
Abstract. Background/Aim: Antimicrobial peptides are part
of the innate immune response, regulate inflammation and
initiate acquired immunity. This study focused on theta-
defensins that have been shown to have anticancer
properties. Materials and Methods: RTD-2 analogs were
synthesized on a peptide synthesizer. Cell viability was
estimated using the MTT test. Immunoprecipitation assay
was conducted to determine the molecular partner of the
[Ser3,7,12,16]-RTD-2 analog. Results: Here, we present the
biologically active [Ser3,7,12,16]-RTD-2 analog that
selectively targets various types of breast cancer cells.
Immunoprecipitation protein-protein interaction studies
showed eleven proteins common to MDA-MB-231 and T47D
cell lines. Taking into account their cellular location, it can
be concluded that the synthesized peptide interacts mainly
with nuclear proteins, which correlates with the obtained
microscopic image. Conclusion: Proteins that interact
strongly with the [Ser3,7,12,16]-RTD-2 analog are closely
related to the proteasomal protein degradation pathway. As
the activity of the ubiquitin-proteasome system is markedly
increased in patients with breast cancer, it is likely that
selective modulation of this system may be a useful method
for breast cancer treatment.

Defensins are naturally occurring antimicrobial peptides,
which are a part of the innate immune system, protecting the

body from foreign microorganisms. They are produced by
the interaction of antigen-presenting microbial cells with
pattern-recognizing receptors, such as toll-like receptors,
which are present on the membrane of many immune cells
(i.e., macrophages, neutrophils, and leukocytes) (1). They
occur in most multicellular creatures - both in plants, fungi,
insects, mollusks, arachnids, and mammals, including
humans (2). Regardless of their origin, they show structural
and functional similarities. Like other AMP peptides, most
defensins interact with the components of the microbial cell
membrane to have antibacterial, antiviral, and antifungal
properties. These cationic, multifunctional peptides play an
important regulatory function in the immune system, both
innate and adaptive. Apart from the classic antimicrobial
function, they play a role in immune modulation, fertility,
development, and wound healing (3).

Theta-defensins are the smallest peptides among the
defensins. They were discovered in 1999, when the macaque
extract (Macaca mulatta) was purified and its components
tested for bactericidal activity (4).  In macaque neutrophils,
six θ-defensin isoforms were expressed and showed
antimicrobial activities against E. coli, S. aureus, and C.
albicans (5). Interestingly, such compounds have been found
in Old World monkeys, but not in higher primates including
gorillas, chimpanzees, and humans (6, 7).

Rhesus theta defensins (RTDs) chain consists of only 18
amino acid residues and three disulfide bonds in a I–VI, II–
V, III–IV arrangement (8, 9). The cyclic structure of θ-
defensins is crucial for their activity due to the fact that it
provides high stability, resistance to proteases, and
antibacterial activity (8, 10). 

Defensins have the potential to be used as biomarkers and
therapeutic agents in the treatment of cancer. Studies have
confirmed elevated levels of HNP-1, HNP-2, and HNP-3 in
the serum of patients with colorectal cancer (11). Other cases
of over-expression of human defensins include lung cancer
patients with identified high levels of hBD-1 and hBD-2,
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kidney cancer (high hBD-1), and oral squamous cell
carcinoma (OSCC) (hBD-3 over-expression) (12). Human
alpha defensins such as HD-5 have also been shown to act
as biomarkers of inflammation in the human nasal mucosa
and Crohn’s disease (13).

Theta-defensins, mainly RTD-2, induce the proliferation
of neoplastic cells, but importantly they are non-toxic to
“normal” mammalian cells (14, 15). So far, it has been
shown that simplified serine-rich RTD-2 peptide analogs are
selective for breast cancer cells (14). The conducted
experiments confirmed the inhibition of their growth in 3D
culture, and the peptide concentrations used did not affect
the growth of non-transformed cells (15).

Although in vitro studies have indicated that RTD peptides
may be cytostatic against cancer cells, their in vivo use is
still questionable. This is due to pharmacokinetic problems
related to the delivery of potential molecules into the
bloodstream, the cytotoxicity to “normal” cells at higher
concentrations and the very high production costs of this
type of drugs (16). However, this does not change the fact
that further research on this interesting group of compounds
may lead to their safe use in oncological therapy.

The aim of this study was to synthesize simplified RTD-2
analogs modified at positions 3, 7, 12, and 16 with a set of
hydrophilic amino acid residues, and then to study their
anticancer properties. Designing defensin-based peptides with
high anti-tumor selectivity, efficacy and low cytotoxicity
against untransformed epithelial cells would be an important
step in the development of peptide drug design tools and a new
type of therapy. For this purpose, we conducted in vitro studies
based on a panel of cell lines derived from advanced stages of
breast cancer (MDA-MB-231, SKBR3, T47D cell lines).

Materials and Methods
Peptide synthesis. [Arg3,7,12,16]-RTD-2, [Asn3,7,12,16]-RTD-2,
[Ser(Me)3,7,12,16]-RTD-2, [Ala3,7,12,16]-RTD-2, [Lys3,7,12,16]-RTD-2,
[Thr3,7,12,16]-RTD-2, [Ser3,7,12,16]-RTD-2, [Ser3,7,12,16]-Ala(2-
BAD)RTD-2, and [Ser3,7,12,16]-Lys(HOC)RTD-2 were synthesized
on solid phase using a Liberty Blue™ peptide synthesizer (CEM
GmbH, Kamp-Lintfort, Germany) in accordance with a standard
protocol based on Fmoc/tBu chemistry. The solid support was H-L-
Arg(Pbf)-2-chlorotrityl resin (Iris Biotech, Marktredwitz, Germany)
with a deposition of 0.63 mmol/g. Briefly, peptides were synthesised
by repeating deprotection and acylation steps. Fmoc protecting group
was cleaved by the use of 30% piperidine in dimethylformamide
(DMF), while Oxyma/diisopropylcarbodiimide (DIC) method was
used for coupling reactions. Upon completion of the synthesis, the
N-terminal Fmoc group was removed and peptides were cleaved
from the resin with the simultaneous removal of the side protecting
groups by treating with a mixture of TFA, phenol, triisopropulsiane
and H2O (88:5:2:5, v/v) (17). Peptides were oxidized and cyclized
according to a procedure previously described (14).

Obtained compounds were analysed on a high performance liquid
chromatography Jasco LC System (Jasco, Tokyo, Japan) on RP C8
column (Supelco Wide Pore C8 column 8×250 mm, Phenomenex,

Aschaffenburg, Germany) with linear gradient of 10%-90% buffer
B (80% acetonitrile, 19.9% water, 0.1% TFA) in buffer A (0.1%
TFA in water) for 40 min at a flow rate of 1 ml/min. Synthesized
peptides were purified on a semipreparative Luna C18 column
(Supelco Wide Pore C18, 5 μm, 250 mm ×10 mm, Phenomenex).
Analysis of mass ions was performed on autoflex maX MALDI
TOF mass spectrometer (Bruker, Bremen, Germany).

Cell culture. HB2 mammary epithelial cells were purchased from
ECACC (Sigma-Aldrich, Darmstadt, Germany), MDA-MB-231 and
SKBR3 were purchased from ATCC (Manassas, VA, USA), T47D
cells were obtained from DSMZ (Braunschweig, Germany). Cells
were maintained in DMEM (Life Technologies, Gibco, Waltham,
MA, USA) with 10% FBS (fetal bovine serum) (Life Technologies,
Gibco) supplemented with penicillin (100 U/ml) and streptomycin
(100 μg/ml). The medium for HB2 cells was supplemented with
insulin (5 μg/ml) and hydrocortisone (5 μg/ml) (Life Technologies,
Gibco). Cells were grown at 37˚C in a humidified atmosphere of
5% CO2, passaged for a maximum of 3-4 months post resuscitation,
and regularly tested for mycoplasma contamination. Cells were
passaged when they reached 80% confluency. 

Cytotoxicity assay. Cell viability was estimated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide MTT)
colorimetric assay (18, 19). The cells were seeded at a concentration of
7-9×103 cells per well in 96-well plates in triplicates. After 24 h, the
medium was changed to a medium containing the appropriate
concentration of tested compounds (100 μg/ml, 25 μg/ml and 5 μg/ml)
and incubated at 37˚C, 5% CO2 for 48 h. MTT stock solution was added
to each well so that the final concentration of MTT in the medium was
0.5 mg/ml and the cells were incubated for 2 h. Cell viability was
estimated by measuring the absorbance at 590 nm using a microplate
reader. Each measurement was repeated at least three times, and the
percentage of viable cells was calculated by comparing the absorbance
values of the test samples with that of the untreated cells (control).

Culturing cells in three-dimensional Matrigel®. Cell growth in three-
dimensional Matrigel® (BD Bioscience Matrigel Matrix Growth
Factor Reduced) was carried out as previously described (20, 21).
Cells were cultured in regular medium or medium containing the
tested compounds (final concentration 10 μg/ml). Media were
changed every third day. After 10-14 days of culture (depending on
the cell line) cell growth was evaluated by measuring the size of the
colonies (at least 100) using ZEISS PrimoVert microscope (ZEISS,
Esslingen, Germany) and ImageJ software (LOCI, WI, USA). 
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Table I. Components of the buffer used for immunoprecipitation.

Compound                                                         Concentration

PMSF                                                                       2 mM
EGTA                                                                       5 mM
Aprotynin                                                              10 μg/ml
Leupeptin                                                              10 μg/ml
EDTA                                                                       1 mM
Na4P2O7                                                                  2 mM
NaF                                                                          5 mM
Na3VO4                                                                   5 mM



Immunoprecipitation. Immunoprecipitation assay was performed for
[Ser3,7,12,16]-Lys(Bt)RTD-2 analog. MDA-MB-231 and T47D cells
were seeded in 10 cm diameter dishes. The next day, the medium
was replaced with the culture medium supplemented by the tested
compound. After 4 h, the cells were washed 3 times with sterile
PBS and lysed with the use of immunoprecipitation buffer
containing protease inhibitors (Table I).

Cells were then removed from the dishes and transferred to
Eppendorf tubes. The cell homogenate was centrifuged at 14,000 × g
for 2 min at 4˚C. Then, the supernatant was removed and a mixture
of Triton X-100 detergent with inhibitors was added. The cell lysates
prepared in this way were left on the stirrer at 4˚C overnight. Later,
the mixture of cells was centrifuged again, maintaining the same
conditions, the supernatant was collected, and 60 μl of avidin beads
was added. Samples were incubated for 24 h at 4˚C. The next day,
cells were washed 2 times with PBS, centrifuged, and the supernatant
was removed. One ml of the mixture of Triton X-100 with protease
inhibitors was added to the residue in the test tubes, mixed, and
centrifuged again. One hundred μl of Laemmli denaturing loading
buffer [62.5 mM Tris-HCl (pH 6.8), 20% glycerol, 2% SDS, 100 mM
DTT, 0.2 mM bromophenol blue] was added and left in a cooler on
a stirrer for 20 min. After this, the tubes were placed in a centrifuge
for 3 min, and the obtained supernatant was transferred to clean tubes.
After elution of the protein with the bed, the mixture was precipitated
with a chloroform-methanol system (22) and sent in the form of a
pellet for analysis to the Institute of Biochemistry and Biophysics of
the Polish Academy of Sciences in Warsaw.

Statistical analyses. All data were analyzed with the use of Graph
Pd Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA).
Experiments were carried out in duplicate or triplicate and are
presented as the mean±standard error (SEM). The Mann-Whitney
test was used for the statistical analysis.

Results

In the previous work (14) it was demonstrated that among
synthesized simplified θ-defensins, RTD-2 serine derivative,
showed promising anticancer activity. Here, we decided to go
a step further and investigate cellular localization of RTD-2
serine derivatives and identify a molecular partner that
interacts with them. First, the impact of seven simplified RTD-
2 peptide analogs on cell proliferation based on MTT assay
was assessed. The cytotoxicity tests were conducted on three
breast cancer cell lines: T47D, MDA-MB-231, and HB2. The
latter are untransformed epithelial cells that were treated as
control. RTD-2 analogues used in the cytotoxicity tests
showed satisfactory efficacy against the breast cancer cells
(Figure 1). The most sensitive were HB2 cells, for which a
decrease in viability by at least 10% was observed at the
lowest concentration of the analogues used. However, only the
highest concentration of the peptides affected the viability of

Pianka et al: Role of RTD-2 Analogs in Breast Cancer

5417

Figure 1. Cytotoxicity assays. A) Structure of RTD-2 analogs; B, C, D) 2D test results (MTT) against the HB2, T47D, and MDA-MB-231 breast
cancer lines, where 100% is the control (untreated cells). Each of the experiments was repeated three times.



T47D and MDA-MB-231. As the obtained results were
unsatisfactory, we additionally performed three-dimensional
cell cultures in Matrigel®, because they better reflect the
tumor environment and more reliably illustrate the response
to drugs. The results of cell responses to individual θ-
defensins are presented in Figure 2. The derivative
[Arg3,7,12,16] RTD-2 resulted in approximately 40%, 50% and
30% reduction of SKBR3, HB2, and MDA-MB-231 cell
proliferation, respectively (at the lowest concentration used in
the experiment). The peptide [Thr3,7,12,16] RTD-2 induced an
approximately 60%, 50% and 45% reduction of SKBR3, HB2,
and MDA-MB-231 cell proliferation, respectively. In contrast,
incubation with [Ser3,7,12,16] RTD-2 resulted in approximately
70% reduction in colony formation by MDA-MB-231 cells.
For the SKBR3 cells, the colony size was reduced by
approximately 40%. In the case of HB2 untransformed cells
(control), we observed an approximately 50% inhibition of
cell growth was observed. Based on these observations, it can
be concluded that the analogs show significant anti-tumor
potential at concentrations as low as 5 μg/ml. 

The conducted studies confirmed that the simplified RTD-
2 peptide, rich in serine residues significantly inhibited the
proliferation of MDA-MB-231 cells at a concentration of 5
μg/ml. We also performed an experiment in which we used
additional concentrations of the peptide [Ser3,7,12,16] RTD-2
to determine the lowest possible effective dose against the
MDA-MB-231 line (Figure 3). A comparable effect of about
70% decrease in cell viability was obtained at a five times
lower concentration.

In the next step, we designed and synthesized new
fluorescently labeled [Ser3,7,12,16] RTD-2 analogs. To
determine the potential antitumor activity of [Ser3,7,12,16]-
Ala(2-BAD) RTD-2 and [Ser3,7,12,16]-Lys (HOC) RTD-2
analogs, we analyzed the growth of MDA-MB-231 cells in
3D cultures (Figure 4). The experiments were carried out
using two RTD-2 analogs at concentrations of 5 μg/ml and
25 μg/ml. The obtained results show that both peptides
caused significant toxicity to triple negative breast cancer
cells. For the MDA-MB-231 cell line, we observed an
approximately 70% inhibition of cell growth at the lowest
concentration used. The same results were obtained when
incubating cells with the [Ser3,7,12,16] RTD-2 analogue.
Furthermore, we investigated the subcellular localization of
the peptides. For this purpose, MDA-MB-231 and T47D cells
were incubated with fluorescently labeled RTD-2 for 1, 4, 8
and 24 h. Representative images are shown in Figure 5.
Significant accumulation of [Ser3,7,12,16]-Ala(2-BAD) RTD-
2 was observed in both breast cancer cell lines after an hour,
and the peptide was mainly found in the perinuclear
compartment. In the case of [Ser3,7,12,16]-Lys(HOC) RTD-2
peptide, the peptide was located mainly in the cell membrane.

Lastly, we performed immunoprecipitation of the
[Ser3,7,12,16]-Lys(Bt) RTD-2 analog to determine a potential

molecular partner. The study used quantitative label-free (LFQ)
assays to identify proteins and associated molecular
partners/pathways that could be altered by the action of the
RTD-2 analog on breast cancer cells. The mass spectrometry
analysis revealed over 1,200 proteins. From the results obtained
with the MDA-MB-231 and the T47D cell lines, 160 and 373
proteins, respectively, were found to be over-expressed. The
data obtained also included nine proteins showing specificity
for the RTD-2 analogue, common to both cell lines. It is
therefore likely that [Ser3,7,12,16] RTD-2 has a dual effect of
increasing ligand levels and inhibiting the release of intra- and
extra-cellular proteins, as proteins with reduced expression
compared to the control have also been detected.

Discussion

A novel therapeutic strategy against neoplastic cells is the
use of peptides. Physicochemical properties, amino acid
composition and the addition of chemical groups in the
sequence of compounds affect their conformation, lattice
charge and secondary structure orientation. That, in turn
affects the specific interaction with cells, as well as the
ability of active compounds to penetrate the cell membrane.
The discovery of antimicrobial peptides having potential to
target cancer cells, triggered the research focused on the use
of these compounds in anti-cancer therapy. AMPs exhibit a
number of features that make them an extremely attractive
tool in the search for treatment strategies. These include, a
broad spectrum of activity, good solubility in water, and
often the lack of drug resistance (23, 24). The greatest
disadvantage of the pharmacological properties of peptides
is their short half-life, which is related to the susceptibility
to digestion by proteases. Therefore, θ-defensins, whose
cyclic structure contributes to the high stability of the
compounds, makes them ideal candidates for research into
potential drug development. So far, such compounds have
been tested mainly for their antibacterial action, however,
there are some reports (25, 26) that suggest that they are also
toxic to neoplastic cells.

The current work focused on the anti-cancer potential
evaluation of simplified RTD-2 analogs against breast cancer
cell lines. Studies have shown that the bioactivity of θ-
defensins is independent of the number of disulfide bridges
(27). Additionally, it has been shown that central binding is
sufficient for the proteolytic stability of peptides, which is an
important factor from a pharmacokinetic point of view (16).
Therefore, the first stage of this work involved the synthesis of
simplified RTD-2 analogs modified at positions 3, 7, 12, and
16 with a set of hydrophilic amino acid residues such as serine,
threonine, lysine, arginine, aspartic acid, asparagine, and
alanine. Previous experiments showed that the change of Cys
to Ser influences the general properties of such a peptide (e.g.,
hydrophobicity) and the tendency to form hydrogen bonds
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Figure 2. Three-dimensional growth of MDA-MB-231, SKBR3, and HB2 cell lines in Matrigel® in medium containing: A) [Arg3,7,12,16] RTD-2, B)
[Thr3,7,12,16] RTD-2 and C) [Ser3,7,12,16] RTD-2 in the concentrations of 5 μg/ml, 25 μg/ml, and 100 μg /ml. The culture medium was changed
every three days. At least 50 colonies for each condition were measured after 10 days of culture using a ZEISS PrimoVert microscope and ImageJ
software. The effect of θ-defensin analogues was defined as the difference in colony size compared to the control. Results are expressed as the mean
of three independent experiments. *p≤0.05.
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Figure 4. Results of the three-dimensional growth of the MDA-MB-231 cell line in Matrigel® in medium supplemented with the following peptides:
[Ser3,7,12,16] RTD-2, [Ser3,7,12,16]-Ala(2-BAD) RTD-2 and [Ser3,7,12,16]-Lys(HOC) RTD-2 at the concentrations of 5 μg/ml and 25 μg/ml. The
culture medium was changed every three days. To assess cell proliferation, colonies were measured after 10 days of culture (at least 50 colonies
for each condition) using a ZEISS PrimoVert microscope and ImageJ software. The effect of theta-defensin analogs was defined as the difference
in colony size compared to the control. Results are expressed as the mean of three independent experiments. *p≤0.05.

Figure 3. Results of 3D assays of the MDA-MB-231 cell line in Matrigel® in medium containing various concentrations of [Ser3,7,12,16] RTD-2
peptide. *p≤0.05.



(14). Thus, based on the research described above, we decided
to investigate whether this effect is limited only to a serine
residue or another amino acid with similar properties. Seven
simplified θ-defensin analogs, were subjected to biological
analysis in order to evaluate their anti-cancer properties.
Among them, [Ser3,7,12,16] RTD-2 analog was found to be the
most active. Fluorescently labeled [Ser3,7,12,16]-Ala(2-BAD)
RTD-2 and [Ser3,7,12,16]-Lys (HOC) RTD-2 peptides show the
same inhibitory effect on the growth of breast cancer cell lines
(T47D, MDA-MB-231) as the unmodified simplified peptide
rich in serine residues. By using these compounds, it was
possible to assess the cellular localization of the tested
peptides. Both designed peptides penetrated the cell interior at
a concentration of 5 μg/ml. The [Ser3,7,12,16]-Ala(2-BAD)
RTD-2 analog was visible mainly in the vicinity of the cell

nucleus, while [Ser3,7,12,16]-Lys (HOC) RTD-2 was observed
in most of the cell’s internal structures after one hour of
incubation. Analyzing the immunoprecipitation results obtained
for the MDA-MB-231 and T47D lines (data not shown), we
noticed that four out of all eleven proteins located in the cell
nucleus are associated with the 26S proteasome. These include
PSMD1, PSMD11, UBQLN1, and COPS4. The proteasome is
a multi-protein complex involved in the ATP-dependent
degradation of ubiquitinated proteins. It plays a key role in
maintaining homeostasis by removing misfolded or damaged
proteins that may interfere with cellular function. It is involved
in the progression of the cell cycle, apoptosis or the repair of
DNA damage (28). It consists of the 19S regulatory complex
that directs ubiquitinated degradation substrates to the 20S
catalytic core. PSMD1 is the largest subunit of the 19S
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Figure 5. Effect of RTD-2 analogs on cell localization in MDA-MB-231 and T47D cell lines. Cell growth was carried out in medium supplemented
with [Ser3,7,12,16]-Ala(2-BAD) RTD-2 and [Ser3,7,12,16]-Lys(HOC) RTD-2 at a concentration of 5 μg/ml. For immunofluorescence experiments,
cells were plated on coverslips and analyzed after 1, 4, 8, and 24 hours of incubation with the peptides, respectively. The images were captured
using a Zeiss Axiovert 200 microscope coupled with an AxioCam ERc 5s camera (Zeiss). Scale: 100 μm.



regulatory molecule and a key structural component that acts
as a docking site for other subunits. PSMD11 is the lid of the
19S subunit. Many tumor suppressor and tumorigenic proteins
are regulated by protein degradation mediated by ubiquitin and
the proteosome (29). Therefore, PSMD1 plays an important
role in regulating carcinogenesis and cancer progression.
Recent studies showed that this protein is upregulated in
anaplastic tumor of the thyroid gland and breast cancer, where
it influences the regulation of proliferation and cell cycle
progression by mediating the degradation of p53 protein in
cells. Moreover, it may modulate the cell cycle profile in
hormone-sensitive and tamoxifen-resistant breast cancer cells
(30, 31). Similarly, ubiquilin-1 (UBQLN1), which is a
ubiquitin-like compound, plays an important role in protein
degradation. Disruption of its function affects the
pathophysiology of neurodegenerative disorders (Alzheimer’s
disease, Huntington’s disease) and cancer. Research has shown
that this protein also promotes the development and
progression of breast cancer, including the migration and
invasion of neoplastic cells, and therefore, over-expression of
UBQLN1 is a poor prognostic factor (32). COPS4, on the other
hand, is a gene that codes for one of the eight subunits that
make up COP9 signals - a protein complex that acts as an
important regulator of many signaling pathways. Its structure
and function are similar to those of 19S regulatory molecule of
the 26S proteasome, as it interacts with ubiquitin ligases. It also
plays an important role in protein degradation and regulatory
processes such as cell cycle control, transcription activation or
oncogenesis (33).

It has been shown that cisplatin, a widely used
chemotherapeutic drug, which exerts a cytotoxic effect by
affecting both nuclear and cytosolic pathways, inhibits the
activity of the proteasome (34). The same situation exists in
the case of doxorubicin, resulting in the accumulation of poly-
ubiquitinated proteins and autophagosomes (35). Additionally,
the compound induces DNA damage and leads to significant
proteomic changes in neoplastic cells, making the ubiquitin-
proteasome system a potential target for increasing the
effectiveness of doxorubicin therapy. Although it is considered
one of the most effective agents in the treatment of cancer, its
use is severely limited due to severe side effects (36).

In summary, the proteins described above are important
regulators of biological processes, and their expression profile
may favor the assessment of therapeutic effects and disease
prognosis. It is also worth noting that the simplified RTD-2
analog ([Ser3,7,12,16] RTD-2) synthesized in this study
enhances the effect of cisplatin and doxorubicin in breast
cancer cell lines (14), which translates into a reduction in the
effective dose of the drug, and consequently, reducing the
undesirable side effects of therapy. Importantly, RTD-2 analog
([Ser3,7,12,16] RTD-2) showed the strongest growth inhibitory
effect against the highly aggressive MDA-MB-231 cell line,
which is a model of triple negative breast cancer for which

there are currently no effective targeted therapies. It is
therefore possible that such a combination is a promising and
effective alternative to chemotherapy-based cancer treatment.
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