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Abstract. - OBJECTIVE: MicroRNAs has been
proved to play vital roles in many biological pro-
cesses. In the present study, the expression pro-
file of oncogenic miR-155 in the activated antitu-
mor cytotoxic T lymphocytes generated by the
fusion of dendritic cells with breast carcinoma
cells has been demonstrated.

MATERIALS AND METHODS: Expression pro-
file of oncogenic miR-155 was noted in antitumor
cytotoxic T lymphocytes, which was generated by
the fusion of dendritic cells (DC) with breast car-
cinoma cells (MCF-7). The fused cells were used
to induce and generate antitumor CTL with the
standard procedure. Flow cytometry, as well as
qPCR analysis, were performed to identify the
expression profile of oncogenic miR-155 in the
generated antitumor CTL against breast cancer.

RESULTS: Compared with controls, the pres-
ence of MUC-1 and MHC-Il in the DC/MCF-7 fused
cells was confirmed by flow cytometry analysis.
qPCR experimental results conclude that onco-
genic miR-155 level was decreased in the antitu-
mor CTL generated against breast cancer cells.

CONCLUSIONS: We observed that the onco-
genic miR-155 level was down-regulated in the
antitumor CTL against breast cancer, and it may
be used as the effective treatment to eliminate
the malignant cells in the breast cancer patients.
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Introduction

Dendritic Cells (DC) are one of the proficient
Antigen Presenting Cells (APC) which initia-
te the primary immune responses'?. To trigger
T-cells, the DC express both MHC class I and
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MHC class 1T to produce secondary signals®*.
Reports clearly indicate that DC develops anti-
tumor responses against tumor-associated pep-
tides, which in turn induces the deterioration of
disease both in the model system as well as in
the clinical studies®!®. DC have the capability of
inducing polyclonal immune response against
multiple tumor antigens. DC have been pulsed by
following methods: injected with tumor cell lysa-
tes, loaded with tumor peptides, acid-elution from
tumor cells'™'? and transfected through tumor cell
RNA"™", Hence, to induce polyclonal antitumor
immune response, it is better to fuse tumor cells
along with DC". MicroRNA-373 has been repor-
ted to suppress the T-cell lymphocytes growth by
repressing CCNDI'. Rather, the key molecular
mechanisms in context to micro RNAs were not
clearly documented. More than 98% of non-co-
ding DNAs (commonly called as ‘junk’ DNAs)
are present in the form of short ncRNAs and long
ncRNAs (IncRNAs), but the role and function of
this specific RNAs, and their relevance to disease
are still unclear. Recently, these short n.cRNAs has
been reported to perform following specific fun-
ctions such as modulation of alternative splicing,
chromatin remodeling and RNA metabolism, re-
spectively. In contrast, other types of short RNA,
namely microRNAs, play a vital role in signaling
and regulatory functions. In short, microRNAs
are basically, a non-coding RNA, which retards
the gene expression at the posttranscriptional le-
vel by targeting the 3° UTR of mRNA sequences'’.
Xu et al'® suggest that microRNAs have an im-
portant role in leukemogenesis. In contrast, single
nucleotide polymorphisms in the promoter region
of mir-133a-1 and in pre-mir-152 rs1707 have re-
sulted in the risk of asthma'®. Hence, it is essential
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to identify the signaling and regulatory mechani-
sms of microRNAs, which is an important target
in cancer biology. In this paper, we aimed to fuse
the human breast carcinoma cells with human DC
and the fused cells activate autologous T cell pro-
liferation followed by the induction of cytotoxic
T lymphocytes (CTL) against breast tumor cells.
The miR-155 expression levels were found out in
the antitumor CTL against breast cancer.

Materials and Methods

Culture of Human MCF-7, DCs, Monocytes
and T Cells for Cell Fusion

Human breast carcinoma cell lines MCF-7
(ATCC) were grown in Dulbecco’s Modified Ea-
gle Medium (DMEM) Sigma-Aldrich (St. Louis,
MO, USA) as described in the paper?. The pe-
ripheral blood mononuclear cells (PBMC) were
mixed in RPMI medium with human serum
(10%) Invitrogen (San Diego, CA, USA) and in-
cubated for 1.5 h. The non-adherent cells were re-
moved, and the remaining T cells were isolated by
nylon-wool separation method. The attached cells
were cultured for 6 days in RPMI medium (Sig-
ma-Aldrich, St. Louis, MO, USA) along with 1000
U/ml of granulocyte-macrophage colony-stimula-
ting factor (GM-CSF; Sigma-Aldrich, St. Louis,
MO, USA) and 500 U/ml of IL-4 (Sigma-Aldri-
ch, St. Louis, MO, USA). The non-attached and
loosely adherent cells were harvested by repea-
ted washes to generate the dendritic cells (DC).
Tightly attached monocytes were harvested by
slight treatment of Trypsin (Sigma-Aldrich, St.
Louis, MO, USA). DCs were mixed with human
breast carcinoma cells (MCF-7) at the ratio of 10:1
and were incubated in serum-free RPMI medium
containing 50% PEG (Sigma-Aldrich, St. Louis,
MO, USA) for 5 min. The cells were re-suspended
in RPMI medium and incubated at 37°C for 7-14
d. The protocols for the culture of human MCF-
7, DCs, Monocytes and T cells, as well as Cell
Fusion analysis were referred from the paper of
Gong et al*,

Flow Cytometry Analysis

The protocols for the flow cytometry analysis
were referred from Gong et al*® with slight modi-
fications. In brief, after digestion with collagenase
at 37°C for 15 minutes, cells were squashed and
their suspension were passed through 40 uM nylon
mesh (Sigma-Aldrich, St. Louis, MO, USA). The
processed cells were analyzed in flow cytometry
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with sorting of MUC-1 and MHC-II cells. Cells
were washed with PBS and incubated with pri-
mary antibodies against MUC1 and MHC class
II (Sigma-Aldrich, St. Louis, MO, USA) for 1 h at
4°C. The cells were washed with PBS and incuba-
ted with fluorescein conjugated goat anti-mouse
IgG (Sigma-Aldrich, St. Louis, MO, USA) for 30
min at 4°C followed by incubation with phycoe-
rythrin-conjugated anti-MHC class II (Sigma-Al-
drich, St. Louis, MO, USA) or anti-MUC-1 (Sig-
ma-Aldrich, St. Louis, MO, USA) for 1 h at 4°C.
Samples were then washed, fixed and detected in
a FACS Calibur (Becton Dickinson Immunocyto-
metry Systems, San Jose, CA, USA). Appropriate
irrelevant antibodies (isotypes) (Sigma-Aldrich,
St. Louis, MO, USA) were used as controls for the
flow cytometry experiments.

RNA Extraction

Total RNA was extracted from the cells using
TRIzol reagent method (Invitrogen, San Diego,
CA, USA) as per the manufacturer’s instruction.
Cells were homogenized in TRIzol reagent and
the RNA concentrations and RNA quality were
determined by NanoDrop (NanoDrop 2000, Wil-
mington, CA, USA). The RNA integrity was as-
sessed by agarose gel electrophoresis (Bio-Rad,
Hercules, CA, USA). The isolated total RNA
was stored at -80°C for further experiments.

Quantification of miR-155 Levels Using
qRT-PCR

The microRNA, miR-155 level was analyzed
using TagMan MicroRNA assays. Total RNA
was isolated from the antitumor CTL cells
followed by recovering small RNA fractions
(<200 nucleotides) using the mirVANA PARIS
miRNA Isolation Kit (Ambion, Life Techno-
logies, Foster City, CA, USA). The integrity
of the RNA was checked using NanoDrop at
the absorbance of 260 nm. qRT-PCR was per-
formed with the threshold cycle (Ct) as the
fractional cycle number at which fluorescence
exceeds the fixed threshold of 0.2. Quantitati-
ve miR-155 expression was analyzed using dCt
(the Ct value normalized to internal ‘houseke-
eping’ miRNAs such as miR-24 and miR-103)
and ddCt (difference between the dCt of po-
sitive population and that of the negative po-
pulation) values for each of the miRNAs. The
percentage of expression was calculated using
the formula 2-ddCt. Total RNA with the con-
centration of 10 ng was used to measure the
miR-155.
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Statistical Analysis

All the results were statistically significant.
Statistical analysis such as mean, average and
standard deviation were performed using Micro-
soft office 2007. p < 0.05 was considered statisti-
cally significant.

Results

Cell Fusion Analysis

The study has shown that the oncogenic miR-
155 level was down-regulated in the antitumor
CTL against breast cancer. In order to generate
the antitumor cytotoxic T lymphocytes (CTL),
blood samples were carefully collected from the
metastatic breast cancer patients. From the blood
samples monocytes, dendritic cells (DC) and T
cells were isolated and cultured. After isolation,
monocytes from the blood sample were used to
generate DC, whereas human breast cancer cel-
Is (MCEF-7) were used to induce antitumor CTL.
Cell fusion experiments were performed by fu-
sing DC with breast carcinoma cells (MCF-7)
using the standard procedure as described before.

Flow Cytometry Analysis

To further explore the expression of MUC-1
(breast cancer marker) in MCF-7/DC fused cells,
flow cytometry experiment was performed. MCF-
7, DC and MCF-7/DC fused cells were harvested
and placed in RPMI medium. The data of flow
cytometry was shown in Figure 1. The sorted
cells illustrate the expression of MUC-1 in bre-
ast carcinoma cells and obviously not in the DC.
Also, the data (Figure 1) shows that after the fu-
sion of MCF-7 with DC, the fused cells express
MUC-1. In contrast, the expression of MHC class
— II (marker for DC) was noted in the DC as well
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MCF-7

as MCF-7/DC fused cells, but not in the breast
carcinoma cells (MCF-7). The result clearly indi-
cates the co-expression of MUC-1 and MHC-II in
the MCF-7/DC fused cells. The MCF-7/DC fused
cells effectively stimulate the T-cells, which indu-
ce the generation of antitumor CTL against breast
carcinoma cells.

qRT-PCR Analysis of miR-155

As we have generated the antitumor CTL
against breast carcinoma cells, to identify the
expression pattern of miR-155 in the antitumor
CTL cells, qRT-PCR was performed. The data of
gRT-PCR was shown in Figure 2. The data shows
the down-regulation of oncogenic miR-155 in the
antitumor CTL cells. The experiments were repe-
ated thrice; same results were obtained as mentio-
ned in Figure 2. The relative expression of miR-
155 was reduced in the antitumor CTL against
breast carcinoma. Evidently, the breast carcinoma
cells (MCF-7) show the expression of miR-155,
whereas the antitumor CTL against breast cancer
shows the down-regulation of miR-155.

Discussion

Breast cancer is one of the second most com-
mon cancers, which cause death in women po-
pulation®'. Molecular analysis in the context of
micro RNAs and its relation with cancer is not
well studied. It was already reported that long
non-coding RNAs (IncRNAs) such as MA-
LAT-1, HI9 and HOTAIR have play an impor-
tant role in carcinogenesis or cancer growth?*.
Also, micro RNAs have a vast role in the deve-
lopment of cancer. It was reported that CD44"
positive human prostate cancer cells expressed
miR-34a at levels of ~25-70%22, which illustra-
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Figure 1. Flow cytometry analysis. Flow cytometry analysis of MCF-7, DC and DC/MCF-7 fused cells with the markers

MUC-1 and MHC-II were shown in Figure.
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Figure 2. qRT-PCR analysis. RNA was isolated from the antitumor CTL cells as well as breast cancer cells and subjected to
qRT-PCR. CTL shows decreased miR-155 expression when compared with that of breast cancer cells.

tes the crucial role of micro RNAs related to
cancer. With this point of view, present experi-
ment targeted the oncogenic miR-155 and stu-
died the expression level of miR-155 after the
fusion of DC/MCF-7 cells. The flow cytometry
analysis of MUC-1 and MHC-II experiments
show interesting results. The data shown in Fi-
gure 1, illustrates that MUC-1, which is the mo-
lecular marker for the breast cancer cells, was
expressed in the MCF-7 cells, that indicates the
cells are breast cancer cells. At the same time it
is interesting that MUC-1 is also expressed in
the DC/MCF-7 fused cells. Similarly, MHC-II
is the DC marker, which expressed in the DC
cells and also in the DC/MCF-7 fused cells,
indicates that the fused cells are immune cel-
Is. Co-expression of MUC-1 and the MHC-II
in the DC/MCF-7 fused cells implies that the
immune cells process the breast cancer cells
and present the MUC-1 antigen, which is one
of the key findings in the present experiment.
The MCF-7/DC fused cells induce the T-cells,
followed by the generation of antitumor CTL
against breast carcinoma cells. These antitumor
CTL down-regulates the expression of onco-
genic miR-155. The qPCR results were shown
in Figure 2, which indicates and confirms the
down-regulation of miR-155 expression in the
antitumor CTL. The qPCR results clearly in-
dicate that breast cancer cells has the expres-
sion of miR-155, rather the expression of miR-
155 was down-regulated in the antitumor CTL
cells. It has been reported that CD44 positive
human prostate cancer cells expressed miR-34a
at levels of ~25-70%%. A similar strategy has
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been demonstrated in the immune competent
mice having prostate cancer®, but in the pre-
sent study the miR-155 level is decreased in the
antitumor CTL. Though the breast cancer cells
(MCEF-7) show the higher expression of oncoge-
nic miR-155, the level is decreased in the anti-
tumor CTL.

Conclusions

The oncogenic miR-155 level was down-re-
gulated in the antitumor CTL. Hence, it may be
used as an effective treatment to eliminate the
breast cancer malignant cells in the breast can-
cer patients.
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