and methods

Plasmid construction

Plasmid pEKL6, which contains the ER-target- 
ing sequence E3/19K [13], was designed to 
increase MHC-I presentation. The human TAL6 
DNA sequence was amplified from pcDNA3-
TAL6 by PCR using the sense primer TAL6-Xbal 
F primer 5’-TCTAGAATGTGCTATGGGAAG-3’ and 
the antisense primer TAL6-Notl R primer 5’- 
GCGGCCGCTTAGC AGTCATAT-3’. The PCR prod-
uct was digested with Xbal and Notl restriction 
enzymes and then constructed as the pEKL6 
plasmid.

Cell lines and animals

The EL4-L6 cells are mouse thymoma EL4 cells 
that stably express TAL6 (a gift from Dr. Steve 
Roffler at Academia Sinica, Taiwan) and were 
cultured in RPMI-1640 medium (HyClone, USA) 
supplemented with 10% fetal bovine serum 
(FBS) (Invitrogen, USA), 10 mM HEPES (Gibco, 
USA), 0.01 μM sodium pyruvate (Gibco, USA), 
and 2.5 mM 2-ME (Sigma, USA). The B16-L6 
cells (a gift from Dr. Steve Roffler in Academia 
Sinica, Taiwan) are B16-F1 cells overexpress- 
ing TAL6. These cells were cultured in DMEM 
(HyClone, USA) supplemented with 10% FBS 
(Invitrogen, USA). HLA-A2 transgenic mice were 
kindly provided by Dr. Show-Li Chen (National 
Taiwan University, Taiwan). All animal experi-
ments were performed in specified pathogen-
free (SPF) conditions using protocols approv- 
ed by the Animal Committee of the National 
Health Research Institutes (NHRI).

Animal studies

Wild type C57BL/6 mice or HLA-A2 transgenic 
mice were intramuscularly injected with plas-
mid DNA (100 μg/mouse) into the tibialis ante-
rior muscle, followed by electroporation (75 V, 
50 msec pulse length, 10× booster, 100 msec 
interval) twice in a 2-week interval. Seven days 
after the second immunization, B16-L6 cells 
(2×104) or EL4-L6 cells (2×105) were inoculat- 
ed subcutaneously on the opposite side of the 
DNA injection site. Tumor sizes were measured 
3 times per week (tumor volume = length × 
width × width/2). In a metastatic mouse model, 
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B16-TAL6 cells (5×105) were inoculated intra- 
venously. Lung tissues were collected and fix- 
ed in 8% formalin to detect the tumor nodules 
20 days after tumor inoculation.

Immunofluorescence

B16F0 cells were grown on coverslips at a den-
sity of 2×104 cells per well and transfected with 
the DNA plasmids pEK, pL6, and pEKL6. The 
next day, the cells were fixed in 4% paraformal-
dehyde for 10 min at room temperature and 
incubated in PBS containing 0.1% Triton X-100 
for 20 min. The cells were stained with rabbit 
anti-calnexin (1:200, Abcam) and mouse anti-
L6 antibody (1:50). Alexa Fluor 488-conjugat- 
ed anti-mouse IgG (1:250, Thermo) and Alexa 
Fluor 594-conjugated anti-rabbit IgG (1:350, 
Thermo) were used as secondary antibodies. 
The immunostained cells were then photo-
graphed under a confocal microscope and ana-
lyzed by using Leica LASX software.

ELISPOT assay

The ELISPOT assay was performed as previ-
ously described [16, 17]. Briefly, seven days 
after the final DNA immunization, 100 μl sple- 
en cells (5×105) were mixed with 10 μg/ml of 
the indicated peptides and added to a 96-well 
PVDF membrane plate (Millipore, Germany) 
coated with anti-IFN-γ antibody (1:250; eBiosci-
ence, USA) in a humidified atmosphere at 37°C 
for 48 hours. After washing the plates with 
0.05% (w/v) Tween-20 in PBS, a biotinylated 
secondary anti-IFN-γ antibody (1:250; eBiosci-
ence, USA) was added. After 2 hours, the plate 
was washed and streptavidin-HRP (eBiosci-
ence, USA) was added. Spots were developed 
using 3-amine-9-ethyl carbazole (AEC) (Sigma, 
USA) solution. The reaction was stopped after 
30 minutes by running the plate under tap 
water. The spots were then counted using an 
ELISPOT reader (Cellular Technology Ltd., USA).

Antibody dependent cell-mediated cytotoxicity 
(ADCC) 

Spleen cells (8×106 cells/ml) as the effector 
cells were added to 96-well round-bottom pla- 
tes. EL4-L6 and EL-4 cells (2×107/ml) as the 
target cells were labeled with 100 μCi 51Cr 
(Na2

51CrO4, PerkinElmer, USA) at 37°C for 1 
hour and washed twice with LCM media. The 
51Cr-labeled cells were adjusted to a concentr- 

ation of 2×105 cells/ml in LCM for use as 
labeled target cells and then cocultured with 
the effector cells along with the addition of 
TAL6 antiserum or naïve mouse serum (1:100). 
After 6 hours, the supernatant was harvested 
to measure the radioactivity using an automat-
ic Wizard 1470 Gamma Counter (GMI, USA). 
Spontaneous release was measured in wells 
containing target cells alone. Triton X-100 (2%) 
was used to lyse the target cells to estimate 
maximal release. Percent cytotoxicity was de- 
termined with the formula: Specific lysis (%) = 
100× (test 51Cr release - spontaneous 51Cr 
release)/(maximum 51Cr release - spontaneous 
51Cr release).

CD107a cytotoxicity assay

The CD107a cytotoxicity assay has been de- 
scribed in previous reports [18]. Briefly, after 
immunization, splenocytes were suspended 
(2×107 cell/ml) in medium that contained irra- 
diated EL4-L6-A2 or EL4-L6 cells (2×104) and 
PE-conjugated anti-CD107a monoclonal anti-
body (1:100) in 96-well round-bottom plates. 
After 2 hours at 37°C, brefeldin A (10 μg/ml) 
and monensin (0.66 μg/ml) were added for 2-6 
hour incubation. The plates were washed and 
rat anti-mouse Fc antibody was added, follow- 
ed by the addition of FITC-conjugated rat anti-
mouse CD8 antibody for 30 minutes. The cyto-
toxic CD107a+ CD8+ cells were analyzed on a 
flow cytometer (FACS Calibur, BD Bioscience).

Statistical analysis

The statistical significance of the differences 
between mean values of the experimental gr- 
oups was determined using one-way analysis of 
variance (ANOVA) or Student’s t-test. All statisti-
cal tests were two-sided. Statistical signifi-
cance for all tests was considered at P < 0.05.

Results

DNA vaccine pEKL6 increased TAL6 protein 
expression in the ER of cancer cells

To increase the MHC class I presentation effi-
cacy of cancer vaccines to improve the cancer 
immune response, we designed a mammalian 
expression vector that contains the ER-target- 
ing sequence E3/19K and the tumor antigen 
TAL6 called pEKL6 to be used as a DNA vaccine 
(Figure 1A). Vectors with ER-targeting sequence 
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alone (pEK) or tumor antigen TAL6 alone (pL6) 
were also included (Figure 1A). To determine 
whether the DNA vaccine pEKL6 can increase 
TAL6 protein expression in the ER of cancer 
cells, plasmids were transiently transfected 
into mouse melanoma B16F0 cells. To detect 
the localization of TAL6 in the ER of cancer ce- 
lls with confocal microscopy, cells were cost- 
ained with antibodies against TAL6 and the ER 
marker calnexin. Although TAL6 was detected 
in cells transfected with pL6 and pEKL6 (Figure 
1B), the levels of TAL6 protein in the ER were 
significantly higher in the pEKL6-transfected 
cancer cells compared to the pL6-transfected 
cells (Figure 1C). These results demonstrated 
that the DNA vaccine pEKL6 increased TAL6 
protein expression, particularly in the ER of 
cancer cells.

genic mice, and T cell activation was measured 
by the IFN-γ secreting ELISPOT assay. Peptide 
A2-5 induced substantial IFN-γ secretion in  
the pEKL6 group compared to the pL6 group 
(Figure 2B). Moreover, we found that pEKL6 
immunization increased the TAL6-specific HLA-
A2-restricted CTL population as shown by stain-
ing with the HLA-A2/peptide A2-5 tetramer 
(Figure 2C). These results indicate that the  
DNA vaccine pEKL6 can induce HLA-A2-re- 
stricted CTL responses to TAL6 antigens.

Next, to investigate whether immunization with 
the DNA vaccine pEKL6 can elicit humoral im- 
munity with antibodies against TAL6, we col-
lected the serum from the DNA-immunized mi- 
ce and measured the TAL6-specific antibody-
dependent cellular cytotoxicity (ADCC) to EL4-

Figure 1. DNA vaccine pEKL6 increases the level of tumor-associated anti-
gen L6 in the endoplasmic reticulum. A. Vaccine design: plasmids encode 
the tumor-associated antigen L6 driven by the CMV promoter. The pEKL6 
vaccine additionally encodes the endoplasmic reticulum (ER)-targeting se-
quence, human adenovirus E3/19K. B. Representative confocal images 
show the localization of L6 in the ER of mouse melanoma B16F0 cells. The 
indicated plasmids were transfected into B16F0 cells, and the L6 protein in 
the ER was monitored using anti-L6 antibody (green), anti-Calnexin antibody 
(ER marker, red), and DAPI (blue). C. The colocalization rate of L6 and Cal-
nexin was quantified by using Leica LASX software. Data are presented as 
the means ± SEM of at least three independent experiments. **P < 0.01. 
Scale bar, 50 μm.

DNA vaccine pEKL6 can elicit 
CTL and ADCC responses in 
HLA-A2 transgenic mice

To detect whether the DNA 
vaccine pEKL6 can induce an 
HLA-A2-restricted CTL respon- 
se, HLA-A2 transgenic mice 
were immunized with DNA va- 
ccines. Spleen cells from the 
vaccinated mice were stimu-
lated with the mouse thymo-
ma EL4-L6-A2 (EL4 cells with 
ectopic expression of TAL6 
and HLA-A2) or EL4-L6 (EL4 
cells with ectopic expression 
of TAL6 alone) in vitro. When 
spleen cells were stimulated 
with EL4-L6-A2 cells, a higher 
frequency of active cytolytic 
CD107a+ CD8+ T cells was de- 
tected in the pEKL6-immuniz- 
ed group compared to the ve- 
ctor- or pL6-immunized groups 
(Figure 2A). This suggests that 
cytolytic T cells from pEKL6-
immunized mice can be acti-
vated through HLA-A2-restrict- 
ed immunity. To further inves-
tigate whether the DNA vac-
cine pEKL6 can induce HLA-
A2-restricted immunity, a TAL6 
HLA-A2-specific CTL epitope, 
peptide A2-5 [18], was used to 
stimulate the spleen cells fr- 
om immunized HLA-A2 trans-
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L6 cells. The results showed that both pL6 and 
pEKL6 immunization induced specific ADCC 
effects on EL4-L6 cancer cells at similar levels 
but no cytotoxicity to EL4 cancer cells (Figure 
2D), indicating that pL6 and pEKL6 immuni- 
zation can induce TAL6-specific antibodies. 
Overall, the DNA vaccine pEKL6 can elicit CTL 
and ADCC responses in HLA-A2 transgenic 
mice.

DNA vaccine pEKL6 can suppress tumor 
growth and prolong the survival of mice

To determine whether the DNA vaccine pEKL6 
could provide anti-tumor protection to inhibit 
the growth of cancer cells overexpressing TAL6, 
EL4-L6 cells were subcutaneously transplant- 
ed into C57BL/6 WT mice. Tumor growth quick-
ly increased in the PBS control and pEK vector 
groups after day 20 post inoculation, and pL6 
immunization moderately reduced tumor grow- 
th (Figure 3A). Notably, the tumor was dramati-
cally inhibited in the pEKL6 group until day 60 

cer cells and the survival time was monitor- 
ed. The results showed that the mice survived 
more than 100 days after the second tumor 
transplantation (Figure 3E). In naïve mice, no 
protection was found, indicating that the DNA 
vaccine pEKL6 elicits anti-tumor immunity ag- 
ainst the recurrence of cancers.

DNA vaccine pEKL6 can inhibit tumor metas-
tasis to the lungs

To further study the effect of DNA vaccine-
derived immunity in suppressing metastasis, 
melanoma B16-L6 cells were intravenously in- 
jected into control and DNA vaccine-immunized 
mice. Gross examination of whole lung speci-
mens demonstrated that tumor metastasis to 
the lungs was dramatically suppressed in pE- 
KL6-immunized mice compared to the pL6 
group, whereas many metastatic nodules were 
observed in the lungs of the PBS control and 
pEK groups (Figure 4). Thus, these results sug-
gest that pEKL6 or pL6 immunization could 

Figure 2. DNA vaccine pEKL6 elicits CTL and ADCC responses in HLA-A2 Tg 
mice. A. HLA-A2 Tg mice (n = 12 per group) were I.M. immunized twice with 
the indicated DNA vaccines. Spleen cells from DNA-vaccinated mice were 
stimulated with irradiated EL4-L6-A2 or EL4-L6 cells (2×104) for 2 hours. 
After stimulation, the percentage of CD107a+ CD8+ cells was calculated 
as EL4-L6-A2-stimulated group (%)-EL4-L6-stimulated group (%). B. Spleen 
cells were harvested from the DNA-immunized mice and stimulated with 10 
μg/ml indicated peptides for 48 h. IFN-γ-secreting cells were determined 
using an IFN-γ ELISPOT assay. Data are presented as the means ± SD. ***P 
< 0.001. C. CD8+ T cells specific to HLA-A2-restricted TAL6 peptide A2-5 
were measured using PE-conjugated A2-5 tetramers. D. TAL6-specific ADCC 
was determined in a Cr51 release assay. The lysis percentage was calculated 
as immunized serum (lysis %) - naïve serum (lysis %). The results obtained 
are expressed as the mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001. 

post cancer cell inoculation 
(Figure 3A). Moreover, survival 
was significantly prolonged in 
DNA vaccine pEKL6-immuniz- 
ed mice and moderately en- 
hanced in pL6-immunized mi- 
ce compared to control mice 
(Figure 3B).

We also investigated the anti-
tumor protection of the DNA 
vaccine pEKL6 in WT mice be- 
aring B16-L6 melanoma. The 
results also demonstrated th- 
at tumor growth was suppre- 
ssed in the pEKL6 immuniza-
tion group compared to the 
control and pL6 groups (Figure 
3C). In addition, survival was 
significantly prolonged in DNA 
vaccine pEKL6-immunized mi- 
ce, even after 90 days post-
cancer inoculation (Figure 3D). 
To further detect whether the 
surviving mice in the pEKL6 
group without tumor growth 
had induced anti-tumor immu-
nity memory to avoid the recur-
rence of B16-L6 cancer cells, 
the mice were reinjected sub-
cutaneously with B16-L6 can-
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Figure 3. DNA vaccine pEKL6 reduces tumor growth and prolongs survival 
time in WT mice. (A and B) WT mice (n = 5 per group) were I.M. immu-
nized twice by electroporation with the indicated DNA vaccines. EL4-L6 cells 
(2×105) were injected subcutaneously at 7 days after final immunization. 
Tumor volume was detected 2-3 times per week (A), and the survival rate 
was observed (B). (C and D) Mice were injected with B16-L6 cells (2×104) 
subcutaneously 7 days after the final immunization. The tumor volume was 
measured (C), and the survival rate was observed (D). (E) The surviving mice 
in the pEKL6 group from (D) were subcutaneously transplanted tumors 
again on day 90.

Figure 4. DNA vaccine pEKL6 inhibits lung metastasis of B16-L6 cells in WT 
mice. WT mice (n = 5 per group) were I.M. immunized twice by electropora-

tion with the indicated DNA vac-
cines. B16-L6 cells (5×105) were 
injected intravenously at 7 days 
after final immunization. Whole 
lungs from each group were exam-
ined after 20 days of cancer cell 
inoculation.

reduce cancer metastases to 
the lung and that pEKL6 pro-
vides stronger protection ag- 
ainst metastasis than pL6.

DNA vaccine pEKL6 can sup-
press tumor growth and pro-
long animal survival through 
CD4 T cells, CD8 T cells, and 
NK cells

Next, we investigated which 
immune cells participated in 
the anti-tumor effects mediat-
ed by the DNA vaccine pEKL6. 
Specific antibodies against 
CD4 T, CD8 T, and NK cells 
were administered in DNA-im- 
munized mice to eliminate spe-
cific immune cell populations 
before B16-L6 cells were sub-
cutaneously transplanted into 
C57BL/6 mice. The DNA vac-
cine pEKL6 group had the 
smallest tumor size, and this 
protective effect was moder-
ately reduced when CD4 T ce- 
lls were targeted and was st- 
rongly decreased to similar lev-
els when CD8 T cells and NK 
cells were targeted (Figure 
5A). Consistent observations 
were made in the mouse sur-
vival time, namely, that the 
reduction of CD8 T cells and 
NK cells strongly reduced the 
survival time, and the reduc-
tion of CD4 T cells had a mod-
erate effect on the survival 
time (Figure 5B). Taken togeth-
er, the results demonstrate 
that CD4 T cells, CD8 T cells, 
and NK cells play important 
roles in DNA vaccine pEKL6-
mediated anti-tumor immuni- 
ty.
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Discussion

In this study, we reveal that the DNA vaccine 
pEKL6 carrying an ER-targeting sequence and 
the TAL6 tumor antigen can effectively elicit 
TAL6-specific anti-tumor effects, including cel-
lular and humoral immunity, by intramuscular 
immunization of mice along with electrophore-
sis. The DNA vaccine pEKL6 reduces tumor 
growth, prolongs survival time, and reduces 
cancer metastases in immunized mice. Mo- 
reover, CD4 T cells, CD8 T cells, and NK cells 
contribute substantially to the DNA vaccine 
pEKL6-mediated immunity. Immunization with 
both DNA vaccines pL6 and pEKL6 can induce 
ADCC at a comparable level, which suggests 
that ER-targeting sequences for the most part 
increase cellular immunity. Although immuniza-
tion with full-length TAL6 alone shows an anti-
tumor effect, it is not as potent as immuniza-
tion with the fusion of the E3/19K signal se- 
quence with TAL6. Interestingly, the ADCC ef- 
fects induced by pL6 and pEKL6 were similar, 
indicating that the E3/19K signal sequence did 
not affect full-length TAL6 expression. This find-
ing is in contrast to a previous report that high-
er levels of antigen-specific IgG were elicited by 
the DNA vaccine pER/L1 that contained the 
ER-targeting HPV L1 compared with pL1 lack-
ing the ER-targeting sequence [19]. The induc-
tion of CTL responses by pER/L1 DNA immuni-
zation was higher than the pL1 DNA immu- 
nization. It has also been reported that an 
ER-targeting leader sequence of human tissue 
plasminogen activator fused with the OspC 
antigen of Borrelia could enhance antigen-spe-
cific antibody titers as well as CTL responses 

[20]. These results indicate that the ER-target- 
ing sequence could increase both humoral and 
cellular immune responses. 

In the present study, immunofluorescence 
analysis revealed that fusing the TAL6 antigen 
to the E3/19K signal sequence is sufficient to 
target the antigen to the ER. Increasing ER 
retention has been used to enhance MHC cl- 
ass I presentation to CD8+ T cells using differ-
ent approaches. Antigens fused with an ER 
retrieval signal with a C-terminal Lys-Asp-Glu-
Leu (KDEL) sequence could be efficiently pre-
sented by intracellular MHC class I molecules 
[21, 22]. Fusing an antigen with the chaperone 
Grp170 substantially facilitates antigen access 
to the ER and could strengthen ER-associated 
protein degradation and antigen presentation 
[23, 24]. Cancer therapy using calreticulin fu- 
sed with HPV E7 has been shown to increase 
antigen presentation and anti-tumor immunity 
[25]. These results suggest that increasing ER 
retention is feasible to increase MHC class I 
presentation and induce CTL responses. Our 
study demonstrates that the ER-targeting se- 
quence E3/19K not only enhances CTL res- 
ponses but also increases helper T cell and NK 
cell function to contribute to anti-tumor effects. 
The NK cells may participate in the ADCC that 
induced by the DNA vaccination elicited anti-
TAL6 antibodies [26]. Moreover, the DNA vac-
cine pEKL6 strategy can elicit long-term memo-
ry protection against tumor rechallenge. Thus, 
ER-targeting signal modification could be us- 
ed for other antigens to increase anti-tumor 
immunity.

Figure 5. DNA vaccine pEKL6 elicits anti-tumor effects on tumor animal models through CD4 T, CD8 T, and NK cells. 
A. WT mice were immunized with the DNA vaccine pEKL6 twice every for 7 days. Five days after the final immuni-
zation, antibodies against NK cells, CD4 T cells, and CD8 T cells were I.V. injected (0.5 mg/mouse) to specifically 
deplete each cell population. At 7 days after the final immunization, B16-L6 cells (2×104) were injected subcutane-
ously. Tumor size was measured in 2-3 day intervals in each mouse group. B. The survival rate was observed.
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