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Summary/ Abstract

Acknowledgements

Chapter 1 Introduction

“Cancer survival is a key operational measure of the underlying effectiveness of treatment for cancer by the NHS.”
The NHS Cancer Plan (2000) highlighted improved survival from cancer as one of the main markers of service improvement {1352}. Following breast cancer, colorectal cancer was the second cancer-type targeted by the ‘Improving Outcomes’ initiative {1350}. The contribution of colorectal cancer to overall morbidity and mortality in the United Kingdom cannot be overstated and tackling this burden remains both a fundamental health and political objective.

Colorectal Cancer


Background

Colorectal Cancer is the second commonest cancer in the United Kingdom and third commonest cause of cancer-related death. In 1999, it accounted for 13% of all cancers (35,584 cases) and incidence figures put the lifetime risk of developing colorectal cancer at 1:20{1346}.
Overall survival remains modest. In 2001 there were 16,165 deaths from colorectal cancer. Relative survival rates for all colorectal cancers diagnosed between 1993-1995 are approximately a 65% at one year and 43% at five years {1348}. This pooled data hides the wide range of survival rates dependent on differing prognostic data however, despite health improvements the improvement in prognosis has not been as marked as hoped for (see Trends



Current measures addressing the burden of colorectal cancer are discussed on page 5
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Incidence and Mortality
Current data

Government stats…
Trends
The change in incidence (1971-1997) and mortality (1950-1999) from colorectal cancer in England and Wales has been summarised by the Office for National Statistics {1351}.

In males, the overall age-standardised rates for colon cancer rose by 30% between 1971 and 1997 with rates for rectal cancer rising by 6%. In females, the incidence of colorectal cancer has risen more gradually with rates of colon cancer remaining about twice that for rectal cancer.
Survival from colorectal cancer has gradually improved since 1950. For rectal cancer, mortality in both sexes has declined by 56% reaching 5/100 000 in females and 9/100 000 in males. For colonic cancers, rates in men fell from 24/100 000 in 1950 to 16/100 000 in 1999. Women similarly benefited from a fall in mortality of 53% to just under 12/100 000. Interestingly, these rates of decrease were greatest between 1950 and 1965 following which the decline has been more gradual.
(eg**{1225}).

Aetiology

Genetic determinants in Colorectal cancer Oncogenesis

Ethnicity

The role of diet

Therapeutic options

Preventative measures for colorectal cancer at a population level remain unproven. Promising research findings which limit colonic polyp formation by blocking aspects of the arachadonic acid pathway are not yet widely adopted although the NSAID sulindac is recommended for patients with Familial Adenomatous Polyposis (FAP) (**REF**).

Surgical techniques for resection of colonic tumours remain largely unchanged. The adoption of Total Mesorectal Excision (TME) in the treatment of rectal cancers has reduced rates of local pelvic recurrence to less than 10%. Exact comparison between series is blurred however, since improved per-operative staging and neo-adjuvant treatments have been introduced in parallel.

Preventative measures

Colonoscopic surveillance

Pharmacological measures

Operative/ Interventional

Surgical treatments remain the only means of long term cure. (NHS plan &c...)
Adjuncts

Chemotherapy

Current trials

Radiotherapy

Role in rectal cancer

Role as adjunct in non-curative resections elsewhere

Immunological therapies

Palliation of Symptoms

Eg stenting +/- adjuvants

Family History and Cancer risk

Overview

Familial Adenomatous Polyposis (FAP)

Clinical features

Oncogenesis

Hereditary Non-polyposis Colorectal Cancer (HNPCC)

Background and Clinical features

The Lynch Syndromes

History, Warthin

Defining Criteria

?table

Amsterdam

Australian

Japanese

Survival

Prevalence

HNPCC families

Gene carriers

Implications

Cancer risk

Surveillance

Screening

Pathological features

Differentiation

Lymphocyte Infiltration

Microsatellite Instability

Background

Microsatellite repeat sequences

From E. coli to man

Terminology

Early descriptions of microsatellite instability have often been confused by the variety of definitions and abbreviations (Table 1‑1). Several groupings of microsatellite status have been described bsed on the frequency of instability at different markers. 
We have chosen the terms Microsatellite Instability (MSI) to define the phenotype and MSI+ and MSI- to define the groups that display instability and stability respectively.

	
	Overall Descriptor
	Stable/Low instability
	High instability

	{11}
{27}
{43}
	RER
	RER-
	RER+

	{55}
	RER
	RER-, RER±
	RER+

	{54}
	RER
	RER-negative
	RER-positive

	{31}
	MI
	MI-
	MI+

	{84}
	MIN
	RER negative
	MIN, RER positive

	{88}
	MSI
	MSS
	MSI

	{4}
	MSI
	MSS, MSI±
	MSI

	{15}
	MSI
	MSS, MSI-L
	MSI-H

	{37}
	MSI
	MSI-null, MSI-low
	MSI-high

	{6}
	MSI
	MSI negative, without MSI
	MSI positive, with MSI

	{2}
	MSI
	MSI negative, no MSI, without MSI
	MSI-positive, with MSI


Table 1‑1 Terms and Abbreviations for Microsatellite Instability

MIN-Microsatellite instability

MSI-Microsatellite instability

RER-Replication error
Aetiology

DNA mismatch repair

Errors in DNA replication

Mismatch Repair (MMR) Genes 

Prokaryote genes

Eukaryote and Human genes

MMR genes in human disease

Neoplasia

Epigenetic causes of microsatellite instability

Determination of Microsatellite Instability

Background

International Consensus

BAT 26 and BAT 40

Microsatellite Instability and Carcinogenesis

A Novel Pathway?

Flat adenomata

Genetic phenotypes

Implications

Microsatellite Instability and Survival

Background

Current survival data and historical trends

The development of prognostic indices

HNPCC, MSI and MMR genes

Definition and Overlap

Fig…

Defining the study group

The great interest in microsatellite instability and relative ease in analysing archival samples has led to new studies which analyse retrospective data and also to reappraisal of existing data in light of the knowledge about microsatellite instability. This can lead to many obvious difficulties in interpreting results, particularly in assessing survival.
Firstly, use of data spanning many years may overlook improvements in healthcare during that time. Additionally if sufficient time has elapsed, then the study population life-expectancy may have changed for other reasons. This latter point would be difficult to account for without age-adjusted survival calculations, preferably with reference to actuarial life-tables. As an example, {43} chose a study group comprising of 121 patients treated between 1991-1996 and augmented this group with 76 patients aged under the age of 50 treated between 1955- 1991. Since the proportion of patients with microsatellite instability was greater in the younger patients, this biased their survival data towards patients whom underwent treatment up to 40 years previously.
Secondly, patients are often excluded from analysis in order to define a specific study group. These groupings are rarely as well defined as intended. For example, the genetic contribution to developing colorectal cancer is greater than solely that which defines FAP or HNPCC. The latter particularly depends on the criteria used and is purely a clinical definition despite its association with MMR gene mutations. (see section XXXX). Exclusions of this type can be quite restrictive. {55} excluded patients ‘with a family history of cancer’ and given the prevalence of malignancy in the population (REF) this must encompass nearly all families.

Furthermore, groups will often exclude patients with inflammatory bowel disease without further determining whether this was predominantly affecting the small bowel or colon. Patients with inflammatory bowel disease may of course develop ‘sporadic’ colorectal cancer since they have the same environmental risk factors and ‘chance’ as the general population.
Thirdly, certain exclusions are often made before analysing survival data. Commonly these include patients who die in the peri-operative period, defined as 30 days from surgery, or those in whom surgery is not considered curative. These conventions are not always followed however (seebelow).
Our study group was an unselected prospective series. Its exact composition and potential faults are discussed later.

Aspects affecting survival

Curative vs. non-curative resections

Surgical procedures which are non-curative clearly have a profound influence on survival from colorectal cancer. This is true in our results (See Figure 5‑6, page 47). Perhaps surprisingly, this is often not referred to (e.g. {55}) or only partially so ({43} included patients with metastatic disease [‘Dukes D] but did not indicate treatment of locally incomplete resections and {2} used a non-selective series then performed subgroup analysis for various inter-dependent criteria without considering regression analysis). More worryingly these patients are included in survival analysis without further discussion XXXX. Surgery is considered non-curative either when metastatic disease is present, most commonly to the liver or peritoneum (stage M1) or when tumour is believed to remain after surgery (stage R1). Histological staging of colorectal cancer currently follows the XXX guidelines (REF) and therefore the definition of curative/non-curative will partly depend on tumour location. Metastatic disease to lymph nodes does not in itself assign a procedure as non-curative.

The choice of endpoint

For survival analysis, the classification of endpoint can vary. {4} used a non-specific endpoint of ‘overall survival’ in 72 patients undergoing curative resections from rectal cancer following preoperative radiotherapy. In comparison {2} used disease-specific survival in 656 patients with Dukes C tumours but did not distinguish between curative and non-curative resections. Strictly, disease-specific mortality should be verified by post-mortem examination, since the cause of death may be inaccurate in up to one third of cases (REF) but this is rarely commented upon. Post-mortem examinations have gained particular significance in the UK following several high profile investigations into the use and retention of human tissue after death (REF). These scandals have lead to the further fall in post mortem rates from an existing level well below that advised by national audit enquiries (NCEPOD 1996/1997).

Further blurring is caused by the use of ‘disease-free survival’. It is difficult to conceive when a specific time can be assigned to the development of recurrent disease since all neoplastic processes, whether recurrent or de novo entail a period of growth which is non-detectable (this phase is critical to the development of effective cancer screening methods).
The time to endpoint can also be uncertain. It is impractical to continuously confirm the good health or otherwise of patients and reliance is made of attendance to outpatient clinics. Our department did not have explicit ethical approval to obtain follow-up data for this study outside the routine NHS clinic visits, although confirmation of continuing good health is considered good medical practice, particularly in those who have defaulted on outpatient visits.

The influence of age on survival
Age clearly plays a significant role in survival. Country-specific actuarial life-tables give predicted life expectancy and likelihood of death for every year of life (**e.g. GAD**). Strict comparison of international data would require reference to expected life expectancy for males and females in a country-specific manner, a measure known as relative survival (see {1353} for technical description). This ideal is not practical and rarely even alluded to. More practically, it is possible to analyse the contribution of age to the overall survival results when analysing each separate parameter (within a multivariate analysis).
This age-adjusted analysis has been used in our study. 

Clinical

Overall data

HNPCC, MSI and MMR genes

Pathological

Overall data

HNPCC, MSI and MMR genes

Genetic

Overall data

HNPCC, MSI and MMR genes

Immunology and Colorectal Cancer

Antigen recognition

Overview

Neo-antigens in Neoplasia

Evidence for Neo-antigens in Colorectal Cancer

Experimental Models

Clinical Evidence

The MHC classes and Colorectal Cancer

The Effector Response

Overview

T-cell Activation

Evidence in Colorectal Cancer

Immune cell populations in Colorectal Cancer

Immunohistochemistry in Colorectal Cancer

Tumour infiltrating cells vs. intra-epithelial lymphocytes
T-cell predominance (e.g. Jass)

Quantitation of Cell Populations

The methods of quantifying positively staining cell populations differ amongst authors.
/hpf, /1000 neoplastic cells

 A commonly used internal control is non-neoplastic epithelial tissue (example Figure 1‑1).
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Figure 1‑1 Slide 10683-01K showing normal colonic epithelium and moderately differentiated adenocarcinoma (CD8 stain, x200 magnification).
Associations with clinicopathological data

Immunotherapy in Colorectal Cancer

Current Experience

Prospects

Quantitative RT-PCR

Background

Gene expression and mRNA synthesis

Techniques available

Do mRNA levels reflect gene activity?

Choice of markers to assess colorectal cancer antigen recognition

Limitations

Tumour heterogeneity

Sampling considerations

A sample is by definition a representation of the whole. How closely this represents the overall features of the tumour depends on the degree of tumour heterogeneity and the size and number of samples. We know that a single colorectal cancer can vary in several features depending on the location of sampling and this is a considerable challenge for histopathologists. For example, the degree of differentiation can vary across a single pathological section (see Figure 1‑2 and 
Figure 1‑3
 below).
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Figure 1‑2 Slide 2604-98E showing moderately differentiated adenocarcinoma (CD8 stain, x400 magnification)

[image: image3.jpg]



Figure 1‑3 Slide 2604-98E showing poorly differentiated adenocarcinoma (CD8 stain, x400 magnification)

Moreover, the proportion of marker cells can vary widely between samples. Figure 1‑4 and Figure 1‑5 below show a single slide with similar degrees of differentiation yet greatly differing CD8+ lymphocyte populations.

[image: image4.jpg]



Figure 1‑4 Slide 11635-99DD with low IEL count (n=3, CD8 stain, x300 magnification)

[image: image5.jpg]



Figure 1‑5 Slide 11635-99DD with moderate IEL count (n=50, CD8 stain, x300 magnification)
It is difficult to take account of this variability which is due to sampling. Since the tissue samples are stored and processed for RNA extraction as frozen samples, it is possible to produce slides of frozen sections which are more representative of the tissue used. This too had some drawbacks. The minimum thickness of our frozen sections was 5µm. This allowed adequate assessment of tumour architecture but was insufficient to confidently assess immune infiltrates. Furthermore, distinction between groups of immunological cells would have required validated protocols for the staining of frozen sections. Our focus in this respect concentrated on using formalin-fixed paraffin embedded tissue which gave much greater detail over larger tissue area.

In a related manner, when tissue is chosen for microsatellite analysis, it is generally accepted that the sample should be largely composed of neoplastic epithelium. This reduces the likelihood of assigning tumours a false negative microsatellite status due to weak amplification and staining. No consensus has been reached on acceptable proportions of neoplastic tissue for analysis. Many groups no longer report the detailed methodology for microsatellite analysis. Quoted proportions of neoplastic tissue in tumour samples range from at least 50% ({27}) to 70% ({77}). Others ignore any microscopy at all, using paired samples with ‘entirely tumour at the macroscopic level’ ({55}).
Use of the quasi-monomorphic marker BAT-26 has made this less important since the identification of PCR products with altered base-lengths is simpler than with those markers which yield several distinctly staining bands after electrophoresis.
 Mix of cell types
The cellular environment of colorectal cancer comprises many epithelial and stromal components. The variability in these proportions cannot be controlled between samples and remains a big limitation to studying specific cell characteristics.
Potentially, this can be addressed by microscopic dissection techniques.

mRNA quantitation

Chapter 2 Aims

Chapter 3 Hypothesis

Chapter 4 Methods

Patient accrual and consent

Ethics committee approval and participating hospitals

In late 1997, a research proposal covering this work was presented to the Research Ethics Committee for East London and The City Health Authority (ELCHA) and the Local Research Ethics Committee (LREC) for Redbridge and Waltham Forest Health Authority (Appendix A, page 80). This covered patient accrual for the following hospitals:

The Royal London Hospital, London E1

Newham General Hospital, London E13

Homerton Hospital, London E9

Whipps Cross Hospital, London E11

Identification of suitable patients and exclusion

Patients undergoing elective inpatient surgery for colorectal cancer were identified at preoperative, multi-disciplinary meetings or from theatre lists.

Tissue collection was intended for all patients undergoing resection of colorectal cancers at participating hospitals. Since sample collection was dependent on patient consent, those patients in whom consent had not be obtained were exclude. Practically, this meat those that underwent surgery out of hours (as emergency procedures). Also excluded were patients from other hospital sites since no member of the research group had regular access to operative specimens at another site, but perhaps more importantly for later anlaysis was the lack of follow-up data that relied on physical clinic visits. Consent had not been obtained for postal or telephone follow-up
Patient Consent

The nature of the research work was explained and the patient taken through the consent form (Appendix B- Consent Form, page 81). The patient retained a dual-signed copy, with separate signed copies filed in the hospital notes and research data folder. 

Tissue collection and storage

Tissue samples were collected following standard surgical resection without influence on the surgical technique. Generally, the specimen was prepared immediately following (and certainly within 30 minutes of) extirpation from the patient. Mucosal samples were taken prior to exposure of the tumour. The colon was opened and intra-luminal contents cleared by wiping with dry (roll) tissue and mucosa dissected free from submucosa at a distance of 10cm proximal to the tumour edge (distal in tumours at the caecal pole). The remaining colon was then opened in an appropriate manner to least affect pathological staging, and tumour sampled from the exophytic portion of the (???Diagram) tumour avoiding any grossly necrotic areas. For small or widely ulcerated lesions the operating surgeon was consulted regarding the likely impact of sampling on pathological staging. Accurate staging took absolute priority and patients were excluded from study if sampling might have compromised further treatment.

Tissue was laid on silver foil, loosely wrapped and snap frozen in liquid nitrogen at –73(C then stored in pre-labelled, anonymised 2.0ml Cryogenic vials (Nalgene®, Rochester NY) at –70(C for long term storage.

Data Collection and Analysis

Database construction

Sample collection began in November 1997. Tissue samples from each patient were assigned an incremental, unique ID number that was used for all future sample preparation and data analysis. Synchronous or metachronous tumours in a single patient were assigned different ID numbers (2 patients, 4 tumours and 1 patient, 2 tumours respectively).

All data was recorded on an Excel™ spreadsheet (Appendix C- Database, page 83). Patient demographics and date of surgery were entered prospectively. Pathological and oncology treatment data was collected in batches approximately every 12 weeks. All pathology data was verified as being accurately recorded at the end of this study, and all samples used for immunohistochemistry (n=75) were reassessed by Dr Roger Feakins with regard to lymphocyte infiltration and mucin deposition.
Survival data was censored at 31st December 2002 and gathered from information available on the HISS (asdjklfasdjfajsdf) database. The completeness of survival data cannot therefore be verified without recourse to telephone or postal follow-up but there is no reason to believe this varies between MSI+ or MSI- groups.

Confidentiality

Following sample collection all bench work was performed on tissue identified only by either the unique ID number or by respective hospital pathology coding system (see Figure 4‑1, page 30), which did not incorporate identifiable patient details.

The database was maintained on a secure university server, access to which was restricted to staff of the Academic Department of Surgery. For the duration of the study, some identifiable patient data was held on computers that had access to the World Wide Web, although to our knowledge no breach of security came from this source. Guidelines have since changed to account for this potential threat and updated firewall software remains in place at the University access point. Finally, individual access to all computers is password restricted.

Statistical Analysis
Data analysis was performed using either STATA (asdjf), or with GraphPad Prism© version 3.02 for Windows (GraphPad Software Inc., San Diego, CA).
Preparation of Nucleic Acids

General handling considerations

For nucleic acid preparation samples of stored frozen tissue were kept in liquid nitrogen until required then split by sharp fracturing within a pre-cooled, disposable, sterile petri dish (EASY GRIP™ Petri dish, 60x15mm style, Bexton Dickinson UK Ltd, England) using a 10-blade disposable scalpel (Swan-Morton, England). Tissue was then transferred to an Eppendorf tube and stored in liquid nitrogen. The scalpel was rinsed with 100% ethanol between samples and disposable gloves worn at all times to avoid introduction of exogenous RNases.

Disposable, RNase- free pipette tips (Finepoint®- Rainin Instrument Co., Woburn, MA, USA) were used at all stages and if RNase- free diluent was not available, nucleic acids were suspended in water treated with diethylpyrocarbonate (DEPC), 0.1% v/v solution for 12 hours at 37(C followed by autoclaving to remove traces of DEPC.

Genomic DNA

Genomic DNA was prepared using a modified tissue protocol from a commercially available kit (QIAamp® DNA Mini Kit- QIAGEN GmbH, Germany). Briefly, 360μl of ATL tissue lysis buffer was added to approximately 25mg of tissue and 30-40μl of proteinase K added. This was mixed and left at 56(C water bath overnight (or less until complete dissolution of tissue [3-4 hours]) then 400ul of AL buffer was added and vortexed for 15s. The solution was heated to 70(C for 10 min then spun briefly before 400μl of 100% ethanol was added, vortexed for 15s then spun briefly. All contents were transferred to a QIAamp mini column, spun at 8000 rpm for 60s, then rinsed with AW1 wash buffer and again spun at 8000 rpm for 60s. Next, 500μl of AW2 wash buffer was added to the column before spinning at 14000 rpm for 180s. Lastly, the column was placed in an Eppendorf tube, 200μl of AE elution buffer added, left for 5 mins then spun at 8000 rpm for 60s. Elution was repeated with a further 200μl AE buffer and the eluted aliquots mixed together and labelled.

The concentration of genomic DNA was determined spectrophotometrically (GeneQuant RNA/DNA calculator- Pharmacia Biotech (Biochrom) Ltd., Cambridge, UK.) and samples stored at -70(C until use.

Total RNA

Total RNA was prepared using a modified animal tissue protocol from a commercially available kit (QIAamp® RNeasy® Mini Kit- QIAGEN GmbH, Germany). Briefly, 600μl of RLT lysis buffer (to which 10μl of β- mercaptoethanol had been added) was added to 20mg frozen tissue within a screw-top vial (1.5ml micro test tubes with o-ring screw caps- Bio-Rad, Hercules, CA, USA). Five clean stainless steel ball bearings (1.5mm diameter) were added to the vial and the top tightened securely. ). Mechanical homogenisation of the sample was achieved by agitation in a bead mill (MM200- Retsch, Haan, Germany) within designated vial holders for 30 mins at a frequency of 30Hz. The mixture was spun (14000 rpm, 3 mins) and the supernatant transferred to a sterile Eppendorf. Next, 600μl of 70% ethanol was added and the solution mixed by pipetting before being added (in 2 successive steps) to an RNeasy® mini spin column and spun (10000 rpm, 15s). The column was transferred to a 2ml collection tube and 700μl of RW1 wash buffer added. A 10-15 minute wait was added to minimise DNA carry over as advised by QIAGEN (personal communication), then the column spun (10000 rpm, 15s). Two wash steps with 500μl RPE buffer (10000 rpm, 15s; 14000 rpm, 3mins) were performed and lastly the column was placed in a fresh Eppendorf tube and a single elution step performed by adding 40μl of RNase-free water and spinning (10000 rpm, 60s). The sample was labelled, quantitated and stored.

Quantitation of Total RNA

Introduction

Automated, quantitative RT-PCR techniques (such as the TAQman system) are relatively new phenomena and our laboratory has internationally recognised expertise. Over the last 5 years it has become apparent that difficulties arise in the choice of standard or marker signals with which to compare collected data. During our research, the optimal comparator was believed to be the quantity of total RNA, such that messenger RNA levels were expressed as a proportion of the amount of total RNA extracted:

mRNA expression level= mRNA copies
Total RNA

Equation 4‑i
It is assumed that higher mRNA expression levels reflect higher levels of gene expression and that this is an important physiological parameter, which may translate empirically into increased gene product function. This needs careful consideration and is addressed elsewhere (see XXXXXXXXXX)

It is clear from Equation 4‑i therefore, that meaningful mRNA expression levels are dependant on accurate quantitation of total RNA.

Spectrophotometric quantitation

Spectrophotometric analysis of total RNA was performed on a GeneQuant™ spectrophotometer (GeneQuant RNA/DNA calculator- Pharmacia Biotech (Biochrom) Ltd., Cambridge, UK.). Samples were taken in a 0.5μl capillary tube (manufactured by Biochrom Ltd., Cambridge, UK.) and concentrations determined in duplicate according to the A260/A280 ratio with compensation for protein concentration (A230- peptide  bond absorbance) and a background adjustment (A320). 

Comment

This technique is fast and simple to use however, an error of ± 5% is quoted and accuracy is unreliable at total RNA concentrations below 50ng/μl. Early in the research it became apparent that contamination of samples with DNA would present difficulties in absolute quantitation of total RNA if a spectrophotometric method was used. More robust techniques were therefore assessed.

The Ribogreen® assay (courtesy of Mr William XXXXXXXXX)

RNA quantitation using Ribogreen® (Molecular Probes- Leiden, NL) relies on specific RNA binding of a fluorescent nucleic acid in a concentration dependant manner. 

DNase pre-treatment occurred prior to assay. For each sample a 50μl mix was prepared with 5μl 10X DNase digestion buffer, 1μl RNase-free DNase I and 40μl DEPC-treated water. Next, 4μl of RNA sample (stock RNA diluted between 1:100 and 1:800) was added to 46μl of DNase mix, spun (9000 rpm, 60s) then incubated at room temperature for 30-45mins before adding 150μl 1X TE buffer. 

An RNA standard was prepared by adding 10μl of standard RNA (supplied), 1μl DNase I, 5μl 10X DNase digestion buffer and 34μl DEPC-treated water. This was incubated at room temperature for 30mins then diluted by adding 450μl 1X TE buffer (500μl total, RNA concentration 2μg/ml)

Quantitation

For each sample, 100μl of 1X TE buffer was added to 100μl DNase/sample mix and to this, 200μl of diluted Ribogreen® probe. Protecting the samples from light, they were spun (9000 rpm, 60s) before adding 95μl of mixture to 3 wells in a 96-well microplate. A standard curve was added to each plate similarly, with concentrations of 0, 50, 100, 200, 300, 400, 500, 600 and 800 ng/ml RNA. Finally fluorescence was determined on a Wallac fluorescence microplate reader (XXXXX)using standard flourescein wavelengths (excitation 480nm, emission 520nm).

Data was transferred to an Excel™ spreadsheet. Emission values were averaged for each (3-well) sample, a standard curve constructed and concentrations of original stock RNA calculated.

Determination of MSI status

PCR amplification

PCR amplification of target sequences was performed in a thermal cycler (GeneAmp® PCR System 2400, Perkin Elmer) using commercially acquired reagents (AmpliTaq Gold ™ DNA polymerise, GeneAmp® 10X PCR Buffer II, 25mM MgCl2 solution- all Perkin Elmer, and dNTP sets, 100mM each dNTP, Pharmacia Biotech). Genomic DNA was prepared (see page 22) and 100ng used as template in a 40μl reaction mixes, prepared in PCR reaction vials (200µl thin wall tubes, Bio-Rad Laboratories, Hercules, CA, USA) with final concentrations as shown:

	25mM MgCl2 solution
	1.5mM

	10X PCR Buffer II
	1X

	Ampli-Taq Gold™ 5units/μl
	0.025units/μl

	dNTP’s (100mM each dNTP)
	200μM each

	Primers (25pmol/μl each)
	0.5pM each


Cycling parameters were as follows:

XXXXXXX
On completion, PCR products were held at 4oC until visualised (24-48hours)

Primer sequences were those first described by {724} 

BAT 26

Primers for BAT (Big Adenine Tract) 26 amplify an approximately (A)26 polyadenine tract contained within exon 5 of the hMSH2 gene, involved in human mismatch repair.

BAT40

Primers for BAT 40 amplify an approximately (A)40 polyadenine tract contained within the first intron of the HSD3B1 gene.

Properties of each primer set are displayed:

	
	5’                  3’
	Tm
	G/C ratio
	Amplimer (bp)

	BAT 26 forward
	tgactacttttgacttcagcc


	
	
	122

	BAT 26 reverse
	aaccattcaacatttttaaccc


	
	
	

	BAT40 forward
	attaacttcctacaccacaac


	
	
	123

	BAT 40 reverse
	gtagagcaagaccaccttg


	
	
	


Primers were commercially obtained as HPLC purified dry products and diluted to stock concentrations with DEPC-treated water, then divided into aliquots and stored at –20oC.

Product Visualisation

Mismatch repair errors during replication of polyadenine DNA tracts lead to allelic shortening compared with G-C replication that may increase allelic length. To determine single base length changes, Polyacrylamide gel electrophoresis was used.

Polyacrylamide electrophoresis

A proprietary gel-casting system was used (Sequi-Gen GT Nucleic Acid Electrophoresis cell 38X50cm, BioRad, Hercules, CA, USA) according to instructions and with modifications to improve gel bonding. Essentially, both glass plates were thoroughly cleaned, if necessary following soaking for 60min in 0.1M Sodium hydroxide solution to hydrolyse adherent gel debris. Bonding solution (5mls- see Appendix F- Buffers and solutions, page 88) was applied to the gel plate, spread evenly, allowed to evaporate for 30s, then wiped with a dry Kimwipe® tissue (Kimwipe® Lite 100, Kimberly-Clark®) then briefly with a further tissue moistened with distilled water and allowed to dry. Glassfree® (4ml) was applied to the partner plate, spread evenly, allowed to evaporate, then wiped with a Kimwipe® tissue. The unit was assembled with 4mm vinyl (non-tapered) spacers and inclined on a 6cm block prior to gel casting.

Polyacrylamide gels were prepared using Sequagel® reagents (National Diagnostics, Atlanta, USA). Twenty millilitres of Sequagel® Complete Buffer Reagent were added to 80ml Sequagel® XR (monomer solution). Polymerisation was initiated by adding 10% w/v Ammonium persulphate (800μl) and the gel cast using the proprietary casting syringe. A 32-well straight comb was inserted and the unit rested horizontally on a 2cm block. Polymerisation took 45-60min at room temperature.

The unit was then pre-run to 45-50 oC by loading with pre-warmed 1X TBE buffer and setting the temperature controlled at 200W/ 50oC for 30min.

Sample loading

In fresh PCR amplification tubes, 15 µl PCR products were added to 15µl denaturing buffer and tracking dye solution (see Appendix F- Buffers and solutions, page 88) and denatured at 96o C for 5min within a thermal cycler. Briskly, samples were transferred to the bench, electrophoresis wells flushed with fresh 1X TBE from the reservoir (60µl flushes using a micropipette, 45-50oC) and samples loaded using a Hamilton Microliter™ Syringe (Hamilton Bonaduz AG, Switzerland). The unit was reassembled and run at 120W, setpoint 45oC and monitored according to tracker dye mobility (see Table 4‑1).
	Bromophenol Blue
nucleotide
	Xylene Cyanole
nucleotide

	50
	210



Table 4‑1 Tracking Dye Migration in SequaGel XR (manufacturers data)

Following product migration, the apparatus was allowed to cool for 10min and plates separated.

Silver staining 

All solutions (see Appendix F- Buffers and solutions, page 88) were freshly prepared using Ultrapure water and made in 2l quantities to cover plates during staining. Plastic trays (40x52cm, [Kartell, Spa Noviglio (MI), Italy]) were used and solutions agitated on a bench-top shaker with non-slip flat surface (Lab-Line Instruments Inc., IL, USA). Illustrated graphically, the following steps were performed:
	FIX/STOP solution


	20min

	WASH (distilled water)
	3x3min

	STAIN
	30min

	RINSE (distilled water)
	5-10s

	DEVELOP
	1x2-3min until bands show
1x2-3min further

	FIX/STOP
	2-3min

	WASH (distilled water)
	2x2min

	DRY/ RECORD
	


For trouble shooting, the Silver Sequence™ technical manual (Promega, XXX) was used. Results were recorded by blotting the plate onto Whatman 3MM filter paper (Whatman International Ltd., Maidstone, UK) and photographing (Nikon Coolpix 990, Nikon, Japan). Transfer of gels onto paper was haphazard and results darkened beyond assessment over time.

RT-PCR

TAQman quantitative RT-PCR

Overview

Technological advances have led to the development of several systems which claim to allow the amplification of RNA with real-time quantitation of amplified sequences (reviewed by Bustin {977}). The Taqman system relies on a carefully designed labelled probe and the endogenous cleavage ability of the rTth DNA polymerase. Additionally, rTth polymerase acts as a thermally activated reverse polymerase, greatly simplifying preparation and loading of sample reaction mixtures.
Choice of markers

Design of Primer/ Probe Sequences

The near completion of the Human Genome Project and its allied online internet resources have revolutionised the design and cross-checking of nucleic acid primer and probe sequences. The following description illustrates the process in designing the CD8α probe and primer sets.
PubMed (nucleotide) database was searched with the sequence ‘CD8α AND human AND mRNA’. Hyperlinks for the entire exon sequence of CD8α were followed and the FASTA view selected. Text representing the CD8α exon was copied into the BLAST website(XXXX), yielding the intron/exon boundaries, and these were crosschecked by searching for CD8α in AceView (XXXX). The complete exon mRNA text file for CD8α was exported into Primer Express™ (Primer Express™ version 1.0. Applied Biosystems, CA, USA) software supplied with the Taqman system and intron/exon boundaries highlighted manually. This yielded several potential primer and probe sets, which were back-checked within BLAST to ensure lack of homology with other human genes. Sequences were then ordered from MWG-Biotech with special notice made for HPLC purification and Taqman compatibility.
Preparation of reaction mixtures

A master mix was prepared from an Excel™ spreadsheet formula (see Appendix D- Formulae, page 84). Reaction mixtures of 25µl were then prepared in PCR reaction vials (previously shown to provide equivalent laser transmission compared with those recommended by the manufacturer, VGG XXXXX). The final reaction mixture comprised the following concentrations:
	
	
	
	
	

	
	
	
	
	


Table 4‑2
Standard Curve determination

Immunohistochemistry

Overview

Histopathology identification numbers were retrieved from HISS (XXX) and the Department of Pathology database system. The coding system comprised of sequential numbering, a letter (or letters) identifying the archived block and a year code e.g.
1234 G/ 98 - sample number 1234, block G, year 1998

Figure 4‑1 Pathology reference system, The Royal London Hospital

Archived haematoxylin and eosin (H&E) stained slides were retrieved and assessed to ensure the presence of colorectal cancer. Where archived slides were missing, the original pathology report was consulted and fresh sections were cut for H&E staining and assessment. Formalin fixed, paraffin embedded tissue blocks were retrieved and 3µm sections were cut by an experienced laboratory technician (DS) onto Superfrost Plus™ microscope slides (BDH XXXX). Sections were held at 60oC overnight and processed the following day. In batches, sections were dewaxed in xylene (2 baths, 2min each) and rendered hydrophilic in ethanol (IMS- industrial methylated spirit, 2 baths, 2min each).
Method: CD3, CD4, CD8 and GZMB

For CD3, CD8 and GZMB staining, sections were placed in hydrogen peroxide 1% v/v in methanol as endogenous peroxidase block for 15min, then rinsed in tap water (2-5min). Next antigen retrieval was performed according to the following table:
	Antibody
	Buffer
	Conditions
	Cooling

	CD3
	citrate, pH6
	MW, 18min
	5min

	CD4
	EDTA/water, pH8
	PC, 3min
	rapid by tap water irrigation

	CD8
	citrate, pH6
	MW, 18min
	5min

	GZMB
	EDTA/water, pH8
	MW, 18min
	5min

	IL2-Rα
	DAKO Ag retrieval solution, pH6.1
	99oC, 25min
	20min


Table 4‑3 Antigen Retrieval Conditions
Citrate- citrate buffer (see Appendix F- Buffers and solutions, page 88)
MW- microwave treatment, full power (850W)

PC- pressure cooker treatment, (Prestige)

EDTA- XXXXX

DAKO- 

Following cooling, sections were rinsed in tap water and soaked in TBS (tris-buffered saline) for 3 minutes. Antibody labelling was performed using a commercially available kit (Vectastain® Universal Elite® ABC kit, Vector Laboratories Inc., Burlingame, CA, USA).

For CD3, CD4, CD8 and GZMB antigens, slides were carefully wiped and wells created around sections with a hydrophobic marker pen (PAP XXXXX). Diluted normal (horse) serum (50µl serum in 5mls antibody diluent) was applied (100-200µl, 3min [CD4, 20min]) then tipped off (no wash). Primary antibody was applied (100-200µl, see Table 4‑4) then the section washed twice with TBS (CD4- TBS with TWEEN® 20, 5min soak). Diluted, universal biotinylated secondary antibody (100µl normal [horse] serum, 100µl biotinylated secondary antibody in 5mls TBS) was applied (100-200µl, 20min [CD4, 30min]) then the section washed twice with TBS (CD4- TBS with TWEEN® 20, 5min soak). Prepared Vectastain® Elite ABC Reagent (Avidin complex solution- 100µl reagent A, 100µl reagent B in 5mls TBS) was added (100-200µl, 20min) then the section washed twice in TBS (CD4- TBS with TWEEN 20, 5min soak). Lastly, DAB solution (Biogenex- 500µl substrate buffer made to 4.5mls with distilled water. Chromagen 4 drops, hydrogen peroxide [supplied] 2 drops) was applied (100-200µl, 3-5min [CD4, 10min]) until a strong stain developed, then washed twice with TBS and rinsed in tap water. Slides were counterstained in Mayers Haemulum  XXXX solution (20-30s) then washed in tap water (5min) before being dehydrated (IMS, 2x2mins), cleared (xylene, 2x2mins), mounted with Canada Balsam and labelled.

	Antibody
	Supplier
	Clone
	Specificity
	Dilution
	Incubation
Time

	CD3
	DAKO
	CD3
	Polyclonal anti-rabbit
	1:400
	40min

	CD4
	Novocastra
	1F6
	Monoclonal mouse anti-human
	1:60
	60min

	CD8
	DAKO
	C8/144B
	Monoclonal mouse anti-human
	1:100
	40min

	GZMB
	DAKO
	GrB-7
	Monoclonal mouse anti-human
	1:75
	40min

	IL2-Rα
	DAKO
	ACT-1
	Monoclonal mouse anti-human
	1:1500
	15min


Table 4‑4 Primary antibody dilutions and incubation times

DAKO- DAKO A/S, Glostrup, Denmark

Novocastra- Novocastra Laboratories Ltd., Newcastle upon Tyne, UK.

Method: IL2-R

For IL2-Rα (CD25), the method of {1319} was followed using the DAKO Catalysed Signal Amplification (CSA) System and additional blocking steps. Slides were dewaxed and rendered hydrophilic as before and transferred to hot (95-99oC) DAKO target retrieval solution (1X, pH6.1) for antigen unmasking (conditions outlined in Table 4‑3). After cooling, slides were wiped and sections isolated within wells created with a hydrophobic marker pen. Hydrogen peroxide block (0.05%- bottle1, 100-200µl, 5min) was applied as an endogenous peroxidase block, then rinsed with TBS. Biotin blocking system (DAKO corporation, Carpinteria, CA, USA) XXXX was applied (100-200µl, 20min each solution) then rinsed with TBS. Sections were soaked in 0.1M sodium azide solution (20min) then rinsed and soaked in TBS (15min). Protein block was applied (bottle 2, 100-200µl, 5min), slides blotted and primary antibody applied (100-200µl, see Table 4‑4). The slides were rinsed with TBS then link antibody applied (bottle 4, 100-200µl, 15min) then rinsed again with TBS. Prepared streptavidin-biotin complex (40µl bottle 5, 40µl bottle 6, 1ml bottle 7) was applied (100-200µl, 15min) then slides rinsed with TBS. Amplification agent was applied (bottle 8, 100-200µl, 15min) then slides rinsed with TBS. Streptavidin-peroxidase was applied (bottle 9, 100-200µl, 15min) then slides rinsed with TBS. Prepared substrate-chromagen solution (bottle 12, 40µl per 2mls chromagen solution [bottle 11, 10 drops, made to 10mls with distilled water. 1 tablet bottle 10, shaken until dissolved]) was added (100-200µl, 5min) then slides washed with tap water (5min). Slides were counterstained with Mayers Haemalum (30s), dehydrated (IMS, 2x2mins), cleared (xylene, 2x2mins), mounted with Canada Balsam and labelled.
Choice of Markers

Scoring

Objective assessment of immunological staining has many limitations, addressed in (XXXXX).

Blinding to Microsatellite Status 

Scoring was performed with reference to the coding numbers for pathological specimens at The Royal London Hospital (see Figure 4‑1, page 30). Microsatellite status testing used a separate incremental recording system (see page 20). Following initial retrieval of specimens, no further reference was made to MSI status until completion of scoring when back-reference of samples was made.
Intra- epithelial lymphocytes
We defined intra-epithelial lymphocytes (IEL’s) as those positively staining cells either wholly within neoplastic tissue (Fig.XXX) or occurring within a boundary marked by a supposed neoplastic epithelial basement membrane. (Fig. XXXX)

Unit area for scoring
Selection of areas to score across a complete microscope slide can never be truly random. Within the limitations posed by tumour heterogeneity (discussed page 14), we chose 10 areas at X400 magnification (approximately XXXX µm2 in total) which contained 60-80% neoplastic epithelium by area and made some adjustment of sampling based on proportions if areas on the same slide differed widely in IEL counts, such that a mean count was arrived at.(if some adjustment is made then the mean is more accurate than the median in representing the sample average). Individual scores per h.p.f. were recorded on an Excel™ spreadsheet  (see Appendix I- Result Tables (examples), page 91)
Chapter 5 Results

Microsatellite Analysis of Colorectal Cancer

Introduction

The defining criteria for microsatellite status remain contentious.  Increasingly, workers are dividing tumour microsatellite status into 2 groups: those expressing no or minimal instability (previously termed MSI-L) and those with instability at several genetic markers (discussed in Section XXXXX, page XXXX). Distinction of these tumour types based on the use of a sole marker, BAT-26, is justified by several comprehensive studies which utilised not only the markers recommended by the ICG working group {924}, but upwards of 30 separate genetic markers {620, 623}. The validity and strengths of using the marker BAT-26 are discussed in Section XXXXX, page XXX. 
To add specificity, a further polyadenine mononucleotide marker from the ICG reference panel, BAT-40, was added (discussed in Section XXX, page XXX) and clear instability at both markers defined our MSI positive subgroup.

Separation of the PCR products to a satisfactory resolution required denaturing polyacrylamide gel electrophoresis with visualisation performed using a non-radioactive silver staining technique (see 0, page 27). Another advantage of BAT-26 is its quasi-monomorphic allelic length, which simplifies interpretation of band patterns which might otherwise be distorted due to variability in product migration across a large gel plate. This has led some authors to propose the use of BAT-26 for microsatellite determination in neoplastic tissue, even without the availability of non-neoplastic tissue DNA for comparison {623}.

More recently we have used the Agilent XXXXX DNA500 minigel system as an additional method of product visualisation. Loading of 1-2µl PCR product (up to 12 samples) gave clear results (particularly for BAT-26) in approximately 30min, greatly simplifying microsatellite determination. All MSI positive tissue samples for this thesis were confirmed on the Agilent XXX and this led to the clarification of one samples microsatellite status where silver staining had failed to show an unambiguous staining pattern

Results

Tumour selection and PCR amplification

Tissue collection began on 6th November 1997. Presently, all appropriate patients with colorectal cancer at The Royal London Hospital are consented for tissue collection and tissue taken is stored for further work as detailed in 0, page 19.
At time of censoring, this thesis presents data on 204 patients with colorectal cancer collected sequentially until 15th October 2002. Samples collected from a further 4 patients were excluded from analysis since histology reported adenomatous tissue only (all MSI negative). 
Prior to November 1999, patients were recruited from other hospitals at which ethics approval had been granted (0, page 19, and Appendix A- Ethics approval, page 80). Seven patients were treated at Newham General Hospital, London E13 (7/204, 3.4%) and 2 patients treated at Whipps Cross Hospital, London E11. (2/204, 1.0%). 
Synchronous/ Metachronous tumours

Data from multiple tumours was available in four patients. For clinicopathological associations and survival analysis, a single tumour was chosen to represent the specific patient characteristics. With reference to the Appendix C- Database, page 83, the following choices were made:

ID93/159 (metachronous). Sample ID93 reflected a right-sided. (Tumour) ID159 occurred 1.71 years later and was believed to represent recurrence at the ileocolic resection margin and was therefore excluded. At censoring no event had occurred (3.00 years from initial resection).

ID7/25 (synchronous). Sample ID7 lacked any RT-PCR or ICC data and was therefore excluded however, the pathological stage differed (ID7-  T2N1M0, ID25- T3N0M0). Since this patient developed an N1 tumour, choosing the characteristics of ID25 might adversely affect survival for the N0 subgroup however, at censoring no event had occurred (4.10 years to last clinic visit).
ID13/14 (synchronous). Since sample ID7 represented a left sided tumour, sample ID14 (right sided) was excluded. Samples ID13/14 were identical in all recorded clinicopathological characteristics and at censoring no event had occurred (4.43 years to last clinic visit).
ID209/210 (synchronous). Only demographic data and MSI status recorded, therefore ID209 chosen as representative.

Polyacrylamide gel electrophoresis

[image: image6.jpg]



Figure 5‑1 Example of silver staining patterns for BAT-26 (4 paired samples, samples 1 and 3 MSI positive))
Mini-gels
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Figure 5‑2 Example of mini-gel electrophoresis (BAT-26, samples as labelled)

Data

Discussion

Polyacrylamide gel electrophoresis

The crispness achieved in banding patterns was generally poor, but allowed categorisation of microsatellite status in all but 3 samples. Most published work which has included photographs of representative examples has used results from dinucleotide markers. In our experience, these markers did yield better definition of bands following electrophoresis and silver staining (see Figure 5‑3 below).
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Figure 5‑3 Example of MSI negative silver staining pattern for dinucleotide marker  (D18S5S, sample ID99)

Of the few published examples of visualised BAT-26 bands, {27} used 12% PAGE gels stained with Ethidium bromide and gave examples displaying reasonable clarity. {131} published indistinct but clearly interpretable examples following the method of {623} which had used Ethidium bromide staining. In contrast, {162} published hazy photographs of dinucleotide markers visualised using auto-radiography.
Mini-gels

Clinicopathological Associations, Survival and Predictive Features in Colorectal Cancer
Introduction
Prospective collection of clinical and pathological data has allowed the comparison of our study group with the results of others. Most authors have described their groups statistically however, few have made comment on negative clinicopathological findings and almost none have estimated the size required to register a difference should one have existed (to exclude type II errors). 

Clinicopathological associations can only be made with the available data from the study group and therefore rely on the parameters which have been studied. This may often lead to the declaration of positive associations without the discussion of other confounding variables. For example the criticism raised by {38} against {626} that the survival advantage in HNPCC could be explained by differences in p53 mutations could not be addressed by the original authors using their available data. This is a recurring theme. Firstly, no paper addresses all possible variables with sufficient power to analyse the separate contribution of all parameters and secondly, further discoveries may change the interpretation of old data. This is particularly true for the inclusion of microsatellite status in the appraisal of groups previously analysed for HNPCC clinicopathological associations. This controversy is discussed more fully in 0,page 9.
We present our clinicopathological associations with reference to the overall dataset, then analysed according to tumour location and to MSI status. These findings are discussed in relation to published work and where appropriate comment is made on the sample size to both negative and positive results.
Survival from colorectal cancer is affected by several clinicopathological and genetic features (discussed in section0, page 11). We analysed both the basic clinicopathological determinants and those relating to the immunological state of the tumours studied (both RT-PCR mRNA expression levels and ICC results for protein expression). Hazard ratios were calculated for each variable in turn and were age-adjusted. We used data from confirmed clinic visits to calculate survival.
Although the gold standard for identifying microsatellite instability remains PCR visualisation of altered microsatellite marker lengths, some studies have correlated clinicopathological features with the likelihood of tumours being MSI+. {621} used decision tree analysis to enable prediction of MSI status with ‘reasonable sensitivity’. They found tumour infiltrating lymphocytes to be an important predictor for MSI status and we investigated whether subclasses of T-lymphocytes gave better predictive ability than lymphocytes which had not been immunohistochemically identified.
Results

Clinicopathological Associations

Overall Dataset
Age
The mean age at surgery was 68.98 (SD 12.4, n=204). The youngest patient was 26.95 years and the oldest 98.62 years.
	Site
	Right, 76/200 (38.0%)
	Left, 124/200 (62.0%)
	
	
	

	Differentiation
	Well, 34/188 (18.1%)
	Moderate, 129/189 (68.3%)
	Poor, 26/189 (13.8%)
	
	

	Mucin
	Positive, 24/174 (13.8%)
	Negative, 150/174 (86.2%)
	
	
	

	Dukes Stage
	A, 22/194 (11.3%)
	B, 101/194 (52.1%)
	C1, 59/194 (30.4%)
	C2, 5/194 (2.6%)
	D, 7/194 (3.6%)

	T stage
	T1, 5/198 (2.5%)
	T2, 20/198 (10.1%)
	T3, 143/198 (72.2%)
	T4, 30/198 (15.2%)
	

	N stage
	N0, 125/196 (63.8%)
	N1, 48/196 (24.5%)
	N2, 17/196 (8.7%)
	N3, 5/196 (2.6%)
	

	M stage
	M0, 101/109 (92.7%)
	M1, 8/109 (7.3%)
	
	
	


Table 5‑1 Clinicopathological features for overall dataset
Tumour Site

Age

Both left and right sided tumour groups were distributed normally (see Figure 5‑4). Left sided tumours occurred in significantly younger patients (mean age 66.84 vs. 72.41, t-test p=0.0013, see Table 5‑2).
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Figure 5‑4 Frequency histogram of patient age at surgery stratified by tumour site

	
	Patients
	Mean Age
	95% CI

	Left
	124
	66.84 (SD 12.5)
	64.61- 69.07


	Right
	76
	72.41 (SD 10.4)
	70.05-74.79


Table 5‑2 Comparison of left and right sided tumours by age

MSI status

MSI+ tumours were significantly more likely to be right sided than left sided (χ2 test, p<0.001). Of all right sided tumours 31.6% were MSI+ (see Table 5‑3).
	
	Left
	Right
	Total

	MSI-
	115 (92.7%)
	52 (68.4%)
	167 (83.5%)

	MSI+
	9 (7.3%)
	24 (31.6%)
	33 (16.5%)

	Total
	124
	76
	200


Table 5‑3 Tumour site by MSI status

Tumour Stage

Dukes Stage

When analysed by tumour site, no differences were found in the numbers of tumours with or without tumour presence in lymph nodes (Dukes non A/B vs. Dukes A/B respectively, χ2 test, p=0.78, Table 5‑4).
	
	Dukes non A/B
	Dukes A/B
	Total

	Left
	42 (59.2%)
	74 (61.2%)
	116 (60.4%)

	Right
	29 (40.9%)
	47 (38.8%)
	76 (39.6%)

	Total
	71
	121
	192


Table 5‑4 Tumour site and Dukes stage
TNM stage

Right sided tumours were more advanced on T-staging (χ2 test, p=0.009, Table 5‑5). No differences were found in the nodal status (N stage, χ2 test, p=0.37, Table 5‑6) or presence of overt metastases (M stage, χ2 test, p=0.41,Table 5‑7).
	
	T0
	T1
	T2
	T3
	Total

	Left
	5 (4.1%)
	18 (14.8%)
	83 (68.0%)
	16 (13.1%)
	122

	Right
	0 
	2 (2.6%)
	60 (79.0%)
	14 (18.4%)
	76

	Total
	5
	20
	143
	30
	198


Table 5‑5 Tumour site and T stage

	
	N0
	N1
	N2
	N3
	Total

	Left
	78 (65.6%)
	31 (26.1%)
	7 (5.9%)
	3 (2.5%)
	119

	Right
	47 (61.8%)
	17 (22.4%)
	10 (13.2%)
	2 (2.6%)
	76

	Total
	125
	48
	17
	5
	195


Table 5‑6 Tumour site and N stage

	
	M0
	M1
	Total

	Left
	61 (91.0%)
	6 (9.0%)
	67

	Right
	40 (95.24%)
	2 (4.8%)
	42

	Total
	101
	8
	109


Table 5‑7 Tumour site and M stage

Tumour differentiation
No differences were found in tumour differentiation between right and left sided tumours (χ2 test, p=0.40, Table 5‑8).

	
	Well
	Moderate
	Poor
	Total

	Left
	24 (20.5%)
	79 (67.5%)
	14 (12.0%)
	117

	Right
	10 (13.9%)
	50 (69.4%)
	12 (16.7%)
	72

	Total
	34
	129
	26
	189


Table 5‑8 Tumour site and tumour differentiation

Mucin production

No differences were found in mucin production between right and left sided tumours (χ2 test, p=0.19, Table 5‑9)

	
	Mucin-
	Mucin+
	Total

	Left
	98 (89.1%)
	10 (10.9%)
	110

	Right
	52 (81.3%)
	12 (18.8%)
	64

	Total
	150
	24
	174


Table 5‑9 Tumour site and mucin production
MSI Status
Dataset
Microsatellite status had been determined in tumours from 204 patients. Tumours typed from the same patient and excluded from further analysis (discussed page 35) exhibited identical MSI status. Thirty-four tumours were MSI+ (34/204 [16.7%]) and 170/204 (83.3%) were MSI negative.
Age

Both MSI- and MSI+ groups were distributed normally (see Figure 5‑5). MSI+ patients had a lower mean age than MSI- patients (see Table 5‑10). This was not statistically significant (t-test, p=0.24).
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Figure 5‑5 Frequency histogram of patient age at surgery stratified by MSI status

	
	Patients
	Mean Age
	95% CI

	MSI-
	170
	69.43 (SD 12.1)
	67.56-71.27

	MSI+
	34
	66.71 (SD 13.6)
	61.94-71.47


Table 5‑10 Comparison of MSI- and MSI+ groups by age

Although MSI+ tumours tended to be younger and are significantly more likely to be right sided, right-sided tumours occur in significantly older people. We compared the contribution of MSI status and sidedness by regression analysis. This confirmed that tumour site was most strongly associated with age compared to MSI status (Table 5‑11).

	
	Coefficient
	t
	p>|t|
	95% CI

	Right
	6.59 (SE 1.80)
	3.66
	<0.0001
	3.04- 10.14

	MSI+
	-4.14 (SE 2.35)
	-1.76
	0.079
	-8.79- 0.49


Table 5‑11 Regression analysis of patient age at surgery by tumour site and MSI status

Tumour Stage

Dukes Stage

No difference was seen in the proportion of tumours presenting with or without lymph node metastases (Dukes non A/B vs. Dukes A/B respectively, χ2 test, p=0.28, Table 5‑12).
	
	Dukes non A/B
	Dukes A/B
	Total

	MSI-
	62 (87.3%)
	100 (81.3%)
	162 (83.5%)

	MSI+
	9 (12.7%)
	23 (18.7%)
	32 (16.5%)

	Total
	71
	123
	194


Table 5‑12 MSI status and Dukes stage
TNM Stage
No differences were found between MSI+ and MSI- tumours when comparing T stage (χ2 test, p=0.63, Table 5‑13), N stage (χ2 test, p=0.75, Table 5‑14) or M stage (χ2 test, p=0.24, Table 5‑15). This is despite the absence of overt metastases in any MSI+ tumours although only 109/204 (53.4%) MSI phenotyped tumours had an M stage recorded.
	
	T0
	T1
	T2
	T3
	Total

	MSI-
	5 (100%)
	18 (90%)
	118 (82.5%)
	25 (83.3%)
	166 (83.8%)

	MSI+
	0
	2 (10%)
	25 (17.5%)
	5 (16.7%)
	32 (16.2%)

	Total
	5
	20
	143
	30
	198


Table 5‑13 MSI status and T stage
	
	N0
	N1
	N2
	N3
	Total

	MSI-
	102 (81.6%)
	42 (87.5%)
	15 (88.2%)
	4 (80%)
	163 (83.6%)

	MSI+
	23 (18.4%)
	6 (12.5%)
	2 (11.8%)
	1 (20%)
	32 (16.4%)

	Total
	125
	48
	17
	5
	195


Table 5‑14 MSI status and N stage
	
	M0
	M1
	Total

	MSI-
	86 (85.2%)
	8 (100%)
	94 (86.2%)

	MSI+
	15 (14.9%)
	0
	15 (13.8%)

	Total
	101
	8
	109


Table 5‑15 MSI status and M stage
Tumour Differentiation

Microsatellite positive tumours were considerably more likely to show poorer histological differentiation (χ2 test, p<0.0001, Table 5‑16).
	
	Well
	Moderate
	Poor
	Total

	MSI-
	30 (88.2%)
	116 (90.0%)
	14 (53.9%)
	160 (84.7%)

	MSI+
	4 (11.8%)
	13 (10.1%)
	12 (46.2%)
	29 (15.34%)

	Total
	34
	129
	26
	


Table 5‑16 MSI status and tumour differentiation
Mucin Production

Microsatellite positive tumours were significantly more likely to exhibit mucin production (χ2 test, p=0.026, Table 5‑17).
	
	Mucin-
	Mucin+
	Total

	MSI-
	132 (88%)
	17 (70.8%)
	149 (85.6%)

	MSI+
	18 (12%)
	7 (29.2%)
	25 (14.4%)

	Total
	150
	24
	174


Table 5‑17 MSI status and mucin production
Survival from colorectal cancer expressing microsatellite instability

Patient Follow-up

Follow-up data is correct at 31st December 2002. For all patients with verified clinic visits, median patient follow-up is 1.46 years (range 0.01- 4.93 years). Median follow-up to time of censoring without verification of patient status is 2.15 years (range 0.01- 5.15 years).
For patients undergoing curative resections, median verified patient follow-up is 1.61 years (range 0.04- 4.93 years). For survival analyses, only survival data from verified clinic visits has been used.
Curative Resection Rate
Surgery was considered curative in 150/204 (73.5%) patients. The reasons for non-curative surgery are outlined.
Metastatic disease at operation (stage M1 or R2)

Metastatic disease was present in 18/204 (8.82%) patients at surgery, of whom 1 died on the fourth post-operative day. Of 7 known deaths at censoring, median survival was 1.17 years (range 0.18- 2.62 years). A further event was recorded without a date of death although survival was at least 3 months. For one patient who underwent surgery within 8 weeks of censoring there was no follow up data yet available. The remaining 8 patients had not been seen for a median of 1.15 years (range 0.09- 2.24 years).

Macroscopic residual disease (stage R1)

Macroscopic disease remained in 29/204 (14.2%) patients following surgery, of whom 8 were known to have died at censoring (median survival 0.70 years, range 0.09- 2.21 years). Of the remainder, median survival was 1.85 years (range 0.26- 4.23 years) although at least 2 patients had known recurrent or metastatic disease.

Peri-operative deaths

Three deaths occurred within 30 days of surgery (post-operative days 4, 5 and 11, patient ages 60, 67 and 77 respectively). Metastatic disease was present in one patient.

Incomplete Data

Data was insufficient to assign a category in 6/204 (2.94%) patients.

Survival rates
Survival rates from curative and non-curative resections are plotted in Figure 5‑6. Overall 5 year survival was 67%.
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Figure 5‑6 Survival curves comparing curative and non-curative resections
Curative Resections

In patients who underwent curative resections, five were lost to follow up and one death was recorded without an actual date of death. The 5 year survival rate in this group was 73%.

Non-curative Resections

In 47 patients who underwent non-curative resections, one had not yet been reviewed in outpatients and a further patient had died without an accurately recorded date of death. Median survival in this group was 2.62 years. As expected this was significantly worse than those patients who had undergone curative surgery (Logrank test for trend, p=0.0002).
Survival analyses were subsequently restricted to those patients having undergone curative resections in whom follow-up visits were recorded (n=146, 20 deaths)
Regression analyses for factors affecting survival
Basic survival curves stratified according to clinicopathological features failed to yield any significant risk factors in the small sample set. Cox’s regression analysis for each risk factor was age-adjusted, despite the finding that age was not a significant risk factor for death (Table 5‑18).
	
	Hazard Ratio (SE)
	z
	p>z
	95% CI
	Observations (deaths)

	Age
	1.43 (0.30)
	1.72
	0.085
	0.95- 2.16
	146 (20)


Table 5‑18 Cox regression analysis for age
	
	Hazard Ratio (SE)
	z
	p>z
	95% CI
	Observations (deaths)

	MSI
	0.95 (0.60)
	-0.07
	0.94
	0.28- 3.29
	146 (20)


Table 5‑19 Cox regression analysis for MSI status
	
	Hazard Ratio (SE)
	z
	p>|z|
	95% CI
	Observations (deaths)

	MSI status
	1.20 (0.77)
	0.28
	0.78
	0.34- 4.19
	146 (20)

	Site
	1.17 (0.53)
	0.35
	0.73
	0.48- 2.86
	145 (20)

	Mucin
	1.67 (1.06)
	0.81
	0.42
	0.48- 5.78
	129 (19)

	Differention:
	
	
	
	
	

	Moderate 
	0.88 (0.51)
	-0.22
	0.83
	0.29- 2.71
	138 (20)

	Poor
	1.39 (1.10)
	0.41
	0.68
	0.29- 6.59
	138 (20)

	Stage:
	
	
	
	
	

	Dukes A/B
	0.85 (0.42)
	-0.32
	0.75
	0.33- 2.24
	141 (20)

	N0
	0.86 (0.43)
	-0.29
	0.77
	0.33- 2.27
	143 (20)

	IEL counts:
	
	
	
	
	

	lnCD3
	0.81 (0.21)
	-0.80
	0.42
	0.48- 1.36
	50 (8)

	lnCD4
	1.36 (0.45)
	0.91
	0.36
	0.70- 2.61
	50 (8)

	lnCD8
	
	
	
	
	

	lnCD25
	2.49 (1.17)
	1.94
	0.053
	0.99- 6.24
	50 (8)

	lnGZMB
	1.02 (0.26)
	0.07
	0.94
	0.62- 1.67
	50 (8)

	
	
	
	
	
	

	
	
	
	
	
	


Table 5‑20 Age-adjusted risk factors for survival in colorectal cancer
Predictive features for microsatellite status

We sought to analyse those factor which might predict for MSI status.

	
	Odds Ratio (SE)
	z
	p>|z|
	95% CI
	Observations 

	Age
	0.98 (0.14)
	-1.17
	0.24
	0.96- 1.01
	204

	Right side
	5.90 (2.51)
	4.17
	<0.0001
	2.56- 13.57
	200

	Stage
	
	
	
	
	

	Mucin
	
	
	
	
	

	Differentiation:
	
	
	
	
	

	Moderate
	0.84 (0.51)
	-0.29
	0.78
	0.26- 2.76
	189

	Poor
	6.43 (4.25)
	2.81
	0.005
	1.76- 23.52
	189

	IEL counts
	
	
	
	
	

	lnCD3
	2.21 (0.55)
	3.15
	0.002
	1.35- 3.61
	71

	lnCD4
	1.65 (0.37)
	2.27
	0.023
	1.07- 2.55
	71

	lnCD8
	1.68 (0.33)
	2.64
	0.008
	1.14- 2.46
	71

	lnCD25
	3.23 (1.17)
	3.23
	0.001
	1.58- 6.58
	71

	lnGZMB
	2.64 (0.71)
	3.61
	<0.0001
	1.56- 4.47
	71


Discussion

Clinicopathological Associations
We analysed an ethnically mixed but predominantly Caucasian population of patients presenting to hospitals in the east of London. Cases were collected sequentially and no selection bias was intended although an unrecorded number of hospital cases presented as emergencies and were often missed. Our group contains at least 2 patients who presented in this way. The basic clinicopathological features of the overall dataset are outlined in Table 5‑1. 
In an unselected series of 204 patients, our frequency of MSI positive cancers was 16.7%. This is similar to other comparable series, for example {162} described 103 consecutive, unselected Japanese patients over 5 years and defined a (RER+) group with 1+/6 markers positive. They found 16/103 (15.7%) to be MSI+.
Tumours occurred proximal (or at) the splenic flexure in 38% of our patients and in this subgroup, 31.6% were MSI+. Again this is in agreement with the findings of others. {161} identified 20 right-sided tumours, all of which showed instability at 2+/4 markers. In their small retrospective series, MSI positive tumours represented 7/20 (35%) of cases. The mean age of their (right-sided tumours) patients was 69±11 years (range 47-90), which is younger than our group (72.41 [SD 10.4], 95% CI 70.05-74.79 years). Interestingly they found their patients with right-sided MSI+ tumours to be significantly older (73±13 vs. 67±9). This disagrees with our findings in right-sided tumours (mean 68.44 years (SD 14.5) vs. 74.04 (SD9.6), t-test p=0.043) and most probably represents a type I error in their small sample group. 
Patients with right-sided tumours were significantly older than those with left-sided tumours (mean 72.41 years vs. 66.84, t-test p=0.0013, see Table 5‑2) in agreement with {689} (check). Paradoxically, although MSI+ tumours were strongly associated with the right-side, MSI+ tumours occur in significantly younger patients. As expected, in right-sided tumours, MSI+ tumours occur in significantly younger patients than MSI- tumours (mean 68.44 years (SD 14.5) vs. 74.04 (SD9.6), t-test p=0.043), and though patients with right-sided MSI+ tumours are older than those with left-sided MSI+ tumours (mean 68.44 (SD 14.5) vs. 61.89 (SD 10.3) this is not significant (t-test, p=0.22). Thus right-side appears to impart a greater tendency to older age than MSI status does to young age, as confirmed by multivariate analysis (Table 5‑11).
Tumours presenting in right-sided patients are more advanced on T-staging than left-sided tumours (χ2 test, p=0.009, Table 5‑5). {689} reported that right-sided tumours were significantly larger at presentation than left-sided tumours though did not find a difference in tumour stage. We did not have data available on tumour size. The larger size of tumours in the right colon is commonly believed to represent a delay in symptomatic presentation to the patient, particularly rectal bleeding. Whilst this is likely to play a part in some individual cases, it is difficult to control for reporting by patients and differing tumour biology between left and right-sided tumours is as likely to explain the difference in tumour size at presentation.
In our MSI+ group, tumours were more likely to be right-sided, poorly differentiated and mucinous. 
Survival from colorectal cancer expressing microsatellite instability

Curative resections, verified visits, all-causes mortality, age-adjusted comparison.
Regression analysis- all too weak for assessment. MSI has “trend” for worse prognosis if anything. CD3 cells are good but activaton (IL2-Rα and GZMB) seem bad.

Predictive features for microsatellite status

Strongest determinants are right side and GZMB. Little between immunological markers in predictive ability. Tie in with Jass
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Tumour selection and assessment

Raw data

CD3


[image: image12.wmf]MSI+

MSI-

1.0×10

-05

1.0×10

00

1.0×10

05

1.0×10

10

MSI+

MSI-

mRNA copies/

m

g


CD4


[image: image13.wmf]MSI+

MSI-

1.0×10

-06

1.0×10

00

1.0×10

06

1.0×10

12

MSI+

MSI-

mRNA copies/

m

g


CD8


[image: image14.wmf]MSI+

MSI-

1.0×10

04

1.0×10

06

1.0×10

08

1.0×10

10

MSI+

MSI-

mRNA copies/

m

g


IL2-Rα

[image: image15.wmf]MSI+

MSI-

1.0×10

04

1.0×10

06

1.0×10

08

1.0×10

10

MSI+

MSI-

mRNA copies/

m

g


GZMB


[image: image16.wmf]MSI+

MSI-

1.0×10

-06

1.0×10

00

1.0×10

06

1.0×10

12

MSI+

MSI-

mRNA copies/

m

g


Standard curves

Correlation between immunological markers

	
	CD3
	CD4
	CD8
	GZMB
	IL2-Ra

	CD3
	
	0.35
	0.84
	0.45
	0.68

	CD4
	
	
	0.31
	0.57
	0.72

	CD8
	
	
	
	0.37
	0.62

	GZMB
	
	
	
	
	0.68

	IL2-Ra
	
	
	
	
	


Table 5‑21 Correlation between mRNA expression levels (all markers, Spearman Rank R values)
	
	lnCD3
	lnCD4
	lnCD8
	lnGZMB
	lnIL2-Ra

	lnCD3
	
	0.37
	0.76
	0.57
	0.71

	lnCD4
	
	
	0.43
	0.44
	0.65

	lnCD8
	
	
	
	0.48
	0.79

	lnGZMB
	
	
	
	
	0.60

	lnIL2-Ra
	
	
	
	
	


Table 5‑22 Correlation between ln(mRNA) expression levels (all markers, Pearson R values)
	
	CD3
	CD4
	CD8
	GZMB
	IL2-Ra

	CD3
	
	0.59/ns
	0.91/0.79
	0.78/ns
	0.89/0.53

	CD4
	
	
	0.45/ns
	0.63/0.52
	0.79/0.68

	CD8
	
	
	
	0.73/ns
	0.83/0.48

	GZMB
	
	
	
	
	0.81/0.60

	IL2-Ra
	
	
	
	
	


Table 5‑23 Correlation between mRNA expression levels (MSI+/MSI-, all markers, Spearman Rank R values)
	
	CD3
	CD4
	CD8
	GZMB
	IL2-Ra

	CD3
	
	ns
	0.83
	0.28
	0.66

	CD4
	
	
	ns
	0.48
	0.53

	CD8
	
	
	
	ns
	0.62

	GZMB
	
	
	
	
	0.61

	IL2-Ra
	
	
	
	
	


Table 5‑24 Correlation between mRNA expression levels, excluding non-amplifying reactions (all markers, Spearman rank R values)
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Figure 5‑7 Correlation of mRNA expression between CD3 and CD4 markers (including non-amplifying reactions)
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Figure 5‑8 Correlation of mRNA expression between CD3 and CD4 markers (excluding non-amplifying reactions)
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Figure 5‑9 Correlation of mRNA expression between CD3 and CD8 markers (including non-amplifying reactions)
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Figure 5‑10 Correlation of mRNA expression between CD3 and CD8 markers (excluding non-amplifying reactions)
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Figure 5‑11 Correlation of mRNA expression between CD3 and GZMB markers (including non-amplifying reactions)
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Figure 5‑12  Correlation of mRNA expression between CD3 and GZMB markers (excluding non-amplifying reactions)
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Figure 5‑13 Correlation of mRNA expression between CD3 and IL2-Rα markers (including non-amplifying reactions)
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Figure 5‑14 Correlation of mRNA expression between CD3 and IL2-Rα markers (excluding non-amplifying reactions)
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Figure 5‑15 Correlation of mRNA expression between CD8 and IL2-Rα markers
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Introduction

Results

Clinicopathological features of ICC sample subset

Age

Both MSI- and MSI+ groups were distributed normally. MSI+ patients had a lower mean age than MSI- patients (see Table 5‑25 ). This was not statistically significant (t-test, p=0.086).

	
	Patients
	Mean Age
	95% CI

	MSI-
	49
	72.36 (SD 10.0)
	69.50-75.22

	MSI+
	22
	67.67 (SD 12.65)
	62.06-73.28


Table 5‑25 ICC samples. Comparison of MSI+ and MSI- by age

Comparison with Overall Dataset

The MSI- ICC group had an older mean age then the overall dataset (72.36 [SD 10.0] vs. 69.43 [SD 12.1]) though this was not significant at the 5% level (t-test, p=0.055).

The MSI+ ICC group also had an older mean age than the overall dataset although the difference was less than the MSI- group (67.67 [SD 12.65] vs. 66.71 [SD13.6]). Again this was not significant (t-test, p=0.36).
Tumour Site
For the ICC subset of tumours, the distribution of right and left sided tumours is shown in Table 5‑26. No difference was shown in proportion of MSI+ or MSI- tumours by tumour site (χ2 test, p=0.27).
	
	Left
	Right
	Total

	MSI-
	15 (78.9%)
	34 (65.4%)
	49 (69.0%)

	MSI+
	4 (21.1%)
	18 (34.6%)
	22 (31.0%)

	Total
	19
	52
	71


Table 5‑26 ICC samples. Proportion of MSI tumours by site

Comparison with Overall Dataset

For left sided tumours, no difference was found in overall proportion of MSI+ and MSI- compared with the overall dataset (χ2 test, p=0.052, Table 5‑27).

	
	ICC set, left sided
	Dataset, left sided
	Total

	MSI-
	15 (78.9%)
	115 (92.7%)
	130 (90.9%)

	MSI+
	4 (21.1%)
	9 (7.3%)
	13 (9.1%)

	Total
	19
	124
	143


Table 5‑27 Comparison of MSI status in left sided tumours

For right sided tumours, no difference was found in the overall proportion of MSI+ and MSI- compared with the overall dataset (χ2 test, p=0.72, Table 5‑28).

	
	ICC set, right sided
	Dataset, right sided
	Total

	MSI-
	34 (65.4%)
	52 (68.4%)
	86 (67.2%)

	MSI+
	18 (34.6%)
	24 (31.6%)
	42 (32.8%)

	Total
	52
	76
	128


Table 5‑28 Comparison of MSI status in right sided tumours
Tumour Stage

Dukes Stage

Within the ICC dataset, no difference was found between the number of tumours presenting with or without lymph node metastases (Dukes non A/B vs. Dukes A/B respectively, χ2 test, p=0.70).

When compared with the overall dataset, the ICC subset showed no difference in either those MSI+ tumours presenting with (χ2 test, p=0.1) or without (χ2 test, p=0.06) lymph node metastases.
TNM Stage

Within the ICC subset, no differences were found when comparing T stage (χ2 test, p=0.21, Table 5‑29), N stage (χ2 test, p=0.40,Table 5‑30) or M stage (χ2 test, p=0.25, Table 5‑31). 
Again, when the ICC subset and overall dataset were compared, no differences were found in either MSI- T stage (χ2 test, p=0.64), N stage (χ2 test, p=0.67) and M stage (χ2 test, p=0.97) or MSI+ T stage (χ2 test, p=0.39), N stage (χ2 test, p=0.99) and M stage (χ2 test, p=1).
	
	T1
	T2
	T3
	T4
	Total

	MSI-
	1 (2.0%)
	4 (8.2%)
	33 (67.3%)
	11 (22.45%)
	49

	MSI+
	0 (0%)
	0 (0%)
	19 (90.5%)
	2 (9.5%)
	21

	Total
	1
	4
	52
	13
	70


Table 5‑29 ICC samples. MSI status and T stage

	
	N0
	N1
	N2
	N3
	Total

	MSI-
	33 (67.3%)
	11 (22.3%)
	5 (10.2%)
	0 (0%)
	49

	MSI+
	15 (71.4%)
	4 (19.0%)
	1 (4.8%)
	1 (4.8%)
	21

	Total
	48
	15
	6
	1
	70


Table 5‑30 ICC samples. MSI status and N stage

	
	M0
	M1
	Total

	MSI-
	33 (91.7%)
	3 (8.3%)
	36

	MSI+
	15 (100%)
	0 (0%)
	15

	Total
	48
	3
	51


Table 5‑31 ICC samples. MSI status and M stage

Tumour Differentiation

Within the ICC subset, MSI+ tumours were again considerably more likely to show poorer differentiation when compared with MSI- tumours (χ2 test, p=0.0003, Table 5‑32).

Comparison with the overall dataset showed no differences in tumour differentiation proportions in MSI- tumours (χ2 test, p=0.16) or MSI+ tumours (χ2 test, p=0.8)
	
	Well
	Moderate
	Poor
	Total

	MSI-
	6 (12.8%)
	40 (85.1%)
	1 (2.1%)
	47

	MSI+
	2 (9.5%)
	11 (52.4%)
	8 (38.1%)
	21

	Total
	8
	51
	9
	68


Table 5‑32 ICC samples. MSI status and tumour differentiation

Mucin Production

In contrast to the overall dataset, MSI+ tumours within the ICC subset were no more likely to exhibit significant mucin production than MSI- tumours (χ2 test, p=0.60, Table 5‑33).
Comparison with the overall dataset showed no differences in mucin production in MSI- tumours (χ2 test, p=0.21) or MSI+ tumours (χ2 test, p=0.75).
	
	Mucin-
	Mucin+
	Total

	MSI-
	40 (81.6%)
	9 (18.4%)
	49

	MSI+
	16 (76.2%)
	5 (23.8%)
	21

	Total
	56
	14
	70


Table 5‑33 ICC samples. MSI status and mucin production

Quality of Immunohistochemical staining
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Figure 5‑16 Slide 14598-99S showing strong staining for CD3 positive cells (x400 magnification)
CD4
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Figure 5‑17 Slide 6153-01C showing acceptable staining for CD4 positive cells (x400 magnification)
CD8
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Figure 5‑18 Slide 14702-99BB showing strong staining for CD8 positive cells (x400 magnification)
IL2-Rα
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Figure 5‑19 Slide 6153-01C showing acceptable staining for CD25 positive cells (x400 magnification) 
Granzyme B

[image: image30.jpg]av

%




Figure 5‑20 Slide 7101-00E showing good staining for Granzyme B positive cells (x400 magnification)
Intra epithelial lymphocyte scores
Intra epithelial lymphocyte mean scores were transformed logarithmically prior to statistical analysis. Microsatellite positive tumours had greater IEL counts in all markers examined (one way ANOVA, Table 5‑34).
	
	Mean log IEL count (SD)
	

	
	MSI-
	MSI+
	

	CD3
	1.45 (1.3)
	2.70 (1.3)
	p=0.0005

	CD4
	0.95 (1.5)
	1.82 (1.2)
	p=0.019

	CD8
	1.54 (1.7)
	2.81 (1.8)
	p=0.0052

	IL2-Rα
	-0.23 (0.9)
	0.74 (1.1)
	p=0.0002

	GZMB
	1.07 (1.6)
	2.82 (1.4)
	p<0.0001


Table 5‑34 Comparison of immunological protein expression between MSI- and MSI+ tumours

CD3
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Inter-tumour variability

Variations in IEL counts between tumours were assessed by plotting variability (standard deviation) against mean values. For each antigen assessed, variability plots displayed acceptable consistency throughout the range of values. (Figure 5‑21 to Figure 5‑25)
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Figure 5‑21 Variability in CD3 IEL counts between 73 samples of colorectal cancer
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Figure 5‑22 Variability in CD4 IEL counts between 73 samples of colorectal cancer
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Figure 5‑23 Variability in CD8 IEL counts between 73 samples of colorectal cancer
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Figure 5‑24 Variability in IL2-Rα IEL counts between 73 samples of colorectal cancer
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Figure 5‑25 Variability in Granzyme B IEL counts between 73 samples of colorectal cancer

Correlation between marker scores

	
	CD3
	CD4
	CD8
	GZMB
	IL2-Ra

	CD3
	
	0.63
	0.83
	0.76
	0.44

	CD4
	
	
	0.49
	0.56
	0.48

	CD8
	
	
	
	0.81
	0.38

	GZMB
	
	
	
	
	0.43

	IL2-Ra
	
	
	
	
	


Table 5‑35 Correlation between IEL counts all markers (Spearman Rank R values)

	
	CD3
	CD4
	CD8
	GZMB
	IL2-Ra

	CD3
	
	0.54/0.66
	0.95/0.70
	0.82/0.70
	ns/0.41

	CD4
	
	
	0.50/0.39
	0.54/0.47
	0.55/0.41

	CD8
	
	
	
	0.84/0.74
	ns/0.37

	GZMB
	
	
	
	
	ns/0.39

	IL2-Ra
	
	
	
	
	


Table 5‑36 Correlation between IEL counts all markers (MSI+/MSI-, Spearman Rank R values)
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Intra-tumour variability

The difficulties posed by tumour heterogeneity have been partly discussed in relation to tumour sampling for RNA preparation prior to RT-PCR analysis (Page 14). In relation to histological assessment, the same limitations on sampling apply, not just in relation to the heterogeneity of tumour, but also in the tissue which is present on the slide itself. Figure 5‑26 to Figure 5‑28 below illustrate this well and show both neoplastic and normal tissue on a single slide, the mucosa of which also shows variation in the magnitude of the immune infiltrate. The adjustment made in the scoring procedure is outlined in Chapter 4 page 19.
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Figure 5‑26 Slide 10018-01D showing minimal IEL counts within moderately differentiated adenocarcinoma (CD8 stain, x400 magnification)
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Figure 5‑27 Slide 10018-01D showing low IEL counts within normal epithelium (n=15, CD8 stain, x400 magnification)
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Figure 5‑28 Slide 10018-01D showing moderate IEL counts within normal epithelium (n=55, CD8 stain, x400 magnification)
Inter-observer variability

Microsatellite instability

Predictive ability for microsatellite status

Survival correlations

Correlation with gene expression data
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Figure 5‑29 Correlation of CD3 mRNA expression with CD3 IEL counts in 72 samples of colorectal cancer
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Figure 5‑30 Correlation of CD4 mRNA expression with CD4 IEL counts in 71 samples of colorectal cancer
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Figure 5‑31 Correlation of CD8 mRNA expression with CD8 IEL counts in 72 samples of colorectal cancer
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 Figure 5‑32 Correlation of IL2-Rα  mRNA expression with IL2-Rα  IEL counts in 72 samples of colorectal cancer
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Figure 5‑33 Correlation of Granzyme B mRNA expression with IL2-Rα  IEL counts in 73 samples of colorectal cancer

Discussion

CD3 count should equal CD4 plus CD8 count
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Seems that at higher counts for CD4/CD8, they wildly diverge away from parity with equatin CD3=CD4+CD8. 
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Information to Participate in a Research Project

We invite you to take part in a research study that we think may be important. The information that follows tells you about it.  It is important that you understand what is in this leaflet. It says what will happen if you take part and what the risks might be. Try to make sure you know what will happen to you if you decide to take part. Whether or not you do take part is entirely your choice. Please ask any questions you want to about the research and we will try our best to answer them.

We are studying the behaviour of the body’s defence cells, called lymphocytes, in different types of bowel cancer. We think that in some bowel cancers these cells may be more active than in others and this might be used for developing future treatments. We are also looking at better ways of detecting cancer cells in the blood stream if they are present which may allow better targeting of further treatment. The results obtained will not alter your present treatment.

For the purpose of this research we aim to include people with bowel cancer undergoing an operation to remove the bit of bowel containing the cancer. The research will involve taking a sample of the cancer removed at operation and about two teaspoons of blood from a vein. This will not result in any discomfort as you will already be asleep. We will also need to collect another teaspoon of blood when attend the outpatient clinic at 3,6 and 12 months. This does NOT involve any changes to your treatment whatsoever. In addition to this we will collect medical information about you to help in analysing the results obtained. This information is ONLY available to the scientists conducting the study and complete confidentiality is assured. 

We must stress that agreeing or refusing to take part in this study will not alter your treatment in any way.

You don’t have to join the study. You are free to decide not to take part or to drop out at any time.  If you decide not to be in the study, or drop out, this will not put at risk your ordinary medical care (or course of study if you are a student volunteer).  

What happens if you get worried? You will always be able to contact an investigator to discuss your concerns:

Name: Mr. S. Phillips

Address: Academic Department of Surgery, 4th Floor Alexandra Wing

                Royal London Hospital, Whitechapel, London E1 1BB                                     

Telephone number: 020 7377 7000 ext. 2614

What happens if something goes wrong?
We will take every care in the course of this trial. If through our negligence any harm to you results, you will be compensated.  However, a claim may have to be pursued through legal action. Even if the harm is not our fault, the [College, Trust, etc.] will consider any claim sympathetically.  If you are not happy with any proposed compensation you may have to pursue your claim though legal action.

WRITTEN CONSENT FORM:

Title of research proposal: Characterisation of the immune response in Replication Error positive Colorectal Cancer

REC Number:

Name of Patient (Block Capitals):
Address:

· The study organisers have invited me to take part in this research.      


· I understand what is in the leaflet about the research.  I have a copy of the leaflet to keep.


· I have had the chance to talk and ask questions about the study.


· I know what my part will be in the study


· I know how the study may affect me. I have been told if there are possible risks. 


· I understand that I should not take part in more than one study at a time.


· I understand that personal information is strictly confidential: I know the only people who may see information about my part in the study are the research team or an official representative of the organisation that funded the research.


· I know that the researchers will/might tell my general practitioner (GP) about my part in the study.

· I freely consent to be a subject in the study. No-body has put pressure on me.


· I know that I can stop taking part in the study at any time.


· I know that if I do not take part I will still be able to have my normal treatment.


· I know that if there are any problems, I can contact:


Mr . S. Phillips


Tel. No. .020 7377 7000  Ext.2614


Patient’s: Signature 

........................................................

Date




........................................................
The following should be signed by the Investigator responsible for obtaining consent
As the Investigator responsible for this research or a designated deputy, I confirm that I have explained to the patient named above the nature and purpose of the research to be undertaken.

Investigator’s Name:.....................................

Investigator’s Signature: .....................................     Date:.....................................…..
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Appendix E- Reagents
	
	
	
	MW
	
	

	Acetic acid- 100%, ‘glacial’
	AnalR
	CH3.COOH
	
	
	BDH

	Ammonium peroxodisulphate
	Electran
	(NH4)2S2O8
	228.20
	
	BDH

	Boric acid
	
	H3Bo3
	61.83
	
	Sigma

	Bromphenol blue- Xylene cyanole dye solution
	
	
	
	
	Sigma

	Ethylenediaminetetraacetic acid (disodium salt, dihydrate) (EDTA)
	
	
	
	
	Sigma

	Formamide
	
	CH3NO
	
	
	Sigma

	g-methacryloxypropyltrimethoxysilane
	
	C10H20O5Si
	
	
	Sigma

	Silver nitrate
	AnalR(
	AgNO3
	169.87
	
	BDH

	Sodium carbonate anhydrous
	AnalR(
	Na2CO3
	105.99
	
	BDH

	Sodium thiosulphate anhydrous
	GPR
	Na2S2O3
	158.11
	
	BDH

	Tris(hydroxymethyl)aminomethane (Trizma®)
	
	H2NC(CH2OH)3
	121.14
	
	Sigma

	Sodium chloride
	AnalR(
	NaCl
	58.44
	
	BDH

	tri-Sodium citrate
	
	C6H5Na3O7.2H2O
	294.10
	
	

	Citric acid
	
	C(OH)(COOH)(CH2.COOH)2.H2O
	210.14
	
	

	Hydrogen peroxide (30vol.)
	
	H2O2
	
	
	

	Sodium azide
	
	NaN3
	65.01
	
	

	TWEEN 20
	
	
	
	
	BDH

	Meyers haemulun
	
	
	
	
	BDH

	Sequagel XR® Monomer solution
	
	
	
	
	National Diagnostics

	Sequagel® Complete Buffer reagent
	
	
	
	
	National Diagnostics

	Sodium thiosulphate pentahydrate
	
	Na2S2O3.5H2O
	248.18
	
	BDH

	Repelcote (VS)- Dimethyldichlorosilane 2% in Octamethylcyclotetra-siloxane
	
	
	
	
	BDH

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


BDH- BDH Laboratory Supplies, Poole, England.

Sigma- Sigma-Aldrich, Chemie GmbH, Germany

National Diagnostics- National Diagnostics, Atlanta, GA

Appendix F- Buffers and solutions
Tris-borate (TBE)-5X stock solution
54g Trizma® base

27.5g boric acid

20 mls 0.5M EDTA (pH 8.0)

Distilled water to 1 litre

Binding solution

(-methacryloxypropyltrimethoxysilane: acetic acid 100%: ethanol, 
1:10 000:2 000 000 v/v

Denaturing polyacrylamide gel electrophoresis tracking dye

Bromphenol Blue- Xylene Cyanole Dye Solution: formamide
1:4 v/v

	Sodium chloride

8.2g/l

140mM


	
	

	
	
	

	
	
	

	
	
	

	
	
	


Appendix G- Suppliers
	Biogenex
	

	
	

	
	

	DAKO
	


Appendix H- Glossary

	IEL


	Intra-epithelial lymphocyte

	h.p.f.
	High-power field (X400 magnification)


Appendix I- Result Tables (examples)
	Ab
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SD
	1150
	1220
	2604
	5514
	6133
	6869
	7642
	7642
	7815
	9612
	9713
	10277
	12193

	year
	98
	98
	98
	98
	98
	98
	98
	98
	98
	98
	98
	98
	98

	block
	C
	G
	E
	D
	E
	D
	G (left)
	E  (right)
	D
	C
	E
	G
	J  (K)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1
	43
	0
	32
	120
	3
	14
	3
	4
	8
	49
	20
	40
	0

	2
	42
	0
	37
	130
	1
	16
	6
	6
	22
	33
	40
	8
	2

	3
	39
	0
	22
	80
	1
	33
	4
	3
	20
	
	47
	45
	2

	4
	56
	0
	22
	90
	5
	31
	11
	4
	2
	
	53
	90
	0

	5
	33
	0
	48
	140
	0
	56
	30
	6
	2
	
	24
	60
	0

	6
	6
	0
	40
	
	12
	34
	20
	5
	5
	
	55
	
	2

	7
	60
	0
	35
	
	5
	20
	6
	3
	13
	
	60
	
	0

	8
	46
	0
	55
	
	1
	29
	4
	4
	23
	
	60
	
	1

	9
	
	0
	24
	
	3
	21
	5
	27
	8
	
	70
	
	1

	10
	 
	0
	18
	 
	0
	46
	2
	2
	4
	 
	60
	 
	0

	11
	
	
	
	
	
	
	
	5
	1
	
	
	
	

	12
	
	
	
	
	
	
	
	
	2
	
	
	
	

	13
	
	
	
	
	
	
	
	
	10
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mean/HPF
	40.63
	0.00
	33.30
	112.00
	3.10
	30.00
	9.10
	6.27
	9.23
	41.00
	48.90
	48.60
	0.80

	SD
	16.51
	0.00
	12.14
	25.88
	3.63
	13.30
	9.04
	6.99
	7.94
	11.31
	16.35
	29.91
	0.92

	count
	8
	10
	10
	5
	10
	10
	10
	11
	13
	2
	10
	5
	10
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