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Simple Summary: This article refers to noncanonica functions of telomerase that is associated with
the a cell-to-cell communication. This in turn is associated with the metastatic potential of breast
cancer cells. In this work, we assessed the influence of telomerase inhibitors TMPyP4, BIBR 1532, or
imetelstat on the ability to form spheroids in MCF7 and MDA-MB-231 breast cancer cells. As shown,
the applied telomerase inhibitors influenced the ability of MCF7 and MDA-MB-231 breast cancer
cells to form spheroids in a concentration- and incubation-time-dependent manner. Although the
mechanism of this phenomenon has not been fully understood, it seems that the use of telomerase
expression/activity inhibitors to reduce the adhesive capacity and metastatic potential of breast
cancer cells may play a significant role in cancer therapy.

Abstract: Background/Objectives: Malignant neoplasms represent the most common diseases
worldwide, and breast cancer is the most commonly diagnosed cancer type in the female
population. One of the critical features of this cancer type is the ability to metastasize. This process
is related to adhesion, migration, and invasiveness. As demonstrated, the catalytic telomerase
subunit, h-TERT, may control these processes. The expression and activity of telomerase in normal
somatic cells are very low or absent, which makes it a universal and attractive target for cancer
diagnostics and therapy; Methods: In this work, we assessed the influence of telomerase inhibitors
TMPyP4, BIBR 1532, or imetelstat on the ability to form spheroids in MCF7 and MDA-MB-231 breast
cancer cells. Cells of both lines were treated with specific compounds in concentrations: TMPyP4 -
5,10, 20 pM; BIBR 1532 - 1, 5, 10 uM or imetelstat 1, 5, 10 pM for 72 hours. Cells were then trypsinized
and applied to 96-well low-adhesive plates at 500 cells per well, followed by observation at different
time intervals, i.e., 24, 48, and 72 hours; Results: As shown, the applied telomerase inhibitors
influenced the ability of MCF7 and MDA-MB-231 breast cancer cells to form spheroids in a
concentration- and incubation-time-dependent manner; Conclusions: Although the mechanism of
this phenomenon has not been fully understood, it seems that the use of telomerase
expression/activity inhibitors to reduce the adhesive capacity and metastatic potential of breast
cancer cells may play a significant role in cancer therapy.
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1. Introduction

Cancer is one of the most common threats to health and life. It constitutes a global problem and
is one of the leading causes of human mortality in the world. The most common cancer in women is
breast cancer. The increased risk of this cancer is mainly related to factors that are collectively referred
to as civilizational. In spite of intensive prevention programs the disease rates are still raising mainly
due to increased exposition to environmental risk factors, life style, stress and aging. The main
problem in achieving success in the field of effective oncological therapy is the high resistance of
cancer cells to the chemotherapy drugs used and, consequently, their resistance to pro-apoptotic
signals [1]. Many studies to date indicate that telomerase may be one of the key factors modulating
both processes [2]. As it has been shown, telomerase (mainly its catalytic subunit hTERT — human
telomerase reverse transcriptase) is involved in migration and adhesion, which are the driving
mechanisms of the metastasis process [3]. During metastasis, cell adhesion is decreased to separate
cells from the parent tumor and then increased to attach these cells to distant tissues [4]. Therefore,
attempts are being made to identify targets for precision therapy (potentially hTERT is one of them),
that would result in attenuated development of the disease or even its elimination.

Before anticancer drugs are implemented, they are tested in vitro and in vivo (including animal
experiments) to check the preliminary efficacy, toxicity and pharmacokinetics, and safety. In
monolayer cultures, cells have easy access to nutrients and oxygen, resulting in a uniform (to some
extent) population of cells in terms of genotype and phenotype. It should be emphasized that cancer
cells cultured in such conditions lack the complexity of the structure of a tumor growing in vivo,
including vascularization and the presence of inflammatory cells. The monolayer culture is also
devoid of extracellular matrix. Therefore, it is necessary to search for alternative experimental models
that will facilitate assessment of the response of cancer cells to administered anticancer substances in
conditions that resemble in vivo environment [5]. It seems that the approach based on 3D models
could meet these expectations. It is recently gaining more attention since more adequately
recapitulates the in vivo conditions — at least when compared to classic 2D research models.
Aggregates of cancer cells that are cultured in vitro show the characteristics of a tumor growing in
vivo in the early phase of its growth and are therefore considered to be an intermediate form between
cells from a single-layer culture and a tumor growing spontaneously. Cell cultures in 3D, especially
spheroids, in terms of morphology, consist of cells with a diverse phenotype, in the resting phase of
the cell cycle, proliferating cells and cells with necrotic changes located in the center of the spheroid.
3D cultures show a morphological similarity to tumors collected intraoperatively. This similarity is
also reflected in the cell-cell interactions, intracellular signaling pathways and gene expression.
Consequently, the response of spheroids and tumors growing in vivo to the administered anticancer
substances is comparable. Noteworthy, the IC50 (inhibitory concentration) values in a single layer in
classic 2D cultures, is usually lower when compared to 3D systems [5]. Thus we decided to perform
a study of the contribution of telomerase/hTERT to breast cancer cells metabolism in a spheroid 3D
model of breast cancer in the context of functional assessment of cell-cell interactions.

Telomeres and Telomerase Targeting in Cancer

Telomerase, an enzyme with reverse transcriptase activity that maintains the ends of
chromosomes (telomeres), is induced and activated in over 90% of cancer cases. However, it does not
occur in most normal cells. Telomerase is therefore an attractive target for both diagnostics and
therapy due to its expression profile [6]. As previously reported hTERT expression levels are
observed in MCF7 and MDA-MB-231 cells - Luminal A and Normal-like/Tripple negative models,
respectively [7]; the most common and most difficult to treat [8]. Due to its activity, telomerase
restores telomeric ends leading to unlimited proliferative potential of breast cancer cells [9]. In
vertebrates, telomeres are built of tandem repeats of the TTAGGG sequence, which are bound by a
specialized group of protective proteins, collectively called the shelterin complex [10]. Further
telomere protection structures are T-loops and G-quadruplexes, two tertiary DNA structures that
protect the ends of telomeres and regulate their length. Identification of the therapeutic agents
targeting these regulatory factors may be a good approach to fighting cancer because telomere length
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is significantly correlated with cancer initiation and progression [11]. A significant correlation was
found between enzyme activity and tumor size, lymph node status, and stage, and with tumor
progression [12].

However, telomerase is also postulated to play some telomere-independent functions that are
called noncanonical functions of telomerase. As a result of numerous studies, it has been proven that
cells expressing hTERT show increased adhesion to the extracellular matrix [13,14]. The adhesion
process is particularly important in tumor progression and metastasis formation. During metastasis
formation, cell adhesion is downregulated to separate cells from the primary tumor and then induced
to communicate the same cells to distant tissues [3].

Therefore, the aim of this project was to evaluate the effect of telomerase inhibitors TMPyP4,
BIBR 1532 or imetelstat on the ability of MCF7 and MDA-MB-231 breast cancer cells to form spheroids
in 3D culture. Such approach will reveal the potential of the tested compounds to modulate the
metastatic potential of breast cancer cells in vitro.

2. Materials and Methods
Cell Culture

Two cell lines representing different molecular subtypes of breast cancer were enrolled in the
study, i.e., (i) MCF7, luminal A (ER/PR+, HER2low, TP53WT), and (ii) MDA MB-231—basal-like
subtype, also called triple-negative breast cancer (TNBC; ER/PR-, HER2-, TP53mut). MCF7 cell line,
in comparison to the MDA-MB-231 cell line, is a poorly aggressive and non-invasive cell line. Overall,
it is being considered to show low metastatic potential. The MCF7 (HTB-22) and MDA-MB-231 (HTB-
26) cells were maintained in RPMI-1640 medium (Biowest, Nuaillé, France), supplemented with 10%
fetal bovine serum (FBS) (Biowest, Nuaillé, France) at 37 °C in an atmosphere of 5% CO2 and
saturated humidity. Both cell lines were obtained from the American Type Culture Collection
(ATCC). As previously demonstrated, both cell lines express catalytic telomerase subunit while
MCE?7 shows higher hTERT protein accumulation than MDA-MB-231. [7]

Inhibitors

TMPyP4. A potent inhibitor of human telomerase binds strongly to DNA quadruplexes by
stacking on the G-tetrads at the core of the quadruplex, resulting in telomerase inhibition [15-18].
However, it is postulated that TMPyP4 might not be limited to the influence on telomerase by G-
quadruplex stabilization. As demonstrated, photodynamic therapy with TMPyP4 led to the
formation of reactive oxygen species and changes in expression of genes involved in oxidative stress
response in human hepatoma cell line HepG2 and human glioma cell line U251 [19]. Moreover, some
reports suggest the complexity of TMPyP4 action in cancer cells including not only G4 stabilization
but also a contribution to the regulation of expression of some genes engaged in cell metabolism,
proliferation, and survival [20,21]

BIBR 1532. The non-competitive inhibitor of telomerase activity [22] exerts antiproliferative
effect on numerous leukemia cells while no effect on the proliferative capacity of normal
hematopoietic progenitor cell is observed [23]. BIBR 1532 reduced colony-forming ability, induced
telomere length shortening and caused chemotherapeutic sensitization via inhibiting telomerase
activity in MCF-7/WT and melphalan-resistant MCF-7/MInR cell lines [24]. BIBR 1532 showed
cytotoxic properties in a dose-dependent manner in T-cell prolymphocytic leukemia (T-PLL) [25],
and in combination with carboplatin (a chemotherapeutic agent) eliminated ovarian cancer spheroid-
forming cells in ES2, SKOV3, and TOV112D cell lines [26].

Imetelstat (GRN163L, obtained from Johnson & Johnson). This potent and specific telomerase
inhibitor is so far the only drug of its class in clinical trials. On June 6, 2024, the Food and Drug
Administration approved imetelstat (Rytelo, Geron Corporation), an oligonucleotide telomerase
inhibitor, for adults with low- to intermediate-1 risk myelodysplastic syndromes (MDS) with
transfusion-dependent anemia requiring four or more red blood cell units over 8 weeks who have
not responded to or have lost response to or are ineligible for erythropoiesis-stimulating agents
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(ESAs). [27] Imetelstat binds to the telomerase RNA component with high affinity, inhibiting
telomerase activity directly, rather than through antisense inhibition of protein translation [28].
Imetelstat has shown promising results in treating patients with hematological malignancies and
solid tumors. Some studies have even reported synergistic effects when Imetelstat was used in
combination with other anti-cancer drugs or radiation therapy [29]. Although, when applied in solid
tumors, it usually requires a longer treatment time [30].

Cell Treatment

Cell were treated for 72 hours with the tested telomerase inhibitors. For each cell line, Petri
dishes (6 cm) containing 130,000 cells each were prepared for both cell lines. Then, specific inhibitor
compounds were added at specific target concentrations (concentrations were adjusted referring to
data obtained in our previous work [7] and other literature data [31] as subcytotoxic i.e.,:

e  TMPyP4 (5uM, 10pM or 20uM)

e  BIBR 1532 (1uM, 5uM or 10uM)

e  Imetelstat (1uM,5uM or 10uM)

e  Mismatch negative control for Imetestat (1uM, 5uM or 10uM).

After 72h treatment, MCF7 and MDA-MB-231 cells were trypsinized from each plate and, after
adding telomerase inhibitors at the target concentrations as specified above, transferred to 96-well
Ultra-Low Attachment Multiple Well Plates (Corning ULA plates, Merck, Germany) at a density of
5x102 cells/well in six repetitions for a given compound and concentration. The cells were observed
and photos were taken every 24h up to three days.

Data Assessment
Results were expressed as representative pictures. All experiments were performed in six
repeats.
3. Results
Effect of Telomerase Inhibitors on the Cell-to-Cell Interactions and Spheroid Formation Abilities
Effect of TMPyP4 on the Cell-to-Cell Interactions and Spheroid Formation in MCF7 Cells

The telomerase inhibitor TMPyP4 added at a concentration of 5uM, caused a decrease in the
ability of MCF7 to form a spheroid comparing to control, untreated cells (Figure 1). Importantly, as
the concentration of the cationic porphyrin TMPyP4 increased, i.e., up to 10uM or 20uM, the cells
were even more dispersed, without forming round-shaped spheroids. The cell dispersion effect was
dependent on the concentration used, but did not increase with extended incubation time i.e., 24, 48
or 72h.
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Figure 1. The effect of telomerase inhibitor, TMPyP4, on the ability of MCF7 to form spheroids. The
experiment was performed in 6 replicates for every concentration and time interval. Incubation of the
cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to another
72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope, 10X. The
scale bar shows 100um. Representative pictures are demonstrated.

Effect of TMPyP4 on the Cell-to-Cell Interactions and Spheroid Formation in MDA-MB-231 Cells

The TMPyP4 compound at each of the concentrations used decreased the cell-to-cell adhesion
potential of MDA-MB-231 cells in a concentration-dependent manner. A time-dependent change in
cell cluster formation was also observed. With each subsequent day, the state of cell dispersion
increased, however, it may have been associated with the cell growth and proliferation which made
the spheroid look bigger but, importantly, not that condensed as the control, untreated cells (Figure
2).

Figure 2 TMPyP4
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Figure 2. Effect of TMPyP4 inhibitor on the ability to form spheroids in MDA-MB-231 cells. The
experiment was performed in 6 replicates for every concentration and time interval. Incubation of the
cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to another
72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope, 10X. The
scale bar shows 100um. Representative pictures are demonstrated.
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Effect of BIBR 1532 on the Cell-to-Cell Interactions and Spheroid Formation in MCF7 Cells

The non-nucleoside reverse transcriptase inhibitor BIBR 1532 treatment of MCF7 cells did not
affect their ability to form spheroids at any of the concentrations used. No reduction in adhesion
potential was observed in response to treatment with the above compound. No changes in spheroid
formation were also observed with respect to the time of incubation of cells (Figure 3).

Figure 3 BIBR 1532

control 1pm SuM ioum

24h

48h ' { ; %

72h

100 uM

Figure 3. The effect of telomerase inhibitor, BIBR 1532, on the ability of MCF7 to form spheroids. The
experiment was performed in 6 replicates for every concentration and time interval. Incubation of the
cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to another
72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope, 10X. The
scale bar shows 100um. Representative pictures are demonstrated.

Effect of BIBR 1532 on the Cell-to-Cell Interactions and Spheroid Formation in MDA-MB-231 Cells

Treatment of MDA-MB-231 breast cancer cells with the telomerase inhibitor BIBR 1532
significantly influenced the ability of the cells to form three-dimensional clusters in culture. After
applying the compound, the 3D structures did not form a compact architecture; on the contrary, after
applying the compound, loose aggregates of cells creating an irregular shape were formed. With the
time, the analyzed spheroids grew and increased in size, which is also visible in the control cells
(Figure 4).

Figure 4 BIBR 1532
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Figure 4. The effect of telomerase inhibitor, BIBR 1532, on the ability of MDA-MB-231 to form
spheroids. The experiment was performed in 6 replicates for every concentration and time interval.
Incubation of the cells with the tested compound lasted 72h, followed by 3D spheroid formation test
for up to another 72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss
microscope, 10X. The scale bar shows 100um. Representative pictures are demonstrated.

Effect of Imetelstat on the Cell-to-Cell Interactions and Spheroid Formation in MCF7 Cells

In MCEF7 cells treated with the telomerase inhibitor imetelstat, a decrease in their adhesion
capacity was observed in a concentration- and incubation-time-dependent manner. As shown in
Figure 5, imetelstat was effective at a concentration of 5uM and at the highest concentration used,
namely 10uM. In both of these concentrations, after 24 hours of incubation, cells were observed
circulating around the formed spheroid. The compound used at a concentration of 1uM did not
significantly affect the ability of MCF?7 cells to form spheroids. In turn, extending the incubation time
resulted in greater cell dispersion. At the same time, no such effects were observed when cells were
treated with a mismatch (MSM) control oligonucleotide (Figure 6).

Figure 5 Imetelstat
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Figure 5. The effect of telomerase inhibitor, imetelstat, on the ability of MCF7 to form spheroids. The
experiment was performed in 6 replicates for every concentration and time interval. Incubation of the
cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to another
72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope, 10X. The
scale bar shows 100um. Representative pictures are demonstrated.
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Figure 6. The effect of mismatch (MSM) negative control on the ability of MCF7 to form spheroids.
The experiment was performed in 6 replicates for every concentration and time interval. Incubation
of the cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to
another 72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope,
10X. The scale bar shows 100um. Representative pictures are demonstrated.

Effect of Imetelstat on the Cell-to-Cell Interactions and Spheroid Formation in MDA-MB-231 Cells

Treatment of MDA-MB-231 breast cancer cells with imetelstat resulted in a decrease in their cell-
to-cell adhesion and a decrease in their ability to form spheroids (Figure 7). The effect was directly
proportional to the concentration - at a concentration of 10uM, the highest degree of cell dispersion
was observed compared to the control. The observed effect depended on the incubation time - the
degree of dispersion increased with the incubation time. At the same time, no such effects were
observed when cells were treated with a mismatch (MSM) control oligonucleotide (Figure 8).

Figure 7 Imetelstat
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Figure 7. The effect of telomerase inhibitor, imetelstat, on the ability of MDA-MB-231 to form
spheroids. The experiment was performed in 6 replicates for every concentration and time interval.
Incubation of the cells with the tested compound lasted 72h, followed by 3D spheroid formation test
for up to another 72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss
microscope, 10X. The scale bar shows 100um. Representative pictures are demonstrated.
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Figure 8. The effect of mismatch negative control on the ability of MDA-MB-231 to form spheroids.
The experiment was performed in 6 replicates for every concentration and time interval. Incubation
of the cells with the tested compound lasted 72h, followed by 3D spheroid formation test for up to
another 72h, again in the presence of the inhibitor. Pictures were taken using CarlZeiss microscope,
10X. The scale bar shows 100um. Representative pictures are demonstrated.

4. Discussion

Literature data indicate the involvement of hTERT in the process of adhesion and migration of
cancer cells [3]. These processes, in turn, constitute an important element in the development and
spread of cancer cells. Modern research aims to identify selective methods of eliminating cancer cells
with minimal side effects. In this challenge, one of the most important goals is to limit the metastatic
capacity of cancer cells. The regulation of cancer cell adhesion and migration is complex and involves
both interactions between proteins (e.g., cell-cell adhesion molecules, cadherins, integrins, MAPKs -
mitogen-activated kinases, receptor tyrosine kinases, cytoskeletal proteins) and the modulation of
various signaling pathways, which are known to control cell proliferation, survival and
differentiation. Telomerase catalytic subunit hTERT is perceived as one of the factors that can
promote cell adhesion and migration by influencing the expression of cell adhesion-related genes,
but the exact pathway mediating these mechanisms is still unknown [7].

TMPyP4 Potential to Alter Cancer Cells Adhesion Properties

Numerous studies aim to evaluate the effects of targeting cancer cells for migration and/or
adhesion. They include, among others: cationic porphyrin TMPyP4 to inhibit telomerase in human
breast cancer cells [32]. The putative action of TMPyP4 is not limited to its effect on G-quadruplex
stabilization. It was shown that TMPyP4 photodynamic therapy led to the formation of reactive
oxygen species and changes in the expression of genes involved in the response to oxidative stress.
Additionally, TMPyP4 affects the regulation of the expression of some genes involved in cancer cell
metabolism, proliferation and survival. These premises initiated studies aimed at revealing how
compounds with such biological potential can be used in cancer therapy. Particularly important is
the fact that they can cause biological effects in a telomere-independent manner [7]. As shown
TMPyP4 (at a concentration of <0.5uM) was capable of inhibiting hTERT expression and telomerase
activity in cells of non-small cell lung cancer A549, cervical cancer HeLa, and osteosarcoma cells (U2-
OS and SAOS-2) leading to increased cell migration and adhesion of the cells to the matrix. In
contrast, higher concentrations (22uM) slowed down cancer cell proliferation and increased
induction of cell death [33]. In turn, treatment of MCF7 and MDA-MB-231 cells with the cationic
porphyrin TMPyP4 significantly inhibited cancer cell migration and adhesion. It was shown that this
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inhibitor reduced the metabolic potential of the tested cells in a concentration- and incubation-time-
dependent manner [7]. Similarly, research conducted by Liu et al. showed that the induced
expression of hTERT increased cancer cells’ adhesion and migration potential. The experiment also
showed that hTERT expression promoted cell adhesion and migration independently of telomerase
activity [3].

BIBR 1532 Potential to Alter Cancer Cells Adhesion Properties

Another telomerase targeting approach is based on using inhibitors that bind non-competitively
to telomerase. One well-documented synthetic agent, BIBR 1532, belongs to the non-nucleoside
reverse transcriptase inhibitors (NNRTIs) and can effectively bind to the enzyme and block its
activity. The specific mechanism for NNRTT inhibitors is not fully understood, although there are two
main theories that have been generally accepted. The first states that BIBR 1532 binds to a binding
site sufficiently close to the origin of replication to block the replication binding site, thereby
inactivating telomerase. Second, BIBR 1532 causes a conformational change in the telomerase
structure upon binding with it, which then blocks the activity of the replication binding site.

Scientists from Shahid Beheshti University showed that treatment of MCF7 and MDA-MB-231
cells with a combination of arsenic trioxide (ATO) and BIBR 1532 inhibited the proliferation and
colony-forming ability of breast cancer cells. The synergistic effect of ATO and BIBR 1532 resulted in
decreased hTERT expression [34]. In combination dosing studies of the widely used breast cancer
chemotherapeutic agent paclitaxel (limited success due to drug resistance) and BIBR 1532, it was
shown that the drug combination inhibited MCF7 cell colony formation in a dose-dependent manner
[35]. Interestingly, combination of BIBR 1532 and DOX did not show any significant effect in hTERT
protein accumulation in MCF7 cells while in MDA-MB-231 cells the catalytic telomerase subunit was
repressed after treatment with BIBR 1532 (48 and 72 h) as well as DOX (48 h) [7].

Imetelstat Potential to Alter Cancer Cells Adhesion Properties

Another known and tested inhibitor that strongly inhibits telomerase is imetelstat (GRN163L).
It was found to affect not only cancer cells, but presumably also cancer stem cells (CSCs). When breast
cancer cell lines were treated with imetelstat in vitro, telomerase activity was inhibited in most tumor
cells and CSCs. Additionally, imetelstat treatment reduced the fractions of CSCs present in breast
cancer cell lines. Differences between expression levels of telomerase activity or telomere length in
these cell lines did not correlate with increased CSC sensitivity to imetelstat. This suggests that the
mechanism of action on the CSC subpopulation is independent of telomere shortening [36].
Imetelstat, was shown to bind the hTR RNA messenger component of telomerase, and consequently
to stop telomere elongation. Studies conducted in 63 non-small cell lung cancer (NSCLC) cell lines
showed that imetelstat inhibited the ability of cells to form colonies [37].

Our studies showed significant differences in the structure of spheroids formed by cells of
individual cell lines, with those formed by MCEF?7 cells being more compact than MDA-MB-231. This
may be because MDA-MB-231 cells are characterized as more invasive than MCF7 suggesting
different basal adhesion and migration properties. The experiment showed that the cationic
porphyrin TMPyP4 affected the ability to form spheroids in both analyzed breast cancer cell lines
from the lowest concentration used, i.e., 5pM, and the effect was directly proportional to the
concentration (10 and 20 uM, respectively). Breast cancer cells of both lines formed dispersed three-
dimensional structures at the highest inhibitor concentration, suggesting a weakening of adhesive
properties. The study showed that in both cell lines, the effect of cell dispersion was dependent on
the concentration of the inhibitor used, and the ability to form spheroids in MDA-MB-231 cells was
also dependent on the incubation time. Alternatively, the non-nucleoside telomerase inhibitor BIBR
1532 used to assess the adhesion of MCF7 and MDA-MB-231 breast cancer cells at concentrations of
1, 5, and 10 pM did not affect the cell-cell adhesion potential of MCEF?7 line cells. Despite incubation
with the compound, the cells’ morphology did not change compared to control cells. However,
studies carried out on MDA-MB-231 cells showed the formation of scattered, irregular cell aggregates
and the effect of the telomerase inhibitor BIBR 1532 in an incubation time-dependent manner. Further
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studies with the use of imetelstat at a concentration of 5 and 10uM in MCF7 cells led to a limited
ability of the cells to form spheroids. The studies carried out on the MDA-MB-231 cell line
demonstrated the inhibitory effect of imetelstat on cell-cell adhesion even at the lowest concentration
used, i.e.,, 1 uM, and this effect was dependent on the incubation time. This effect may indicate the
possibility of longer treatment of cells using a lower concentration of the compound, which may be
more beneficial for potential patients due to the lower toxicity of BIBR 1532. Noteworthy, the effect
of the different telomerase inhibitors was not the same which may reflect their different mechanisms
of action. The cationic porphyrin TMPyP4 stabilizes DNA guanine quadruplexes, inhibiting
telomerase activity and decreasing gene expression (e.g., c-MYC). It also reduces the level of hTERT
transcripts, suggesting two mechanisms of action. Some studies demonstrated that TMPyP4 could
reduce the tumor growth rate in xenograft models and prolong the survival of laboratory animals
[20]. Another compound used in the research was the synthetic and selective non-nucleoside inhibitor
BIBR 1532, which inhibits recombinant and native human telomerase by interfering with the
enzyme’s activity through non-competitive inhibition [22]. Like the cationic porphyrin, BIBR 1532
acts in a concentration-dependent manner and inhibits telomerase action by decreasing the
expression of c-MYC and hTERT [38]. The third compound tested was the oligonucleotide imetelstat,
whose mechanism of action involves binding the messenger RNA component of telomerase,
preventing telomere elongation and potent competitive inhibition of telomerase activity [39].
Interestingly, studies on the effect of imetelstat on CSC subpopulations indicate that the mechanism
of action of imetelstat can be independent of telomere shortening [36].

5. Conclusions

Our observations, together with other reports, demonstrate that telomerase inhibitors reduce the
cell-cell adhesion potential of breast cancer cells, which may contribute to the modulation of their
metastatic potential. Experiments showing the effect of telomerase/hTERT/telomeres targeting or
application of telomerase inhibitors that act also in a telomere-independent manner, suggest their
anticancer potential. Experiments performed in 3D culture demonstrate that the induced dispersion
of cancer cells after the use of telomerase inhibitors may increase the area of action of the cytotoxic
chemotherapy agent, that may affect the observed cytotoxicity effects of adjuvant therapy agents.
However, since the results depend on the used agent and treated cell line, these studies require
further analysis, taking into account the mechanisms associated with the ability of cancer cells to be
released from the tumor into the bloodstream and the possibility of initiating new sites for cancer cell
development.
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