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Abstract: This study aims to evaluate the response of primary cells to buparlisib, a PI3K inhibitor, at varying con-
centrations and exposure durations across different histological and molecular subtypes of CMGTs, and to assess 
PI3K/Akt/mTOR pathway activity by measuring Akt and mTOR expression. Three carcinomas (C), three sarco-
mas (S), and two carcinosarcomas (CS) tumours were collected from the dogs. The primary cells were produced 
from tissues and treated with buparlisib at different doses. Subsequently, the WST-1 assay, Annexin V, and AO/PI 
staining were performed sequentially to evaluate the effects of buparlisib. PI3K/Akt/mTOR signalling pathway 
inhibition was revealed at the gene level in C, S, and CS cells following 5 µM buparlisib treatment by RT-PCR 
analysis. Our results demonstrated that C1 and C2 (basal-like) cells were more sensitive than C3, CS1, and CS2 cells 
(luminal A) upon buparlisib treatment. Liposarcoma S2 cells responded more to buparlisib than undifferentiated 
S cells (S1 and S3). Buparlisib also induced apoptosis and inhibited Akt and mTOR mRNA levels in C2, C3, S2 and 
S3 cells (P < 0.05). A higher rate of apoptotic cell death was observed in the C histological subtype and basal-like 
cells, with 62.9 ± 0.8% apoptosis in C1 and 79.1 ± 0.3% in C2. The efficacy of buparlisib was more pronounced 
in C2 basal-like CMGT cells and liposarcoma S2 cells with the downregulation of Akt and mTOR mRNA levels 
(P < 0.001). Therefore, PI3K inhibitors could be used to treat CMGT, particularly the basal-like molecular subtype.
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The most common tumour types in dogs are ca-
nine mammary gland tumours (CMGT). The out-
come of CMGTs is influenced by the tumour type, 

histologic differentiation, and several prognostic 
factors. CMGTs with small, well-differentiated 
malignant epithelial tumours may have a better 
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prognosis with a surgical approach alone, whereas 
undifferentiated, advanced tumours exhibit a worse 
prognosis and may require adjuvant therapies 
(Sorenmo 2003). Surgical intervention remains the 
primary treatment for mammary tumours, except 
in cases of inflammatory carcinoma and metastatic 
disease. Nevertheless, adjuvant and neoadjuvant 
therapies are also utilised as part of the treatment 
approach (Karayannopoulou and Lafioniatis 2016). 
In this context, histopathological and molecular 
subtype of differences play a crucial role in de-
termining the treatment protocol for CMGT pa-
tients. Moreover, the surgical approach does not 
significantly affect disease-free survival and over-
all survival once micro- and macrometastases are 
formed. Chemotherapy is another treatment op-
tion, but it is often associated with side effects such 
as gastrointestinal toxicity, nephrotoxicity, myelo-
toxicity, and hepatotoxicity (Sleeckx et al. 2011). 
Malignant CMGTs are subdivided into carcinoma 
of epithelial origin, sarcoma of mesenchymal origin, 
and carcinosarcoma arising from both epithelial 
and mesenchymal tissues according to their cellular 
origin (Goldschmidt et al. 2011). CMGT is a het-
erogeneous disease that leads to different treatment 
responses in patients (Polyak 2011). Because of dif-
ferent histological and molecular features, C, CS, 
and S respond differently to treatment options (Lana 
and Dobson 2016), and thus a subtype-specific tar-
geted therapy will contribute to future steps toward 
effective treatment of CMGTs. Additionally, in the 
treatment of CMGTs, the development of chemo-
therapy resistance, challenges in administering 
targeted therapies, different treatment responses, 
resistance to hormone therapy, etc., highlight the 
necessity for new therapeutic modalities.

The phosphoinositide 3-kinase/protein ki-
nase B/mammalian target of  rapamycin (PI3K/
Akt/mTOR) pathway is the most commonly ac-
tivated pathway in neoplastic processes (Agarwal 
et al. 2010). Overactivation of the PI3K pathway 
is one of the signalling abnormalities frequently 
observed in mammary tumours. The upregulation 
of phospho-Akt in the PI3K/Akt/mTOR signalling 
pathway, resulting from factors such as PTEN loss 
and mutations in the PI3KCA gene, contributes 
to alterations in  the PI3K/Akt/mTOR pathway, 
playing a role in the progression of CMGT (Kim 
et al. 2021). In dogs, the frequency of mutations 
detected in genes associated with this pathway 
[phosphoinositide-3-kinase regulatory subunit 1 

(PI3KR1), PIK3CA, PTEN, AKT1] has similar fre-
quencies in human breast cancers, and thus they 
could be conserved across species (Vazquez et al. 
2023). Therefore, this complex signalling path-
way has attracted attention to developing inno-
vative therapeutic strategies in cancer treatment 
(Hennessy et al. 2005).

Buparlisib (BKM120) is a potent pan-PI3K inhibi-
tor with considerable anti-cancer properties. The 
antiproliferative effect and apoptotic activity of bu-
parlisib have been revealed in various cancer types, 
such as breast, ovarian, lung cancer, and glioma 
in humans, as a result of inhibition of the PI3K path-
way (Maira et al. 2012; Bertucci et al. 2023; Zhang 
et al. 2024). The expression of tyrosine kinase and 
the use of its inhibitors in CMGT cell lines have been 
demonstrated in various studies (Bavcar and Argyle 
2012; Leis-Filho et al. 2021; Ustun-Alkan et al. 2021; 
Lee et al. 2024). Different histological and molecular 
subtypes of canine mammary tumours exhibit dif-
ferent signalling pathway activation and these differ-
entially therapeutic responses to chemotherapeutic 
drugs due to distinct molecular characteristics (Mei 
et al. 2024). Therefore, the activation of the PI3K/
Akt/mTOR pathway in  each subtype of  canine 
mammary tumours is important for defining tar-
geted therapeutic strategies in veterinary oncology 
to determine buparlisib response. However, there 
are no preclinical studies evaluating the potential 
therapeutic effects of buparlisib on CMGTs.

To our knowledge, this is the first in vitro study 
investigating the response of CMGT primary cells 
to buparlisib (BKM120), a PI3K inhibitor, at vary-
ing concentrations and exposure durations across 
different histological and molecular subtypes 
of CMGTs, and assessing PI3K/Akt/mTOR path-
way activity in this process. Additionally, the study 
presents preclinical results on the administration 
of buparlisib for the treatment of CMGTs.

MATERIAL AND METHOD

Tissue sampling

Ethics committee approval for using tissues col-
lected from animals after surgery was obtained 
(199967 – Istanbul University Rectorate Animal 
Experiments Local Ethics Committee). Tissues 
were collected from 8  dogs. Samples included 
in the study were randomly selected from each his-
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topathological group. Since non-aggressive mam-
mary tumours can mostly be treated only surgically, 
cases with aggressive characteristics and requiring 
additional treatments were included in the study. 
CMGT samples were collected after mastectomy 
for histopathological, immunohistochemical (IHC) 
analysis, and primary cell cultures. The specimens 
were transferred to the Department of Pathology 
( Is tanbul  Univers i ty-Cerrahpa şa ,  Facul ty 
of Veterinary Medicine) in 10% solution of buffered 
formalin for histopathological and immunohisto-
chemical analysis. Another part of the sample was 
placed in Roswell Park Memorial Institute (RPMI) 
solution and transferred to Sakarya University 
Faculty of Medicine, Medical Biology Department, 
for primary cell isolation.

Histopathological examination

Tissue samples embedded in paraffin and cut into 
4–5 μm slices with a rotary microtome were stained 
with haematoxylin and eosin to obtain histological 
sections (Slaoui et al. 2017). The grading system 
evaluates canine mammary tumours based on three 
main histopathological criteria: tubule formation, 
nuclear pleomorphism and staining, and mitotic 
figure count per 10 high-power fields (HPF). The 
total score determines the malignancy grade, which 
ranges from Grade I (low malignancy) to Grade III 
(high malignancy). Each section was examined 
under a light microscope, and tumour cases were 
graded according to tubule formation, nuclear pleo-
morphism, and mitotic index ratio (Goldschmidt 
et al. 2011).

Based on the results, samples were diagnosed 
as carcinoma (C), sarcoma (S), and carcinosarcoma 
(CS). The cases were named C1, C2, C3; S1, S2, S3; 
CS1 and CS2 under the histopathological group 
they belonged to.

Molecular classification

Immunohistochemical staining was performed 
using the Mouse and Rabbit Specific HRP/DAB 
IHC detection Kit (Micro-polymer, ab236466; 
Abcam). The details of the immunohistochemical 
analyses are presented in Table 1. Image analysis 
was performed manually by two independent ob-
servers. In order to perform molecular classifica-
tion, tumours were considered positive if more than 
10% of tumour cells exhibited a positive reaction 
in oestrogen receptor (ER), progesterone receptor 
(PR), and HER-2 staining. For p63 staining, positiv-
ity was defined as labelling in more than 5% of tu-
mour cells. Epithelial tumours were classified into 
the following subtypes: Luminal A (ER+, HER-2–), 
luminal B (ER+, HER-2+), basal-like (ER–, HER-2–, 
p63+), and normal-like (ER–, PR–, HER-2–, p63–). 
Accordingly, the tissues were classified as described 
by Im et al. (2014).

Primary cell culture isolation

Tissue samples were dissected into small pieces 
(3 mm to 4 mm of  fragments) by a scalpel, and 
enzymatic disintegration was performed by add-
ing collagenase type IV (1 mg/ml) (Sigma-Aldrich, 

Table 1. Antibodies and immunohistochemical protocol parameters

Antibody Antigen retrieval Dilution Primary antibody 
incubation Brand Clonality

ER sodium citrate buffer (pH 6.0), microwave 
treatment at 800 W for 20 min 1 : 100 90 min at 37 °C MyBioSource polyclonal, rabbit

PR sodium citrate buffer (pH 6.0), microwave 
treatment at 800 W for 20 min 1 : 200 90 min at 37 °C Abcam polyclonal, rabbit

HER2 sodium citrate buffer (pH 6.0), microwave 
treatment at 800 W for 20 min 1 : 100 90 min at 37 °C MyBioSource polyclonal, rabbit

p63 sodium citrate buffer (pH 6.0), microwave 
treatment at 800 W for 20 min 1 : 200 90 min at 37 °C Santa Cruz 

Biotechnology monoclonal, rabbit

ER = oestrogen receptor; HER2 = human epidermal growth factor receptor 2; PR = progesterone receptor; p63 = tumour 
protein 63
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St. Louis, MO, USA) and incubated at 37 °C for 
1 hour. Following, the tissue sample was further di-
gested with trypsin-EDTA (0.25%) (Gibco; Thermo 
Fisher Scientific, Waltham, MA, USA) for 15 min-
utes. Then, the cells were centrifuged at 1 500 × g 
for 10 minutes. After centrifugation, the pellets 
were washed and seeded in T-25 flasks and cul-
tured in DMEM (Gibco; Thermo Fisher Scientific, 
Waltham, MA, USA) medium containing 10% Foetal 
Bovine Serum (Gibco; Thermo Fisher Scientific, 
Waltham, MA, USA), 100 units/ml of penicillin-
Streptomycin (Gibco; Thermo Fisher Scientific, 
Waltham, MA, USA), and 2 mM l-glutamine 
(Gibco; Thermo Fisher Scientific, Waltham, MA, 
USA) at 37 ºC in a 5% CO2 incubator. When the 
adherent cells had fully adhered to the flasks, the 
cells were removed and seeded for subsequent ex-
periments.

WST-1 analysis

The cell viability was evaluated using the water-
soluble tetrazolium (WST-1) kit protocol. C, S, 
and CS cells were seeded in 96-well plates at 2 × 
104 cells/well and incubated overnight. Buparlisib 
(BKM120; Novartis Pharma AG, Basel, Switzerland) 
was added at different doses (0.5, 1, 2.5, 5 µM) for 
24 h and 48 hours. Following treatment, WST-
1 reagent (BioVision, Milpitas, CA, USA; 10 μl) 
was added to  each well and incubated in  the 
dark (at 37 °C for 45 minutes). An ELISA reader 
(Allsheng, P.R. China) was then used to measure 
cell viability at 450 nm. The effective concentra-
tions and incubation time of buparlisib were de-
termined based on the relevant literature (Yu et al. 
2016; Blazquez et al. 2018). Each experiment was 
repeated three times. The absorbance in control 
cells was accepted as 100%, and cell viability after 
treatment with different concentrations of bupar-
lisib was calculated as a percentage.

Assessment of the apoptotic cell 
death on CMGT cells

Annexin V analysis was performed to determine 
the apoptotic effect of buparlisib on CMGT cells. 
Annexin V is a calcium-dependent phospholipid-
binding protein and specifically binds to phos-
phatidylserine. 7-AAD is  a  dead-cell marker 

used to assess cell membrane structural integrity. 
Therefore, early apoptotic cells were Annexin V 
(+) and 7-AAD (–), and late apoptotic cells were: 
Annexin V (+) and 7-AAD (+). CMGT cells were 
incubated in 6-well plates with 1 × 106 cells per 
well, and then, cells were treated with 5 µM bu-
parlisib for 48  h according to  WST-1 analysis. 
After treatment with buparlisib, 100 μl of Muse® 
Annexin V Dead stain (Millipore, Germany) was 
added and incubated for 30 min at room tempera-
ture in the dark. At the end of incubation, each 
tube was analysed on MuseTM Cell Analyser (Merck 
Millipore, Germany). Each experiment was repeat-
ed three times.

Assessment of the morphological 
changes in CMGT cells

To observe morphological changes in the cells 
upon treatment with buparlisib in C, S, and CS 
cells, acridine orange (AO) and propidium iodide 
(PI) staining were performed. After incubating the 
cells with buparlisib for 48 h, the cells were fixed 
with 4% PFA and stained with an AO/PI solution for 
30 minutes. Finally, the cells were observed by the 
EVOS FL cell imaging system (Thermo Scientific, 
Waltham, MA, USA).

RT-PCR analysis

The inhibition of the activity of PI3K/Akt/mTOR 
signalling pathway by buparlisib at 5 µM for 48 h 
in C, S, and CS cells, and real-time polymerase 
chain reaction (RT-PCR) analysis was performed. 
After seeding into a 6-well plate with 1 × 106 cells 
per well, the cells were treated with 5 µM buparlisib 
for 48 hours. The Total RNA Kit (Omega Bio-Tek, 
Norcross, GA, USA) was used to extract total RNA 
from cells, and RNA quantity was measured with 
a Qubit 4.0 Fluorometer (Invitrogen, Carlsbad, CA, 
USA). The extracted RNAs were then transcribed 
into cDNA using the High-Capacity cDNA Reverse 
Transcription Kit (Thermo Fisher Scientific, 
Waltham, MA, USA).

TaqMan® Gene Expression Assays (Thermo 
Fisher Scientific, Waltham, MA, USA) primers 
and the corresponding TaqMan® Gene Expression 
Master Mix (Thermo Fisher Scientific, Waltham, 
MA, USA), and Step OnePlus RT-PCR (Applied 
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Figure 1

Biosystems, Foster city, CA, USA) system were 
used. β-actin (Cf04931159_m1) was selected as the 
endogenous reference gene, and all experiments 
were conducted in triplicate at a minimum. The 
fold change for each gene expression was normal-
ised for each control group and for β-actin.

Statistical analysis

GraphPad Prism v6.0 was used for statisti-
cal analysis. The normality (Shapiro–Wilk) test 
was performed. The Mann–Whitney U test and 
Kruskal–Wallis tests were used to analyse non-
parametric data.

The effect of buparlisib on cytotoxicity, apopto-
sis, and gene expressions in cells was analysed us-
ing the one-way analysis of variance and post-hoc 
Tukey test. P < 0.05 and P < 0.01 were considered 
statistically significant. Changes in gene expression 
levels were evaluated using the RT2 Profiler PCR 
Array Data Analysis program (https://dataanalysis.
qiagen.com/pcr/arrayanalysis.php).

RESULTS

Histopathological and molecular 
classification of CMGTs

The study included tissues from canine mam-
mary tumour cases that were aggressive and re-
quired additional treatments in addition to surgery. 
Accordingly, one lipid-rich carcinoma, one solid 
carcinoma, one complex carcinoma, one liposar-

Figure 1. (A) A lipid-rich carcinoma case of large foamy vacuolated atypical epithelial cells; Bar = 20 µm. (B) Large 
central necrosis areas (asterisk) surrounded by  neoplastic cells composing solid groups in  a  solid carcinoma; 
Bar = 70 µm. (C) A complex carcinoma case which has both luminal (arrow) and myoepithelial (asterisk) tumoral 
components; Bar = 70 µm. Haematoxylin & eosin
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coma, two undifferentiated sarcomas (one with dis-
tant metastases), and two carcinosarcoma tissues 
were used. The molecular classification of these 
epithelial tissues included two basal-like and three 
luminal A subtypes. When individual tissue char-
acteristics were examined, the following were ob-
served: C1 was a tumour of atypical neoplastic cells 
with large cytoplasmic vacuoles and was defined 
as lipid-rich carcinoma (Figure 1A). C2 was a solid 
carcinoma composed of atypical epithelial cells or-
ganised as solid islets with areas of necrosis in their 
central regions (Figure 1B). C3 was a complex car-
cinoma (Figure 1C) in which luminal and myoepi-
thelial cells proliferated simultaneously.

S2 was diagnosed as  liposarcoma consisting 
of neoplastic lipocytes and lipoblasts (Figure 2A), 
while the histopathologic diagnosis of S1 and S3 was 
undifferentiated sarcoma (Figure 2B). Additionally, 
a distant metastasis was detected in the S1 case 
of the sarcoma group. CS1 and CS2 were mixed tu-
mours containing both epithelial and mesenchymal 
components (Figure 2C).

According to the molecular classification deter-
mined by the IHC analysis results of the tissues, 
two basal-like and three luminal A tissues were 
identified in tissues of epithelial origin. C1 and C2 
were diagnosed as basal-like, while C3 was diag-
nosed as luminal-A (Table 2).

In CS cases, mild ER and strong PR positivity, 
and negative staining for Her-2 and p63 in the epi-
thelial components of the tumours, indicated that 
both tumours had luminal-A character (Figure 3). 
Moreover, C3 and CS1 were determined as Grade II 
tumours, while C1, C2, and CS2 were categorised 
as Grade III tumours.

(A) (B) (C)
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Figure 3

Figure 2

Figure 2. (A) A liposarcoma case. (B) Undifferentiated sarcoma case. (C) A carcinosarcoma case consisting of neo-
plastic epithelial (arrow) and mesenchymal (asterisk) components; Bar = 30 µm. Haematoxylin & eosin
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Table 2. The comparison of  the results of Annexin V analysis (apoptotic death) and molecular subtype with Akt/
mTOR expression levels at 5 µM doses

Group Molecular 
subtypes

%Total apoptotic cell death 
by Annexin V analysis at 5 µM

Akt expression levels 
(5 µM)

mTOR expression levels 
(5 µM)

C1 basal-like 62.9 ± 0.8% 6.53-fold ↑ 8.86-fold ↑
C2 basal-like 79.1 ± 0.3% 0.16-fold ↓ 0.19-fold ↓
C3 luminal A 49.4 ± 1.3% 0.97-fold ↓ 0.75-fold ↓
S1 – 23 ± 0.6% 8.69-fold ↑ 4.53-fold ↑
S2 – 76.9 ± 0.7% 0.10-fold ↓ 0.40-fold ↓
S3 – 75 ± 0.9% 0.32-fold ↓ 1.75-fold ↓
CS1 luminal A 55.6 ± 1.7% 0.50-fold ↓ 0.18-fold ↓
CS2 luminal A 58.6 ± 0.8% 0.61-fold ↓ 0.38-fold ↓

Akt/mTOR = protein kinase B/mammalian target of rapamycin; C = carcinoma; CS = carcinosarcoma; S = sarcoma
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C D Figure 3. Carcinosarcoma case determined as luminal A in molecular subtyping
(A)  Oestrogen slight positive; (B)  Progesterone strong positive; (C)  Her-2 negative; (D)  P63 negative labelling. 
Bar = 100 µm (A) and 30 µm (B, C, D). Immunohistochemical staining

(A) (B) (C)

(A) (B)

(C) (D)
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Assessment of the proliferation 
of CMGT cells

We analysed the viability of C, S, and CS cells 
at  different concentrations of  buparlisib using 
the WST-1 assay (Figure 4, Table 3). The com-
parison of cell viability following buparlisib treat-
ment among groups was presented in Figure 5. 
After treatment with buparlisib at 1 and 5 µM for 
48 h, the viability of C1 cells was 79.6 ± 3.2% and 
56.3 ± 0.3%, respectively. While the proliferation 
rate of C2 cells was 63.5% ± 2.5 and 43.8% ± 2.4 
(P < 0.01). Similarly, the viability of C3 cells was 

69.5% ± 3.2 and 63.8% ± 2.4 at 1 and 5 µM, re-
spectively (P < 0.01). In the S group, the viability 
of S1 cells decreased to 67.7 ± 4.0% and 75.7 ± 0.1% 
for 48 h at 1 and 5 µM, respectively (P < 0.01), 
whereas the proliferation of S2 cells was 55.8 ± 0.8% 
and 44.7 ± 0.6%, respectively. In S3 cells, cell viabil-
ity decreased to 67.2 ± 3.5% and 46.5 ± 0.7% at 1 and 
5 µM, respectively (P < 0.01). Furthermore, the vi-
ability percentages of CS1 cells treated with buparl-
isib 1 and 5 µM buparlisib for 48 h were 58.2 ± 4.6% 
and 54.3 ± 0.7%, respectively (P < 0.01), while the 
percentage of CS2 cells decreased to 53.4 ± 2.1% 
and 51.6 ± 0.4%, respectively (P < 0.01).

 

 

 

          

 

 

Figure 4. Determination of the cytotoxic effect of buparlisib by WST-1 analysis in C, S and CS cells for 24 and 48 h 
(*P < 0.05, **P < 0.01)
C = carcinoma; CS = carcinosarcoma; S = sarcoma
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Assessment of the apoptotic cell 
death on CMGT cells

Annexin V analysis, which shows the apoptotic 
effects of buparlisib on C, S, and CS cells, is shown 
in Figure 6 and Table 4. After 48 h treatment with 
5 µM of buparlisib, the rate of total apoptotic cells 
significantly increased to 62.9 ± 0.8%, 79.1 ± 0.3%, 
and 49.4 ± 1.3% in C1, C2, and C3 cells, respectively, 
compared with the control (P < 0.05).  In contrast, 
the rate of total apoptotic cells in S1, S2, and S3 cells 
treated with buparlisib at a 5 µM dose for 48 h was 
23 ± 0.6%, 76.9 ± 0.7%, and 75 ± 0.9%, respectively 
(P < 0.05). In CS1 and CS2 cells treated with 5 µM 
buparlisib for 48 h, the percentage of total apoptotic 
cells was 55.6 ± 1.7% and 58.6 ± 0.8%, respectively 
(P < 0.05). The percentages of total apoptotic cell 
death following 1 µM and 5 µM doses of buparlisib 
are given in Table 2.

Assessment of the morphological 
changes in CMGT cells

As shown in Figure 7, apoptotic changes were 
observed in C, S, and CS cells after 48 h of increased 
buparlisib concentrations. Compared to the control 
group, membrane blebbing, rupture of intercellu-
lar connections, a decrease in the cell/cytoplasm 
ratio, and chromatin condensation were observed, 
especially in C, S, and CS cells treated with 5 µM 
buparlisib. At the indicated buparlisib concentra-
tions, late apoptotic cells were observed in C1, 

Table 3. Statistical results of ANOVA analysis

Buparlisib C1
(P-value)

C2
(P-value)

C3
(P-value)

S1
(P-value)

S2
(P-value)

S3
(P-value)

CS1
(P-value)

CS2
(P-value)

24 h

0.5 µM 0.013 8 0.000 1 <0.000 1 0.412 4 <0.000 1 0.001 0.001 9 0.001

1 µM <0.000 1 <0.000 1 <0.000 1 0.006 8 <0.000 1 0.016 2 0.000 2 <0.000 1

2.5 µM 0.004 8 <0.000 1 <0.000 1 0.01 0.342 7 0.003 4 0.000 7 0.000 2

5 µM 0.000 3 <0.000 1 <0.000 1 0.002 7 0.316 3 0.000 5 0.001 1 0.000 1

48 h

0.5 µM 0.000 2 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1

1 µM <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1

2.5 µM <0.000 1 <0.000 1 <0.000 1 0.026 <0.000 1 <0.000 1 <0.000 1 <0.000 1

5 µM <0.000 1 <0.000 1 <0.000 1 0.000 1 <0.000 1 <0.000 1 <0.000 1 <0.000 1

These results indicated the comparison of the viability rate by WST-1 analysis in the C, S, and CS cells upon treatment 
with different concentrations of buparlisib for 24 and 48 h compared with the control group
C = carcinoma; CS = carcinosarcoma; S = sarcoma
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Figure 5. Comparison of buparlisib efficacy in subtypes 
of canine mammary gland tumour cells
C = carcinoma; CS = carcinosarcoma; S = sarcoma
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C2, and C3 cells. More cytoplasmic vacuoles, cell 
membrane blebbing, and nuclear damage were ob-
served in S1, S2, and S3 cells, especially at 5 µM 
buparlisib compared to 1 µM buparlisib. It was 
also found that buparlisib induced more apopto-
sis in S2 and S3 cells than in S1 cells. In CS1 and 
CS2 cells, buparlisib caused especially many cyto-
plasmic vacuoles and nuclear damage. Our results 
were generally correlated with Annexin V analysis 
findings overall and consistently.

Assessment of the effect of buparlisib 
on the PI3K/Akt/mTOR signalling 
pathway at the gene level

The mRNA levels of Akt and mTOR in C, S, and CS 
cells were evaluated by RT-PCR after treatment with 
5 µM buparlisib for 48 h, the most effective dose and 
incubation time; the results are shown in Figure 8.

Akt expression levels were 6.53-, 0.16-, and 0.97-
fold, and mTOR levels were determined as 8.86-, 
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Figure 6. Determination of apoptotic effect of buparlisib on C, S and CS cells
(A) Annexin V histograms of results in C, S and CS cells following treatment with 1 and 5 µM buparlisib. (B) Statistical 
evaluation of total apoptotic death caused by buparlisib compared to control group (*P < 0.05, **P < 0.01)
C = carcinoma; CS = carcinosarcoma; S = sarcoma

Table 4. Statistical results of ANOVA analysis

Buparlisib
C1 C2 C3 S1 S2 S3 CS1 CS2

(P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value)

48 h
1 µM 0.039 6 0.021 1 0.021 1 0.021 1 0.021 1 0.021 2 0.021 1 0.025 8

5 µM 0.021 1 0.021 1 0.021 1 0.021 1 0.021 1 0.021 1 0.021 3 0.021 1
1 µM~5 µM 0.125 2 0.021 1 0.031 4 0.034 0.021 5 0.085 7 0.183 5 0.021 1

These results indicated the comparison of the apoptotic rate by Annexin V analysis in the C, S, and CS cells upon treat-
ment with different concentrations (1 and 5 µM) of buparlisib for 48 h compared with the control group
C = carcinoma; CS = carcinosarcoma; S = sarcoma
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0.19-, and 0.75-fold in C1, C2, and C3 cells, respec-
tively, compared to the control group. Therefore, 
Akt and mTOR expression levels were significantly 
upregulated in C1 cells despite the 5 µM buparlisib 
treatment (P < 0.01).

Akt mRNA expression levels were 8.69-, 0.10-, and 
0.32-fold, and mTOR expression levels were 4.53-, 
0.40-, and 1.75-fold in S1, S2, and S3 cells, respec-
tively, compared to the control group. Although Akt 

and mTOR expression levels were significantly up-
regulated in S1 cells compared to the control group, 
their expression levels were significantly downregu-
lated in S2 cells after buparlisib treatment (P < 0.01).

In CS1 and CS2 cells, Akt mRNA expression lev-
els were 0.50- and 0.61-fold, and mTOR expression 
levels were 0.18- and 0.38-fold, respectively, fol-
lowing treatment with buparlisib. Therefore, Akt 
and mTOR expression levels were significantly 

Figure  7. Visualisation of  morphological changes in  canine mammary gland tumour cells treated with buparlisib 
at 1 and 5 µM concentration for 48 h (scale bar: 100 µm)
C = carcinoma; CS = carcinosarcoma; S = sarcoma

Figure 8. Evaluation of the effect of buparlisib on the PI3K/Akt/mTOR signalling pathway at the gene level in C, S and 
CS cells at a concentration of 5 µM for 48 h (*P < 0.05, **P < 0.01)
C = carcinoma; CS = carcinosarcoma; PI3K/Akt/mTOR = phosphoinositide 3-kinase/protein kinase B/mammalian target 
of rapamycin; S = sarcoma
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downregulated in CS1 and CS2 cells compared 
to the control group after 5 µM buparlisib treat-
ment (P < 0.01). Furthermore, we compared the 
total apoptotic death rate with Akt and mTOR ex-
pression levels at 5 μM concentrations in C, S, and 
CS cells (Table 2). As shown in Table 2, Akt and 
mTOR mRNA levels were downregulated in the lu-
minal A subtype following buparlisib treatment. 
However, the basal-like subtypes responded differ-
ently to buparlisib. More apoptotic cell death was 
analysed in C2 cells than in C1 cells due to lower 
expression of both Akt and mTOR by buparlisib. 
Additionally, buparlisib downregulated Akt and 
mTOR more effectively in S2 and S3 cells, induc-
ing apoptotic cell death. Therefore, the response 
of C, S, and CS cells to buparlisib was different due 
to the differential expression level of Akt and mTOR 
after treatment with buparlisib. Additionally, Akt 
and mTOR expression levels were downregulated 
in luminal A CS1 and CS2 cells following buparlisib 
treatment. However, the expression levels were dif-
ferent in basal-like C1 and C2 cells upon buparl-
isib. Therefore, molecular and histological subtype, 
tumour heterogeneity, and mutation profile could 
regulate these gene expression levels.

DISCUSSION

Histopathological differentiation of an epithelial 
mammary gland tumour determines its biological 
behaviour and influences prognosis, which wors-
ens with loss of differentiation. Considering this 
differentiation in the WHO (The World Health 
Organisation) Histological Classification System, 
malignancy increases from non-infiltrating carci-
noma (carcinoma in situ) to complex carcinoma 
(two cell types), simple carcinoma (one cell type), 
tubulopapillary type, solid type, and anaplastic car-
cinoma (Misdorp et al. 1999). Another type defined 
in the CMGT classification is the special type of ma-
lignant epithelial tumour, which tends to spread 
to other parts of the body (Goldschmidt et al. 2011). 
Lipid-rich cell carcinoma is a special type of CMGT 
that is extremely aggressive with high metastasis 
rates and poor prognosis (Perossi et  al. 2020). 
Sarcoma and carcinosarcoma are types of CMGT 
that have a strong tendency to metastasize and are 
known for their poor prognosis (Sorenmo 2003). 
Tumour types with different aggressive characteris-
tics and those that cannot be treated with operative 

treatment alone and require additional treatments 
were included in the study. In the current study, the 
response of CMGT primary cells to buparlisib and 
the activity of the PI3K/Akt/mTOR pathway were 
evaluated for the first time. Our in vitro findings 
demonstrated that buparlisib significantly inhibited 
CMGT cell proliferation via apoptosis. In particu-
lar, C cells were more responsive to buparlisib due 
to the basal-like subtype. Additionally, liposarcoma 
S cells were more sensitive to buparlisib than undif-
ferentiated S cells, as evidenced by lower Akt and 
mTOR mRNA levels after treatment. Therefore, 
histological and molecular subtypes could affect 
the response to buparlisib. Yeom et al. (2023) state 
that alpelisib, as a tyrosine kinase inhibitor, induces 
a higher cytotoxic effect in the C histologic sub-
type of CMGT harbouring the PIK3CA mutation. 
In another study, alpelisib exhibits antiproliferative 
efficacy by suppressing the activation of the PI3K/
Akt signalling pathway in CMGT tumour cells with 
PIK3CA mutations (Park et al. 2024). These find-
ings suggest that PIK3CA mutation may contribute 
to the favourable therapeutic response to PI3K in-
hibitors. Therefore, further investigations should 
be required for the effects of PI3KCA mutation 
in the response to buparlisib in C basal-like sub-
types. Additionally, the molecular mechanisms 
behind the apoptotic death by buparlisib should 
be further investigated at gene and protein lev-
els, as well as transcriptomic analysis, to identify 
the activation of intrinsic or extrinsic pathways 
of apoptosis (Liu et al. 2013; Mariotti et al. 2017). 
In accordance with a previous study (Yoo et al. 
2023) reporting that palmatine induces apoptosis 
in carcinoma cell lines, our findings revealed that 
buparlisib also triggered apoptosis in the C group. 
The pronounced increase in late apoptotic cells in-
dicates that buparlisib activates apoptotic signal-
ling and effectively inhibits the PI3K/Akt/mTOR 
pathway. Furthermore, we observed cytoplasmic 
vacuoles in the C and CS cell groups. Buparlisib 
may induce autophagy in the cells (Kelekar 2006). 
Therefore, further investigation associated with au-
tophagy biomarkers, including Atg, Beclin-1, p62, 
and LC3 protein levels, etc., is required to assess the 
autophagic effects of buparlisib in the CMGT cells. 
An understanding of the potential role in buparl-
isib-induced autophagy could provide insight into 
its dual regulation of cell survival and death and 
provide new insight into the development of im-
proved targeted therapies.
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The PI3K/Akt/mTOR pathway is studied to be the 
most commonly activated pathway in oncogenesis 
(Agarwal et al. 2010). It has been reported that 
PI3K inhibitors suppress the abnormal activation 
of the PI3K/Akt/mTOR signalling pathway in dif-
ferent cancer cells. However, the effect of these 
inhibitors varies depending on the cell type (Chen 
et al. 2012; Campos et al. 2014). Campos et al. 
(2014) demonstrated that the Akt/mTOR pathway 
plays a notable role in the pathogenesis of thyroid 
carcinoma cases in dogs. Although the overactiva-
tion of the PI3K/Akt/mTOR pathway and the ef-
fect of specific PI3K inhibitors have been assessed 
in different human cancer types and some canine 
tumours, there is no study evaluating the activity 
of this signalling pathway in different histological 
and molecular subtypes of CMGT. In our study, 
the molecular and histological subtype of CMGT 
could affect the buparlisib response.

Notably, the inhibition of the PI3K/Akt/mTOR 
signalling pathway has been evaluated in human li-
posarcoma cells or cases. Guo et al. (2014) state that 
PI-103, as an inhibitor, induces apoptosis by in-
hibiting PI3K/Akt activation in the liposarcoma 
cell line. In canine liposarcoma cases, Avallone 
et al. (2017) investigated the expression of tyros-
ine kinase receptors and the involvement of these 
receptors associated with neoplastic cell prolifera-
tion. In our study, we have investigated the effects 
of buparlisib on  liposarcoma CMGT cells. The 
findings indicated that the S2 (liposarcoma) cell 
group responded more to buparlisib. Additionally, 
buparlisib did not effectively suppress the signal-
ling pathway in undifferentiated S1 cells, unlike 
S3 cells. The different responses of S1 and S3 cells 
to buparlisib are considered to be due to the activa-
tion of an alternative signalling pathway associated 
with metastasis. In addition to the metastatic effect, 
the greater sensitivity of S2 cells to buparlisib may 
be associated with lipid metabolism, as buparlisib 
exerts its effect by competitively binding to the lipid 
kinase domain of ATP (Xing et al. 2021).

Basal-like tumours, which do not express hormone 
receptors (ER, PR) or HER-2, have a poor progno-
sis with different clinical outcomes. Histologically, 
these tumours are characterised by a high grade and 
mitotic index (Carey et al. 2006). Triple-negative 
tumours share phenotypic characteristics with 
basal-like mammary tumours (Pala et al. 2012). 
In this study, the C1 and C2 cases were molecu-
larly diagnosed as basal-like. The C1 and C2 cases 

also had triple-negative characteristics. The C3 
tumour was classified as luminal A. Following bu-
parlisib treatment, the viability of C1 and C2 cells 
decreased more than that of C3 cells. In human 
breast cancer, breast tumours with a basal-like mo-
lecular subtype exhibit an aberrant activation in the 
PI3K/Akt pathway. Additionally, triple-negative 
tumours demonstrate greater sensitivity than the 
luminal A subtype (Valentin et al. 2012; Meuten 
et al. 2024). PI3K mutations and PTEN loss are 
commonly observed in human cases of triple-neg-
ative breast tumours. In this context, the use of bu-
parlisib, a PI3K inhibitor, either as a monotherapy 
or in combination, could be considered as novel 
treatment strategies of CMGT (Solzak et al. 2017; 
Pascual and Turner 2019; Garrido-Castro et al. 
2020). The presented study demonstrated the ef-
ficacy of buparlisib in triple-negative basal-like 
C tumours, and our results were consistent with 
the studies conducted in humans.

Furthermore, the hyperactivation of the PI3K/
Akt/mTOR signalling pathway plays a role in the 
oncogenesis of  ER+ tumours. The frequency 
of alterations in this signalling pathway suggests 
that PI3K signalling is crucial in the development 
of ER+ mammary tumours (Ciruelos Gil 2014). 
In  this study, the downregulation in  the PI3K/
Akt/mTOR pathway was observed in CS groups 
following buparlisib treatment. Buparlisib was 
more effective in CS2 cells than CS1 cells; both 
were luminal A subtypes. This difference could 
be related to the different scores of ER expression 
levels. The HER-2 receptor also plays a role in ac-
tivating this signalling pathway. The overexpres-
sion or amplification of HER-2 stimulates tumour 
growth, invasiveness, and aggressiveness by ac-
tivating various signalling cascades, such as the 
PI3K/Akt pathways. In line with previous studies 
(Leis-Filho et al. 2021) showing that lapatinib in-
hibits the proliferation of HER-2 negative cells such 
as UNESP-MM1 through alternative pathways, our 
findings demonstrated that buparlisib suppressed 
the proliferation of HER-2 negative canine mam-
mary carcinoma cells via the inhibition of PI3K/
Akt/mTOR pathway.

Additionally, PI3K activation plays a critical role 
in oncogenesis and is involved in developing resist-
ance to therapy in ER+/HER-2+ tumours (Ortega 
et al. 2020). Therefore, HER-2 phosphorylation 
could lead to the PI3K/Akt/mTOR pathway ac-
tivation. However, further investigations should 
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be performed for especially HER2+ and/or lumi-
nal B molecular subtype of CMGTs.

However, our study had some limitations. Firstly, 
further studies should be conducted on the PI3K/
Akt/mTOR signalling pathway inhibition by differ-
ent inhibitors in preclinical studies. Additionally, 
the effects of buparlisib on healthy mammary cells 
could be analysed. Thirdly, different responses 
to  buparlisib could be  mediated by  genetic al-
terations in the PI3KCA gene, especially in histo-
logic or molecular subtypes of CMGT tumours. 
Therefore, genomic and transcriptomic analy-
sis could be performed to assess the association 
of genetic alterations with buparlisib response. 
Finally, the changes in Akt and mTOR levels could 
not be correlated with the protein level of Akt and 
mTOR due to the activity of post-transcriptional 
mechanisms involved in the conversion of mRNA 
to protein (Szallasi 1999; Baldi and Long 2001). 
Therefore, further molecular analysis, including 
western blot, could be performed to verify the sup-
pression of this signalling pathway by buparlisib. 
More comprehensive in vitro and in vivo studies 
should be performed to evaluate the therapeutic 
potential and safety profile of buparlisib in  the 
treatment of CMGT. Preclinical studies would pro-
vide critical insights into its clinical applicability 
and translational relevance in veterinary oncology.

In the current study, our results suggest that bu-
parlisib could be considered an innovative thera-
peutic approach for treating CMGT tumours, and 
that histological and molecular classifications could 
affect buparlisib’s response. Among them, triple-
negative C and liposarcoma S cells were susceptible 
to buparlisib. These findings suggest that buparlisib 
may serve as a promising therapeutic candidate for 
canine mammary gland tumours by targeting the 
PI3K/Akt/mTOR pathway. Therefore, preclinical 
results on the therapeutic potential of buparlisib 
may provide new insights for further studies using 
more comprehensive tumour samples in veterinary 
oncology, particularly for aggressive or treatment-
resistant tumour types.
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