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Abstract

Imaging mass spectrometry (IMS) is a novel technology which measures the spatial distribution of
drugs, lipids, peptides and proteins across tissue sections by application of mass spectrometry (MS)
directly to the section surface. Several hundred analytes can be measured across a tissue in a single
IMS experiment, without the need for antibodies and without prior knowledge of tissue composition or
structure. In the context of human cancers, the molecular information collected by IMS approaches has
been used to grade cancers and predict patient survival. IMS is thus a potentially technology capable of
providing valuable complementary information to classical histology and immuno-histochemistry.

Ovarian cancers have the highest mortality of any gynaecological cancer. The high mortality results
from late diagnosis due to the asymptomatic nature of ovarian malignancies. Advanced stage ovarian
tumours will shed cancer cells into the abdominal cavity, where they subsequently implant into the
peritoneum and form metastatic tumour nodules. Despite invasive surgery and adjuvant chemotherapy,
there is a large increase in patient morbidity following peritoneal metastasis. Compounding this issue
further is the absence of reliable grading systems for ovarian cancer and a subsequent lack of
individualized treatments for specific cancer sub-types. As a result of the potential ability to grade
tumours and provide patient prognoses based on IMS data, the molecular composition of ovarian
metastatic tumours was investigated by IMS.

The novelty of IMS required set up of a robust and reproducible workflow. Methods were thus optimized
for IMS analysis of both frozen and formalin-fixed paraffin-embedded (FFPE) ovarian tumour tissue.
Subsequently it was shown that optimization of available antigen retrieval and tryptic digest methods for
accessing FFPE tissues could achieve higher tryptic peptide signal to noise at a better spatial resolution
than methods available in the literature. As such, a complete tryptic peptide IMS workflow was
developed alongside liquid chromatography (LC) and MS/MS based peptide identification. In
conjunction with this workflow, methods for improving the matching of IMS peptides to LC-MS/MS
identified peptides using internal calibrants and development of an in-house software tool were
described.

As a result of the work presented in this thesis, a complete tryptic peptide IMS workflow which could be
applied to virtually any cancer tissue was developed. The application of this workflow, and exploratory k-
means clustering, to ovarian peritoneal metastases showed that key tryptic peptides could be found
which distinguish cancer tissue from the surrounding peritoneal stroma. This represented the first step in
characterizing these metastatic tumours at the molecular level. The results in this thesis are a precursor
to future work which will validate these peptide markers and develop a classification system for
metastatic ovarian cancers based on patient survival and response to chemotherapy.
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