
i 
 

 

 

 

 

Chemotherapy-induced mucositis: the role 

of matrix metalloproteinases and the 

extracellular matrix 

 

 

Noor Al-Dasooqi 

BSc (Hons) 

 

 

Thesis submitted for the degree of 

Doctor of Philosophy 

 

 

Discipline of Medicine 

Faculty of Health Sciences 

University of Adelaide 

October 2011 

 
 
 
 
 
 



Declaration 
 

ii 
 

 

This work contains no material which has been accepted for the award of any other degree 

or diploma in any university or other tertiary institution and, to the best of my knowledge 

and belief, contains no material previously published or written by another person, except 

where due reference has been made in the text. 

 

I give consent to this copy of my thesis, when deposited in the University Library, being 

available for loan and photocopying, subject to the provisions of the Copyright Act 1968. 

 

The author acknowledges that copyright of published works contained within this thesis (as 

listed below) resides with the copyright holder(s) of those works. 

 

I also give permission for the digital version of my thesis to be made available on the web, 

via the University’s digital research repository, the library catalogue and also through web 

search engines, unless permission has been granted by the University to restrict access for 

a period of time.  

 

 

 

 

Noor Al-Dasooqi 

October 2011 

 
 

 



Index 
 

iii 
 

 

Declaration                                       ii 

Index                       iii 

Abstract                       x 

Acknowledgments                   xii 

Publications arising from thesis                 xiv 

Contributions made by co-authors                 xv 

Additional studies and publications               xvii 

Thesis explanation                xviii 

Ethics                     xix 

 

1.0   Literature Review          1 

1.1  Introduction            1 

1.2  The healthy alimentary tract        2 

 1.2.1 Alimentary tract histology       2 

 1.2.2 Cell renewal         3 

1.3 The gastrointestinal lamina propria       5 

 1.3.1 Role, structure and constituents       5 

 1.3.2 Cellular components        5 

 1.3.3 Extracellular matrix        6 

 1.3.4 Role of the basement membrane in epithelial integrity    6 

1.4  Chemotherapy and the alimentary tract       9 

 1.4.1 Irinotecan          9 

1.5  Signalling systems in mucositis                10 

 1.5.1 The 5-phase model for the development of mucositis              10 

 1.5.2 Mucositis signalling pathways                11 



Index 
 

iv 
 

 

1.6  Matrix metalloproteinases (MMPs)                 12 

 1.6.1 Function                   12 

 1.6.2 Regulation of MMPs                 12 

1.7  MMPs in Cancer                  13 

1.8  The healthy alimentary tract, MMPs and the extracellular matrix            14 

1.9  MMPs, tissue remodelling and disease                18 

 1.9.1 MMPs in gut diseases                 18 

 1.9.2 MMP expression following chemotherapy              18 

 1.9.3 Tissue injury and MMP synthesis                20 

 1.9.4 MMPs and inflammation                        21 

1.10  Evidence for role of MMPs in mucositis                23 

 1.10.1 Message generation and amplification phases              23 

 1.10.2 Ulcerative phase                  24 

 1.10.3 Healing phase                  26 

1.11  Serum MMPs as biomarkers of mucositis               26 

1.12  Theoretical opportunities for intervention                28 

1.13  Conclusions                   29 

1.14  Aims of study                   29 

 

2.0  Selection of housekeeping genes for gene expression studies in a rat model of 

irinotecan-induced mucositis                  30 

2.1  Introduction                   30 

2.2  Materials and methods                  33 

 2.2.1 Animals                      33 

 2.2.2 Irinotecan-induced mucositis model               33 



Index 
 

v 
 

 

 2.2.3 Histological Assessment                   34 

 2.2.4 Immunohistochemistry                 34 

 2.2.5 Reference gene selection and primers               35 

 2.2.6 RNA isolation and reverse transcription               39 

 2.2.7 Real-time PCR                  39 

 2.2.8 Determination of reference gene expression stability             40 

 2.2.9 Calculation of relative expression of MMP2              40 

 2.2.10 Statistical analysis                 41 

2.3 Results                    42 

 2.3.1 Response to treatment                   42 

 2.3.2 Histological analysis                  42 

 2.3.3 RNA quality                   42 

 2.3.4 RT-PCR efficiency                  43 

 2.3.5 Expression of housekeeping genes following irinotecan treatment            43 

 2.3.6 Stability of housekeeping genes within sample groups              47 

 2.3.7 Stability of housekeeping genes compared to normal tissue             47 

 2.3.8 MMP2 expression in the jejunum following irinotecan treatment            49 

 2.3.9 Validation of selected candidate housekeeping gene using MMP2 in the   

      jejunum                   51 

2.4  Discussion                    53 

2.5  Conclusions                    56 

2.6  Acknowledgments                   57 

 

 

 



Index 
 

vi 
 

 

3.0  Matrix metalloproteinases are possible mediators for the development of 

alimentary tract mucositis in the DA rat                58 

3.1  Introduction                               58 

3.2  Materials and methods                   61 

 3.2.1 Animals                   61 

 3.2.2 Experimental plan                 61 

 3.2.3 Histological assessment                  62 

 3.2.4 RNA isolation and reverse transcription                62 

 3.2.5 Real-time PCR                   63 

 3.2.6 Immunohistochemistry                  66 

 3.2.7 Statistics                   67 

3.3  Results                    68 

 3.3.1 Response to treatment and histological analysis              68 

 3.3.2 MMP and TIMP gene expression following irinotecan treatment            70  

 3.3.3 Tissue levels of MMPs following irinotecan               72 

 3.3.4 Tissue levels of TIMPs following irinotecan               79 

 3.3.5 Plasminogens gene expression following irinotecan              79 

3.4  Discussion                    81 

3.5  Conclusions                    85 

3.6 Acknowledgments                   86 

 

4.0  Irinotecan-induced alterations in intestinal cell kinetics and extracellular matrix 

component expression                  87 

4.1  Introduction                    87 

4.2  Materials and methods                   91 



Index 
 

vii 
 

 

 4.2.1 Animal study                   91 

 4.2.2 Histological assessment                 92 

 4.2.3 TUNEL for apoptotic cells                 92 

 4.2.4 Picro-sirius red staining for collagen                93 

 4.2.5 Masson’s trichrome staining                 93 

 4.2.6 Immunohistochemistry                  94 

 4.2.7 Statistics                    95 

4.3  Results                     96 

 4.3.1 Response to treatment and histological analysis              96 

 4.3.2 Proliferation and apoptosis following irinotecan             96 

 4.3.3 Collagen fibres and basement membrane collagen following irinotecan        101 

 4.3.4 The expression of extracellular matrix proteins following irinotecan             105 

4.4  Discussion                   109 

4.5  Conclusions                  113 

4.6 Acknowledgments                 114 

 

5.0 Serum MMPs as biomarkers of mucositis in cancer patients receiving cytotoxic 

chemotherapy                 115 

5.1 Introduction                  115 

5.2 Methods                   117 

 5.2.1 Patient cohort                 117 

 5.2.2 Analysis of medical records                117 

5.2.3 Sample preparation for enzyme-linked immunosorbent assay (ELISA) detection 

of fecal calprotectin                 118 

 



Index 
 

viii 
 

 

5.2.4 Sample preparation for enzyme-linked immunosorbent assay (ELISA) detection 

or serum MMP-2, -3 and -9               118 

5.2.5 Statistics                 119 

5.3  Results                   120 

 5.3.1 Patient characteristics                120 

 5.3.2 Toxicities induced following cytotoxic chemotherapy            121 

 5.3.3 Fecal levels of calprotectin               121 

 5.3.4 Serum levels of MMP-2, -3 and -9              121 

 5.3.5 Association between serum MMPs and GI toxicity           127 

5.4  Discussion                  128 

5.5  Conclusions                  131 

5.6  Acknowledgments                 132 

 

6.0 General discussion                 133 

6.1  Introduction                   133 

6.2  Chemotherapy-induced mucositis               133 

6.3  Housekeeping genes in mucositis               136 

6.4  Gastrointestinal matrix metalloproteinase expression following chemotherapy      137 

6.5  The upstream regulators of MMP expression              140 

6.6  What could be the downstream targets of MMPs in mucositis?            142 

6.7  Structure of the extracellular matrix following chemotherapy            143 

 6.7.1 Collagen                  144 

 6.7.2 Fibronectin                 147 

6.8  Serum matrix metalloproteinases as biomarkers of mucositis            148 

6.9  Conclusions                  149 



Index 
 

ix 
 

 

7.0  References                  151 

 

Publications arising from this thesis 

 



Abstract 
 

x 
 

 

Chemotherapeutic agents, including irinotecan hydrochloride, are highly effective in the 

treatment of a range of cancers; however, they cause a variety of unwanted toxicities. 

Mucositis is the term used to describe the damage caused by cytotoxic agents to mucous 

membranes of the alimentary tract (AT). This condition affects 40-100% of patients 

depending on dose regimen. There is currently no effective treatment and the underlying 

molecular mechanisms are not fully understood. Previous research has shown that 

mucositis encompasses changes in stress response gene expression and subsequently 

activation of tissue injury and inflammation mediators.  

 

Matrix metalloproteinases (MMPs) are a group of zinc-dependent endopeptidases; which 

have been shown to play a role in tissue injury and inflammation in many gastrointestinal 

disorders. Furthermore, MMPs mediate these phenomena through the regulation of the 

extracellular matrix (ECM). This work aims to elucidate whether MMPs contribute to the 

pathogenesis of mucositis and whether these can be used as biomarkers for mucositis 

development or be targeted for future treatment strategies. To investigate these aims, 

studies were performed in an animal model of irinotecan-induced mucositis. A pilot 

clinical study was also conducted. 

 

To investigate the role of MMPs in mucositis pathogenesis, a time-course model of 

irinotecan-induced mucositis was utilised. Rats were administered with 200mg/kg 

irinotecan intraperitoneally at 0h and killed 30, 60, 90 min, 2, 6, 12, 24, 48, 72, 144h post-

treatment. Sections were embedded in paraffin or frozen for further analysis. To  

ensure the accuracy of the molecular investigations in this thesis, the appropriateness of a 

range of housekeeping genes for normalisation of RT-PCR methods was investigated for 

the first time in this model. Findings indicated that the most suitable combination of genes  
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to use is Ywhaz/UBC in the jejunum and UBC/β-actin in the colon or UBC if restricted to 

a single housekeeping gene. Subsequent molecular and histological assessments 

demonstrated a significant alteration in gene expression and tissue levels of MMPs and 

their inhibitors (TIMPs) following irinotecan (p˂0.05). The increase in MMP-2, -3, -9 and 

-12 levels was associated with inflammatory infiltrate and maximum tissue damage. In 

contrast, MMP-1 expression correlated with tissue restitution. Furthermore, histological 

techniques illustrated a substantial increase in total collagen deposits around crypts from 

24h in the jejunum and colon. Fibronectin expression decreased significantly in both 

regions from 6-24h following treatment. Irinotecan induced a significant alteration in 

epithelial cell kinetics in both the jejunum and colon (p˂0.05) and this correlated with 

changes in ECM components.  

 

To determine if systemic MMP levels are useful markers of impending toxicity, a pilot 

clinical study was carried out. Eight patients receiving a variety of chemotherapy regimens 

were recruited. The most reported toxicity following treatment was diarrhoea. Analysis of 

patient serum samples revealed a 5.74-fold increase in systemic MMP-3 and a 2-fold  

increase in systemic MMP-12 levels following the administration of chemotherapy. 

Analysis of MMP-3 levels with patient symptoms revealed a correlation.  

 

Findings from this thesis provide clear evidence demonstrating a role for MMPs and ECM 

components in the pathogenesis of irinotecan-induced mucositis. Alterations in total 

collagen deposits and fibronectin levels in the AT following treatment may underlie the 

dysregulated cell kinetics following treatment hence leading to toxicity. Furthermore, 

preliminary findings from the pilot clinical study suggest that circulating MMPs are 

potential biomarkers of gastrointestinal toxicity induced by specific chemotherapy agents.
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