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Abstract 

MUC1 is an antigen that is overexpressed on the cell surface of many human 
breast adenocarcinomas and other types of cancer. The cancer immunity 
cycle has seven steps, starting with release of cancer cell antigen and following 
with cancer antigen presentation. Priming, activation and trafficking of T 
cells to tumors are the next steps and the infiltration of T cells into tumors, 
the recognition of cancer cells by T cells and killing of cancer cells are the fi-
nal steps. We have tested a synthetic peptide for the MUC1 antigen and gen-
erated dendritic cells (DCs) that were pulsed with the specific peptide. Mature 
DCs were used to activate naive T cells to differentiate into antigen-specific 
CTLs. CTLs were tested for proliferation, cytokine release (IFNγ), activation 
markers and cytotoxicity against human breast adenocarcinoma cell lines. 
The cytotoxic effect of those CTLs was higher against MCF7 human cell line 
than against MDA-MB-231 human cell line. 
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1. Introduction 

Breast cancer is the second leading cause of cancer death in women. Conven-
tional treatment approaches, such as chemotherapy, radiotherapy, endocrine 
therapy and surgery, have become efficient over the last decades, but they still 
have limitations regarding the response and the development of resistance. The 
new approaches are moving towards the development of personalized, targeted 
therapies, including immunotherapies, which will minimize resistance with low-
er toxicity and higher specificity [1]. Therapy that is using the body’s immune 
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system has opened up new avenues for reducing death rates. Breast cancer was 
not originally thought to be immunogenic, but immunotherapy has had en-
couraging results in the past few years. Cancer immunotherapy is triggering pa-
tient’s immune system to attack and kill tumor cells. Moreover, treatment can be 
used as an important addition to conventional therapies [2]. Adoptive immuno-
therapy is the ex vivo activation and expansion of tumor-specific immune cells 
and infusion of those cells into cancer patients. Cytotoxic T lymphocytes gener-
ated from naïve CD8 T cells seem to have potent cytotoxic activity and can be 
used in adoptive immunotherapy [3] [4]. Molecular identification of human 
cancer antigens and in vitro techniques, which are allowing generation of large 
numbers of dendritic cells (DCs) that are presenting cancer antigens to T cells, 
have given new prospects at the concept of cancer immunotherapy [5].  

Immature DCs have high phagocytic activity and they are able to capture an-
tigens. Delivery of antigens to DCs can be employed by several systems includ-
ing viral vectors, defined peptides and undefined peptides, RNA from tumor 
cells, whole tumor lysates and fusion with tumor cells. Immature DCs can cap-
ture killed tumor cells and present their antigens. Antigen-presenting mature 
DCs are able to activate antigen-specific cytotoxic T lymphocytes [6]. Cytotoxic 
T lymphocyte (CTL), also known as CD8+ T cell, is a type of T lymphocyte that 
is important for immune defence against potentially threatening pathogens and 
cancer cells [7]. Tumor fitness is the prediction whether a cancer cell will be at-
tacked by immune cells (T cells). Strong immune response against the tumor 
means that there is low tumor fitness [8]. High tumor fitness is related with loss 
of function of immune cells and an increase in the amount of checkpoint inhi-
bitors such as cytotoxic T lymphocyte antigen 4 (CTLA4), programmed cell 
death protein 1 (PD1) and lymphocyte activation gene 3 protein (LAG3) that are 
markers of T cell exhaustion [9] [10] [11]. 

It is critical to identify the most potent stage of human DCs for designing 
successful DC-based immunotherapy protocol. Immature DCs are mainly lo-
cated in peripheral tissues where they capture antigens. The stimuli is necessary 
to switch DCs to immunostimulatory mode. The maturation process is asso-
ciated with changes in phenotype and function, with upregulation of adhesion 
molecules and expression of chemokine receptors [12]. Mature DCs are potent 
in priming naive CD8 T cells and in expanding memory CD8 T cells. Mature 
DCs can be used as immunotherapy adjuvants for priming and efficient diffe-
rentiation of naive CD8 T cells into cytotoxic T cells [13]. 

The epithelial mucin MUC1 is a highly glycosylated type I transmembrane 
glycoprotein that is overexpressed on the cell surface of many human breast and 
ovarian adenocarcinomas as well as on some multiple myelomas and B cell 
lymphomas, but not on the surface of normal cells. Its expression is associated 
with predominantly, but not exclusively, epithelial tumor cells. Abnormal ex-
pression of MUC1 has been associated with metastatic process of tumor cells 
and the expression is higher in progressive and metastatic tumor cells than in 
primary tumor cells. It is recognized as an attractive target for immunotherapeu-
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tic strategies for the past 30 years but clinical benefit for general application has 
not yet been achieved [14] [15]. MUC1 continues to arouse interest as a thera-
peutic target and there is an increase in MUC1-based clinical trials initiated in 
2017 [16]. MUC179-87 TLAPATEPA is a non-variable number tandem repeat re-
gion MUC1-derived HLA-A* 02:01-restricted epitope that elicits peptide specific 
cytotoxic T lymphocyte (CTL) immunity. It can be used as component of pep-
tide-based vaccines and can be used in research of anti-MUC1 CTL responses of 
patients with MUC1 positive tumors [17].   

The present study aimed to extend the possibility of using MUC1-derived T 
cell epitopes to induce immunotherapeutic approaches. To prove the presenta-
tion of T cell epitopes by the cancer cells, induction of MUC1-specific CTLs was 
performed in vitro using peptide-pulsed DCs as antigen-presenting cells. Hence, 
evaluation of their functional status in terms of proliferation, cytotoxicity and 
cytokine release against two human breast adenocarcinoma cell lines was done.  

2. Materials and Methods 

2.1. Cell Culture 

Cancer cell lines were purchased from ECACC (European Collection of Authen-
ticated Cell Cultures) (Salisbury, UK). MCF7 (ECACC 86012803) human Cau-
casian breast adenocarcinoma cell line, that was luminal type (estrogen receptor 
positive, progesterone receptor positive, HER2 negative), was maintained in 
RPMI 1640 supplemented with 2 mM L-glutamine, 10% Foetal Bovine Serum 
(FBS) and 1% MEM Non-essential amino acids (NEAA) in 37˚C 5% CO2 incu-
bator. MDA-MB-231 (ECACC 92020424) human Caucasian breast adenocarci-
noma, that was triple negative (estrogen receptor negative, progesterone recep-
tor negative, HER2 negative), was maintained in RPMI 1640 supplemented with 
2 mM L-glutamine and 15% Foetal Bovine Serum (FBS) in 37˚C 5% CO2 incubator. 
RPMI 1640 Catalog#R0883 was obtained from Sigma-Aldrich, Darmstadt, Germa-
ny, L-glutamine Catalog#G7513-100ML was purchased from Sigma-Aldrich, 
Darmstadt, Germany and FBS Catalog#FB-1001/500 was obtained from BioSera, 
Nuaille, France. MEM Non-essential amino acids Catalog#M7145-100ML was 
purchased from Sigma-Aldrich, Darmstadt, Germany. 

2.2. Synthetic Peptide 

HLA-A* 02:01-binding peptide MUC179-87 TLAPATEPA was used for in vitro 
stimulation of T cells and purchased from GenScript (Leiden, Netherlands). It 
was >90% pure as indicated by analytical high-performance liquid chromato-
graphy.  

2.3. DCs Generation from Monocytes 

In order to generate DCs, monocytes were isolated by peripheral blood mono-
nuclear cells of healthy donors (HD) (females, 25 - 30 years old) with Fi-
coll-seperation. Adherent monocytes were cultured with granulocyte-monocyte 
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colony-stimulating factor Catalog#11343123 and IL-4 Catalog#11340043 (Im-
munoTools, Friesoythe, Germany) in RPMI 1640 Medium Catalog#R0883 (Sig-
ma-Aldrich, Darmstadt, Germany) with 10% heat-inactivated FBS and 1% 
L-glutamine for 6 days. At day 6 of culture, DCs were pulsed with MUC179-87 
TLAPATEPA peptide at final concentration of 10 μg/ml and the addition of β2 
microglobulin Catalog#C-69302 (PromoCell, Heidelberg, Germany) at final 
concentration of 3 μg/ml and incubation for 5 h. Maturation of DC was induced 
with cytokines cocktail including IL-6 (10 ng/ml) Catalog#11340060, IL-1β (25 
ng/ml) Catalog#11340012, TNF-α (50 ng/ml) Catalog#11343013 (ImmunoTools, 
Friesoythe, Germany) and PGE2 (10−6 M) Catalog#2296/10 (R&D Systems, Ab-
ingdon, UK) and incubation for 48 h at 37˚C and 5% CO2. Freezing of two aliquots 
of mature DCs was performed for second and third stimulation of T cells [18]. 

2.4. Generation of Antigen-Specific CTL 

Peripheral blood mononuclear cells (PBMCs) of healthy donors (HD) (females, 
25 - 30 years old) were isolated with Ficoll-seperation (Biocoll separating solu-
tion—Catalog#1077, Biochrom, Berlin, Germany). Monocytes could be sepa-
rated from lymphocytes given their ability to adhere to the surface of the flask. 
Non-adherent T cells were collected and added in co-culture with mature DCs in a 
12-well plate in OpTmizerTM CTSTM T-Cell Expansion medium Catalog#A1048501 
(ThermoFischer Scientific, Darmstadt, Germany) with the addition of IL-2 (10 
ng/ml) Catalog#11340023 (ImmunoTools, Friesoythe, Germany). The ration of 
T cells to DCs was 30:1. At day 7 of co-culture, thawing of an aliquot of mature 
DCs for stimulation of T cells was done with the addition of IL-7 (5 ng/ml) Cat-
alog#11340072 (ImmunoTools, Friesoythe, Germany) and IL-2 (10 ng/ml). At 
day 14 of co-culture, thawing of the last aliquot of mature DCs and stimulation 
of T cells in the same way of first and second stimulation was done with the ad-
dition of IL-7 (5 ng/ml) and IL-2 (10 ng/ml). On day 21 of co-culture, CD8+ T 
cells were isolated from co-culture by positive selection with magnetic beads 
Catalog#39-CD8-250 (Gentaur, Kampenhout, Belgium) and the cells were ready 
to be assessed for CTL activity [18]. 

2.5. Immunophenotyping 

Flow cytometric analysis of monocyte derived DCs was performed by direct 
immunofluorescence of cell surface antigens using antibodies against CD11c 
conjugated with APC Catalog#21487116 (ImmunoTools, Friesoythe, Germany), 
CD80 conjugated with PE Catalog#21270804 (ImmunoTools, Friesoythe, Ger-
many), CD83 conjugated with FITC Catalog#MHCD8301 (ThermoFischer Scien-
tific, Darmstadt, Germany) and CD86 conjugated with FITC Catalog#21480863 
(ImmunoTools, Friesoythe, Germany). Primed T cells were analyzed using an-
tibodies against CD4 conjugated with PE Catalog#21278044 (ImmunoTools, 
Friesoythe, Germany), CD8 conjugated with APC Catalog#21620086 (Immu-
noTools, Friesoythe, Germany), CD11a conjugated with APC Catalog#21810116 
(ImmunoTools, Friesoythe, Germany), CD69 conjugated with PE Cata-
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log#12-0699-42 (ThermoFischer Scientific, Darmstadt, Germany) and CD25 
Catalog#555431 (BD Biosciences, San Jose, CA, USA) and CD62L Catalog#ab222 
(Abcam, Cambridge, UK) conjugated with FITC. Samples were analyzed on 
FACScan Calibur (Becton Dickinson, USA) and FSC 6 Express software.  

2.6. T Cell Proliferation 

T cell proliferation was assessed with CellTraceTM CFSE Cell Proliferation Kit 
Catalog#C34554 (ThermoFischer Scientific, Darmstadt, Germany) according to 
the manufacturer’s suggestions. After five days of co-culture with DCs, live T 
cells were analysed for Carboxyfluorescein Diacetate Succinimidyl Ester (CFSE) 
dilution by flow cytometry. 

2.7. Cytokine Production 

On days 6 and 12 of co-culture with mature DCs, supernatants were harvested 
and frozen at −80˚C until used. Levels of cytokine IFN-γ were determined using 
an ELISA kit Catalog#31673539 (ImmunoTools, Friesoythe, Germany) accord-
ing to manufacturer’s suggestions. Absorbance at 450 nm with reference wave-
length at 605 nm was taken and the optical density was compared with the opti-
cal density of unstimulated T cells.  

2.8. LDH Cytotoxicity Detection Assay 

500 cancer cells were seeded in a U-bottom 96-well plate Catalog#4430200 
(Orange Scientific, Braine-I’Alleud, Belgium) and were left overnight at 37˚C to 
adhere. Next day, pre-activated T cells were added at ratio 1:10 and co-culture 
for 20 hr in final volume of 100 μl. Plates were centrifuged at 250 g for 10 mi-
nutes and 50 μl of supernatants were transferred into corresponding wells of an 
optically clear 96-well flat bottom microplate Catalog#781722 (Brand, Wer-
theim, Germany). Level of cytotoxicity was measured with Cytotoxicity Detec-
tion Kit (LDH) Catalog#11644793001 (Roche, Darmstadt, Germany). 50 μl of 
substrate were added to the corresponding wells and microplate was left to in-
cubate for 30 minutes at room temperature in the dark. Absorbance was meas-
ured at 490 nm using an ELISA reader and reference wavelength was at 605 nm. 

2.9. Statistical Analysis 

One sample t-test was used to determine differences in the mean. P values < 0.05 
were considered to indicate a statistically significant difference.  

2.10. Ethics Approval 

All procedures were conducted according to the standards of Safety, Bioethics 
and Validation. The study was reviewed and approved by Bioethical Committee 
of the Research Genetic Cancer Centre Group. Each healthy donor (HD) pro-
vided informed consent in writing for the use of their sample in the present 
study. The healthy donors (HD) retained the right to withdraw their sample un-
til the date when the sample was received at the laboratory and tested. 
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3. Results 

3.1. DC Generation 

The generation of immature DCs and the progress of the development of mature 
DCs was reviewed by phase-contrast inverted microscopy (Figure 1). At the be-
ginning of the culture, monocytes were spherical and adherent to the surface of 
the flask. At day 5, immature DCs were found forming clusters suspending in 
culture medium. Upon maturation, DCs were transformed into large irregular 
cells with cytoplasmic projections.  

3.2. Cell Surface Activation Markers Indicating Mature Phenotype  
of DCs 

Flow cytometric analysis of DCs revealed significant differences in the expres-
sion of surface molecules (Figure 2). DCs were gated according to forward 
(FSC) and side (SSC) scatter profile. Immature DCs showed a substantially en-
hanced expression of CD11c, low expression of CD80, CD86 and very low ex-
pression of CD83. On the other hand, mature DCs showed high expression of 
CD86 and CD83 and were positive for CD80 (Table 1).  

3.3. Stimulation of T Cells by MUC1-Pulsed DCs  

The ability of mature DCs to stimulate T cells proliferation was determined by 
 

 
(A)                                      (B) 

 
(C)                                      (D) 

Figure 1. Dendritic cell generation. Microscope images (A) Day 0, Monocytes for DC 
generation (magnification, ×20), (B) Day 6, immature DCs (GM-CSF, IL-4) (magnifica-
tion, ×40) and (C) Day 8, mature DCs (TNFα, IL-1β, IL-6, PGE2) (magnification, ×10). 
Progress of the development of DCs. (D) Day 12, Mature DCs co-culture with T cells 
(magnification, ×10). 
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(A) 

 
(B) 

Figure 2. Gating was performed on dot plots by plotting the Side Scatter parameter against the channel of each corresponding 
fluorochrome. Row (A) shows the populations of immature dendritic cells while row (B) shows the mature dendritic cells. 

 
Table 1. Percentages of expression of cell surface activation markers indicating the stage 
of maturation of DCs. Immature DCs and DCs that have been treated with maturation 
cocktail. CD11c-APC, CD80-PE, CD83-FITC, CD86-FITC. 

 DCs Phenotype 

 CD11c CD80 CD83 CD86 

Immature DCs 97.33% 7.56% 3.26% 5.48% 

DCs (Maturation cocktail) 93.29% 3.15% 75.17% 94.95% 

 
CFSE assay. Every generation of cells is presented with a different subset on flow 
cytometry (Figure 3). As controls, unstimulated T cells cultured alone, showed 
the CFSE intensity of non-divided cells, while non-labeled cells showed the au-
to-fluorescence of the cells and the limits of detectable cell divisions. 1 CFSE 
peak could be seen in the panel of unstimulated CD8 T cells, indicating that the 
cells have not undergone up to any division, while 4 CFSE peaks could be seen in 
the panel of stimulated CD8 T cells, indicating that cells have been divided up to 
three generations. Similarly, only one CFSE peak could be seen in the panel of 
unstimulated CD4 T cells, showing no division, while three CFSE peaks were 
detected in the panel of stimulated CD4 T cells, indicating that the cells have 
been divided up to two generations.  

3.4. Cytokine IFN-γ Release by Stimulated T Cells  

T cells were in culture alone, in co-culture with MUC1-pulsed DCs and in  
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(A) 

 
(B) 

Figure 3. Data was analysed using the proliferation plot on FCS Express. The software 
was able to recognize the first generation (undivided cells) and count the divided cells’ 
generations. Row (A) shows the CD4 cells and Row (B) the CD8 cells. 
 
co-culture with DCs that had not been pulsed with any peptide. Supernatants 
from all the above cultures harvested and analyzed with ELISA for IFNγ release. 
When comparing the release of IFNγ between T cells alone and T cells that had 
been in co-cultivation with MUC1-pulsed DCs, there was a statistically signifi-
cant higher expression of IFNγ in both 6 and 12 days, in the supernatants of 
MUC1 primed T cells. A statistically significant difference was also observed 
between the culture of T cells with MUC1-pulsed DCs and T cells cultures with 
DCs that had not been pulsed in the samples harvested at 12 days. IFNγ release 
was higher in the co-cultivation with MUC1-pulsed DCs (Figure 4).  

3.5. Cell Surface Markers Displaying Activation of Cytotoxic T  
Lymphocytes 

The activation of cytotoxic T lymphocytes was assessed by flow cytometry 
against four markers (Figure 5). The expression of CD11a was much higher on 
stimulated cells than on unstimulated T cells, reaching 72.04%, while on unsti-
mulated the expression was 38.46%. For the rest of the markers, there was a  
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(A)                                                          (B) 

Figure 4. IFNγ release by T cells that have been stimulated by MUC1-pulsed DCs compared with (A) T cells that had no stimula-
tion and (B) T cells that had been co-cultivated with DCs that had not been pulsed with any antigen.  

 

 
(A) 

 
(B) 

Figure 5. Gating strategy for calculating the percentages for the expression of cytotoxic T lymphocyte activation markers. Row (A) 
shows stimulated T cells and Row (B) unstimulated T cells. 

 

slightly higher value in the expression on the stimulated T cells than on the cells 
that had not been stimulated. Stimulated T cells had a very low expression of 
CD25—0.55%, CD69—2.25% and CD62L—1.17%, while the unstimulated T 
cells exhibited even lower expression of CD25—0.29%, CD69—2.19% and 
CD62L—0.69%.  

3.6. Detection of MUC1-Specific T Cell Cytotoxic Activity 

We assessed the cytotoxic activity of antigen-specific CTLs with LDH Cytotoxic-
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ity detection assay. Released LDH in supernatant was measured with a 30 min 
coupled enzymatic assay that resulted in the conversion of a tetrazolium salt into 
a red formazan product.  

The percentage of cytotoxicity has been calculated as (experimental value- 
spontaneous effector cell release—spontaneous target cell release)/(maximum 
target cell release-spontaneous target cell release) × 100%. Background value had 
been subtracted from all the above values. MCF7 and MDA-MB-231 (human 
breast adenocarcinoma cell lines) were served as target cells. The percentage of 
cytotoxicity was 44.9% against MCF7 and 33.3% against MDA-MB-231 at an E:T 
(effector:target) ratio of 10:1 (Figure 6). 

4. Discussion 

The present study was designed to identify cytotoxic T lymphocyte generation 
from MUC1 antigen-pulsed dendritic cells and the cytotoxic activity of those 
CTLs against MCF7 and MDA-MB-231 human breast adenocarcinoma cell 
lines. This therapeutic modality could be considered as a vaccination strategy 
after in vivo testing to fully humanized mice models to determine the efficacy 
and toxicity. The efficiency of tumor antigen processing and presentation by 
human DCs depends on the source or form of tumor-derived materials, the ma-
turation of DCs and the responsiveness of T cell population for stimulation with 
DCs [19].   

Adoptive immunotherapy depends on activation and expansion of cytotoxic T 
lymphocytes that are going to fight against the tumor. Isolation and purification 
of immune cell population is very crucial for the development of efficient im-
munotherapy. Naïve CD8+ T cells display low levels of inhibitory immune 
checkpoint receptors and have resistance patterns against T cell exhaustion. 
Hence, CTLs with naïve CD8+ T cell origin have strong potency to indicate high  
 

 
Figure 6. Percentage of cytotoxicity results of MUC1-specific CTLs against MCF7 and 
MDA-MB-231 by LDH Cytotoxicity Detection Assay.  
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cytotoxic activity against tumor cells [3]. One promising area in cancer immu-
notherapy is T cell co-culture with antigen-pulsed DCs. One mature DC is able 
to efficiently activate approximately 100 T cells, whereupon they can trigger an 
immune response. In vitro co-culturing of T cells and DCs could be used to 
avoid the negative influence of tumor growth products that are depressing the 
functional activity of mature antigen-pulsed DCs administered to the patient 
[20].  

Mature DCs are significantly better at CTL induction due to higher expression 
of MHC and costimulatory molecules than CTL induction by immature DCs. 
The presentation of tumor antigens by immature DCs may lead to tolerance in-
duction in the absence of proper co-stimulation. In peripheral lymphoid organs 
immature DCs are not able to elicit CTL responses. Mature DCs express high 
levels of co-stimulatory molecules, resulting in priming of antigen-specific CTLs, 
if there is sufficient co-administration with antigens to stimulate DCs activation 
[21] [22].  

Mature DCs were able to induce the full complement of T cell activation, 
IFNγ production, T cell proliferation and development of cytotoxic T cells [23]. 
Naïve CD8 T cells do not produce large amounts of IFN-γ, but differentiation in 
CTLs is triggering the production of higher levels of the cytokine [24] [25]. In 
the present study, we observed that activated T cells with MUC1-pulsed DCs 
produced higher levels of IFNγ cytokine than naive CD8 T cells. This was the 
first sign that we could have achieved successful differentiation of naive CD8 T 
cells in CTLs. Moreover, IFNγ production was higher in T cells that were stimu-
lated with MUC1-pulsed DCs than those that were stimulated with mature DCs 
that had not been pulsed with any peptide. It might be a result suggesting the 
specificity of differentiated CTLs against MUC1 antigen.  

Loaded DCs with tumor antigens can induce CD8 T cell proliferation. It was 
observed that DCs loaded with MUC1 peptide induced CD8 T cell proliferation 
and naive CD8 T cells that were used as control had not undergone up to any 
divisions. Co-cultivation of CD8 T cells with mature DCs and the addition of 
IL-2 is necessary to induce maximal proliferation of purified CD8 T cells [26]. 
Naive CD4 T cells had no signs of proliferation and activated CD4 T cells 
showed lower levels of proliferation than activated CD8 T cells. CD8 T cells be-
come responsive to low doses of IL-2 quicker than CD4 T cells [27]. 

CD11a plays a critical role in T cell infiltration and activation. Change in the 
frequency of CD11a expression can be used to track antigen-specific CD4 and 
CD8 T cell responses followed T cell-targeted vaccination. It is crucial for the 
optimal expansion of antigen-specific CD4 and CD8 T cells [28]. CD25 plays a 
role in the proliferation and survival of activated T lymphocytes. It is expressed 
at low levels in resting lymphocytes and it is increased upon activation in a 
time-dependent manner, remaining elevated until 24 hours and declining the-
reafter [29]. In the present study, the analysis has been performed many days af-
ter the activation signal and it was clear that CD25 expression was at very low 
levels. CD69 is another early marker of lymphocyte activation due to its rapid 
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appearance on the surface of the plasma after stimulation [30]. Similarly to 
CD25, the expression of CD69 by the stimulated T cells with MUC1-pulsed DCs 
was very low. CD62L is shed from the cell membrane following T cell activation. 
Naive CD8 T cells are showing higher expression of CD62L, but the expression 
is decreased when T cell differentiate into effector phase [31]. Higher CD62L 
expression is correlated with central memory T cell phenotype. The slight in-
crease that we observed in the expression of CD62L by stimulated T cells might 
be the result of the extent of cell division that might be associated with the extent 
of memory formation.  

After stimulation of cytotoxic T cells with antigen-pulsed DCs, LDH cytotox-
icity test was performed to study the cytotoxic activity of MUC1 antigen-specific 
CTLs against human breast adenocarcinoma cell lines. Chromium (51Cr) release 
assay has been widely used for detecting the cytolytic activity of CTLs. Despite 
the sensitivity and efficiency of the assay, this method has a great drawback, the 
use of radioactive materials, which is related with environmental safety concerns 
and inconvenience to handle [32]. LDH cytotoxicity detection assay is a 
non-radioactive alternative to chromium release assay and is based on detection 
of cytosolic enzyme that is released in culture medium from the cytosol of dam-
aged cells. It is a colorimetric assay for quantification of cell lysis and death [33]. 
LDH results demonstrated that MUC1-specific CTLs had the ability to induce 
cytotoxicity over human breast adenocarcinoma cell lines. MCF7 and 
MDA-MB-231 were two cell lines that had different characteristics, MCF7 was 
luminal type breast cancer and MDA-MB-231 was triple negative breast cancer, 
resulting in different resistance to CTLs. CTLs that had been activated against 
MUC179-87 TLAPATEPA peptide, demonstrated greater cytotoxic effect in MCF7 
cell line than in MDA-MB-231 cell line. 

Further studies are needed to determine the potential therapeutic value of cy-
totoxic T lymphocytes that are generated by antigen-pulsed DCs. In vitro results 
have to be compared with in vivo results for safety, efficacy and validation that 
there are no side effects following that specific immunotherapy is crucial. Identi-
fication of shared cancer antigens that potentially might be presented by DCs 
and could generate CTLs with high cytotoxicity activity, is very important for 
the standardization of the protocols and the development of a valid therapeutic 
proposal.  

5. Conclusion  

Pulsing of DCs with antigenic epitopes and the use of those DCs in activation of 
naïve CD8 T cells to become cytotoxic T lymphocytes may be considered a novel 
approach to adoptive immunotherapy. 
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