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Abstract: There are various types and subtypes of breast cancer cells. One of the most aggressive forms is TNBC, 
which is characterised by the absence of common hormonal receptors such as HER-2, PR, and ER on the cancer 
cells. These cancers are difficult to treat, and there is an unmet need for innovative strategies to develop drug 
combinations that effectively target and cure them. Therefore, we adopted a precision medicine approach to treat 
TNBC. In this study, we used a combination of two different drugs, Lapatinib and Telatinib, which specifically 
inhibit tyrosine kinases. We determined the IC50 values for these drugs despite the lack of HER2 receptor 
expression in MDA-MB-231 cells. Cells treated with these drugs, both individually and together, showed reduced 
invadopodia formation and decreased cell proliferation. We also observed a significant decrease in 2D 
angiogenesis tube formation after treatment with these inhibitors. Our data reveal an interesting mechanism of 
action for Lapatinib and Telatinib in TNBC cells. Collectively, these findings provide preclinical evidence 
supporting further investigation of HER-2/VEGFR-2 dual targeting as a therapeutic strategy. 

Keywords: metastasis; triple negative breast cancer (TNBC); combination therapy; angiogenesis; human cell 
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1. Introduction 

Despite advances in cancer treatments, breast cancer continues to be the leading cause of death among women 
worldwide, followed by lung cancer [1,2] and ranks as the fourth leading cause of cancer-related death [3]. Breast 
cancer is a highly heterogeneous disease characterised by substantial variation in tumour biology, genetics, and 
clinical behaviour, and this diversity significantly influences prognosis and informs personalised treatment 
strategies. In 2024, an estimated 310,720 new invasive breast cancers and 56,500 cases of ductal carcinoma in situ 
were diagnosed among women in the US. Approximately 1 in 8 women in the US (13.1%) are diagnosed with 
invasive breast cancer. Breast cancer incidence increased by 1% annually over the most recent decade (2012–
2021) [4]. Pathogenic variants in BRCA1 and BRCA2 are associated with markedly increased lifetime risks of 
breast cancer, estimated at approximately 65–72% for BRCA1 and 60–69% for BRCA2 mutation carriers, 
compared with ~12–13% in the general population [5–8]. While these estimates are supported by large cohort 
studies and meta-analyses, variability across studies suggests that additional modifiers, including metabolic and 
microenvironmental factors, may influence disease penetrance. Emerging evidence indicates that BRCA1/2-
associated tumours exhibit distinct metabolic adaptations and mitochondrial alterations that can shape tumour 
progression and immune responses. These features highlight a potential link between hereditary genomic 
instability and immunometabolic reprogramming, with important implications for targeted therapeutic strategies. 
Numerous technologies, such as whole-genome sequencing and functional diagnostics, have helped identify and 
analyse tumours. Breast tumours can be classified by histological subtype and grade, where grade indicates the 
degree of differentiation and subtype refers to the tumour growth pattern. The most common breast carcinoma is 
invasive ductal carcinoma [9]. Breast cancer is not a single disease but a heterogeneous group of malignancies that 
can be classified by both clinical type and molecular subtype. Broadly, breast cancers may be non-invasive or 
invasive, and invasive tumours can be further categorized into the molecular subtypes luminal A, luminal B, 
HER2-enriched, and triple-negative/basal-like. These subtypes differ in receptor status, gene-expression patterns, 
prognosis, and response to therapy, with luminal A generally being the most common and usually the most 
favourable subtype (accounts for approximately 50% to 60% of cases), while luminal B (about 15% to 20%), 
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HER2-enriched (about 10% to 15%), and triple-negative/basal-like tumours (about 10% to 15%) tend to be more 
aggressive or biologically distinct [10]. 

The primary treatment for breast cancer, like other solid tumours, remains surgery. Surgical removal can be 
either a lumpectomy, which removes only the cancerous area, or a mastectomy, which involves removing the entire 
breast. The choice depends on the cancer’s size and location, the breast size, and the patient’s preferences [11]. 
Chemotherapeutic agents like anthracyclines (doxorubicin), taxanes (paclitaxel), 5-fluorouracil, and others are 
used either to shrink tumours for easier surgical removal or to eliminate remaining cancer cells after surgery [12]. 
Targeted therapies for breast cancer that inhibit expressed receptor tyrosine kinases are also used based on the 
cancer cells’ expression profile. Several therapeutics targeting HER2/neu are approved for HER2+ breast cancer, 
such as Trastuzumab and Lapatinib. Poly-(ADP ribose)-polymerase (PARP), which is involved in DNA repair, is 
also targeted with inhibitors like Olaparib for tumours with BRCA mutations, which already have a defective DNA 
repair machinery [13]. For tumours overexpressing hormone receptors such as Estrogen/Progesterone (ER/PR), 
hormone therapy can be used to either block the production of these hormones (such as Anastrozole), block the 
hormone receptors (such as Tamoxifen), or block ovarian function altogether through oophorectomy or 
therapeutics such as luteinizing hormone-releasing hormone analogues (such as Leuprolide) and certain 
chemotherapeutics [13]. For Triple Negative Breast Cancer (TNBC), which does not express HER2 or hormone 
receptors, chemotherapy remains the main treatment. 

Immunotherapy is an appealing option that enhances the immune response through PD-L1 inhibition, such 
as with therapeutics like Atezolizumab, which is currently used for triple-negative breast cancer. Precision 
medicine is an approach to prevention, diagnosis, and treatment of disease that considers individual differences in 
factors like genes, lifestyle, and environment, aiming to offer personalised treatment tailored to each patient [14]. 

While monotherapy is effective in the short term, it has a drawback: drug resistance in cancer cells develops 
easily. Combination therapies can overcome this, as multiple drugs can act synergistically to eliminate cancer cells. 
It has also been observed that combination therapies can reduce the development of resistance and re-sensitize 
resistant cells [15–17]. Combination therapy is also a way to counter tumour heterogeneity; paclitaxel and 
salinomycin target rapidly dividing tumour cells and cancer stem cells simultaneously [18]. Chemotherapy for 
breast cancer is usually given in combination with two or three drugs to damage the cells in more than one way, 
as well as prevent the development of resistance [12]. Targeted therapeutics are often used in combination with 
chemotherapy or other targeted agents; HER2 inhibitors combined with chemotherapeutics are the standard of care 
for HER-2+ breast cancer [17–19], and combination regimens with other inhibitors, such as Pertuzumab, are also 
in use [13]. 

Precision medicine refers to customised medical treatment that uses new diagnostics and therapeutics based 
on a patient’s genetic profile. Advances in cell sorting, epigenetics, proteomics, metabolomics, and related fields 
are converging with informatics and other technologies, rapidly expanding the scope of this field. Antibody 
conjugated drug Trastuzumab emtansine (T-DM1) combines the specificity of Trastuzumab with cytotoxicity 
caused by DM1 and is an approved therapeutic for HER2+ breast cancer [19]. 

We investigated the therapeutic potential of a novel combination of inhibitory small molecules in TNBCs. In 
this study, we assessed whether a novel combination of inhibitory small molecules, Lapatinib and Telatinib, could 
suppress TNBC progression, migration, and metastasis. Lapatinib targets EGFR (Epidermal Growth Factor 
Receptor) and HER2 in breast cancer cells, but in TNBC, it targets only EGFR. Telatinib targets VEGFR-2 & -3 
(Vascular Endothelial Growth Factor Receptor-2 & -3) in the tumour microenvironment. Both molecules 
effectively reduced cell survival in TNBC tumour cells. A combination of Lapatinib and Telatinib inhibits cellular 
invasive properties and affects the tumour-induced angiogenesis. 

The concept of precision medicine has gained importance in the field of breast cancer, but due to the lack of 
evidence of these driver mutations, very little evidence exists that suggests that it could improve patient outcomes. 
Thus, the focus should be on identifying these driver mutations, classifying the genes associated with them, and 
elucidating the pathways activated in cancers. These drivers are the ones that are responsible for the progression 
of cancer. This information will eventually guide us to develop new combination therapies and improve patient 
outcomes and survival [20]. 

2. Materials and Methods 

2.1. Antibodies and Reagents 

Lapatinib (Cat no. A8218-25 mg, APExBIO, Houston, TX ,USA), Telatinib/BAY 57-9352 (Cat no. A8550-
5 mg, APExBIO, USA), FITC Annexin V (Ref no. 51-65874, Becton Dickinson, Franklin Lakes, NJ, USA), 
Propidium Iodide (1 mg/mL, Ref no. P3566, Life Technology, Carlsbad, CA, USA), Alexa Fluor® 555 Phalloidin 
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(Ref no. 8953, Cell signal, Boston, MA, USA), JC-1; CBIC2 (Ref no. T3168, Molecular probe, Life Technology, 
USA), ProLongTM Gold antifade reagent with DAPI (Ref no. P36935, Invitrogen by Thermo Fisher Scientific, 
Waltham, MA, USA), Dulbecco’s Phosphate Buffered Saline w/o Calcium, Magnesium and Phenol red 9.6 g/L 
(Ref no. TS1006, HiMEDIA, Thane, India), Gelatin from Pig skin, Oregon greenTM 488 conjugated (Ref no. 
G13186, Invitrogen, Carlsbad, CA, USA), Human CD 24 FITC conjugated (Ref no. MHCD24014, Life 
Technology, USA), ADAMTS1 (Cat no. PAB973Hu01), CEACAM1 (Cat no. PAC977Hu01), β-actin (Cat no. 
PAB340Mi01), MMP2 (Cat no. PAA100Hu01), MMP9 (Cat no. PAA553Hu01), β-catenin (Cat no. 
PAB021Hu01), PECAM1 (Cat no. PAA363Hu01), VEGFR-2 (Cat no. PAB367Hu01), GAPDH (Cat no. 
PAB932Hu01), HIF 1α (Cat no. PAA798Hu01), all antibodies were purchased from Cloud-Clone Corp., Katy, 
TX, USA. MENA (Cat no. NBP1-87914, Novus, 1:1000), α-tubulin (DM1A, Cat no. NB100-690, Novus, 1:5000), 
Cell culture inserts (Cat no. MCEP12H48, Millipore), Matrigel (Cat no. 356237, BD Biosciences, San Jose, CA, 
USA), and 2-mercaptoethanol were purchased from Sigma-Aldrich, USA. Secondary antibody anti-mouse (Cat 
no. 554002, BD, 1:2000) and anti-rabbit HRP conjugated (Cat no. 554021, BD, 1:2000), Proteome Profiler Human 
Cell Stress Array Kit (Cat no. ARY018, R&D System, Minneapolis, MN, USA) were obtained. Hypotonic PI 
solution (5 mg Propidium Iodide, 100 mL MQ, 100 mg Sodium Citrate, 4 mg RNase, 30 µL Tween-20) 

2.2. Cell Culture 

MDA-MB-231 cell line was cultured in L-15 (Leibovitz’s-15) medium procured from HiMEDIA, India (Ref 
no. AL011S) and supplemented with 10% FBS (Fetal Bovine Serum, Gibco, Grand Island, NY, USA), 1% 
Antibiotic antimycotic solution 100X (Ref no. A002A-100 mL, HiMEDIA, India). Subculturing of cells was 
performed using a 1X trypsin-EDTA solution (Ref no. TCL007-100 mL, HiMEDIA, India). All cell culture 
experiments were performed in a humidified CO2 incubator at 37 °C with 5% CO2. 

2.3. Cell Cytotoxicity/Counting Assay 

The MDA-MB-231 cell line was sub-cultured with trypsin and seeded into a new 24-well plate at a density 
of 20,000 cells per well. After 24 h, cells were treated with Lapatinib and Telatinib at concentrations ranging from 
1 µM to 30 µM. After 72 h of treatment, cells were harvested and counted using a hemocytometer to assess cell 
survival or cytotoxicity. We obtained IC50 values of approximately 5 µM for each drug. The rest of the experiment 
was conducted at this concentration only. 

2.4. Wound Healing Assay 

MDA-MB-231 cells were harvested and seeded into a new 12-well plate at a density of 0.5 × 105 cells per 
well. After 24 h, when the cells had reached 60–70% confluency, a linear scratch was created through the 
monolayer using a sterile 10 µL pipette tip guided by a ruler. The cell monolayer was then gently washed with 
phosphate-buffered saline (PBS) to remove detached cells and debris. Lapatinib and Telatinib, prepared in culture 
medium at concentrations corresponding to their respective IC50 values, were added to the cells individually and 
in combination. The wound area was monitored for 24 h post-treatment, and images were captured at the indicated 
time points. The remaining wound area was measured and quantified using ImageJ software v1.5, and wound 
closure was calculated based on the change in the affected area over time. Percentage wound closure = [(initial 
wound width-wound width 24 h after treatment with all drugs/control)/initial wound width] × 100. The resulting 
data were presented as bar graphs generated using GraphPad Prism software version v8.4. 

2.5. Cell Cycle Analysis 

Cell cycle analysis was conducted following the previously described protocol [21]. Briefly, MDA-MB-231 
cells were harvested and seeded into a 60 mm dish. After 48 h of treatment with Lapatinib and Telatinib at each 
drug’s IC50, cells were washed with 1X PBS. A hypotonic PI solution, already prepared in MQ, was added to the 
dish and incubated for 20–30 min. All the cells were collected, spun down to form a nuclear pellet, and the pellet 
was resuspended in hypotonic PI solution. Flow cytometry analysis was performed at an excitation wavelength of 
488 nm with broad emission centered at 600 nm. Data were analysed using FlowJo software v10.4.0 (FlowJo, 
LLC, Ashland, OR, USA). 

2.6. Mitochondrial Membrane Potential Assay 

Mitochondrial potential was analysed as previously described [22]. Briefly, MDA-MB-231 cells were 
harvested and seeded into a 60 mm dish. After 48 h of treatment with Lapatinib and Telatinib, according to each 
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drug’s IC50 value, cells were washed with 1X PBS, and a working concentration of 2 µM/mL JC-1 dye (7.7 mM 
stock in DMSO) was added to each dish prepared in complete cell culture medium for 20–30 min in the dark. Cells 
were trypsinized and pelleted. The cells were washed with 1X PBS + 0.1% FBS solution and resuspended in PBS 
with FBS. Flow cytometry analysis was performed on a BD FACSCanto II using 488 nm excitation with 530 nm 
and 580 nm bandpass emission filters. Data were analysed using FlowJo software v10.4.0 (FlowJo, LLC, Ashland, 
OR, USA). 

2.7. Immunofluorescence Assay 

An immunofluorescence assay was performed as previously described [23]. Briefly, MDA-MB-231 cells 
were seeded onto a glass coverslip in a 12-well plate (approximately 2.0 × 105 cells per well) in 1 mL of complete 
medium. After 24 h, cells were treated with Lapatinib and Telatinib, diluted separately and in combination, in 
complete media. Following 24 h, cells were washed twice with ice-cold 1X PBS and fixed with 4% 
paraformaldehyde for 10 min at room temperature. Cells were permeabilized with 0.1% Triton X-100 (Cat no. X-
100-100mL, Millipore Sigma, Milwaukee, WI, USA) in PBS for 10 min at room temperature. Blocking was 
performed using FBS-PBS (1% FBS) for 2 h at room temperature. Immunostaining involved incubating cells 
overnight at 4 °C with primary antibodies such as MENA, β-actin, or α-tubulin, followed by a 2-hour incubation 
with their respective secondary antibodies. Coverslips were mounted using Vector Shield mounting reagent with 
DAPI and sealed. Slides were examined under an Epifluorescence microscope (Eclipse Ti, Nikon, Melville, NY, 
USA) and a Confocal Microscope (Nikon Ti2 Eclipse). 

2.8. Annexin/PI Assay 

Annexin V and PI staining was performed as previously described [24,25]. Briefly, MDA-MB-231 cells were 
seeded and treated with Lapatinib and Telatinib for 48 h. The cells were harvested with trypsin, pelleted in an 
Eppendorf tube, and resuspended in 1X PBS. The cells were centrifuged again, and the pellet was resuspended in 
1xAnnexin binding buffer. After centrifugation to pellet the cells, 100 µL of 1X Annexin binding buffer was added. 
Annexin V (1:100) and PI (1:100) were added, and the cells were incubated for 20–30 min in the dark. 
Subsequently, 500 µL of binding buffer was added for washing. The cells were resuspended in buffer and fixed 
with 1% formaldehyde solution prepared in Annexin buffer for 10 min on ice. The cells were washed with Annexin 
buffer and resuspended in the same buffer. Flow cytometry was performed on a BD FACS Canto II using the 
following excitation/emission (nm) settings: FITC, 494/518; PI, 535/617. Data were analysed using FlowJo 
software v10.4.0 (FlowJo, LLC, Ashland, OR, USA). 

2.9. Invadopodia Assay 

MDA-MB-231 cells were harvested and seeded into a 60 mm dish for the Invadopodia experiment. The cells 
were treated with Lapatinib and Telatinib inhibitors for 48 h. Fluorescent gelatin-coated coverslips were prepared 
according to the protocol [23,26]. Briefly, cells were harvested with trypsin, the pellet was collected, and the cells 
were resuspended in complete medium. Then, 20,000 to 40,000 cells were plated onto each gelatin-coated 
coverslip and incubated for 10–16 h. After incubation, the plates containing the coverslips were washed with PBS 
and quickly fixed in 4% formaldehyde for 10–15 min at room temperature. The fixation solution was then removed, 
and the coverslips were washed twice with PBS. They were then incubated in a BSA solution (3% BSA in PBS 
containing 0.1% Triton X-100) for 15–20 min at room temperature in the dark. Following this, the BSA solution 
was removed, and the coverslips were washed twice with PBS. The coverslips were stained with Alexa Fluor 555 
Phalloidin (1:500 dilution) for 30–40 min in the dark. After staining, the coverslips were washed twice with PBS, 
then mounted by inverting them onto a glass slide with a drop of ProLongTM Gold antifade reagent containing 
DAPI. The mounted samples were left to dry, the coverslips were sealed, and the samples were stored at 4 °C. 
Images were taken using a fluorescent microscope. 

2.10. Angiogenesis Assay 

Angiogenesis, tubes/branches, and node formation were performed as previously described [23]. Briefly, 
HUVECs (Human Umbilical Vein Endothelial Cells) (approximately 5.0 × 103 cells/well) were seeded onto a 
Matrigel (10 mg/mL)-coated 96-well plate in EBM media. First, Matrigel was thawed at 4 °C, and 100 μL of 
Matrigel was coated in each well. The plate was then incubated at 37 °C for 30 min. Primary cells were harvested, 
and an equal number of cells was seeded on top of the Matrigel with an equal concentration of TCM from the 
control and all drug-treated MDA-MB-231 and MDA-MB-453 cells. Cells were incubated at 37 °C, 5% CO2. The 



J. Inflamm. Infect. Med. 2026, 2(2), 2 https://doi.org/10.53941/jiim.2026.100005  

5 of 21 

images were taken after 4, 8, and 12 h, and the nodes and branches were carefully analysed from each well using 
AngioTool v0.6a. Branches and nodes were counted, and graphs were created using GraphPad Prism v8.4. 

2.11. Western Blotting 

Western blot analysis was conducted as previously described [23]. Briefly, TNBCs were plated in a culture 
dish, and after 24 h, treated with the IC50 values of each drug, Lapatinib and Telatinib, for an additional 24 h. 
Cells were then harvested, resuspended in RIPA buffer, and evenly distributed. Total protein was quantified and 
loaded at equal concentrations onto an SDS-PAGE gel for 3–4 h. Proteins were transferred to a nitrocellulose 
membrane for blotting. Western blotting was performed using antibodies against VEGFR-2, EGFR, PECAM1, 
CEACAM1, ADAMTS1, HIF-1α, β-catenin, Occludin, TGF-β1, E-cadherin, GM-130, NFκ-B1, MMP2, and 
MMP9. The blots were developed with Bio-Rad ECL solutions, and the images were quantified using ImageJ. 
Graphs were generated with GraphPad Prism 8.4. 

2.12. Proteome Profiler Human Cell Stress Array Analysis 

Stress array was conducted according to our previously published paper [23]. Briefly, MDA-MB-231 cells 
were seeded in a Petri dish and then treated with the combination of Lapatinib and Telatinib for 24 h. Total cell 
lysates were collected and stored at −80 °C. The total protein concentration was determined using the Bradford 
method and added to each membrane of the stress array for overnight incubation. The next step followed the 
manufacturer’s protocol provided with the array kit. The array blot was quantified using ImageJ software v1.5, 
and the graphs were generated with GraphPad Prism v8.4. 

2.13. Statistical Analysis 

We analysed our data using GraphPad Prism version 8.4. Cell survival (50% cell death) was determined using 
a cell counting assay, and the data were used to plot the graph. Western blot membrane quantification for all 
proteins was performed using ImageJ, and the mean and standard deviation were calculated. Graphs were created 
using a two-way ANOVA test. Angiogenesis nodes and branches were counted and analysed, with the mean and 
standard deviation calculated using an unpaired t-test. Graphs were generated accordingly. Significance was 
considered at a P value less than 0.05. 

3. Results 

3.1. The Synergistic Effect of Lapatinib and Telatinib Affects the Cellular Morphology and Inhibits the 
Migration of Cancer Cells 

We first evaluated the cell survival potential of MDA-MB-231 and MDA-MB-453 cells after treatment with 
Lapatinib and Telatinib. Cells were exposed for 48 h, followed by both morphological and quantitative 
assessments. While Lapatinib is effective in HER2-positive cells by disrupting the HER2 pathway, we observed a 
significant survival benefit even in HER2-negative cells. The cell survival assay revealed a wide range of inhibitory 
molecules, with IC50 values of 5 µM for both compounds (Figure 1A,B,H). The effect of Telatinib was also 
apparent in cellular morphology. We then treated the cells with a combination of Lapatinib and Telatinib and 
observed that their cellular morphology was markedly different from that of control cells. Both cell types shrank 
and became round after treatment with both drugs. Individual treatments caused noticeable changes in cellular 
structures, indicating that Lapatinib and Telatinib influence cellular functions and behaviours that deserve further 
study (Figure 1C,I). 

Cancer cell migration is a hallmark of cancer progression. We aimed to understand cellular motility while 
targeting specific molecules in combination. During this combined treatment, we found that our novel combination 
molecules are highly effective at inhibiting cellular motility. A combination of Lapatinib and Telatinib 
significantly reduced cell migration compared to control cells (Figure 1D,E). To better understand the roles of 
molecular players in cancer cell migration, we examined the protein expression of key molecules involved in 
metastasis. β-catenin, a pivotal factor in cancer progression and EMT, was found to be decreased with the 
combination treatment (Figure 1F). It is reported that nuclear accumulation of β-catenin and its target cyclin D1 is 
linked to worse outcomes in breast cancer patients. β-catenin interacts with DNA-binding proteins, thereby 
increasing cyclin D1 and c-Myc levels, which support tumour progression and motility [27–29]. The degradation 
of the extracellular matrix (ECM) is a crucial step in tumour metastasis. Among the various protein families 
involved in this process, zinc-dependent matrix metalloproteinases (MMPs) play a leading role in ECM 
degradation observed in several diseases [30,31]. Studies on various subtypes of breast cancer suggest an increase 
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in the expression of MMP2 and MMP9, which is associated with a poorer prognosis [32]. MMP9 can degrade 
collagen and therefore contributes to basement membrane degeneration, supporting tumour invasion and 
metastasis. Several in vitro and in vivo studies using cancer models have shown that MMP9 upregulation correlates 
with tumour progression [33]. Consequently, MMP9 expression is significantly increased in more aggressive 
breast cancers, including TNBC [34]. Among the various MMPs, MMP2 is involved in breaking through the 
basement membrane and is thus highly concentrated in tumours prone to metastasis. It is believed to contribute to 
breast cancer invasion and spread. This is supported by various in vitro and in vivo data demonstrating that increased 
MMP2 drives tumour progression. [35,36]. As with β-catenin, our findings showed that a combination of drugs 
significantly affected MMP2 and 9 protein levels, as shown by Western blots (Figure 1F,G). MMP2 and MMP9 are 
the primary proteases involved in breast cancer cell migration. MMPs are matrix metalloproteases that regulate the 
extracellular matrix. Inhibiting MMP2 and MMP9 alongside our compounds supports our previous data on cell 
migration inhibition. Since ECM degradation was reduced, cancer cells lost their ability to move further. 
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Figure 1. Cytotoxicity of MDA-MB-231 cells after treatment with Lapatinib and Telatinib. (AB) MDA-MB-
231 cells (2 × 104 cells/well) were seeded in a 24-well plate, allowed to adhere for 10 h, and then treated with 
various concentrations of Lapatinib and Telatinib, ranging from 500 nM to 50 μM, for 72 h. Afterwards, cells were 
harvested and counted with a hemocytometer. The bar graphs showed the IC50 values for each drug, generated 
using GraphPad Prism. The calculated IC50 values for Lapatinib and Telatinib are both 5 µM. (C) The 
morphological analysis of breast cancer cells was observed. After 24 h of treatment, images were captured with an 
epifluorescence microscope. The control cells appeared elongated, whereas the combination-treated cells looked 
shrunken and round, indicating apoptosis. (D) MDA-MB-231 cells were seeded in a 12-well plate to assess their 
wound-healing capacity. A scratch was created using a micropipette tip, then both drugs were added at 
concentrations based on the IC50 values. The cells were observed over the next 24 h, and the scratch was analysed 
using ImageJ software v1.5. Cell migration was reduced in the combination-treated group compared with the 
control. (E) The bar graph compares the wound area at 0 h and 24 h. After 24 h, the wound area in the combination-
treated group was nearly the same as at 0 h, indicating impaired migration of breast cancer cells. (F,G) Western 
blot analysis was performed for the following molecules: β-catenin, MMP2, and MMP9, which are key proteins 
involved in cancer cell migration and metastasis. The data indicated that breast cancer cells showed lower 
expression of these molecules in the combination-treated group than in the control group. (H,I) Lapatinib and 
Telatinib IC50 values were calculated in another breast cancer cell line, MDA-MB-453 and cytotoxicity assays 
were determined. Cell morphologies were presented. The graphs were made using GraphPad Prism software v8.4. 
Values are shown as mean ± SEM. Statistical significance was determined using two-way ANOVA (factors: 
treatment group and time point) for Figure 1E; 1-way ANOVA was used to determine statistical significance for 
the remaining graphs. *** p < 0.001. 

3.2. Membrane Potential and Cell Cycle Remain Unaffected after the Treatment with Inhibitors 

Cell survival and morphological assays indicated cellular stress, which we analysed using PI and JC1 
staining. Treatment with inhibitors also caused cells to become shrunken and adopt a rounder shape. To further 
confirm this, we performed PI staining to assess the effects of both drug molecules. After staining and analysing 
the cells, we did not observe any changes in the cell cycle, suggesting that the structural changes may be due to 
other off-target effects that require further investigation. Despite cellular stress, the cell cycle data from treated 
cells were consistent with those from control cells (Figure 2A). Later, we performed membrane potential analysis 
to identify the cause of stress-induced apoptosis. Cells were treated as described and stained with JC1 dye. FACS 
data did not show a clear shift in the treatment cells. However, we detected another distinct population in the 
treated cells, which may indicate apoptosis and warrant further analysis (Figure 2B). 
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Figure 2. Cell cycle analysis of the MDA-MB-231 cell line after treatment with Lapatinib and Telatinib. (A) 
MDA-MB-231 cells were seeded in a 12-well plate and treated with Lapatinib, Telatinib, or both drugs. After 48 
h, cells were harvested, and PI staining was performed for cell cycle analysis. Samples were analysed by flow 
cytometry. No significant effects were observed in treated cells compared to control cells. (B) Mitochondrial 
membrane potential was assessed in MDA-MB-231 cells following treatment with Lapatinib and Telatinib. Cells 
were seeded, treated with both drugs, and after 48 h, harvested, stained with JC-1, and analysed by FACS. No 
significant difference was detected between treated and control cells in the FACS analysis. (C) Apoptosis analysis 
in MDA-MB-231 cells after treatment with Lapatinib and Telatinib. The TNBC cells were analysed for cell death 
activity post-treatment. A combination of Lapatinib and Telatinib showed a slight increase in apoptotic cells. The 
percentage of double-positive apoptotic cells in the combination therapy was higher than in control cells. 

3.3. A Combination of Lapatinib and Telatinib Initiates Early Apoptosis 

TNBC cells lack the HER2 receptor, as well as ER and PR. Therefore, Lapatinib’s effect should be minimal or 
negligible in this case. As explained earlier regarding the stressed morphology, this could result from the initiation of 
apoptosis. Cell cycle data and mitochondrial membrane potential measurements indicated that off-target effects under 
stress could lead to cell death. We performed an Annexin/PI assay to assess apoptosis after treatment with a 
combination of inhibitors. TNBC cells were treated with inhibitors, either alone or in combination, and then analysed 
for cell death. Our data showed a slight increase in double-positive cells with Lapatinib and Telatinib treatment 
compared to control cells. The number of double-positive cells increased in the combination treatment. This data 
suggests the initial potential of our inhibitory molecules, which could be further explored in other physiological assays 
to confirm their effects on cell behaviour within the tumour microenvironment (Figure 2C). 

3.4. Lapatinib and Telatinib Inhibit Cellular Motility 

TNBC cells have a high potential to metastasize to different regions of the body and colonise secondary sites. 
We observed early apoptosis induction in our previous data and performed invadopodia analysis. Our earlier results 
highlighted the importance of MMP2 and MMP9 degradation in cancer metastasis. To further confirm ECM 
degradation, we conducted invadopodia analysis. TNBC migrates through invadopodia formation facilitated by 

Control Telatinib Lapa+TelLapatinib 

Control Telatin Lapa+TelLapatinib 

Control Telatin Lapa+TelLapatinib 

A. 

B. 

C. 
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the ECM in the tumour microenvironment. We treated the cells as described in the methods and imaged the gelatin-
coated coverslips to assess TNBC motility. We found that the control group has a strong ability to degrade gelatin, 
as shown in Figure 3A. The control group showed numerous black patches, indicating a high risk of TNBC 
metastasis. Interestingly, we observed that the number of black patches indicative of gelatin degradation was 
reduced in the combination-treated group, with Lapatinib showing notable effectiveness (Figure 3A). Although 
the impact of Lapatinib was significant, the combination of Lapatinib and Telatinib also resulted in a marked 
reduction in gelatin degradation. Based on this data, we can infer that Lapatinib may have off-target effects in 
TNBC cells that influence their migratory properties within the tumour microenvironment. 

 

Figure 3. Extracellular gelatin degradation in MDA-MB231 breast cancer cells following treatment with 
Lapatinib and Telatinib. (A) Breast cancer cells were harvested and seeded onto a petri dish. After 48 h of 
treatment with both drugs, the cells were harvested again and seeded onto the top of precoated GFP coverslips in a 
12-well plate. After 10–14 h, the cells were fixed with PFA, permeabilized with Triton X-100, stained with Actin-
Phalloidin (Red), and mounted onto slides containing DAPI (for nuclear staining). The images were analysed with 



J. Inflamm. Infect. Med. 2026, 2(2), 2 https://doi.org/10.53941/jiim.2026.100005  

10 of 21 

a fluorescence microscope, and the data were generated. Numerous black patches were observed that are indicative 
of extensive extracellular matrix degradation and a high metastatic potential characteristic of TNBC. In contrast, 
the number of black patches representing gelatin degradation was markedly reduced in the combination-treated 
group as compared to the control groups. (B,C) Western blot analysis for E-cadherin and GM130 is shown here. 
Total cell lysates were prepared after treatment with the drugs, both alone and in combination. Western blot analysis 
was done to see the effect of these proteins: E-cadherin and GM130. The expression of these proteins was 
significantly decreased in the combination-treated group compared with the control. The graphs were generated 
using GraphPad Prism software v8.4, and the data were represented as mean ± STD. 

Cellular motility of cancer cells also depends on their interaction with nearby cells and the extracellular 
matrix (ECM). We examined E-cadherin expression and observed a significant change (Figure 3B,C). Cancer cells 
are characterised by their inability to adhere strongly to each other. This cell-cell adhesion is usually mediated by 
membrane proteins such as cadherins and occludins. Among these, E-cadherin is a well-known tumour suppressor 
protein that serves as a prognostic marker for breast cancer. The frequent downregulation of E-cadherin is observed 
in aggressive tumours and is associated with the progression, invasion, and metastasis of these tumours [37,38]. 
There is substantial evidence indicating that E-cadherin expression decreases in high-grade, aggressive, estrogen 
receptor-negative, and metastatic breast cancers. In breast tumours, reduced E-cadherin expression has been noted 
in 50% of invasive ductal carcinomas and 90% of invasive lobular carcinomas. Introducing E-cadherin into these 
cell lines impeded their ability to invade in vitro [39]. 

3.5. A Combination of Lapatinib and Telatinib Modulates a Metastatic Marker 

The fundamental infrastructure for cell movement is provided by the cytoskeleton, which consists of 
microtubules, intermediate filaments, and actin filaments. Among these, the actin cytoskeleton regulates cell 
motility in breast cancer cells. Numerous proteins can bind to or bundle actin, including MENA [40,41]. MENA 
promotes actin polymerisation by disrupting inhibitory capping proteins, thereby supporting continued 
polymerisation and enhancing cell motility in response to growth factors [42]. In breast cancer, MENA plays a 
crucial role in the tumour microenvironment related to metastasis, with its density positively associated with the 
risk of distal metastasis [27]. Furthermore, MENA inhibition in breast cancer mouse models reduces mortality and 
limits metastatic potential. In human patients, changes in isoforms MENA11a and MENAINV are associated with 
patient outcomes. While MENA11a expression is low in invasive breast cancer subtypes, high levels of MENAINV 
correlate with increased metastasis and poorer prognosis [43]. Given their role in cancer metastasis, we monitored 
the protein’s expression after treatment with the novel drug combination. Fluorescent-stained MENA, β-actin, α-
tubulin, and Occludin were found to be downregulated following treatment with Lapatinib and Telatinib (Figure 
4A,B). Since these molecules are linked to increased aggressiveness in cancer cells, their downregulation after 
treatment may indicate improved disease outcomes and prognosis. 

Outside MENA, we also observed the effect of these drugs on Occludin and TGF-β1. Occludin is an essential 
membrane protein found at tight junctions (TJs). It has become clear that TJs are crucial structures that cancer cells 
must bypass to metastasize successfully. Although occludin was among the first TJ proteins identified, its specific 
role within the TJ remains poorly understood [44]. Transforming growth factor-beta 1 (TGF-β1) was initially 
identified for its role in mammary epithelial development. Dysregulation of TGF-β in a tumour contributes to the 
progression toward malignancy. The expression of active TGF-β1 is significantly higher in the plasma of patients 
with breast cancer. Additionally, there is a loss of expression of downstream signaling components in solid 
carcinomas. TNBCs treated with anti-TGF-β agents are less likely to metastasize to the lungs and bones [45]. The 
presence of a TGF-β1 pro allele has been reported to increase TGF-β1 secretion in vivo and is linked to a higher 
risk of breast cancer. Evidence also suggests that SNPs in TGF-β1 and TGF-βR1 may contribute to the 
development of breast cancer. A meta-analysis on this topic confirmed these findings and showed that the TGF-
β1 is associated with an increased risk of developing breast cancer [46,47]. Cells treated with the drug combination 
in vitro showed a decrease in pro-metastatic Occludin and TGF-β1 (Figure 4C). The quantification of the Western 
blot experiment is seen in Figure 4D. The combination treatment showed a decreased expression of these molecules 
as compared with the control. Given the role that elevated TGF-β1 plays in breast cancer progression, the decrease 
in its expression could suggest a better prognosis. 
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Figure 4. The combination of Lapatinib and Telatinib treatment showed decreased metastatic markers. 
(A,B) MDA-MB-231 and MDA-MB-453 cells were treated with the drugs alone or in combination, and after 24 h, 
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slides were prepared and stained with metastatic, Tight junction, and cytoskeletal markers such as MENA, β-actin, 
α-tubulin, and Occludin. The slides were analysed using a Confocal microscope. The expression of these 
molecules/markers was greatly reduced in the combination-treated group compared to the control group. (C) Breast 
cancer cells were grown in petri plates and treated with this drug combination regimen. Cell lysates were prepared 
in RIPA buffer containing protease inhibitors and analysed by Western blotting for the following metastatic 
markers. Expression of Occludin and TGF-β1 was significantly reduced in the combination-treated group compared 
to the control group. (D) The graphs were generated using GraphPad Prism software v8.4, and the data were 
represented as mean ± STD. The significance levels were calculated as * p < 0.05 and ** p < 0.01. 

3.6. A combination of Inhibitors Effectively Reduced Tumour-Induced Angiogenesis 

Tumour-induced angiogenesis is the primary source of tumour development in hypoxic conditions. These 
angiogenic tubes help tumours circulate and colonise secondary sites in the body, enabling effective growth. We 
wanted to explore the effects of the treatments Lapatinib and Telatinib on TNBC and non-TNBC-induced 
angiogenesis in tumour microenvironment conditions. To do this, we treated TNBCs and MDA-MB-453 with drug 
molecules and collected and quantified TCM as discussed in the method section. Primary HUVEC cells were 
grown and incubated with TCM at equal concentrations. We found that treatment with Lapatinib and Telatinib 
strongly inhibits the tube-forming capacity of HUVECs on ECM. We quantified the nodes and tube-formation 
data and observed a significant reduction relative to control cells (Figure 5A–F). To analyse the molecular 
behaviour of molecules involved in tumour-induced angiogenesis, we conducted Western blot analysis. Platelet 
Endothelial Cell Adhesion Molecule 1 (PECAM-1) is expressed in several cancers. It has been found to inhibit 
apoptosis, promote cancer progression, and confer therapeutic resistance [48]. It was found to decrease 
proliferation and increase cancer cell motility and morphology [49]. There is also evidence for its role in 
angiogenesis, as shown by reduced vasculature when PECAM-1 was inhibited (Figure 5G). Vascular Endothelial 
Growth Factor Receptor 2 (VEGFR-2) is a membrane-bound tyrosine kinase receptor that plays a crucial role in 
tumour angiogenesis [50]. It is known that tumours secrete VEGF to promote blood vessel formation, which can 
lead to tumour metastasis. In breast cancer, VEGFR-2 mRNA was found to be upregulated and was associated 
with decreased survival in patients [51]. Recent studies show that VEGF maintains cancer stem cells by activating 
the JAK2/STAT3 pathway in breast cancer [52]. Its role in regulating angiogenesis, metastasis, and stem cell 
renewal has made VEGFR-2 an important therapeutic target. We also analysed the expression of epidermal growth 
factor receptor (EGFR), a receptor tyrosine kinase in the ErbB family. Gene expression studies have shown that 
EGFR is overexpressed in 50–70% of basal-like breast tumours and in 18–35% of all breast cancers [53]. These 
EGFRs are crucial in supporting cancer cell survival and proliferation. This occurs through a significant increase 
in receptor levels at the protein level. Additionally, tumours can also express dysregulated EGFR1 signalling via 
EGFR mutations, elevated ligand expression, or heterodimerisation with other EGFRs [54]. While these mutations 
and gene amplification are rare in breast cancers, EGFR can be elevated through polysomy, which increases copy 
number. This leads to increased metastasis and poorer prognosis [55]. The resulting constitutive activation of 
downstream signaling pathways, including the PI3K/AKT and MAPK/ERK cascades, promotes uncontrolled cell 
growth, resistance to apoptosis, and enhanced metastatic potential, making EGFR an attractive therapeutic target 
in breast cancer, particularly in basal-like and triple-negative subtypes where conventional hormone-targeted 
therapies are ineffective. Our combination approach depicted a significant effect on these molecules. PECAM-1, 
VEGFR-2, and EGFR were downregulated by the combination approach, supporting inhibition of tumour-induced 
angiogenesis (Figure 5G,H). 
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Figure 5. Treatment with a combination of drugs reduces the angiogenic potential of primary HUVEC cells. 
(A,D) First, TNBC cells treated with Lapatinib and Telatinib alone or the combinations and TCM were collected 
after 24 and 48 h. The TCMs were then concentrated and taken in equal concentrations for all the groups. Next, 
Primary cells, HUVECs, were plated onto a 96-well plate coated with Matrigel in the presence of equal TCM 
concentrate from the control and treated groups. Tubes and branches were observed after 4, 8, and 12 h. (B,C,E,F) 
The relative graphs showed that the tubes and nodes formation were significantly reduced in the combination-
treated group as compared to the control group. Tubes and nodes formation were quantified using AngioTool 
software v0.6a and the data were represented as mean ± STD. (G,H) The total cell lysates were collected from the 
treated and control groups, and the western blot experiment was analysed for the following proteins: VEGFR-2, 
PECAM1, EGFR, and NF-κB1. The expression of all these proteins showed a significant decrease in the 
combination-treated group compared with the control group. The graphs were generated using GraphPad Prism 
software v8.4, and the data were represented as mean ± STD. The significance levels were calculated as * p < 0.05, 
** p < 0.01, *** p < 0.001, **** p < 0.0001. 

3.7. Lapatinib and Telatinib treatment induces stress in breast cancer cells 

Our data indicated that targeting cancer cells with a combination of our molecules causes morphological 
changes. This may result from a shift in cell state from healthy to stressed, reducing the metastatic potential of 
cancer cells. To explore this further, we performed a stress response analysis on the treated cells. We used a 
proteome array to analyse the treated cells. Tissue culture media from the treated cells, collected as described in 
the methods section, were used in equal amounts for the experiment. Results showed significant upregulation and 
downregulation of key stress-related molecules. HSP70 and HSP60 are primary stress markers. Their expression 
increased significantly when Lapatinib and Telatinib were combined with SOD2. The levels of heat shock proteins 
provide insights into stress-induced morphological changes in cells (Figure 6A,B). 

We further elaborated on the molecules that are the key regulators of cancer and are associated with stress-
induced responses. ADAMTS1 (A Disintegrin and Metalloproteinase with Thrombospondin Motifs 1) is a zinc-
binding metalloprotease that is found in several tissues and plays a role in tissue remodelling during cancer 
progression [56]. Studies have shown that cancer-associated fibroblasts (CAFs) secrete ADAMTS1, which in turn 
promotes cancer cell invasion. Interestingly, CAF secreted ADAMTS1 was found to be the highest in breast cancer 
cell lines [57]. In breast cancer, the upregulation of ADAMTS1 is linked to metastasis, as witnessed in in vivo 
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models. In these models, loss of ADAMTS1 significantly impeded tumour progression and metastasis [58]. The 
human Carcinoembryonic Antigen-related Cell Adhesion Molecule 1 (CEACAM1) plays a central role in 
maintaining normal tissue structure and polarity [59]. Evidence links CEACAM1 to cell-cycle inhibitory proteins, 
suggesting a connection between tissue architecture and cell-cycle regulation [60]. CEACAM1 is known to play 
a role in lumen formation during morphogenesis and could revert breast cancer cells to normal [61]. Therefore, 
the loss of this link could impede the regulation of the cell cycle and tumourigenesis. Data from studies also show 
a systematic down-regulation of CEACAM1 mRNA and protein in breast cancer cell lines, leading to aggressive 
proliferation [62]. To identify important biomarkers dysregulated in breast cancer, a cell stress proteome array was 
performed. The results of this assay led us to monitor the expression of pro-metastatic markers ADAMTS1, 
CEACAM1, and HIF1α. Our immunoblot results showed a profound decrease in metastatic and vascular mimicry 
marker levels after treatment with the drug combination (Figure 6C,D). The Schematic representation shows that 
these two drug combinations synergistically inhibit breast cancer cell invasion and angiogenesis across multiple 
pathways (Figure 7). 

 

Figure 6. The Cell Stress Array analysis showed upregulation of stress markers in the combination 
treatment. (A) MDA-MB-231 cells were seeded and grown in a Petri dish. After reaching the confluency of about 
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65–80%, cells were treated with all the combinations of the drug molecules. After 24, 48 and 72 h, cell lysates were 
prepared, and protein concentration was measured using the Bradford method. Following the manufacturer’s 
protocol, the cell stress array experiment was performed, and stress markers-including SOD, HSP-60, HSP-70, CA 
XI, and FABP1-were identified. (B) The dots were quantified using ImageJ, and graphs were made with pixel 
intensity as the comparison metric. As compared to the control group, these stress markers were significantly 
increased in the combination-treated group. (C) Next, we identified a few stress-induced markers and analysed 
them using a Western blotting experiment. Cells were seeded, treated, and prepared for total cell lysates with RIPA 
buffer and protease inhibitor. The expression of all these proteins was significantly reduced in the combination 
treatment group as compared to the control group. (D) The graphs were generated using GraphPad Prism software 
v8.4, and the data were represented as mean ± STD. The significance levels were calculated as ** p < 0.01, and 
*** p < 0.001. 

 
Figure 7. A schematic representation showing the effects of Lapatinib and Telatinib, which are inhibitory 
molecules, in HER2+ and TNBC cells. 

4. Discussion 

Breast tumours are molecularly classified to enable efficient treatment with targeted therapies. The three 
major subtypes are luminal, HER2+, and basal-like tumours. The luminal tumours have shown a high expression 
of estrogen receptor and progesterone receptor, and the therapy is provided in the form of anti- hormonal therapies. 
The HER2+ subtype has ERBB2 overexpression and is targeted with anti-HER2 therapies. Basal-like tumours are 
characterised by the absence of receptors such as ER, PR, or HER2. They are called TNBCs [63]. Among all new 
breast cancer patients, two-thirds of patients are ER-positive. Estrogen and Estrogen receptors play an essential 
role in the progression of breast cancer. Majorly, hormonal therapy is provided to breast cancer patients expressing 
ER. The Food and Drug Administration (FDA) has approved three selective estrogen receptor modulators 
(SERMs), namely Toremifene, Raloxifene, and Tamoxifen, that competitively bind with the ER [64]. However, 
the major obstacle is the triple-negative breast cancer subtype (ER−, PR−, and HER2−), which poses a major 
therapeutic challenge [65]. TNBC cases have poor survival due to a deficiency of effectively targeted agents that 
could efficiently induce effective treatments in other breast cancer subtypes. [66,67]. Prior studies have shown that 
VEGFR-2 inhibition can directly suppress breast cancer cell proliferation and induce apoptosis through 
mitochondrial ROS production and downregulation of the Akt–PGC1α–TFAM axis, indicating that VEGFR-2 
signaling contributes not only to angiogenesis but also to tumour-cell survival and metabolism in certain contexts 
[68]. In this context, our dual HER2/VEGFR-2-targeting strategy differs mechanistically from VEGFR-2-only 
inhibition by simultaneously blocking HER2-driven oncogenic signaling and VEGFR-2-mediated angiogenic 
signaling, thereby addressing both intrinsic tumour-cell growth and microenvironmental vascular support. Our 
findings suggest that concurrent inhibition of these two pathways may produce a more comprehensive antitumour 
effect, potentially through additive or synergistic suppression of proliferation and pro-survival signaling, although 
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formal synergy will require further dedicated study. Compared with previously reported receptor-targeting 
approaches such as bispecific antibodies or combination therapies, our strategy is distinctive in its specific 
emphasis on HER2 and VEGFR-2 as complementary therapeutic targets within a single framework. Overall, these 
results support the translational potential of dual HER2/VEGFR-2 inhibition as a strategy that may impair tumour 
proliferation, angiogenesis, and possibly metabolic adaptations that contribute to tumour progression. 

Precision Medicine can be seen as the collection of an individual’s cancer genomic data and tailoring 
appropriate treatment to that patient based on that data. The main reason for using precision medicine in cancer 
therapeutics is that cancer is a genomic disease characterised by mutations in oncogenes and tumour suppressor 
genes that drive cancer progression through various signaling and molecular pathways. TNBC is highly metastatic 
in nature and commonly leads to the death of patients. The most common metastatic site for breast cancer is the 
Bone. Similarly, whilst anti-HER2 therapies, such as trastuzumab in combination with chemotherapy, have 
significantly increased overall survival for patients with early and advanced HER2-amplified breast cancer, 
resistance mechanisms lead to recurrent and metastatic disease [69,70]. There are no targeted therapies for TNBC 
currently and they account for about 10–20% of all breast cancers. TNBC tumours have a high rate of recurrence 
and an aggressive phenotype. 

The survival rate for women with TNBC is less than 30%. TNBC is not limited to the basal-like phenotype 
and correlates with other subtypes, including luminal A (17%), normal breast–like (12%), luminal B (6%), HER2 
(6%), and unclassified (12%). Thus, it has varying sensitivity to various targeted therapies [71,72]. Treatment 
relies on surgery, chemotherapy and radiotherapy; however, the disease-free interval with neoadjuvant or adjuvant 
therapy is shorter and metastatic disease is more aggressive than other types of breast cancer [73,74]. Precision 
medicine, in contrast, can also be applied to healthy individuals to identify the risk of developing certain types of 
cancer through genetic evaluation of predisposition genes and to provide treatment accordingly. But analysing the 
genome presents many challenges, as we must first identify somatic and germline mutations and distinguish 
actionable driver mutations from the larger set of passenger mutations. Earlier reports demonstrated that TNBC 
patients treated with systemic chemotherapies could produce chemoresistance, which consequently causes relapse 
with a worse prognosis [75,76]. The FDA approved lapatinib for metastatic breast cancer treatments with other 
chemotherapeutic agents for EGFR and/or HER2-expressing head and neck carcinoma and salivary gland 
carcinoma [77]. Also, lapatinib was effective when combined with chemoradiotherapy for locally progressive head 
and neck squamous cell carcinoma (HNSCC) [78]. Many reports demonstrate that TKIs, including gefitinib and 
lapatinib, induce responses in TNBC cells [79–88]. 

We utilized a novel combination of two inhibitory molecules, i.e., Lapatinib and Telatinib, in our studies. 
The effect of Lapatinib is strong in HER2+ cells; we observed a significant reduction in TNBC cell proliferation. 
Although lapatinib is primarily a dual EGFR/HER2 inhibitor, its effects in HER2-negative cells may also reflect 
inhibition of EGFR signaling and, potentially, additional off-target kinases. Initially, we found that Lapatinib and 
Telatinib effectively reduced cell survival at 5 µM. Cellular shape was distorted after treatment with these 
molecules; cells shrank after lapatinib treatment and became round with Telatinib. A combination of these 
molecules strongly reduced cell survival and instigated morphological changes instantly. This was further 
confirmed with various experiments. To obtain further insight into the effects of these molecules on TNBC cells, 
we performed cell cycle analysis and mitochondrial membrane potential assays to evaluate mechanisms of cell 
death. However, cells were getting stressed after the treatment with these molecules; the effect on cell cycle 
progression was not significant. Later, we performed an Annexin/PI labelling assay because the membrane 
potential analysis did not confirm the stress conditions. 

We found a slight increase in double-positive cells in Annexin/PI labelling, indicating that Lapatinib and 
Telatinib are gradually inducing stress in TNBC cells and increasing the number of early apoptotic cells. These 
induced early apoptotic cells may lose physiological properties, such as cell adhesion and migration. We later 
investigated cellular invasion properties using a gelatin degradation assay or an invadopodia assay and found a 
significant reduction. 

Neovascularization and angiogenesis are key features of metastasis and cancer-related mortality. Finally, we 
analysed the tumour microenvironment using the angiogenic capacity of primary HUVECs. One of the most 
successful models developed in the case of precision medicine is the anti- HER2 therapies, as HER2 was 
considered to have the worst prognosis, as it is highly malignant, but now, due to the advent of HER2 receptor 
targeted therapies, it has a good prognosis. Tissue culture media from TNBC cells, treated with lapatinib alone and 
in combination with telatinib, show a strong reduction in the angiogenic potential of primary HUVECs. Later, we 
showed a schematic representation of our hypothesis, which suggests the effect of Lapatinib on TNBC cells. Our 
study provides input on the use of novel drug combinations for further studies aimed at inhibiting cancer 
progression in TNBC cells. 
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