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 Abstract: Background: MDA-MB-231 is a Triple-Negative Breast Cancer (TNBC) cell line, which 
is resistant to tyrosine kinase inhibitors, such as lapatinib. Lapatinib is well-recognized as an anti-
EGFR and anti-Her2 compound. Here, we report one of the possible explanations for lapatinib-
resistance in TNBC cells, the most incurable type of breast cancer.  

Methods: Using western blotting, we have observed that lapatinib-treated cells enhanced activation 
of Akt, an oncogenic protein activated at downstream of EGFR signaling.  

Results: Anti-EGFR activity of Lapatinib would be counteracted with sustained activation of Akt. 
We found lapatinib-resistance in TNBC can be managed by administering Akt inhibitors. Further, 
lapatinib enhanced PI3K/Akt signaling is an alternative pathway to ensure the viability of MDA-
MB-231 cells. There might also be unknown targets for lapatinib, which needs further investigation.  

Conclusion: This observation opens up a new discussion on overcoming resistance to tyrosine ki-
nase inhibitors, a key challenge in treating TNBC.  
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1. DEAR EDITOR 

 Beretta (2019) has discussed the advances made in mo-
lecular oncology of drug resistance [1]. Tang and Ling 
(2014) also described the effects of aberrant activation of 
PI3K/Akt/mTOR pathway on drug resistance in prostate 
cancer [2]. Epidermal growth factor receptor (EGFR), which 
is a well-known tyrosine kinase receptor, is expressed in 
50% of Triple-Negative Breast Cancer (TNBC) cells [3]. 
Although chemotherapy using Tyrosine Kinase Inhibitors 
(TKIs) has been recognized as one of the important therapeu-
tic methods against TNBCs, these patients, unfortunately, 
have developed resistance to TKIs and EGFR targeted thera-
py [4]. Recently, we studied the antitumor effects of berber-
ine in MDA-MB-231 and MCF-7 cells. It was observed that 
MDA-MB-231 TNBC cells showed resistance to berberine 
and lapatinib compared with MCF-7, an estrogen receptor 
(ER)-positive ductal carcinoma cell line [5].  

 Here, we discuss our recent finding that showed lapatinib 
increased the activation of Akt in the MDA-MB-231 TNBC 
cell line. We did not observe this with another compound,  
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berberine, in the same cell line with the same genetic back 
ground. Akt is an oncogenic protein located at the down-
stream of EGFR signaling. The phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) is 
required to generate phosphatidylinositol (3,4,5)-trisphos-
phate (PIP3) and recruit Akt from the cytoplasm to plasma 
membrane. The 3-phosphoinositide-dependent protein ki-
nase-1 (PDPK1) and the mammalian target of rapamycin 
complex 2 (mTORC2) are both required to phosphorylate 
and fully activate Akt (overactivation of Akt impedes EGFR 
targeted therapy). We observed that lapatinib greatly in-
creases the level of Akt activation compared with untreated 
MDA-MB-231 cells. We repeated the experiments twice to 
bolster our findings. Since lapatinib is an EGFR inhibitor, 
we observed a reduced level of p-EGFR but an increased 
level of p-Akt when the cells were treated with lapatinib [5]. 
There may be unknown targets for lapatinib, which can di-
rectly or indirectly affect Akt. 
 Fig. (1) shows that lapatinib enhances Akt activation in 
two independent experiments performed on MDA-MB-231 
cell cultures. Treatment with berberine did not activate Akt 
suggesting that it is a better option for treating TNBC cells in 
the case of lapatinib resistance. Activation of Akt after lapa-
tinib treatment has not been directly reported. There may be 
many reasons for this, such as increased passage number of 
MDA-MB-231 cells which increases the chance of collecting 
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Fig. (1). The Effects of lapatinib and berberine on p-Akt in MDA-MB-231 cells. Two independent cell cultures were used for lapatinib 
(L)-, berberine (B1 & B2)-, and DMSO-treated (C) (as negative control) cultures. Western blot of p-Akt for each independent flask was per-
formed in duplicate. It was observed that lapatinib enhanced Akt activation, but, in contrast, berberine acted as an Akt inhibitor in two differ-
ent concentrations. Western blots of the total Akt and β-Actin are also demonstrated. For more information refer to our previous article (doi: 
10.1016/j.pharep.2018.07.005; [5]). B1: 12.5 µM, B2: 25 µM, L: 50 µM, and C: 1% DMSO. (A higher resolution / colour version of this 
figure is available in the electronic copy of the article). 

 

 
Fig. (2). The key role of Akt/Nrf2 crosstalk and the suggested scheme in our research direction. This scheme shows Akt plays its role as 
the master driver in cancer development and resistance to therapy. Akt/Nrf2 crosstalk has the responsibility in this regard. The Akt and Nrf2 
also modulate anticancer immunity by promoting regulatory T cells as well as PD-L1 upregulation. DNMT1 and SIRT1 are two epigenetic 
regulators that may control Akt and Nrf2 activities. Red arrows: the processes involved in cancer development and drug resistance; green 
arrow: the process involved in anticancer activities. (A higher resolution / colour version of this figure is available in the electronic copy of 
the article). 
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mutations in several loci including the Akt locus at 14q32.33 
(www.ensembl.org) and EGFR-independent activation of Akt. 

 The EGFR promotes cell survival and proliferation 
through the activation of PI3K/Akt signaling and 
KRAS/MAP kinase pathways. Previous findings have shown 
the activation of AXL, the epithelial-to-mesenchymal (EMT) 
– associated receptor, in TNBC, activates Akt in EGFR- in-
dependent manner [6]. Accordingly, suppression of AXL 
enhances EGFR-TKI cytotoxicity in MDA-MB-231 cells 
[7]. EGFR-independent activation of Akt by FAM83A may 
be another reason for resistance to anti-EGFR therapy in 
MDA-MB-231 cells [8]. The Akt has also crosstalk with the 
wnt/β-catenin pathway and accordingly, induces EMT and 
cancer stem cell growth [9].  

 The effects of lapatinib on Akt have been previously 
shown in TNBC cells, including the MDA-MB-231 cell line. 
It has been shown that p-Akt was reduced in TNBC cells 
including MDA-MB-231 when lapatinib concentration in-
creased up to 10 µM [10]; however, higher concentrations of 
lapatinib (up to 50 µM) applied in our research showed a 
reversed effect on p-Akt. Although lapatinib has been used 
in much higher concentrations than 50µM in some preclini-
cal studies [11], higher concentrations of lapatinib endanger 
patients’ life, and instead, it is administered in combination 
with another drug in clinical studies [12, 13]. On the other 
hand, the mutated-Her2 expression has been reported in 
MDA-MB-231 cells which may change the behavior of this 
cell line to lapatinib. The overexpression of nuclear factor 
erythroid 2-related factor (Nrf2), a key driver in anti-oxidant 
signaling, is also reported in lapatinib-resistant MDA-MB-
231 cells [14]. The Nrf2 is also activated by Akt through 
which several anti-oxidant genes are expressed [15]. Nrf2 
reduces reactive oxygen species (ROS) and therefore, inhib-
its ROS-dependent apoptosis [16]. Nrf2 has also been re-
ported in MDA-MB-231 cells regulated by Akt, which de-
termines the fate of cancer cells [17]. It expresses multidrug 
resistance (MDR) genes as well [18]. Therefore, gene ex-
pressions, lapatinib concentration, and laboratory conditions 
may affect cellular response to lapatinib. In contrast, we 
found that berberine has inhibitory effects on p-Akt in dif-
ferent concentrations (12.5-50 µM). Similarly, another study 
reported berberine reversed resistance to lapatinib in MDA-
MB-231 through Nrf2 inhibition [19]. It has also been shown 
Akt and Nrf2 have crosstalk in MDA-MB-231 cells and can 
affect each other [17]. It was previously reported mutated 
KRAS inhibited EGFR, and MAPK pathway was therefore, 
triggered in an EGFR-independent manner [20]. In addition, 
we found that KRAS was upregulated in 10 TNBC cell lines, 
including MDA-MB-231. Therefore, MDA-MB-231 cells 
have EGFR-independent upregulation of KRAS/MAPK sig-
naling with a baseline level of PI3K/Akt pathway. We also 
found Nrf2 is upregulated in MDA-MB-231 cells (un-
published data). Our data showed lapatinib enhanced 
PI3K/Akt signaling as an alternative pathway to ensure the 
viability of MDA-MB-231 cells. We thus speculate that 
lapatinib promotes Akt via Nrf2 activation or vice versa as a 
cellular defense of MDA-MB-231 cells against lapatinib 
treatment (Fig. 2). 

 To sum up, multi-kinase inhibitors, such as berberine, 
and more specifically, Akt inhibitors can overcome lapatinib 

resistance in TNBC cells. Therefore, our finding suggested 
Akt as a crossroads for resistance to EGFR/Her2-targeted 
therapy. Our future research will focus on the mechanism of 
epigenetic regulation on the Akt/Nrf2 axis in detail to dis-
cover drugs against epigenetic regulators. We hope to show 
drugs against HDACs and/or DNMTs in combination with 
Akt inhibitors are more effective than the use of 
EGFR/Her2-targeted therapy alone in treating TNBC.  
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