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Abstract 

Lapatinib, an ErbB1/ErbB2 tyrosine kinase inhibitor is effective in breast cancer 

treatment but is associated with diarrhoea.  ErbB1 inhibition by lapatinib may interfere with 

the normal functioning in the intestines.  However, the underlying mechanisms remain 

unclear.  This PhD project was conducted to investigate the mechanism of lapatinib-induced 

diarrhoea.   

First study was conducted to determine the cytotoxic properties of lapatinib on rat 

breast carcinoma (Walker 256) and jejunal (IEC-6) cells and to evaluate the relationship 

between ErbB1 expression and sensitivity to growth inhibition by lapatinib.  The cytotoxic 

effect of lapatinib on Walker 256 and IEC-6 was evaluated via XTT assay and FACS 

analysis.  Cell lines were incubated with lapatinib for 6, 24 or 48 hours before evaluation.  

ErbB1 and ErbB2 mRNA and protein expression were determined via RT-PCR and 

immunofluorescence staining, respectively.  Lapatinib inhibited 50% Walker 256 and IEC-6 

cell growth at 8.2 ± 0.18 and 3.03 ± 0.26 µM respectively.  Higher percentage of necrotic 

cells (37.91 ± 7.08 %) were observed in lapatinib-treated Walker 256 compared to control 

untreated cells (11.86 ± 5.62 %) (p<0.01), at 48 hours.  Lapatinib-treated IEC-6 at 24 hours 

showed higher percentage of late apoptotic cells (53.56 ± 15.37 %) compared to controls 

(12.91 ± 4.70 %) (p<0.01).  Similarly, at 48 hours incubation lapatinib-treated IEC-6 showed 

a higher percentage of late apoptotic cells (56.82 ± 11.53 %) compared to the control 

untreated samples that exhibited 22.70 ± 12.81 % late apoptotic cells (p<0.05).  ErbB1 mRNA 

was unable to be detected in Walker 256 due to low expression.  Both mRNA expression of 

ErbB1 and ErbB2, as well as immunofluorescence staining of ErbB1, ErbB2, pErbB1 and 

pErbB2 showed no differences between control untreated and lapatinib-treated cells.  

Lapatinib induced necrosis in tumour cells, while inducing late apoptosis in jejunal cells.  

This may explain lapatinib-induced diarrhoea in patients administered with the drug which 

could be due to apoptosis of small intestinal epithelial cells leading to barrier disruption and 
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consequently diarrhoea.  However, much remains to be learned on the molecular mechanisms 

related to lapatinib’s cytotoxic effect.      

The second study was performed to develop Walker 256 tumour-bearing rat model to 

study lapatinib-induced diarrhoea.  Walker 256 cells were then injected into the right flanks of 

female albino Wistar rats and grown over 3 weeks.  This correlates with the peak of lapatinib-

induced diarrhoea in Wistar rats.  A concentration of 2x106 cells/0.2 ml resulted in consistent 

tumour growth.  Tumours were measurable by day 4 and reached 10% of body weight 25 

days post-inoculation, without metastasis to distant sites.  ErbB1 and ErbB2 mRNA were 

expressed in the tumour tissue.  Walker 256 tumour did not cause any changes in jejunum and 

colon, thus there will be no interference of tumour on the intestines in the study of lapatinib-

induced diarrhoea.  As tumour regression was seen, this matter was taken into consideration 

in the following study in which the tumour growth was observed intently.   

The animal model now provides a framework which enables the study of lapatinib-

induced diarrhoea in tumour-bearing animals.  Thus, the third study was carried out which 

aimed to identify histological changes in intestines following lapatinib treatment and to 

determine the mechanism of diarrhoea related to the treatment.  Female albino Wistar rats 

were injected subcutaneously with Walker 256 breast tumour cells.   When the tumour 

reached 0.01% of body weight, rats were divided into three groups: control, lapatinib 

240mg/kg once daily gavaged (L240 1x) and lapatinib 200mg/kg twice daily gavaged (L200 

2x).  Rats were assessed for indicators of intestinal injury.  Upon necropsy, jejunum and colon 

were collected for histological assessment via H&E staining.  Expression of ErbB1, ErbB2 

and markers for apoptosis (caspase-3) and proliferation (ki-67) were detected via 

immunohistochemistry.  From the results, diarrhoea was seen in L200 2x group but not in 

other groups.  However, both L240 1x and L200 2x showed significant changes in the 

intestines compared to controls such as villus blunting in jejunum (L240 1x p<0.01, L200 2x 

p<0.0001) and increased apoptosis in colon (L240 1x p<0.01,   L200 2x p<0.001).  ErbB2 
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expression in jejunal crypt was significantly lower than controls in both L240 1x (p<0.05) 

and L200 2x (p<0.05).  Lapatinib twice daily administration caused diarrhoea.  However, it 

was not related to ErbB1 expression as was expected.  The current study was unable to find a 

dose and a schedule of lapatinib that was able to induce diarrhoea with tolerable levels of 

systemic toxicity.  As such, further research is required to test a number of different schedules 

to find an appropriate way to model lapatinib-induced diarrhoea in breast cancer-bearing rats. 

This will enable future work to focus on uncovering mechanisms of lapatinib-induced 

diarrhoea and to test interventions for diarrhoea management. 

The fourth and final study was carried out to investigate the effect of lapatinib and 

paclitaxel treatment on chloride secretion in the T84 model of colonic epithelium.  Lapatinib 

and paclitaxel were first tested for their cytotoxic effect on proliferating cells that revealed 

T84 cells were relatively resistant to lapatinib with an IC50 of 26.48 ± 1.64 µM in serum-free-

medium, 43.24 ± 2.73 µM in 5% serum-medium and 58.59 ± 1.37 µM in 10% serum-

medium.  In comparison, the effect of paclitaxel was more potent with an IC50 reached at 7.52 

± 0.25 µM in serum-free-medium, 12.58  ± 1.13 µM in 5% serum-medium and 18.48 ± 0.77 

µM in 10% serum-medium.  The lack of response of T84 cells to lapatinib is likely due to low 

target expression.  As it has been shown in the current study that lapatinib and paclitaxel have 

cytotoxic effects on the T84 human colonic epithelial cell line, TEER experiments were 

conducted to determine the effect of both drugs on cell permeability.  It was observed that 

lapatinib at both higher and lower concentrations, treated either from apical, basal or both 

apical and basal sides, as well as at different incubation hours does not affect colonic 

epithelial cell permeability, suggesting that lapatinib does not damage cell-cell adhesion 

properties, and likely spares epithelial tight junctions.  To examine the effect of lapatinib as 

well as paclitaxel on intestinal chloride transport, T84 human colonic epithelial cell 

monolayers were mounted in Ussing chambers and the changes in short circuit current (Isc) 

were measured.  Experiments were conducted at established monolayer resistance and it was 
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observed that pre-treatment of T84 cells with lapatinib or paclitaxel did not affect baseline Isc.  

Chloride secretion was measured as Isc across the T84 cell monolayers that were mounted in 

Ussing chambers, thus the findings reflected that pre-treatment with both drugs does not alter 

baseline chloride secretion.  The present study exhibited higher baseline conductance of cell 

monolayer pre-treated with a high concentration of paclitaxel which reflected higher 

permeability, consequently lower barrier function/resistance, compared to control untreated 

monolayers.  The finding is supported by the TEER results that showed that higher 

concentration of paclitaxel increased cell monolayer permeability.  Lapatinib and paclitaxel 

also do not affect chloride secretion, however, due to lapatinib being an ErbB1 inhibitor 

which could interfere with chloride secretion, further investigations are required.  Effect of 

lapatinib on chloride secretion might occur via other mechanisms unrelated to calcium or 

cAMP regulated chloride secretion.  The mechanism of lapatinib-induced diarrhoea may be 

mediated by other unknown mechanisms.  The cytotoxic effect of lapatinib as well as 

paclitaxel on T84 colonic cell line was also shown not to contribute to its effect on T84 

monolayer permeability and chloride secretion.  Overall, further investigations are needed to 

clarify the possible mechanisms of lapatinib-induced diarrhoea.    

Finally, investigations in this PhD study managed to describe the minor impact of 

lapatinib on the gastrointestinal mucosa.  Thus, much remains to be learned on the 

mechanisms related to lapatinib or ErbB1 targeted therapy-induced diarrhoea.  Understanding 

the mechanism of damage will lead to an ability to target prevention or treatment as well as 

managing targeted therapy-induced diarrhoea appropriately.   
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