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Preface

It is universally accepted that the tumor microenvironment is extremely relevant to
both the study of cancer biology and the search for improved therapies. However, it
is also accepted that the study of biological mechanism in conditions which accu-
rately mimic this environment is both technically challenging and highly special-
ized. At a recent tumor microenvironment meeting held in Mykonos, Greece, we
decided that it would aid the field in general to publish detailed protocols, far
exceeding the level of detail usually reported in papers. We hope that these prove
useful and that we as a community can continue to share our collective expertise.

Philadelphia, PA, USA Constantinos Koumenis
Portland, OR, USA Lisa M. Coussens
Stanford, CA, USA Amato Giaccia
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Chapter 1

Staining Against Phospho-H2AX (y-H2AX)
as a Marker for DNA Damage and Genomic
Instability in Cancer Tissues and Cells

Anika Nagelkerke and Paul N. Span

Abstract Phospho-H2AX or y-H2AX- is a marker of DNA double-stranded breaks
and can therefore be used to monitor DNA repair after, for example, irradiation. In
addition, positive staining for phospho-H2AX may indicate genomic instability and
telomere dysfunction in tumour cells and tissues. Here, we provide a protocol to
perform immunostaining for phospho-H2AX on cells, cryosections and formalin-
fixed, paraffin-embedded tissues. Crucial steps in the protocol and troubleshooting
suggestions are indicated. We also provide suggestions on how to combine staining
against y-H2AX with stainings against components of the tumour microenviron-
ment, such as hypoxia and blood vessels.

Keywords Histone 2A ¢ DNA damage repair * Genomic instability ¢ Telomere
dysfunction e Immunohistochemistry e Immunofluorescence e Immunocytochemistry

1.1 Introduction

This protocol provides a procedure to stain cells for phospho-H2AX. H2AX is a
modified version of the histone H2A. In the nucleus of cells, the DNA is wrapped
around these and other histones, to ensure proper organisation of the DNA.

When DNA damage occurs, a complex cellular response is activated. This DNA
damage response (DDR) involves the detection of the damaged site, the amplification
of the signal through a cascade of protein kinases and the activation of a series of down-
stream effectors that promote cell cycle arrest, DNA repair or activation of apoptotic

A. Nagelkerke

Department of Molecular Materials, Institute for Molecules and Materials,
Radboud University, Nijmegen, The Netherlands

e-mail: A.Nagelkerke @science.ru.nl

P.N. Span (><)
Department of Radiation Oncology, RadboudUMC, Nijmegen, The Netherlands
e-mail: Paul.Span@Radboudumc.nl

© Springer International Publishing Switzerland 2016 1
C. Koumenis et al. (eds.), Tumor Microenvironment, Advances in Experimental
Medicine and Biology 899, DOI 10.1007/978-3-319-26666-4_1


mailto:A.Nagelkerke@science.ru.nl
mailto:Paul.Span@Radboudumc.nl

2 A. Nagelkerke and P.N. Span

pathways [1]. An early event in the DDR is the phosphorylation of the histone H2AX
at serine 139. This so-called y-H2AX modification is dependent on the action of mem-
bers from the phosphatidylinositol 3-kinase (PI3K)-like family of kinases, which
includes ataxia telangiectasia-mutated (ATM), AT-related (ATR) and DNA-dependent
protein kinase (DNA-PK) [2]. Depending on the type of lesions induced, different
DNA repair mechanisms are activated. In eukaryotic cells, damaged bases and nucleo-
tides are repaired by base excision repair (BER) and nucleotide excision repair (NER)
pathways, respectively, while DSBs are repaired by two major mechanisms: homolo-
gous recombination (HR) and non-homologous end joining (NHEJ) [1].

Phospho-H2AX is a very robust marker of DNA double-stranded breaks, which can
be stained for. This will visualise phospho-H2AX foci—bright dots—in the nucleus.
These foci can be quantified by counting the number of positive cells or by counting the
number of foci per nucleus. We have used this staining in the past to follow DNA dam-
age repair kinetics, using phospho-H2AX as a marker [3]. We cultured cancer cells on
coverslips, irradiated them with 2 Gy and fixed the cells after O, 1, 3, 24 and 48 h. We
stained for phospho-H2AX and analysed the number of positive cells. This allows quan-
tification of the repair of DNA double-stranded breaks over time. As we were setting up
this staining, we observed that cancer cells could exhibit unusual behaviour when it
comes to the presence of phospho-H2AX in their nuclei. We noticed that even without
being irradiated, cancer cells could display phospho-H2AX foci, a feature that is absent
in normal, healthy cells [4, 5]. This positivity has been related to genomic instability and
potentially to telomere erosion and dysfunction [6]. We therefore believe that this proto-
col is not only useful to monitor repair of DNA double-stranded breaks after DNA dam-
age in a number of cell types (not limited to cancer cells), but can also provide a tool to
study genomic instability. Combining staining against H2AX with stainings against
microenvironmental parameters can provide spatial information on where DNA damage
or genomic instability is most prevalent within the tumour microenvironment, for exam-
ple relative to regions of hypoxia, blood vessels, necrotic tissue, etc.

This protocol contains details for fixed cells, cryo- and formalin-fixed paraffin-
embedded (FFPE) sections. We also give an example on how a staining for multiple
markers in combination with H2AX can be performed on cryosections, enabling
analysis of phospho-H2AX expression in connection with the tumour microenvi-
ronment (hypoxic regions and proximity to blood vessels). Examples of the end
results of our stainings are provided in Figs. 1.1 and 1.2.

1.2 Protocol

1.2.1 Materials Needed
1.2.1.1 General

» Staining dish and rack, and staining tray (see Fig. 1.3a, b)
» Tris-buffered saline (TBS, 10 mM Tris base, 150 mM NaCl, pH 7.4)
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A

Fig. 1.1 Examples of phospho-H2AX stainings on fixed cells (a), frozen sections (b) and FFPE
sections (¢). The MDA-MB-231 breast cancer cells in (a) were irradiated with 2 Gy and fixed after
1 h. The SSCNij3 head and neck squamous cell carcinoma xenografts of (b) and (c¢) were irradiated
with 10 Gy and harvested after 24 h. Scale bars equal 100 pm

* Bovine serum albumin (BSA, A7906, Sigma Aldrich, St. Louis, MO, USA)

e Triton X-100 (T8787, Sigma Aldrich, St. Louis, MO, USA)

» Rabbit-anti-phospho-H2AX (#2577, Cell Signaling Technology, Danvers, MA,
USA)

*  Super PAP-pen (00-8899, Life Technologies, Carlsbad, CA, USA)

1.2.1.2 For Fixed Cells and Cryosections

e Cy3-conjugated AffiniPure Fab fragment donkey-anti-rabbit (711-167-003,
Jackson ImmunoResearch, West Grove, PA, USA) or equivalent

* Hoechst 33345 (B2261, Sigma Aldrich, St. Louis, MO, USA)

e Fluoromount W (21634.01, Serva, Heidelberg, Germany)

Optional:

* 9 F1 (undiluted supernatant from 9 F1 cells, which produce a monoclonal antibody
to mouse endothelium)



4 A. Nagelkerke and P.N. Span

Fig. 1.2 Example of a phospho-H2AX staining (a) on a cryosection of a C38 colon carcinoma
xenograft with endogenous expression of phospho-H2AX. Phospho-H2AX was combined with a
staining against hypoxia with pimonidazole (b), blood vessels (¢) and nuclei (d). (e) and (f) repre-
sent how phospho-H2AX is localised with respect to hypoxia and vasculature. A composite image
is shown in (g). Scale bars equal 100 pm
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Fig. 1.3 Example of a staining dish and rack (a). All rinse steps are performed in these dishes.
Example of a staining tray (b). All incubation steps are performed in this tray. Wet tissues are
added to bottom of the tray to prevent evaporation

* Rabbit-anti-pimonidazole (a kind gift from J.A. Raleigh, also commercially
available from Hypoxyprobe, Inc., Burlington, MA, USA)

* Alexa 647-conjugated chicken-anti-rat (A21472, Life Technologies)

* Alexa 488-conjugated donkey-anti-rabbit (A21206, Life Technologies)

1.2.1.3 For FFPE Sections

¢ Histosafe (Adamas Instruments BV, Leersum, The Netherlands)

e 70 %, 90 %, 96 %, 100 % EtOH

» Target retrieval solution pH 6.0 (S2369, DAKO, Copenhagen, Denmark)
* H,0, (30 %, 76051800, Boom, Meppel, The Netherlands)

¢ Methanol

* Normal donkey serum (017-000-001, Jackson ImmunoResearch)
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Biotin SP-conjugated Affinipure Fab fragment donkey-anti-rabbit (711-067-003,
Jackson ImmunoResearch)

Vectastain ABC kit elite (PK-6100, Vector, Burlingame, CA, USA)

DAB, peroxidase substrate kit (SK-4100, Vector)

Hematoxylin (S3301, DAKO)

Mounting medium (KP7275, Klinipath, Duiven, The Netherlands)

1.2.2 Procedure

1.2.2.1 Fixed Cells and Cryosections

To stain for phospho-H2AX in cells, we fix them in ice-cold (-20 °C) MetOH for
10 min at 4 °C. Cryosections can be fixed in cold (4 °C) acetone for 10 min at 4 °C. Do
not fix cells cultured on polystyrene dishes with acetone, as acetone will destroy plas-
tic. Allow the fixing agents to evaporate from your slides before continuing.

Encircle your sections with a PAP-pen (see Fig. 1.4a).

Rehydrate your slides for 30 min in TBS.

Block for 30 min with 5 % normal donkey serum in TBS with 1 % BSA and
0.2 % Triton X-100 (see Fig. 1.4b).

DO NOT RINSE; PROCEED TO PRIMARY ANTIBODY

Incubate overnight at 4 °C with rabbit-anti-phospho-H2AX 1:500 in TBS with
1 % BSA.

The following day, rinse your slides three times in TBS, and leave the last rinse
for 30 min.

Incubate for 1 h at room temperature with secondary antibody: Cy3-conjugated
donkey-anti-rabbit 1:600 in TBS.

Rinse your slides three times in TBS, and leave the last rinse for 30 min.

Stain nuclei with Hoechst (1 mg/ml stock) 1:3000 in TBS for 5 min at room
temperature.

Mount slides with Fluoromount W.

Let your slides dry at room temperature in the dark.

You can check your slides under the microscope the next day.

1.2.2.2 Alternative Procedure to Analyse Multiple Markers

on Cryosections

In this section we provide a protocol to stain against phospho-H2AX, whilst at the
same time analysing hypoxia, through a staining against pimonidazole [7], vessels
and all nuclei.



	Preface
	Contents
	Chapter 1: Staining Against Phospho-H2AX (γ-H2AX) as a Marker for DNA Damage and Genomic Instability in Cancer Tissues and Cells
	1.1 Introduction
	1.2 Protocol
	1.2.1 Materials Needed
	1.2.1.1 General
	1.2.1.2 For Fixed Cells and Cryosections
	1.2.1.3 For FFPE Sections

	1.2.2 Procedure
	1.2.2.1 Fixed Cells and Cryosections
	1.2.2.2 Alternative Procedure to Analyse Multiple Markers on Cryosections
	1.2.2.3 FFPE Sections


	1.3 Troubleshooting
	1.4 Conclusion
	References

	Chapter 2: Measuring DNA Replication in Hypoxic Conditions
	2.1 Introduction
	2.2 Solutions and Reagents
	2.3 Protocol
	2.3.1 Day 1
	2.3.1.1 Seeding

	2.3.2 Day 2
	2.3.2.1 Labeling
	2.3.2.2 Normoxic Samples
	2.3.2.3 Hypoxic Samples
	2.3.2.4 Spreading

	2.3.3 Day 3
	2.3.3.1 Staining

	2.3.4 Day 4
	2.3.4.1 Imaging


	2.4 Analysis of the Data
	2.5 Troubleshooting
	2.5.1 Unintentional Reoxygenation of Hypoxic Samples
	2.5.2 Less DNA Fibers in Hypoxic Conditions

	2.6 Conclusion
	References

	Chapter 3: Isolation of Proteins on Nascent DNA in Hypoxia and Reoxygenation Conditions
	3.1 Introduction
	3.2 Reagents
	3.2.1 Reagent Setup

	3.3 Method
	3.4 Concluding Remarks
	References

	Chapter 4: In Vivo Interrogation of the Hypoxic Transcriptome of Solid Tumors: Optimizing Hypoxic Probe Labeling with Laser Capture Microdissection for Isolation of High-Quality RNA for Deep Sequencing Analysis
	4.1 Introduction
	4.2 Tumor Hypoxia and Resistance to Therapy
	4.3 Regulation of Gene Expression in Hypoxic Tumors
	4.4 Identifying and Isolating Hypoxic Tissue for Molecular Studies
	4.4.1 Chemical-Based Imaging of Hypoxic Tissues Using Oxygen-Sensitive Dyes
	4.4.2 Laser Capture Microdissection (LCM)
	4.4.3 RNA Extraction for Subsequent Genomic Analysis
	4.4.4 Assessment of Sample Quality

	4.5 Deep Sequencing for Transcriptomic Analysis
	4.6 Library Preparation/Study Design Tips
	4.6.1 Brief Review of Commonly Used Sequencing Technologies
	4.6.2 User Tips for Study Design and Sample Preparation

	4.7 Analysis of RNA Sequencing Data
	4.7.1 Quality Control
	4.7.2 Alignment and Transcript Assembly
	4.7.3 Data Visualization
	4.7.4 Quantification

	4.8 Biological Interpretation of Gene Expression Data
	4.8.1 Over-representation Analysis
	4.8.2 Pathway-Based Analysis

	4.9 Future of RNA Sequencing: Technical Developments and Custom Applications
	References

	Chapter 5: Gas Chromatography Coupled to Mass Spectrometry (GC–MS) to Study Metabolism in Cultured Cells
	5.1 Introduction
	5.2 Sample Preparation
	5.2.1 Culture and Treatment of Cells for Metabolomics Experiments
	5.2.1.1 Cell Numbers and Splitting
	5.2.1.2 Medium Composition and Medium Change Prior to Experiment
	5.2.1.3 Number of Technical Replicates
	5.2.1.4 Unlabelled Control Samples (Only Relevant for Tracer Experiments)

	5.2.2 Harvesting Cells and Media Samples
	5.2.2.1 Media Samples
	5.2.2.2 Cell Washing
	5.2.2.3 Quenching

	5.2.3 Extraction of Metabolites and Sample Storage
	5.2.3.1 Extraction Buffer Composition and Temperature
	5.2.3.2 Metabolite Extraction and Phase Separation
	5.2.3.3 Internal Standards

	5.2.4 Sample Derivatisation
	5.2.4.1 Sample Drying
	5.2.4.2 Oximation
	5.2.4.3 Silylation
	5.2.4.4 Lipids


	5.3 Sample Analysis by GC–MS
	5.3.1 The GC–MS Instrument
	5.3.1.1 Sample Injection
	5.3.1.2 Chromatography Column and Factors Influencing Metabolite Separation
	5.3.1.3 Ionisation and Separation by m/z
	5.3.1.4 Ion Detection

	5.3.2 GC–MS Analysis of Samples
	5.3.2.1 Preparing the Instrument for a Sample Run: Performance Checks, Tuning and Calibration
	5.3.2.2 The GC Chromatography Method
	5.3.2.3 Sample Queue Design

	5.3.3 m/z Measurement and Data Quality Control
	5.3.3.1 The Mass Spectrum
	5.3.3.2 The Total Ion Current Chromatogram (TIC)

	5.3.4 Instrument Maintenance, Quality Control and Troubleshooting
	5.3.4.1 Column Performance
	5.3.4.2 Column Capacity and Overloaded Peaks
	5.3.4.3 Detector Saturation


	5.4 Data Analysis and Reporting
	5.4.1 Metabolite Identification
	5.4.2 Metabolite Quantification
	5.4.2.1 Peak Selection and Target Ion Analysis (Pre-processing)
	5.4.2.2 Relative and Semi-quantitative Analysis
	5.4.2.3 Quantification of Stable Isotope-Labelled Compounds

	5.4.3 Data Visualisation and Statistical Analysis
	5.4.4 Data Curation

	5.5 Materials
	5.5.1 Consumables
	5.5.2 Reagents
	5.5.3 Equipment

	References

	Chapter 6: Probing Cancer Cell Metabolism Using NMR Spectroscopy
	6.1 Introduction to Metabolism
	6.2 Basic Principles of NMR Spectroscopy
	6.3 Measurements of Steady-State Metabolism Using NMR Spectroscopy
	6.3.1 1D 1H NMR Spectroscopy
	6.3.2 2D J-Resolved NMR Spectroscopy

	6.4 Tracer-Based Metabolism
	6.4.1 2D 1H–1H TOCSY NMR Spectroscopy
	6.4.2 Quantitatively Isotope Filtered 1D 1H NMR Spectroscopy
	6.4.3 1D 13C NMR Spectroscopy
	6.4.4 2D 1H–13C HSQC NMR Spectroscopy

	6.5 Isopologue/Isotopomer Analysis
	6.6 Discussion and Future Outlook
	References

	Chapter 7: Measuring the Impact of Microenvironmental Conditions on Mitochondrial Dehydrogenase Activity in Cultured Cells
	7.1 Introduction
	7.2 General Method
	7.2.1 List of Stock Reagents
	7.2.2 Method for Selected Enzymes

	7.3 Results and Discussion
	7.4 Final Remarks
	References

	Chapter 8: Measuring Autophagy in the Context of Cancer
	8.1 Introduction
	8.1.1 The Process of Autophagy
	8.1.2 Autophagy and Cancer
	8.1.3 General Considerations of Using LC3 and p62 as Markers for Autophagy

	8.2 Measuring Autophagic Flux Using Western Blotting of LC3II
	8.2.1 Assay Considerations
	8.2.2 Procedures
	8.2.3 Interpretation and Analysis

	8.3 Measurement of Autophagy Using LC3 Puncta Formation
	8.3.1 Assay Considerations
	8.3.2 Procedures
	8.3.3 Interpretation and Analysis

	8.4 Measurement of Autophagic Flux Using Flow Cytometric Analysis of Tandem Labeled mCherry-EGFP-LC3
	8.4.1 Assay Considerations
	8.4.2 Procedures
	8.4.3 Interpretation and Analysis
	8.4.3.1 Method 1: Ratiometric Analysis
	8.4.3.2 Variation on Ratiometric Analysis
	8.4.3.3 Method 2: Gating a Two-Dimensional Dot Plot


	8.5 Conclusions
	References

	Chapter 9: Methods for Studying Autophagy Within the Tumor Microenvironment
	9.1 Introduction
	9.2 Autophagy Modulators
	9.3 Measuring Autophagy Markers by Immunoblotting
	9.3.1 p62 (SQSTM1/Sequestosome 1)
	9.3.2 Beclin, ATG5, ATG7, and Other Core Autophagy Proteins
	9.3.3 Phosphorylation Status of ULK

	9.4 Monitoring the Number of Autophagosomes and Autophagy Flux by Western Blot
	9.4.1 Measuring the Number of Autophagosomes by LC3-I to LC3-II Conversion
	9.4.2 Monitoring Autophagic Flux Using the Bafilomycin Clamp Assay
	9.4.3 Discovery of New Autophagy Modulators via the Bafilomycin Clamp Assay

	9.5 In Vivo Labeling by Acidotropic Dyes
	9.5.1 Monodansylcadaverine (MDC) or Dansylcadaverine
	9.5.2 Acridine Orange
	9.5.3 Bovine Serum Albumin Derivatives (DQ-BSAs)
	9.5.4 Staining with LysoTracker and LysoSensor Probes

	9.6 Autophagy Detection by Electron Microscopy
	9.6.1 Conventional Transmission Electron Microscopy (TEM)
	9.6.1.1 Key Steps in TEM Protocol for Cultured Cells
	9.6.1.2 Quantification of Autophagic Vesicles in Clinical Trial Specimens
	9.6.1.3 Quantification of AV in PBMC
	9.6.1.4 Disadvantage of TEM

	9.6.2 Immuno-electron Microscopy (IEM)

	9.7 Monitoring Autophagy by Fluorescence Microscopy
	9.8 Quantitative Assay for Monitoring Autophagy in Live Cells Using Enzo’s Cyto-ID® Autophagy Detection Kit
	9.9 Immunohistochemical Analysis of Autophagy-Related Proteins
	9.9.1 Assessment of LC3 Staining by AQUA

	9.10 Secreted Cytokines as Biomarkers of Autophagy Levels in Melanoma
	9.10.1 Sample Acquisition for Secretome Analysis
	9.10.1.1 Uses of 3D Culture and Comparative Secretome Analysis


	9.11 Concluding Remarks and Future Perspectives
	References

	Chapter 10: Methods: Using Three-Dimensional Culture (Spheroids) as an In Vitro Model of Tumour Hypoxia
	10.1 Introduction
	10.2 Spheroid Formation
	10.2.1 Individual Spheroids Grown in a Multi-well Plate
	10.2.2 Initiating Spheroids Rapidly Using Ultra-Low-�Attachment 96-Well Plates
	10.2.3 Initiating Spheroids in Agar Coated 96-Well Plates
	10.2.4 Feeding Spheroids
	10.2.5 Spinner Flask Culture
	10.2.6 Hanging Drop Culture
	10.2.7 Microwell Arrays
	10.2.8 The Future of Spheroid Culture: Micro-fluidic Self-­Assembly and NCP

	10.3 Spheroid Co-cultures
	10.3.1 Mixed Mosaic Spheroid Culture
	10.3.2 Spheroids in Cell Suspension
	10.3.3 Spheroid on Monolayer
	10.3.4 Confrontation Culture

	10.4 Spheroid Analyses
	10.4.1 Spheroid Growth Analysis
	10.4.2 Cell Viability
	10.4.3 Resazurin Assay
	10.4.4 MTT Assay
	10.4.5 Acid Phosphatase Assay
	10.4.6 LDH Isoenzyme Release
	10.4.7 Clonogenic Assay
	10.4.8 Radiation
	10.4.9 Bioreporters
	10.4.10 Quantifying Oxygen Levels and pH
	10.4.11 Spheroid Based Screening

	10.5 Spheroid Immunohistochemistry
	10.5.1 Paraffin Embedding and Processing of Spheroids
	10.5.2 Immunohistochemical Analysis of Spheroids
	10.5.3 Hypoxia Biomarkers
	10.5.4 Proliferation Biomarkers
	10.5.5 Markers of Apoptosis

	10.6 Mathematical Modelling of Cellular Oxygen Consumption Rate in Spheroids
	10.6.1 Analytical Modelling of Oxygen Distribution in Tumour Spheroids
	10.6.2 Non-constant Oxygen Consumption
	10.6.3 Experimental Measurement of OCR in Spheroids with an Anoxic Core
	10.6.4 Experimental Measurement of OCR in Spheroids Without an Anoxic Core
	10.6.5 Oxygen Distribution in Tumour Spheroids

	10.7 Conclusions
	References

	Chapter 11: Isolation of Glioma-Initiating Cells for Biological Study
	11.1 Introduction
	11.2 Protocol
	11.2.1 Materials
	11.2.2 Procedures
	11.2.2.1 Isolation of GICs by Cell Surface Marker CD133
	11.2.2.2 Isolation of GICs by Cell Surface Marker CD15
	11.2.2.3 Isolation of GICs by Specific Medium


	11.3 Troubleshooting
	11.4 Conclusion
	References

	Chapter 12: Isolation of Mouse and Human Tumor-­Associated Macrophages
	12.1 Introduction
	12.2 Protocol for Isolation of Resident Macrophages and TAMs from Mouse and Human Tumors
	12.2.1 Before You Start
	12.2.2 Materials
	12.2.3 Lab Equipment
	12.2.4 Solutions
	12.2.5 Isolation of Resident Macrophages and TAMs from Mouse Primary Tissue
	12.2.5.1 Tissue Extraction and Digestion
	12.2.5.2 Red Blood Cell Lysis
	12.2.5.3 Blocking
	12.2.5.4 FACS Staining and Analysis
	12.2.5.5 FACS Staining and Cell Sorting

	12.2.6 Isolation of TAMs and Resident Macrophages from Human Breast Tumor and Normal Adjacent Tissue
	12.2.6.1 Tissue Processing and Digestion
	12.2.6.2 Isolation of Resident Macrophages from Normal Tissue (Mammoplasty Reductions)
	12.2.6.3 Tissue Processing and Digestion
	12.2.6.4 Red Blood Cell Lysis
	12.2.6.5 Blocking
	12.2.6.6 FACS Staining and Analysis
	12.2.6.7 FACS Staining and Cell Sorting

	12.2.7 Expected Cellular Yield
	12.2.8 Troubleshooting/Useful Tips
	12.2.8.1 Tissue Digestion
	12.2.8.2 FACS Staining
	12.2.8.3 Cell Sorting

	12.2.9 Macrophage Plasticity and Tissue Extraction

	12.3 Conclusion
	References

	Chapter 13: Mouse Models of Brain Metastasis for Unravelling Tumour Progression
	13.1 Introduction
	13.2 Materials
	13.2.1 Animal Models
	13.2.1.1 Syngeneic Model
	13.2.1.2 Xenogeneic Model

	13.2.2 Cell Culture
	13.2.3 Tools
	13.2.3.1 Cell Quantitation
	13.2.3.2 Surgery Instruments

	13.2.4 Surgery Room
	13.2.5 Sample Processing
	13.2.6 Immunohistochemistry

	13.3 Methods
	13.3.1 Cell Harvest
	13.3.2 Surgery
	13.3.3 Brain Processing
	13.3.4 Immunohistochemistry

	13.4 Notes
	References

	Chapter 14: Quantification of Lung Metastases from In Vivo Mouse Models
	14.1 Introduction
	14.2 Protocol
	14.2.1 Collection of Tissues
	14.2.2 Visualization of Tissue Sections
	14.2.3 Analysis of Tissue Sections

	14.3 Conclusions
	14.4 Notes
	References

	Chapter 15: A Multimodal Data Analysis Approach for Targeted Drug Discovery Involving Topological Data Analysis (TDA)
	15.1 Introduction
	15.2 Drug Discovery Techniques
	15.2.1 Virtual Ligand Screening
	15.2.2 High-throughput Screening (HTS)
	15.2.3 Fingerprint Structural Analysis
	15.2.4 Topological Data Analysis (TDA)

	15.3 Choosing a Compound Library
	15.4 Stage I: Virtual High Throughput Screening (vHTS)
	15.5 Stage II: Traditional High-Throughput Screening (HTS)
	15.6 Stage III: PubChem Fingerprint Analysis
	15.7 Stage IV: Topological Data Analysis
	15.8 Conclusion
	References

	Chapter 16: Efficient Protocol for the Identification of Hypoxic Cell Radiosensitisers
	16.1 Introduction
	16.1.1 Hypoxia Is Treatment Limiting
	16.1.2 Oxygen Mimetic Radiosensitisers
	16.1.3 Hypoxia Activated Prodrugs
	16.1.4 Need for Biomarkers
	16.1.5 New Opportunities Presented by the Increasing Use of SBRT
	16.1.6 Hypoxic Cell Radiosensitisers in Combination with SBRT

	16.2 A Protocol for Radiosensitiser Evaluation
	16.2.1 Why Develop a New Protocol?
	16.2.2 Drug Design
	16.2.3 In Vitro Cytotoxicity
	16.2.4 In Vitro Radiosensitisation
	16.2.4.1 Survival Ratios
	16.2.4.2 Sensitiser Enhancement Ratios

	16.2.5 Evaluation of Drug Transport
	16.2.6 In Vivo Radiosensitisation
	16.2.6.1 In Vivo Toxicity
	16.2.6.2 Plasma and Tumour Pharmacokinetics
	16.2.6.3 In Vivo Radiosensitisation


	16.3 Discussion
	16.4 Experimental Protocol
	16.4.1 Chemical Design and Synthesis
	16.4.2 In Vitro Cytotoxicity Testing
	16.4.3 Radiosensitisation Studies
	16.4.4 Multicellular Layer Studies
	16.4.5 In Vivo Toxicity
	16.4.6 Pharmacokinetics
	16.4.7 In Vivo Radiosensitisation

	References

	Index

