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Abstract
Cholangiocarcinoma (CCA) is a cancer of the bile ducts that is associated with poor prognosis and poor treatment outcome. 
Approximately one-third of CCA patients can undergo surgery, but the recurrence rate is high and chemotherapy often 
cannot satisfactorily prolong survival. Cellular immunotherapy based on adoptive T-cell transfer is a potential treatment 
for CCA; however, the development of this technology and the search for an appropriate tumor-associated antigen are still 
ongoing. To enhance the cytotoxic activity of effector T cells against CCA, we developed self-differentiated monocyte-
derived dendritic cells (SD-DC) presenting cAMP-dependent protein kinase type I-alpha regulatory subunit (PRKAR1A), 
which is an overexpressed protein that plays a role in the regulation of tumor growth to activate T cells for CCA cell kill-
ing. Dendritic cells (DCs) transduced with lentivirus harboring tri-cistronic cDNA sequences (SD-DC-PR) could produce 
granulocyte–macrophage colony-stimulating factor, interleukin-4, and PRKAR1A. SD-DC showed similar phenotypes to 
those of DCs derived by conventional method. Autologous effector T cells (CD3+, CD8+) activated by SD-DC-PR exhibited 
greater cytotoxic activity against CCA than those activated by conventionally-derived DCs. Effector T cells activated by 
SD-DC-PR killed 60% of CCA cells at an effector-to-target ratio of 15:1, which is approximately twofold greater than the 
cell killing performance of those stimulated with control DC. The cytotoxic activities of effector T cells activated by SD-
DC-PR against CCA cells were significantly associated with the expression levels of PRKR1A in CCA cells. This finding 
that SD-DC-PR effectively stimulated autologous effector T cells to kill CCA cells may help to accelerate the development 
of novel therapies for treating CCA.
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SD-DC	� Self-differentiated monocyte-derived den-
dritic cell

TAA​	� Tumor-associated antigen
TRP2	� Tyrosinase-related protein 2

Introduction

Cholangiocarcinoma (CCA) [1] is a fatal bile duct cancer 
that has poor prognosis and treatment outcome, with a 
5-year overall survival rate of only 5–10%. In patients who 
underwent surgery for CCA, the 5-year recurrence rate was 
approximately 70–80% [2]. In patients with advanced and 
metastatic CCA, systemic chemotherapy using a combina-
tion of gemcitabine and cisplatin was reported to prolong 
median overall survival by about 1 year [3]. Given the poor 
survival rates associated with the current treatments used to 
manage this disease, a novel approach for treating CCA is 
urgently needed.

Adoptive T-cell transfer is a type of cellular immuno-
therapy that is performed by transferring ex vivo-activated 
autologous effector T cells to the patient for cancer treat-
ment. This approach is considered to be a promising treat-
ment alternative in patients with CCA. Since adoptive T-cell 
transfer requires T-cell activation, a new method was devel-
oped to improve ex vivo activation of autologous effector 
T cells. Specifically, self-differentiated monocyte-derived 
dendritic cells (SD-DC) for ex vivo activation of effector 
T cells were recently developed to overcome the obstacle 
of large-scale DC production [4, 5]. SD-DC are promoted 
by transduction with lentivirus construct encoding granu-
locyte–macrophage colony-stimulating factor (GM-CSF) 
and interleukin-4 (IL-4), both of which are required for DC 
differentiation and activation. In addition to promoting DC 
differentiation, lentivirus transduction to express GM-CSF 
and IL-4 in combination with a tumor antigen can also influ-
ence tumor antigen processing and presentation. Recently, 
transduction of C57BL/6 bone marrow precursor cells or 
CD14+ monocytes with lentivirus encoding GM-CSF, IL-4, 
and melanoma antigen (tyrosinase-related protein 2, TRP2) 
was reported to promote DC differentiation without toxic-
ity. These SD-DC markedly enhanced T-cell expansion and 
cytotoxic activity against melanoma [4, 5]. Thus, SD-DC 
demonstrated an ability to present tumor-associated antigen 
(TAA) that activated effector T cells to kill cancer cells.

The ideal TAA is one that is specifically expressed at high 
level in tumor cells, but that is not expressed in normal cells. 
cAMP-dependent protein kinase type I-alpha regulatory subu-
nit (PRKAR1A) was previously reported to overexpress and 
contribute to the induction of biliary cell transformation and 
cell growth in cholangiocarcinogenesis [6]. Interestingly, a 
high expression of PRKAR1A is restricted to CCA tissue and 
not to normal bile duct epithelia, which suggests the use of 

PRKAR1A as the TAA to be presented by SD-DC [7]. Herein, 
we report the generation of SD-DC-PR by lentivirus transduc-
tion to activate effector T cells ex vivo. SD-DC-PR demon-
strated an ability to stimulate effector T cells to kill CCA cells 
at a rate approximately twofold greater than the cell killing 
performance of those stimulated with control DCs.

Materials and methods

Immunohistochemistry

Paraffin-embedded liver tissues from primary tumor of 
CCA patients were obtained from the specimen bank of the 
Cholangiocarcinoma Research Institute, Faculty of Medi-
cine, Khon Kaen University, Thailand. PRKAR1A protein 
was stained according to standard immunohistochemistry 
protocol. Briefly, tissue sections were deparaffinized and 
rehydrated by stepwise ethanol treatments. Mouse anti-
PRKAR1A antibody at a dilution of 1:400 (Abcam, Cam-
bridge, UK) was added and incubated at 4 °C overnight. 
After washing, sections were incubated with HRP-conju-
gated EnVision™ secondary antibody (Agilent Technolo-
gies, Inc., Santa Clara, CA, USA), and peroxidase activity 
was detected by diaminobenzidine (DAB) solution. Tis-
sues were stained with hematoxylin and then dehydrated. 
Stained sections were mounted and evaluated under a light 
microscope (400× magnification, Eclipse Ti2, Nikon, Nikon 
Instrument Inc. Melville, NY, USA).

Construction of lentivirus harboring tri‑cistronic 
cDNA sequences and lentivirus production

Lentivirus harboring tri-cistronic complementary DNA 
sequences encoding granulocyte–macrophage colony-
stimulating factor (GM-CSF), interleukin-4 (IL-4), and 
PRKAR1A protein (pCDH-GM/IL4/PR) was constructed 
as previously described [5]. Control vector expressing only 
PRKAR1A (pCDH-PR) or vector expressing unrelated pro-
tein, phytochrome-based near-infrared fluorescent protein 
(iRFP), GM-CSF, and IL-4 (pCDH-GM/IL4/iRFP) was also 
generated. HEK293T cells were transformed with pCDH-
GM/IL4/PR, pCDH-PR, or pCDH-GM/IL4/iRFP for viral 
packing to produce lentiviruses, namely LV-GM/IL4/PR, 
LV-PR, and LV-GM/IL4/iRFP, respectively. Lentiviral titers 
were quantitated by measuring p24 concentration (Clontech 
Laboratories, Inc., Mountain View, CA, USA).

Western blot analysis and enzyme‑linked 
immunosorbent assay (ELISA)

CCA cells [KKU-100 (JCRB1568), KKU-213 (JCRB1557), 
and KKU-055 (JCRB1551)] were obtained from the Jap-
anese Collection of Research Bioresources Cell Bank 
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(JCRB), National Institute of Biomedical Innovation, Osaka, 
Japan. CCA cells were treated with 20 µM cycloheximide 
(Sigma-Aldrich Corporation, St. Louis, MO, USA) at vari-
ous time points to investigate PRKAR1A half-life, or were 
treated with 10 µM MG132 (Sigma-Aldrich) and/or 20 µM 
cycloheximide for 12 h to determine proteasome degrada-
tion of PRKAR1A, which were analyzed by Western blot 
method. Cell lysates were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) and 
immunoblotted to detect PRKAR1A or actin using mouse 
anti-human PRKAR1A (Abcam, Cambridge) or mouse 
anti-actin antibody (Santa Cruz Biotechnology, Dallas, TX, 
USA), respectively. For ELISA, culture supernatant was har-
vested on the indicated day and subjected to measurement 
of cytokines using Human GM-CSF Quantikine ELISA Kit 
(R&D Systems, Inc., Minneapolis, MN, USA), Human IL-4 
ELISA (ImmunoTool, Friesoythe, Germany), and Human 
IL-12 ELISA (ImmunoTool).

Preparation of conventional DC and SD‑DC‑PR

Monocytes that were isolated from human peripheral blood 
mononuclear cells (PBMC) were used to prepare dendritic 
cells (DCs) by culturing in AIM-V media (Invitrogen, Carls-
bad, CA, USA) containing GM-CSF and IL-4 (Immuno-
Tool). Whole cell lysate from CCA as a source of TAA was 
added to pulse DCs to achieve a broad antitumor response at 
day 5, after which the DC culture was continued in AIM-V 
media containing tumor necrosis factor-alpha (TNF-α) and 
interferon-gamma (IFN-γ) (ImmunoTool). For preparation 
of DC-PRKAR1A, monocytes were transduced with LV-PR 
and cultured in AIM-V media containing GM-CSF and IL-4. 
For preparation of SD-DC-PR, monocytes were transduced 
with LV-GM/IL4/PR and cultured in fresh AIM-V media 
without cytokine supplementation.

Activation of effector T cells with DC

Isolated effector T cells were subjected to DC stimulation by 
seeding the effector cells with conventionally prepared DCs, 
DC-PR, or SD-DC-PR at an effector cell to DC ratio of 10:1 
in RPMI1640 Medium (Invitrogen) containing 5% human 
serum for 3 days. Medium was then replaced with AIM-V 
containing IL-2, IL-7, and IL-15 (ImmunoTool), after which 
the culture was continued for other 7 days.

Cytotoxicity assay

Target KKU-213 or KKU-100 cells were seeded into a 
24-well plate. Stimulated effector cells were incubated with 
target cells at effector cell (E) to target cell (T) ratios of 3:1, 
7.5:1, and 15:1. After 24 h of co-culturing, target cells were 
harvested, and dead cells were measured by Annexin V/PI 

staining. Cells were analyzed using a BD FACSCalibur™ 
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Immunophenotype assay

The following monoclonal antibodies reactive to DC mark-
ers were used in DC immunophenotype analysis: APC-
conjugated CD14 or CD11c; PE-conjugated CD83, CD86, 
or CD11c; FITC-conjugated HLA-DR, CD40, or CD14 (all 
eBioscience, San Diego, CA, USA), as well as their respec-
tive isotype controls (eBioscience). DCs were analyzed using 
a BD FACSCalibur™ flow cytometer (BD Biosciences).

Statistical analysis

All data analyses were performed using GraphPad Prism 
software version 7 (GraphPad Software, La Jolla, CA, USA). 
At least three independent assays were performed for all 
experiments. Data sets of multiple groups were compared 
using one-way analysis of variance (ANOVA) and Tukey’s 
HSD (honest significant difference) post hoc test. Data sets 
of two groups were compared using Student’s t test. A p 
value less than 0.05 was considered to be statistically sig-
nificant (* indicates p < 0.05; ** indicates p < 0.01; and, *** 
indicates p < 0.001).

Results

PRKAR1A expression in human CCA tissue and cell 
lines

When examined by immunohistochemical staining, 
PRKAR1A was highly expressed in human CCA tissues, 
but poorly expressed in normal bile duct tissue (Fig. 1a). 
PRKAR1A was also expressed in CCA cell lines, including 
KKU-213, KKU-055, and KKU-100, as demonstrated by 
Western blot analysis. PRKAR1A expression was greater 
in KKU-213 and KKU-055 cells than in KKU-100 cells 
(Fig. 1b).

PRKAR1A degradation and inhibition

PRKAR1A degradation was examined in two CCA cell 
lines (KKU-213 and KKU-055) by inhibition of newly 
synthesized proteins with 20  µM cycloheximide. Rela-
tive PRKAR1A quantities were measured at 4, 8, 12, and 
24 h after treatment by Western blot analysis. PRKAR1A 
half-life was approximately 6 h, and the turn-over rate was 
about 24 h. There was no statistically significant difference 
between the proteins prepared from the two different cell 
lines (Fig. 2a). Treatment of KKU-213 or KKU-055 cells 
with cycloheximide combined with proteasome inhibitor 
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MG132 could significantly restore PRKAR1A in both cell 
lines when compared with cycloheximide treatment alone 
(Fig. 2b, c). These results indicated that PRKAR1A that 
was overexpressed in CCA cell lines had a short half-life. 
Furthermore, PRKAR1A was mainly processed via protea-
some degradation. This finding strongly suggested the use of 
PRKAR1A as a novel tumor antigen target for DC presenta-
tion and activation of cytotoxic effector T cells.

Generation of SD‑DC‑PR by LV‑GM/IL4/PR 
transduction into human monocytes

Tri-cistronic lentivirus vector containing GM-CSF, IL4, and 
PRKAR1A (pCDH-GM/IL4/PR) was constructed to produce 
lentivirus (LV-GM/IL4/PR) in HEK293T cells. The viruses 
were transduced into human monocytes to generate self-
differentiated DCs expressing PRKAR1A (namely SD-DC-
PR). The construct containing only PRKAR1A gene (pCDH-
PR) or containing GM-CSF, IL4, and unrelated gene iRFP 
(pCDH-GM/IL4/iRFP) to produce lentivirus in HEK293T 
cells (LV-PR) or LV-GM/IL4/iRFP was used to generate 
DC-PR or SD-DC-iRFP as negative controls. To test the 
feasibility of LV-GM/IL4/PR to drive DC differentiation, we 
transduced human monocytes isolated from healthy donors 
with LV-GM/IL4/PR. Immunophenotypes of LV-GM/IL4/
PR- and LV-GM/IL4/iRFP-transduced cells at day 5 after 
transduction were assayed. The results showed remarkable 
reduction in CD14-positive cells (> 80%) compared to the 
reduction in CD14-positive cells in control parental cells. 
This result was similar to that observed in the monocytes 
derived by the addition of GM-CSF and IL-4 (Fig. 3a). In 

contrast, transduction of cells with LV-PR could only slightly 
decrease CD14-positive cells (< 10%). We also examined 
GM-CSF and IL-4 expression in culture supernatant. The 
results revealed these two cytokines to be at high levels in 
the culture supernatant of LV-GM/IL4/PR- and LV-GM/IL4/
iRFP-transduced cells (Fig. 3b, c). DC marker and costimu-
latory molecules, including CD14, CD11c, HLA-DR, CD86, 
CD40, and CD83, were determined and compared with those 
of the conventional DCs, SD-DC-iRFP, and SD-DC-PR 
from three donors. The results showed significant reduction 
in CD14-positive cells in all three donors (Fig. 3d). The cells 
positive for costimulatory molecules varied among donors, 
and the cells positive for CD83 (a maturation marker) were 
greatly varied when they were transduced with SD-DC-PR, 
as compared to cells derived by conventional method in all 
three donors (Fig. 3e–i).

Effector T cells stimulated with SD‑DC‑PR

To evaluate the immunologic potency of SD-DC-PR, we 
examined the production of IL-12 (a T-cell stimulating fac-
tor) in the culture supernatant at days 3, 5, and 7 by ELISA. 
At day 7 post-transduction, the production of IL-12 in the 
culture supernatant of SD-DC-PR was ~ 1 ng/mL, which was 
higher than the production of IL-12 in the culture superna-
tant of conventional DCs (Fig. 4a). Importantly, that amount 
of IL-12 was sufficient to activate T cells [8]. The ability of 
DCs to prime autologous effector T cells was further studied. 
NK cells (CD3−, CD16+, and CD56+) and cytotoxic CD8+ 
T cells (CD3+ and CD8+) were compared among the DCs, 
the conventional DCs which were transduced with LV-PR 
(DC-PR), SD-DC-iRFP and SD-DC-PR. The results showed 
no significant differences among these four groups of DCs 
(Fig. 4b, c).

Killing ability of effector T cells stimulated 
with SD‑DC‑PR

To examine whether the effector T cells stimulated with SD-
DC-PR could kill target CCA cells or not, the stimulated 
effector T cells were co-cultured with target KKU-213 cells. 
After co-culturing for 8 h, the effector T cells stimulated 
with SD-DC-PR surrounded the target cells, but this find-
ing was not observed in the co-culturing between the T cells 
stimulated with control unpulsed-DC or SD-DC-iRFP and 
the target cells (Fig. 5a). After co-culturing for 24 h, remark-
able morphological changes in the target cells were observed 
(Fig. 5a). The numbers of dead cells were then analyzed by 
Annexin V/PI staining. The population of tumor cells were 
discriminated from effector cells by gating strategy (forward 
and side scatter signal-intensity), and further analyzed for 
Annexin V/PI-positive cells (Fig. 5b). The results showed 
that the effector T cells stimulated with SD-DC-PR caused 

Fig. 1   PRKAR1A expression in normal bile duct and CCA tissues. 
a Immunohistochemistry showing PRKAR1A expression in normal 
bile duct (black arrow) and in CCA tissues. b Western blot analysis 
showing PRKAR1A expression in CCA cell lines KKU-213, KKU-
055, and KKU-100
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greater apoptosis in target KKU-213 cells than that caused in 
effector T cells stimulated with DC derived by conventional 
DCs or DC-PR or SD-DC-iRFP at different effector-to-target 
(E:T) ratios (Fig. 5c). The cell killing activities correlated in 
a dose-dependent manner with the E:T ratios. At the highest 
E:T ratio (15:1), effector T cells stimulated with SD-DC-
PR caused 60% cell death, which is approximately twofold 
greater than the cell death caused by T cells stimulated with 
the control unpulsed-DC and the other three conditions.

Killing ability of effector T cells associated 
with intracellular PRKAR1A levels

Since PRKAR1A expression was higher in KKU-213 cells 
than that in KKU-100 cells (Fig. 1b), we set forth to test 
association between the killing ability of effector T cells 
and the level of expression of intracellular PRKAR1A. Co-
culturing of each of these target cells with effector T cells 

stimulated with SD-DC-PR was conducted. The results 
showed that at an E:T ratio of 7.5:1, effector T cells caused 
greater cell death in the co-culture with KKU-213 cells than 
in the co-culture with KKU-100 cells (Fig. 6a, b).

Discussion

Adoptive T-cell transfer is a promising cellular immunother-
apy for treatment of CCA, because it was previously shown 
that a postoperative vaccination with autologous tumor 
lysate-pulsed DCs plus ex vivo-activated T-cell transfer is 
an effective treatment for prevention of recurrence, and the 
achievement of long-term survival in patients with intrahe-
patic cholangiocarcinoma (ICC) [9]. To further develop this 
therapeutic approach for CCA, we generated self-differenti-
ated dendritic cells with high expression of PRKAR1A (SD-
DC-PR) by lentivirus transduction to enhance the cytotoxic 

Fig. 2   PRKAR1A degrada-
tion. a PRKAR1A analyzed 
by Western blot method in 
KKU-213 and KKU-055 cell 
lines after inhibition of protein 
synthesis by cycloheximide 
and examination at 0, 4, 8, 12, 
and 24 h. b, c Inhibition of 
PRKAR1A protein synthesis in 
KKU-213 and KKU-055 cell 
lines by cycloheximide and pro-
tein degradation by proteasome 
inhibitor MG132
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activity of effector T cells against CCA. PRKAR1A is a 
protein that is overexpressed in CCA that plays an impor-
tant role in carcinogenesis and tumor growth [7, 10]. By 
immunohistochemistry study, we confirmed the overexpres-
sion of PRKAR1A in CCA tissues, and its low expression in 

normal bile duct tissues (Fig. 1a). PRKAR1A was also found 
to be highly expressed in the KKU-213 and KKU-055 cell 
lines, but to be far less expressed in the KKU-100 cell line 
(Fig. 1b). This finding indicates variable PRKAR1A expres-
sion in CCA, and this suggests that PRKAR1A expression 

Fig. 3   Analysis of dendritic cells derived from human monocytes. 
a Results of flow cytometry analysis showing representative mean 
fluorescence intensity profiles and percentages of viable CD14+ cells 
after GM-CSF and IL-4 treatment or LV-PR transduction or LV-GM/
IL4/iRFP transduction or LV-GM/IL4/PR transduction. b, c Levels of 

secreted GM-CSF and IL-4 in cell-culture supernatants. d–i Immu-
nophenotypes and expression of costimulatory molecules in DC gen-
erated by the conventional method (gray column) or by LV-GM/IL4/
iRFP transduction (blue column) or by LV-GM/IL4/PR transduction 
(red column) from three healthy donors
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may need to be evaluated prior to cellular immunotherapy. 
TAA that is presented by DC is usually processed via the 
proteasome complex [11]. Indeed, PRKAR1A is one of the 
proteins that is targeted by proteasome [12]. In this study, 
we demonstrated that PRKAR1A in CCA cells was degraded 
via proteasome (Fig. 2b), which strongly suggests the pos-
sibility of using PRKAR1A as the TAA to be presented to 
activate effector T cells. In addition to PRKAR1A, several 
TAAs with high expression rates in CCA and that represent 
promising targets for the generation of SD-DC-TAA have 
recently been reviewed, including cancer–testis antigens 
(CTA), centrosome related protein TCC52, melanoma-
associated antigen (MAGE), Forkhead box M1 (FOXM1), 
cancer–testis antigen NY-ESO-1, and mesothelin [13].

The SD-DC-PR and SD-DC-iRFP that we generated 
could drive the differentiation of monocytes to DC for more 
than 80%, which was evident by monocyte marker CD14 
staining (Fig. 3a, d), which suggests the efficiency of GM-
CSF and IL-4 production in culture supernatant (Fig. 3b, 
c), and their activation capacities. Immunophenotypes of 

SD-DC-PR and SD-DC-iRFP at day 5 were the same as 
those of the conventional DC generated by exogenous GM-
CSF and IL-4, but some variations were observed among 
different donors (Fig. 3e-i). Additional knowledge of the 
kinetics of costimulatory molecules would be helpful for 
determining phenotype characteristics of DC over time. We 
have also demonstrated the ability of SD-DC-PR to stimulate 
effector T cells to kill CCA cell line (Fig. 5a). The effector T 
cells stimulated by SD-DC-PR had greater cytotoxic activ-
ity than conventional DC and other conditions at different 
effector-to-target (E:T) ratios (Fig. 5c), although the ability 
of SD-DC-PR to prime cytotoxic CD8+ T cells (CD3+ and 
CD8+) and NK cells (CD3−, CD16+, and CD56+) was not 
different when compared to the other groups (Fig. 4b, c). 
These results indicated that SD-DC-PR has more effect on 
the function of cytotoxic CD8+ T cells than on their num-
bers, which was in accordance with the higher level of IL-12 
observed in SD-DC-PR in the culture supernatant (Fig. 4a), 
and also in accordance with the higher increased levels of 
IFN-γ, granzyme, and perforin expression in the cytotoxic 
T cells activated by SD-DC-PR (Supplemental Fig. a–c). 
The advantage of lentivirus transduction to transfer TAA to 
antigen-presenting cells (APC) has been reported to sustain 
transgene expression and to promote TAA-specific T-cell 
recognition [14]. Interestingly, the CD8+ T-cell population 
could recognize lentivirus-expressing antigens in MHC class 
I presentation [15]. The persistent expression of GM-CSF 
and IL-4 during the co-culture of DC and effector T cells 
may be another possibility underlying the higher cytotoxic-
ity of effector T cells stimulated by SD-DC-PR. GM-CSF 
can regulate survival, activation, and differentiation of 
various hematopoietic cell linages. However, its effect on 
T-cell function remains poorly understood. Study in GM-
CSF-deficient mice showed diminished response of either 
Th1 or Th2 cells to antigenic stimulation [16], suggesting 
the critical role of GM-CSF in the regulation of T cells. 
The involvement of IL-4 in the activation of CD8+ T cells 
has been reported for its effect on the quantity and quality 
of the CD8+ T-cell pool. Treatment of IL-4 in T-cell cul-
ture effectuated the upregulation of IFN-γ synthesis via the 
MAPK and PI3K signaling pathway [17]. Furthermore, the 
effect of IL-4 on CD8+ T-cell expansion was reported to 
strongly promote via IL-4 signaling, and their proliferation 
was stimulated in an MHC class I-dependent manner [18].

A personalized peptide vaccine designed to induce 
immune response sufficient enough to promote long-term 
survival in patients with CCA was recently reported, 
which suggests the efficiency of using TAA from per-
sonalized data [19]. Unlike the aforementioned person-
alized therapy, the PRKAR1A used in the present study 
was selected based on pooled clinical data from Thai 
patients with CCA to demonstrate the benefit of using 
SD-DC-PR as an off-the-shelf technology to provide a 

Fig. 4   Efficiency of SD-DC-PR to activate effector T cells. a Abil-
ity of DCs to produce IL-12 in culture supernatant after activation. 
b Proportions of NK cells. c Proportions of cytotoxic CD8+ T cells 
after activation with DCs generated by different methods
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broad therapeutic approach for Thai patients with CCA. 
This may also foreshadow the use of the SD-DC system 
with other overexpressed TAAs that were previously 
reported. The SD-DC system may decrease the require-
ment for exogenous cytokines, and reduce the number of 

steps needed for the production of quality DC that can 
effectively activate effector T cells. This system should 
be safe, because the lentiviral constructs are only used 
to generate SD-DC for ex vivo activation of the effector 
T cells to be used in adoptive T-cell therapy. Additional 

Fig. 5   Efficiency of effector T cells for killing CCA (KKU-213) cells 
after activation by DC generated by different methods. Effector T 
cells after activation for 10 days by DCs generated by different meth-
ods were determined for their cytotoxic activity relative to the killing 
KKU-213 cells. a Attraction of effector T cells to KKU-213 (red) was 
compared under a fluorescence microscope among effector T cells 

activated by control DC (unpulsed), SD-DC-iRFP, or SD-DC-PR. b 
Gating strategy and Annexin V/PI staining used during flow cytom-
etry to analyze dead tumor cells. c Percentages of target cell death 
were monitored by Annexin V/PI staining after incubation for 24  h 
with effector T cells at E:T ratios of 3:1, 7.5:1, and 15:1



1587Cancer Immunology, Immunotherapy (2018) 67:1579–1588	

1 3

studies using patient PBMCs should be conducted before 
moving forward to clinical trials. This method will work 
in a clinical setting by generation of a larger quantity of 
effector T cells in compliance with good manufacturing 
practices for clinical use.

In conclusion, we report here the development of adop-
tive T-cell therapy for CCA via the generation of SD-DC-
PR, which demonstrated ability to stimulate and enhance 
effector T cells for killing CCA cells. This finding may 
help to accelerate the development of novel therapies for 
treating CCA.
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