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Breast cancer is among the leading malignant pathologies in terms of incidence and mortality rates; 
therefore, rapid development of effective drug treatments, particularly for triple negative breast 
cancer (TNBC), is of critical importance. One promising approach to speed up the process of drug 
discovery capitalizes on repositioning of specific therapeutic molecules used for malignancies that 
have similar altered molecular profiles. In this study, ABT-199, a small molecule that elicits selective 
inhibition of Bcl-2 and effective against chronic lymphocytic leukemia, is repositioned for treating 
TNBC using both human and canine breast cancer cell lines. It is observed that ABT-199 elicits similar 
inhibitory effects, including apoptosis, cell cycle, and migration, on both human and canine breast 
cancer cells.

KEYWORDS: breast cancer / canine models / comparative oncology /  
                                   mammalian cancer model

Introduction

Based on Globocan 2020 data, breast cancer is the second leading type of 
malignancy worldwide, and the fifth in terms of all cancers [Bray et al. 2018, Sung et 
al. 2021]. For the female population in particular, incidence of breast cancer is one of 
the most common malignancies worldwide, and it is among the deadliest pathologies. 
Thus, there is a significant demand for improved diagnostics, as well as for effective 
therapeutic management of breast cancer [Braicu et al. 2013, Chiorean et al. 2013, 
Cojocneanu Petric et al. 2015, Lotter et al. 2021, Huminiecki et al. 2017, 2020, Tewari 
et al. 2017a, Huminiecki and Horbańczuk 2018, Wang et al. 2018].

The use of reliable animal models in preclinical studies that closely mimic the 
status of oncological human subjects, as well as their responses and side effects in 
clinical studies is key to rapidly translate and advance findings from research trials to 
clinical practice [Rowell et al. 2011, Pinho et al. 2012, Graim et al. 2020, Korkmaz 
and Ustun 2021]. Currently, imunocompromised mice serve as standard models 
for conducting in vivo research studies due to their amenable phenotypes to accept 
engraftment of human cancer cells or tissue sections; thus, allowing for tracking and 
follow-up on development of these cells/tissues during treatment. However, there 
are multiple factors that do not overlap with clinical scenarios, particularly of non-
spontaneous cancer development, lack of immune interplay, and non-synonymous 
hormonal balance [Park et al. 2016]. Thus, several studies have proposed the use 
of the canine as a closely-related model for studying human breast cancer due to 
resemblance of several factors, including those that overlap with clinical scenarios as 
mentioned above, between canine and human mammary malignancies [Khanna et al. 
2006, Gardner et al. 2016, Graim et al. 2020]. 

The process of normal breast tissue development in both humans and canines is 
regulated by various apoptotic pathways.  Moreover, one of the main processes in 
mammary tissue homeostasis is that of apoptosis induced by mitochondrial activity 
and regulated by the Bcl-2 super-family of proteins [Delbridge and Strasser 2015, 
Alhoshani et al. 2020]. Interactions between pro-and anti-apoptotic members of 
the Bcl-2 family maintain mitochondrial integrity and regulate breast cell apoptosis 
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[Shimizu et al. 2004, Youle and Strasser 2008, Alhoshani et al. 2020]. A deregulation 
of this interaction contributes to breast cancer development, as well as in acquisition of 
a therapeutic-resistant phenotype of breast cancer cells [Shimizu et al. 2004, Patel et 
al. 2009, Shen et al. 2021]. Studies have demonstrated that the anti-apoptotic protein 
Bcl-2 is overexpressed in cancers, particularly in hematological malignancies, such 
as lymphoma and leukemia [Delbridge and Strasser 2015, Haselager et al. 2020]. 
Based on these findings, specific Bcl-2 inhibitors, a class of small molecules, have 
been developed, and used in cancer therapy. For breast cancer, only a limited number 
of clinical studies have been conducted using these Bcl-2 small molecule inhibitors 
[Williams and Cook 2015]. Among these small molecules, ABT-737 and ABT-263 are 
both associated with in vitro and in vivo inhibitory effects in breast cancer, as well as 
in other types of cancer [Young et al. 2016, Panayotopoulou et al. 2017, Wolf 2017, 
Wu et al. 2017]. Furthermore, ABT-199 is another small molecule that elicits a more 
selective inhibition of Bcl-2, and it has a good effect on chronic lymphocytic leukemia 
[Patel et al. 2017, Seymour et al. 2017, Pollyea et al. 2021]. However, there are only a 
few studies that have investigated apoptotic effects of ABT-199 on breast cancer [Deng 
and Letai 2013, Merino et al. 2016, Alhoshani et al. 2020]. It is important to point out 
that expression of Bcl-2 in cancer has different prognosis, as this also depends on the 
status of hormone receptors. In general, Bcl-2 has an anti-apoptotic role; however, it 
has been demonstrated that in breast cancer subtypes positive for hormone receptors, 
the Bcl-2 protein is associated with a good prognosis [Martinez-Arribas et al. 2007, 
Dawson et al. 2010, Honma et al. 2015, Eom et al. 2016, Young et al. 2021].

In this study, effects of the small molecule ABT-199 on human and canine breast 
cancers are investigated. In particular, a triple negative breast cancer (TNBC) human 
breast cancer model is used as it has an aggressive phenotype, has limited therapeutic 
options, and it is correlated with increased expression of Bcl-2 which is further 
associated with poor prognosis [Honma et al. 2015].  Therefore, in vitro inhibitory 
effects and comparative responses of ABT-119 in human and canine breast cancer 
cells have been determined, and are assessed. 

Material and methods

Cell lines and in vitro culture

Cell culture in vitro studies refers to the removal of cells from a tissue and their 
subsequent growth in a specific artificial environment.  

The following three cell lines, HS578T, PC114, and CMT-U27, were used in this 
study. The HS578T human (Homo sapiens) breast cancer cell line was obtained from 
ATCC, while P114 and CMT-U27 dog (Canis lupus familiaris) breast carcinoma cell 
lines were kindly provided by Prof. Gerard Rutteman (The Netherlands) and Prof. Eva 
Hellmen (Sweden), respectively. 

The human cell line HS578T was cultured in a Dulbecco’s Modified Eagle Medium 
(DMEM) containing 4.5 g/l glucose, and supplemented with 10% Fetal Bovine Serum 
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(FBS), 1% L-glutamine, 1% non-essential amino acids (NEAA), and 143µl insulin. The 
two canine cell lines were cultured in either an RPMI medium supplemented with 10% 
FBS and 1% L-glutamine for P114 or a DMEM low-glucose medium supplemented 
with 10% FBS and 1% L-glutamine for CMT-U27. All culture media and supplements 
were purchased from Sigma-Aldrich, while the Bcl-2 small molecule inhibitor ABT-
199 was purchased from Selleckchem [Ciocan-Cartita et al. 2020].

The MTT cell viability assay

The MTT assay is used to evaluate cellular metabolic activity as an indicator of 
cell viability, proliferation and cytotoxicity, on the reduction of a yellow tetrazolium 
salt to purple formazan crystals by metabolically active cells. The assay was conducted 
by incubating 1×105 cells/well, of each of HS578T, P114, and CMT-U27 cell lines, in 
96-well culture plates maintained in 5% CO2 atmosphere incubators for a period of 24 h 
at 37ºC. Following incubation, each of the cell culture lines were treated with different 
doses (from 1µM to 500 µM) of ABT-199. After 48 h, the medium was discarded, and a 
150 µl MTT solution was added to each of the wells. Following a 2 h incubation period 
at 37ºC, the MTT solution was discarded, and the formazan crystal was solubilized with 
100µl DMSO.  To assay for cell viability, the absorbance was measured at 570/690 nm 
in a microplate reader (Synergy H1 Hybrid Reader Biotek) [Braicu et al. 2019]. 

Assessment of cellular morphology using dark-field microscopy

After 48 h of treatment with ABT-199, cells of each of the lines from each of the 
treatments were fixed with 4% PFA (paraformaldehyde), and incubated for 15 min at 
room temperature. Following fixation, cells were washed three times with 1X PBS, 
and then placed, along with a mounting medium, onto microscope slides. Cellular 
morphological changes in each of the treated cell lines were evaluated via dark-field 
microscopy using an Olympus BX43 microscope [Mehta et al. 2021].

Evaluation of cellular apoptosis using fluorescence flow cytometry. 

In the early stages of apoptosis, changes occur at the cell surface at the 
cell mambrane level. One of these biological processis is the translocation of 
phosphatidylserine from the inner side of the plasma membrane to the outer layer. 
Annexin-V presents a high affinity for phosphatidylserine exposed on the outer layer 
of apoptotic cells. Propidium iodide is utilized as a DNA stain to distinguish necrotic 
cells from Annexin-V-labeled cell population.

Each of the three cell lines were incubated in 6-well culture plates for 24 h at 
37 °C temperature, and then treated with 100μM ABT-199. After 48 h, cells were 
collected, re-suspended in 100 µl of Annexin V-FITC staining solution, and incubated 
in the dark for 15 min. Subsequently, cells were centrifuged, and the supernatant 
was discarded. For each of the pellets, 100-200µl of a propidium iodide (PI) staining 
solution was added. Stained cells were then analyzed using a fluorescence-activated 
cell sorting (FACS Canto II) flow cytometer (BD-Becton, Dickinson), and data were 
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analyzed with a FACS Diva version 6.0 software [Ciocan-Cartita et al. 2020].

Cell cycle assays using fluorescence flow cytometry

Basic cell cycle analysis by flow cytometry identify cells in different stages of 
division according to the DNA content. Each of the three cell lines were incubated in 
6-well culture plates for 48 h at 37°C temperature, and then treated with 100μM ABT-
199. After 48 h, cells were washed with cold phosphate buffered saline (PBS; 1X), 
and fixed in 70% ethanol at 4°C. Following fixation, cells were mixed with RNase A, 
stained with propidium iodide (PI) for 30 min in the dark, and then washed twice with 
PBS 1X. Cell cycle assays were performed using a FACS flow cytometer, and data 
were analyzed with FACS Diva version 6.0 software [Alhoshani et al. 2020]. 

DNA contents and mitochondrial transmembrane activities  
of apoptotic cells by fluorescence microscopy

For analysis of nuclear DNA contents and mitochondrial transmembrane activities 
of apoptotic cells, the Multi-Parameter Apoptosis Kit (Cayman) was used, and cell 
staining was conducted according to the manufacturer’s protocol. Cells from each of 
the three cells lines treated with 100μM ABT-199 where stained with either Hoechst 
33342 and Tertamethylrhodamineethyl ester (TMRE). Stained cells were analyzed at 
appropriate UV-wavelengths for Hoechst 33342 staining (at 350/460 nm) for nuclear 
DNA content, and for TMRE staining (at 560/595 nm) for measuring mitochondrial 
transmembrane activity potential using an Olympus IX71 inverted microscope. 

Autophagy assays by fluorescence microscopy

Autophagy represents a biological process that involves the degradation and 
digestion of intracellular components by the lysosome enabling cells to efficiently 
mobilize and recycle cellular constituents, but also prevents the accumulation of 
damaged organelles, misfolded proteins, and invading microorganisms. Evaluation 
of autophagy was performed using an Autophagy/Cytotoxicity Dual Staining Kit 
(Abcam), according to the recommended protocol. For the each of the three cell lines 
a Monodansylcadaverine (MDC) staining was used for autophagy vacuole staining, 
while and PI staining was used for cellular death. After 24 h of treatment, cells were 
visualized under an Olympus IX71 inverted microscope [Budisan et al. 2019].

Scratch assays (wound healing assay)

The wound healing process starts as cells polarize toward the wound, initiate 
protrusion, migrate, and close the wound area. These processes represents the 
behaviour of individual cells as well as the entire cell population.

Each of the cell lines were separately treated with ABT-199 for 48 h in 6-well plates. 
Following treatment, cell proliferation was blocked by pretreatment with mitomycin C 
(40 μg/ml) for 30 min. Using a 20-μl pipette tip, a single scratch was then made in each 
well, and cells were maintained in culture medium with 10% serum. Distances between 
the two edges of the gap were scaled at 6, 24, 30, 48, and 72 h [Jiao et al. 2021]. 

Canine animal model for breast cancer
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Results

Gene Order Conservation of the Bcl-2 between human and canine genomes

To assess the conservation status of the Bcl-2 between the human and canine 
genomes, orthologues of the human Bcl-2 have been identified within the Ensemble 
genome browser (Fig. 1A). Among a total of 185 orthologues, a Canis lupus familiaris 
Bcl-2 is found to have a Gene Order Conservation (GOC) score of 100% and a Whole 
Genome Alignment (WGA) coverage (values range between 0 and 100) of 100 with 
that of the human Bcl-2, and at a high level of confidence (Fig. 1B). A GeneTree 
ENSGT00950000182651 for the human Bcl-2, generated with the same browser, is 
found to contain 1442 genes, 1305 speciation nodes, 65 duplications, 71 ambiguous 
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Fig. 1. Sequence comparisons of the Bcl-2 gene family between human and canine genomes. (A) Locations 
of Bcl-2 along chromosomes 1 and 18 of canine and human genome sequences, respectively. (B)  Gene 
Order Conservation (GOC) scores and Whole Genome Alignment (WGA) coverage values (0 to 100) 
between human and canine Bcl-2. (C) The GeneTree ENSGT00950000182651 for the human Bcl-2 and 
its dog orthologues are presented in highlighted mode.
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and 0 gene split events, and this is found to be consistent with findings in the Bcl-2 
orthologues in dog, as shown in a highlighted mode (Fig. 1C).

ABT-199 inhibits cell viability in both human and canine in vitro breast cancer models 

When the three breast cancer cell lines of P114, CMT-U27, and HS578T are 
treated with different concentrations of ABT-199 for 48 h, it is observed that there 
is a dosage-dependent inhibition of viability in all three cell lines. Moreover, it is 
observed that the half-maximum inhibitory concentration, IC50, for all three cell lines 
is similar, at an approximate level of 100 µM ABT-199 (Fig. 2). Thus, for subsequent 
experiments, a concentration of 100µM of the small molecule inhibitor ABT 199 is 
used to compare responses of these cell lines to this treatment.  

Canine animal model for breast cancer

Fig. 2. MTT cell viability assay and IC50 values following treatment of P114, CMT-U27, and HS578T 
breast cancer cell lines with increasing doses of ABT-199 for a period of 48 h. ABT-199 inhibits cell 
viability in all three breast cancer cell lines with an IC50 of 110.09 µM for P-114 cell line, 134.20 µM for 
CMT-U27 cell line, and 138.90 for HS578T cell line.

Flow cytometry apoptosis assays following treatment of each of the three cell 
lines with either 100 µM ABT-199 or untreated (control) for 48 h have provided an 
assessment of the effects of this small molecule in inducing cell death. It is found that 
the P114 canine cell line treated with ABT-199 shows 98.60% necrotic cells compared 
to 3.80% necrotic cells in untreated control cells (Fig. 3A). Moreover, the CMT-U27 
canine cell line treated with ABT-199 yields  61.30% necrotic cells, while untreated 
(control) cells yield 2.88%  necrotic cells (Fig. 3B). Whereas,  the HS578T human cell 
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Fig. 3. Evaluation of cell death in three breast cancer cell lines following treatments with 100 µM ABT-
199 for 48 h using flow cytometry and dark-field microscopy. (A) The P114 canine cell line shows 
98.13% viable cells, 0.73% early apoptosis, and 1.14% late apoptosis in untreated (control) cells, while it 
exhibits 1.00% viable cells, 0.40% late apoptosis cells, and 98.60% necrosis cells in treated cells. (B) The 
CMT-U27 canine cell line shows 96.42% viable cells, 2.88% necrotic cells, and 0.70% late apoptosis cells 
in untreated (control) cells, while it exhibits 38.00% viable cells, 0.70% late apoptosis cells, and 61.30% 
necrosis cells in treated cells . (C) The HS578T human cell line shows 92.51% viable cells, 1.30% late 
apoptosis cells, and 6.19% necrosis cells in untreated (control) cells group; whereas, this cell line shows 
0.00% viable cells, 2.60% late apoptosis cells, and 97.40% necrosis cells in treated cells.



13

line treated with ABT-199 yields  97.4% necrotic cells compared to 6.2% in untreated 
(control) cells (Fig. 3C). Overall, flow cytometry findings reveal that both the P114 
canine cell line and the HS578T human cell line are highly sensitive to treatment 
with the small molecule ABT-199, thereby shifting their phenotypic status towards a 
necrotic phenotype. Moreover, these findings indicate that the principal mechanism 
for cell death by ABT-199 is via induction of necrosis, and then followed by apoptosis. 

Dark-field microscopy observations further confirm that the cell death mechanism 
induced by ABT-199 involves changes in cell morphology, consisting of membrane 
break down, nuclear changes, and apoptotic body formation (Fig. 3). Moreover, in 
concordance with flow cytometry analysis, P114 and HS578T cell lines exhibit the 
highest morphological changes in cell viability in response to ABT-199 treatment 
(Fig. 3). 

Canine animal model for breast cancer

Fig. 4. Mitochondrial membrane potential activity and nuclear morphology evaluation of P114, CMT-U27, 
and HS578T breast cancer cell lines. (A) Observations of mitochondrial potential activity inhibition and 
nuclear morphology changes using TMRE and Hoechst staining/Olympus IX71 inverted fluorescence 
microscopy following treatment of each of the cell lines with 100 µM of ABT-199 for 48 h; image 
magnification 20X.  (B) Autophagy evaluation by MDC and PI staining after 48 h of treatment of each of 
the cell lines with 100 µM of ABT-199.
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Interestingly, fluorescence microscopy assays have revealed that ABT-199 
treatments of each of the three cell lines for 48 h result in decreased mitochondrial 
membrane potential activities and morphological changes, including nuclear DNA 
condensation, nuclear shrinkage, and fragmentation in all three cell lines (Fig. 4A).  
Furthermore, autophagy evaluations of these treated cell lines, have detected decreased 
numbers of autophagic vacuoles along with increased numbers of apoptotic cells 
(Fig. 4B). Interestingly, control cells stained with MDC demonstrate basal autophagy 
while stained treated cells demonstrate decreased autophagy; moreover,  increased PI 
staining of necrotic cells is readily observed in ABT-199-treated cells compared to 
that of control cells (Fig. 4B).

ABT-199 impairs cell migration in both human and canine in vitro breast cancer models

For cell lines CMT-U27 and HS578T treated with 100 µM ABT-199, a significant 
reduction in migratory capacity is observed (Fig. 5A).  This is clearly demonstrated 
in the abilities of control cells to completely close the gap in the scratch assay, while 
this is not observed  in ABT-199-treated cells, wherein the gap remains high visible 
after 48 h of treatment (Fig. 5A). Following quantification of the wounded area, it 
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Fig. 5. Scratch assays and quantification of cell migration of the two cell lines, CMT-U257 and HS578T, 
following treatment with 100 µM ABT-199  for 48 h. (A) Migratory capacity; And (B, C) Quantification 
of wound area in control cells versus ABT-199 treated cells. Pictures were taken at 0 h, 24 h, and 48 h with 
an Olympus IX71 microscope (objective 10X).
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is  observed that ABT-199 is most efficient in canine cell line CMT-U27, followed 
closely by the human cell line HS578T cell line, and then those of treated cells of both 
cell lines, CMT-U257 and HST578T (Fig. 5B). 

The cell cycle arrest in the G1 phase is induced by ABT-199

For evaluation of cell growth inhibition induced by ABT-199, cell cycle assays of 
cells either treated or untreated (control), was conducted using flow cytometry. 

It is observed that all three cell lines, P114, CMT-U27, and HS578T, are associated 
with a drop of cells in the G2 phase in ABT-199 treated cells compared to untreated 
(control) cells. 

For ABT-199 treated cells of the canine line P114,  their S phase distribution 
slowly increased between 4.7 and 8.2%; whereas, their G2 phase distribution 
decreased from 16.7 to 11.2%, and their G1 phase distribution increased from 73.9 to 
79.5% (Fig. 6). For the canine CMT-U27 cells treated with ABT-199, their S phase 
distribution dropped from 9.6 to 5.6%, while their G2 phase distribution dropped 
from 29.4 to 15.2%, but their G1 phase distribution increased from 56.7 to 72.7% 

Canine animal model for breast cancer

Fig. 6. Flow cytometry for cell cycle analysis following treatment with 100 µM ABT-199 for 48 h. It is 
observed that ABT-199 predominantly induces cell cycle arrest at the G1 phase in all three cell lines, P114, 
CMT-U27, and HS578T, when compared to untreated cells (control).
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(Fig. 6). Moreover, for ABT-100 treated cells of the human HS578T line, the S phase 
distribution decreased from 11.1 to 8.1%; whereas,  distribution of cells in the G2 
phase dropped from16.6 to 11.5%, and distribution of cells in the   G1 phase increased 
from 70.3 to 77.8% (Fig. 6). 

Discussion

Currently, research efforts are underway to  pursue novel therapeutic strategies for 
treating breast cancer, and these include approaches focused on nanopharmacology 
[Tomuleasa et al. 2014, Jurj et al. 2017, Liu et al. 2021], gene therapy, both for either 
replacement  or inhibition [Braicu et al. 2014], dietary-based management [Braicu et 
al. 2017], immunotherapy [Bayraktar et al. 2019], and metastasis focused approaches 
[Park and Choi 2016]. Yet, one of the most promising strategies could on drug 
repositioning, wherein specific inhibitors of one disease are repurposed for treating 
another disease that has similar molecular mechanism(s). Thus, the use of an already 
approved drug for one disease could significantly reduce both the time frame and  
cost for its alternative use as a new therapeutic for another disease [Xue et al. 2018, 
Sukumar et al. 2021]. 

Among various pathologies, breast cancer ranks first in terms of both incidence 
and mortality, with numerous reported cases of patient resistance to various therapies 
or reports of disease recurrence [Klimov et al. 2017, Ogata et al. 2021]. In particular, 
TNBC is deemed as one of the most aggressive subtypes within the breast carcinoma 
histological panel, and it is also known as one of the most challenging in terms of 
therapeutic options and patient response [Brewster et al. 2014, Ogata et al. 2021, 
Sukumar et al. 2021]. Despite numerous clinical and molecular differences among the 
different breast cancer subtypes, one of the striking features of these subtypes pertains 
to the role of the therapeutic Bcl-2 anti-apoptotic protein target in treating these cancer 
subtypes.  It is well known that the efficacy of the Bcl-2 target is related to the status 
of hormone receptors, wherein, this therapeutic anti-apoptotic protein has a positive 
prognosis in cancer subtypes positive for such hormone receptors, and a negative 
prognosis for cancer subtypes lacking such hormone receptors [Martinez-Arribas et al. 
2007, Dawson et al. 2010, Honma et al. 2015, Eom et al. 2016, Alhoshani et al. 2020]. 
Therefore, efforts to identify new therapeutic for the TNBC subtype can capitalize on 
the Bcl-2 anti-apoptotic protein and expression of corresponding hormone receptors.

In this study, in vitro responses of three cell lines, including two canines and 
one human, of the TNBC subtype to the action of ABT-199, a next generation Bcl-2 
inhibitor, have been evaluated.  In comparison to various small molecule inhibitors 
of Bcl-2, the ABT-199 small molecule has high levels of specificity for the Bcl-2; 
therefore, it is selected in this study as a likely repurposed therapeutic treatment for 
TNBC. Moreover, two canine breast cancer cell lines are used in this study to assess 
comparative responses of these canine cell lines to that of a human breast cancer line 
to an ABT-199 therapeutic treatment.  This comparative analysis will evaluate the 
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utility of these canine cell lines as reliable model systems for investigating mammary 
cancers. 

Following treatments of the three breast cancer cell lines with different 
concentrations of ABT-199, it is observed that ABT-199 elicits apoptotic effects on 
both human and canine breast cancer cell lines, thus further confirming previous 
findings of the influence of ABT-199 on breast cancer cells [Alhoshani et al. 2020, 
Campbell et al. 2021]. Furthermore, it is observed that ABT-199 at 100 µM reduces 
autophagy (based on similar percentages of apoptotic cells), cell migration (based on 
similar mitochondrial potential activity inhibition and nuclear morphology changes), 
and induces cell cycle arrest (based on similar patterns of distribution of cells in the 
S, G2, and G1 phases) following flow cytometric analyses and dark-microscopy 
observations. Interestingly, these collective findings are found to be similar in both 
canine and human breast cancer cell lines. Considering that the Bcl-2 gene family is 
highly conserved, based on GOC, WGA, and GeneTree phylogeny, in human (located 
on chromosome 18) and canine (located on chromosome 1) genomes, it is anticipated 
that the functionality of the Bcl-2 gene family is likely to be similar. Thus, it is to be 
expected that similar inhibitory responses are observed on all three ABT-199 treated 
cancer cell lines [Young et al. 2021]. Furthermore, these findings suggest that the two 
canine cells lines used in this study are useful as reliable in vitro model systems for 
investigating human breast cancer. 

Overall, these findings indicate that the activity of the small molecule ABT-199 
elicits an inhibitory effect of breast cancer cells via inhibition of the Bcl-2 anti-
apoptotic protein along with induction of tumor suppressor mechanism(s). However, 
further studies should be conducted to further investigate such an induction of a tumor 
suppressor mechanism. Nevertheless, the ABT-199 can be useful for repurposing for 
treatment of TNBC. Furthermore, these canine cell lines would serve as good in vivo 
models for investigating human breast cancers, particularly following more detailed 
characterization of canine histological subtypes for this pathology. 

Conclusions

Developing new therapeutic strategies for breast cancer, particularly for the 
aggressive TNBC subtype, remains a major challenge. Moreover, identifying reliable 
experimental models for pursuing new therapeutic strategies for TNBC is also of 
major interest.   In this study, it is found that repurposing of a small molecule ABT-
199, which acts as an inhibitor of the Bcl-2 anti-apoptotic protein, elicits appropriate 
selective inhibitory responses of breast cancer cells of both canine and human cell 
lines.  Therefore, the ABT-199 drug is likely to be an effective therapeutic drug for 
treatment of breast cancer.  Moreover, the use of canine breast cancer cell lines can 
serve as appropriate models for evaluating such drug treatment strategies, and should 
be further evaluated in serving as in vivo models for developing reliable preclinical 
testing and therapeutic treatment of TNBC. 
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