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Abstract

Gastrointestinal mucositis (GIM) has become increasingly recognised as a major toxicity of cancer
treatment. The efficacy and safe use of irinotecan (a topoisomerase | inhibitor chemotherapeutic
drug) is compromised because of GIM. Severe GIM often necessitates dose reduction or treatment
discontinuation thus compromising patient survival. In rat studies, irinotecan has been shown to
cause apoptosis, histological damage, inflammation and activation of signalling pathways. These
signalling pathways include nuclear factor kappa B (NF-kB), tumour necrosis factor (TNF)/stress
and toll-like receptors (TLR). The stimulation of TLRs can lead to early or late NF-kB activation,
which up-regulates many genes involved in the development of GIM, including pro-inflammatory
cytokines. Despite extensive research in this area, there is currently no clinically therapeutic
intervention to prevent GIM development following irinotecan administration. Therefore, research
focusing on designing therapeutic strategies targeted to specific pathological pathways is greatly

needed.

In the light of newly emerging roles in inflammatory diseases for TLR2 and TLR4, these receptors
have gained significant attention in the development of GIM. TLRs play a role in NF-xB
regulation, pro-inflammatory cytokine activation, intestinal inflammation, and regulation of
proliferation and apoptosis. Given that these cellular events are key characteristics of GIM, it is
suggested that they may be central mediators of the injury process. Recently, it was reported that
TLR2 and TLR9 are involved in doxorubicin-induced GIM, and TLR4 is involved in 5-
fluorouracil- and methotrexate-induced GIM, providing further evidence as targets for

intervention.

As such, the overarching objective of this PhD project was to investigate the involvement of
TLR2, TLR4 and pro-inflammatory cytokines in irinotecan-induced GIM and the effect of their
inhibition, by the antidepressant drug amitriptyline (AMI), on the development of GIM.

The first study of this research project investigated the involvement of TLR2, TLR4 and pro-

inflammatory cytokines in irinotecan-induced diarrhoea. TLR2, TLR4, interlukin-1 beta (IL-1pB),
Xl



TNF and interleukin-6 (IL-6) mRNA and protein expression was investigated in the colon and
jejunum of Dark Agouti rats treated with irinotecan (200 mg/kg intraperitoneally). The expression
of each marker (at 72 and 96 h) was compared between rats that developed diarrhoea and rats that
did not develop diarrhoea following treatment. These two time points have shown to present
maximum damage severity and diarrhoea occurrence, respectively, following irinotecan
administration in our rat model. Results showed that mMRNA expression of TLR2, TLR4, IL-1f and
TNF increased significantly in the colon of rats that developed diarrhoea at 96 h compared to rats
that did not develop diarrhoea. TLR2, TLR4 and IL-1p protein expression significantly increased
in the apical region of the colonic crypts of the same group compared to the control. This indicated

a strong relationship between these inflammatory mediators and severity of mucosal injury.

The second study of this project investigated the effect of AMI, a TLR2 and TLR4 inhibitor, in
irinotecan-induced GIM. Clinical markers, histological changes, gene expression, and
inflammation were compared between Wistar rats treated with irinotecan (125 mg/kg
intraperitoneally, administered at 0 h), and combination of irinotecan and AMI (20 mg/kg
intraperitoneally; administered at -24, -16 h and 0 h). Rats were then Killed at 6, 48 and 96 h post
treatment. Results showed that AMI reduced early-onset diarrhoea and colonic epithelial apoptosis
in the colon at 6 h post treatment. However, rats were not protected against weight loss,
histological damage, distress symptoms, inflammation and late-onset diarrhoea. PCR array
analysis showed a significant decrease in caspase-4, IL-1B and IL-1 receptor 2 and increase in
interferon y receptor 1 (INFy) mRNA expression in rats treated with irinotecan and AMI compared
to rats treated with irinotecan alone. AMI was not able to protect rats against GIM but had
protective effect from early-onset diarrhoea and anti-apoptotic effects. The study limitation was
the increase in toxic symptoms after treatment with both drugs compared to irinotecan alone. This
could be related to the ability of AMI to alter irinotecan metabolism through inhibiting the
detoxification of the active metabolite SN-38 thus increasing the cytotoxicity of irinotecan. This
could explain partially the histological damage, distress symptoms, inflammation and late

diarrhoea occurrence after treatment with both drugs.

The third study investigated the ability of AMI to inhibit apoptosis induced by SN-38, the active
metabolite of irinotecan, in a rat intestinal epithelial cell line, IEC-6. Cells were treated for 24 h
with SN-38 (ICs of apoptosis = 8.7 uM) alone or in combination with AMI (1 uM). At this dose,
AMI inhibits TLR2 and TLR4 and is within the therapeutic range. Apoptosis and mRNA

X1



expression of TLR2, TLR4 and pro-inflammatory cytokines were investigated. Results showed
that treatment with SN-38 was associated with increased mRNA expression of TLR2, TLR4 and
pro-inflammatory cytokines compared to AMI treated cells. It also showed that treatment with
AMI attenuated apoptosis when administered with SN-38. Treatment with AMI and SN-38 was
associated with significant reduction in mMRNA expression of TLR2, TLR4 and IL-1p compared to
SN-38 treated cells. However, TNF expression increased after treatment with both drugs compared
to SN-38 treated cells, suggesting and that an alternative pathway to TLRs is activated which leads

to TNF upregulation in IEC-6 cells.

In conclusion, this thesis provides an overview of the involvement of TLR2 and TLR4 in
irinotecan-induced GIM and the effect of AMI on intestinal injury. Despite the use of AMI for
neuropathic and cancer pain, drug interactions should be considered for chemotherapeutic
treatment safety and efficacy. Furthermore, the role of TLR2 and TLR4 should be investigated by
other specific inhibitors to avoid the “off target” effects of AMI. Findings may then be translated

for effective prevention of GIM occurrence clinically.
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Thesis explanation

This thesis is composed of seven chapters as follows: literature review, general methods, three
distinct research chapters, general discussion, references and appendix. Each research chapter was

written with introduction, material and methods, results and discussion, all references are included
in the final chapter.
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