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Abstract

Background: Breast cancer is the foremost common type of cancer worldwide and the leading
cause of death related to cancer. Poliovirus receptor (CD155) or nectin-like molecule-5
expression has been shown to increase in tumor cells and bind to the DNAX accessory molecule
(DNAM-1)/T cell immunoreceptor with Ig and ITIM domains (TIGIT)/CD69 ligand present on
the surface of T and natural killer cells, increasing inflammatory cytokines, including interleukin
6 (IL-6) in the tumor microenvironment. As a result, we intended to simultaneously target both
CD155 and IL-6 as an effective therapeutic approach to prevent breast cancer growth.
Methods: In this study, 4T1 cells were transfected with small interfering RNA (siRNA) molecules
against CD155 and IL-6, using lipofectamine (LP). Target gene expression was analyzed using
both the real-time polymerase chain reaction (RT-PCR) and an enzyme-linked immunosorbent
assay (ELISA). The methyl thiazolyl tetrazolium (MTT) assay also examined the cytotoxic effect
of combined therapy.

Results: The results showed that the cells were effectively transfected with LP, resulting in the
downregulation of IL-6 and CD155. In addition, the combined silencing of IL-6 and CD155
potently reduced the cellular viability of cancer cells.

Conclusion: These findings revealed that the simultaneous targeting of CD155 and IL-6 in
breast cancer cells (4T1) is an innovative and efficient therapy strategy to induce apoptosis in
malignant cells.
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Introduction of immunosuppressive mechanisms which coordinate

Breast cancer is a global malignancy that primarily
affects females. Despite a positive response to treatment,
resistance to therapy is common at advanced stages of
this cancer."? Surgery, chemotherapy, and radiotherapy
are the primary treatment options that can be used to
treat breast cancer. On the other hand, the new methods
include antibody-drug conjugation systems, nanoparticle-
based drug delivery systems, breast cancer stem cell-
based therapies, and targeting prognostic and predictive
biomarkers.>* The inefficiency of standard treatments
in many patients has led many researchers to find new
therapies.>® This low efficiency of common treatments
is mainly due to the inhibitory microenvironment of the
tumor.” The tumor microenvironment contains a variety

the suppression of anti-tumor immune responses.*’
Therefore, one way to inhibit tumor growth is by
inhibiting or preventing the function of these inhibitory
mechanisms in the tumor microenvironment. Of the
different mechanisms that inhibit immune responses in
the tumor microenvironment, the CD155/ interleukin 6)
IL-6( axis plays a crucial role in tumor progression.

The poliovirus receptor, also known as nectin-like
molecule-5, or CD155 (Transmembrane glycoprotein
type I receptor belongs to the immunoglobulin
superfamily) acts as a protein for immune checkpoint. It
alters the immune response in the function of the tumor
microenvironment.’*!! Since CD155 contains immune-
receptor tyrosine-based inhibitory motifs (ITIM), it
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activates T/NK by binding to DNAX accessory molecule
(DNAM-1) but inhibits immune responses when attached
to T cell immunoreceptor with Ig and ITIM domains/
CD69.'*2 The inhibitory function of CD155 in the tumor
microenvironment is more significant than its activation
function.” Furthermore, CDI155 expression is high
in many tumors and a poor prognostic factor."*"® The
overexpression of CD155 amplifies tumor cell migration,
metastasis, growth, and resistance to therapy.'é'®

Moreover, CD155 promotes the expression of IL-
6/ transforming growth factor beta / SMAD family
member 3 by being directly associated with each of these
factors.’®” In addition, the increased expression of IL-6
in breast cancer promotes metastasis, migration, and
angiogenesis.*?! IL-6 plays a crucial role in cancer, and
patients whose serum levels of IL-6 are high have a low
rate of recovery and survival; on the contrary, the rate of
recovery is higher in patients with low IL-6 serum levels®
this cytokine is extensively secreted by both immune
cells and cancer cells in the tumor microenvironment.?
Signaling through a signal transducer and activator of
transcription 3 (STAT3) inhibits the activity of immune
cells against tumor cells.” However, it also stimulates
cancer cell growth, angiogenesis, metastasis, and
resistance to chemotherapy.”

Therefore, we hypothesized that combined methods
for targeting these factors would result in an effective
method for cancer therapy. It also inhibits the growth of
tumor cells and induces apoptosis, making it a promising
combination treatment for breast cancer.

Methods

Reagents

CD155 and IL-6 siRNA molecules and small interfering
RNA (siRNA) negative control (NC-siRNA) have been
bought from Santa Cruz Biotechnology, Inc (CA, USA).
The methyl thiazolyl tetrazolium (MTT) cell proliferation
assay kit was purchased from Sigma-Aldrich (Bornem,
Belgium) and used according to the guidelines supplied
by the company.

Cell Culture

4T1 cells (ER° PR" HER2") were grown in RPMI 1640
(Gibco, US). In the culture medium, 10% fetal bovine
serum was added. All cells were cultivated in a 37°C
humidified incubator using 5% CO,.

Method of Cell Transfections and Evaluation of
Transfection Efficiency

After seeding 1x10* cells/wells in a 96-well plate and
incubating at 37°C for 24 hours, cells were transfected
with 90 pm siRNA via Lipofectamine (LP) RNAiMax
(Invitrogen, Karlsruhe, Germany) in accordance with the
company’s instructions. To analyze transfection efficiency,
a cellular uptake assay was performed. In brief, cells were
transfected with PE-labeled siRNAs encapsulated in LP,
and the frequency of cells transfected with siRNA was
measured using flow cytometry assay.

RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction

Total RNA was extracted from 4T1 cells by TRIzol Reagent
(TaKaRa) based on the manufacturer’s instructions. For
reverse transcription,2 pg of total RNA was used in a final
volume of 20 uL. Table 1 shows the primer sequences.'”?"*
Quantitative real-time polymerase chain reaction (qRT-
PCR) was done by 2x SYBR Green Mix (Promega,
Madison, USA) using Roche Light Cycler 480 PCR cycler.
Then, fold change was assessed using the formulation
248 and each reaction was carried out in triplicate.

Cytotoxicity Assay

MTT test was done on 4T1 cell lines after 48 hours of
incubation with siRNA. Then, 1x10* cells were seeded
in 96-well plates to analyze the cytotoxicity of siRNA-
loaded LP. Moreover, 4T1 cells were incubated with
CD155 siRNA-loaded LPs (90 pm siRNA), IL-6 siRNA-
loaded LPs, and IL-6-CD155 siRNA-loaded LPs, and their
viability was assessed relative to blank LPs. Then, 20 pL
of MTT solution was added to each well where 150 pL
of dimethyl sulfoxide was used to replace the supernatant
after four hours of exposure. Finally, after 30 minutes, the
OD of the wells was assessed using a spectrophotometer
(Synergy 4, BioTec, USA), and the test was performed in
triplicate.

Cytokine Release Assay by an Enzyme-Linked
Immunosorbent Assay

To evaluate the levels of IL-6 cytokine secretion from
cancer cells, 8 x10* 4T1 cells were seeded in 12-well
plates and incubated with siRNA for 48 hours. Then,
IL-6 secretion levels were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (Invitrogen,
Carlsbad, CA, USA).

Table 1. Primer Sequences

Primer name Sequences

Forward 5'- GGTCATCACTATTGGCAACG-3'

B-actin
Reverse 5'- ACGGATGTCAACGTCACACT-3'
Forward 5'- GCTAGAAGGACTCACTAGACTCAGGAA-3’
CD155
Reverse 5'- GTCGCCTCATCTGTCGTGGAAC-3'
Forward 5'- ATCCAGTTGCCTTCTTGGGACTGA -3’
IL-6
Reverse 5'- TAAGCCTCCGACTTGTGAAGTGGT -3'
Forward 5’ - GCCGAAATGTTTGCTGACG -3’
Bax
Reverse 5 - CAGCCGATCTCGAAGGAAG -3’
Forward 5’ - GGCTGGGGATGACTTCTCTC -3’
Bcl2
Reverse 5 - ACAATCCTCCCCCAGTTCAC -3’
Forward 5’ - CACGAAAGTCAGGTTGCTGGT -3’
STAT3
Reverse 5'- ACTTTTGTGTTCGTGCCCAGA -3’
Forward 5’ - TGGGACTGATGAGGAGATGG -3’
Caspase-3

Reverse 5’ - CTGCAAAGGGACTGGATGAA -3’

Note. IL-6: Interleukin 6; STAT3: Signal transducer and activator of
transcription 3.
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Cell Proliferation Analysis by Bromodeoxyuridine

The proliferation of tumor cells was assessed using a
cell proliferation ELISA Bromodeoxyuridine (BrdU) Kit
(Roche’s, Mannheim, Germany). Afterward, 1 x 10* tumor
cells were cultured for 24 hours in a 96-well plate at 37°C
in 5% CO2. Each well was then incubated for 48 hours at
37°C with siRNA-loaded LPs added. After that, the fresh
culture medium was added, and cells were incubated for
24 hours at 37°C with 5% CO2. After filling each well with
10 Mm BrdU labeling solution, incubation lasted for 24
hours. After cell fixation, a FixDenat solution was used
to denature the DNA of tumor cells. Following that, an
anti-BrdU-POD solution was applied to each well. The
immune complexes were then detected using a microplate
luminometer (Luminoskan™ Microplate Luminometer,
Thermo Fisher Scientific, USA) by adding a luminescence
substrate solution to each well.

Statistical Analysis

GraphPad Prism V9 software and a two-way ANOVA
test were used for statistical analysis, and statistical
significance was set at P<0.05.
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Results
Lipofectamine Effectively Transfected Small Interfering
RNA into Cells and Silenced the Expression of Target
Cells
A flow cytometry assay was used to measure how quickly
cancer cells were transfected with siRNA using LP and
how effectively it did so. As shown in Figure la, about
70% of cells were successfully uptaking siRNA molecules
encapsulated in LP. Using qRT-PCR, the levels of CD155-
IL-6 mRNA in cells treated with various LP treatment
groups were evaluated to determine how well gene
silencing worked. Figure 1b-c indicates the outcomes of
changes in CD155-IL-6 mRNA levels in other treatment
groups. The results revealed no changes in cells treated
with scramble siRNA or LP alone. Furthermore, there
were no significant changes in mRNA levels in cells treated
with CD155 or IL-6 siRNA independently, indicating that
a carrier is required for effective siRNA delivery into cells.
However, the combined treatment of cells with CD155-
IL-6 siRNA-LP efficiently reduced CD155/IL-6 mRNA
expression.

ELISA analysis confirmed the decrease in IL-6 secretion
to examine the effect of treatment on IL-6 protein levels.

CD155 mRNA level
]
3
L

IL6 mRNA level

0.25-— W
Transfection 0.00 T T T . T T
70.8% g .r 3 3 8
F&FTS
\a? S ‘5& ‘_.\Q-
il S
S &
A
i e
- d
=2
o
S 1.00+
g 1000~ s
~ 0.75-
750 5
] £ 0.50-
§ 500~ &
«
2 & 0.254
250 o
0.00-
o3 i)
o <

Figure 1. Cancer Cells Were Effectively Transfected by siRNA Molecules Loaded in LP. (a) Transfection efficiency was measured using flow cytometry using
PE-labeled siRNA molecules loaded in LP. (b) The transfection of 4T1 cells with LP-CD155 siRNA suppressed the expression of CD155. (c) The treatment of 4T1
cells with anti-IL-6 siRNA using LP led to suppressing the IL-6 expression as illustrated by the real-time assay. (d) The protein level of IL-6 release is measured by
ELISA. (e) STAT3 expression decreased through IL-6 blockage. Note. siRNA: Small interfering RNA; LP: Lipofectamine; IL-6: Interleukin 6; ELISA: Enzyme-linked
immunosorbent assay; STAT3: Signal transducer and activator of transcription 3; *P<0.05; ** P<0.01, ns: Non-significant
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Compared to untreated groups, the secretin levels of IL-6
markedly decreased in mono- and combination-treated
groups.

Furthermore, STAT3 expression in the study groups
was measured to find out how IL-6 inhibition affected
the STAT3 signaling factor. In the groups treated with
CD155-1L-6 siRNA-LP and IL-6 siRNA-LP, STAT3
expression was significantly reduced; however, CD155
inhibition did not affect STAT3 expression (Figure le).
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CD155-1IL-6 Inhibition Induces Apoptosis and Inhibits
Proliferation in 4T1 Cells

The viability of 4T1 cells after 24 or 48 hours of incubation was
examined using an MTT test to assess the impact of various
treatments. Figures 2a-b present the findings. The viability
of controls, including untreated and LP, did not change
significantly. In contrast, cells treated with CD155 or IL-6
siRNA alone reduced viability considerably. Furthermore,
compared to controls, the apoptosis rate in the CD155-IL-6
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Figure 2. Silencing CD155/IL-6 Decreased the Viability of 4T1 Cells. (a-b) 4T1 cells were treated with the combination of anti-CD155-IL-6 siRNA-LP-, and
the toxic effect was analyzed using MTT assay after 24 and 48 hours of incubation. (c) Bax expression level enhanced through combined treatment. (d) Bcl2
mRNA level diminished by combined treatment. (e) Caspase-3 expression level enhanced through combined treatment. (f) BrdU analysis of cell proliferation.
Note. IL-6: Interleukin 6; siRNA: Small interfering RNA; LP: Lipofectamine; IL-6: Interleukin 6; MTT: Methyl thiazolyl tetrazolium; * P<0.05; ** P<0.01; ns:

Non-significant
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siRNA-LP-treated group was significantly higher.

To confirm apoptosis further, the expression of Bax,
Bcl2, and Caspase-3, which are involved in cell apoptosis,
was measured. The expression of the pro-apoptotic
factors Bax and Caspase-3 increased in groups that
received CD155 siRNA-LP or IL-6 siRNA-LP alone,
while the expression of the anti-apoptotic factor Bcl2
decreased (Figure 2c-e). In addition, the group that
received the combined treatment exhibited higher mRNA
levels of Bax and caspase-3 and a lower Bcl2 mRNA
level (Figure 2c-e). The BrdU assay kit showed that the
simultaneous inhibition of CD155 and IL-6 in the CD155-
IL-6 siRNA-LP study group reduced the proliferation of
4T1 cancer cells (Figure 2f).

Discussion

Changing the tumor microenvironment is one of the
most critical activities that immunotherapists can do
to treat cancer. To evade drugs and immune responses,
tumor cells modify themselves through a variety of
mechanisms, including immunosuppressive cells,
inhibitory cytokines, checkpoints, hypoxia, and metabolic
changes.” The immune checkpoint targeting offers a
significant clinical opportunity for solid tumor patients.”
Various inhibitory checkpoints are expressed in the
tumor microenvironment, contributing to tumor growth
and the inhibition of immune responses. CD155, as an
immunomodulatory factor, has an inhibitory function
in the immune microenvironment of breast cancer.”
CD155 induced a higher proportion of exhausted
CD4*and unexhausted CD8*TILs and a higher PD-L1/
TIGIT expression on immune cells.>***' Therefore, we
hypothesized that CD155 targeting could be an effective
agent in breast cancer therapy. In this regard, the
suppression of CD155, an immunomodulatory factor,
has been shown to be a useful agent for targeting solid
tumors in several studies.?®?> Moreover, the researchers
found that the methylation at the CpG site of the CD155
promoter is directly related to cancer progression and
tumor size.”® However, there is little information about
the role of this biomarker (CD155) in breast cancer.** Qur
findings revealed that the expression of this biomarker
increases in breast cancer.

In addition, in line with other studies,'*" the present
study found that 4T1 cells increase the expression of
CD155 and IL-6. Moreover, this study showed the role
of IL-6 in the microenvironment of breast cancer in
several studies.?”*** Treatments that target IL-6, IL-6R,
glycoprotein 130 receptor, Janus kinase, and STATS3,
which form an interconnected loop, have been shown to
reduce tumor resistance in some studies.*®*” Avalle et al
discovered that in the microenvironment of breast tumor
cells, cancer-associated fibroblasts exhibit an elevated
expression of STAT3, which was activated by IL 6, and
that STAT3 boosts tumor cell proliferation and invasion.*

In general, we found that targeting two biomarkers
IL-6/CD155 together, considering the role of each factor

in breast cancer,”* can be a promising combined

treatment. In this study, for the first time, we silenced
both of these biomarkers simultaneously and looked at
how the treatment affected cancer cells. We used siRNA
molecules to inhibit CD155/IL-6 expression, but since
siRNA molecules are highly unstable and susceptible
to degradation by nuclease enzymes,* we needed a
suitable carrier to inhibit CD155/IL-6 expression. We
used LP for siRNA transfection due to its low toxicity and
effective cargo delivery.*! As a consequence of this, the
malignant cell survival rate decreases with the combined
treatment that we assumed to be effective. Accordingly,
it is suggested as a promising treatment method in future
studies.
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